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Medical Survey of Japanese Exposed to Fall-out Radiation in 1954

A Report after 10 Years

1. Introduction

On 1 \larch 19.3-4a tl]ct nit)-nucl{’:ir test ex[]lo-
sion was pcrf(Irmd :~t 131kini ~fiS~f)n I)Y ~. S.

authorities. .%t tll.lt ti[llc. c)nt J: Lp,uIese fishing

boat, tfle ~th “ l;(lk Ll[’)”[l-IIl:l ULl “ (1.LIC~y ~l+~on)

was about !?0 miles e.lst of [Ile explosion crmtre.

The tttcn[;t~rvc JJp:lI)csc tisllcrnlcll on l~txird,

aged 18-39, saw a l~u~(’ rcd Ii;llt in the l~~~t

and heard a dc’toll.ltiotl S~JLIILd s~~ CI’Ll~ minutes

later l\hile tlluy ficl-c lisllillq l~)r t~lll:~~. .~l’ter

this exp[usi~]nl a lcll’<~ :tllluurlt t)[’ tac!io-c~ctive
substance fc]l on LIlc IIciqllt](lutinq Jrca. ,i t

about 7:00 a. m. \v]li~c nl:ltLc[ l)~qQ1l tO f~ll,

which continued i’or .kljploxiln<llcl~ 3 hours.

They gave up fis[lioq Jlld 1’CILll’lltd tV their

harbour on [4 31~rcl~ 1954.

After landing, ail cIic [isliermcn !vcrc found

to have been injurm-1 t)y CIIC rndio:ictivc materials.

Seven of them )vcre hospitalized to the l’ukyo

University Hospital, and tile other sixteen to

the First Natiorul Hospital u!’ Tokyo h. !28

March. They were di>cllartyd from both hos-

pitals in Nlay 1’953. except une fatal case who

died on 23 September 195+.

After being discharged. tllc> tuok rest at their

home for some period. .\ltllc~uSll some of’ them

continued to work as fisher-men, most of them

gave up fishery and got nc]v jobs. Because of

their varied status in occupations, financial situa-

tions and of tl~c Widcl>’ dis[rihu[ui addresses, it

was not aksys possible to get all of t}]ern
together for the annual examirmtions as planned.

Il. Summary of the Past Findings

we have rcpor[cd nlcclic:ll da[a t~i’ tt~ese people

several times’]-”. I’[lc t’llllo~~i[l~ i$ a [)rict’ summ-

ary of the pn~~ findinqs.

A. State of rrr:ldi~lil)ll :lnd tfie Cstlrn:ltfyj ~me

The persons were irrmll.lt(’cl i!] tlLe I’oll(]{ving

three \vays :

(1) From the radioacti~e materials adllcrin,g

to the body surface.

(2) Externally from the rxliwrctil.e rnatrl ials

deposited in the cabins, on the deck. etc.

(3) Internally from die radioactive m~terials

entcrinq various organs.

T!le diameter of the fall-out mateuia]s rangcci

l!) ~60/L, rn~i[ll)’ lo&~()~/L”. TIIe raditxhenlicll

anal> sis nt the materials ~ias pcrf’ormed at SCVCIJ1

laboratories. According to data from l’r(~t’.

Kirnura’s [almra~ory”, on 26 llarch rare-earth

clerncnrs contributed zfmut 50?ti of t]le total

~adioactiiity and uranium COllt Ii bULCC[ iLbo Lil

2000. The specific activity of tlie material !vas

(),37 rrlCi, g on !23 .~pril. By extrapolation 01’ ll]i,

r.icrt:l, a value of l.+ Ci, g Ivas obtained as Lilt

specific activity- at 7:00 a. m. on 1 Xlarch. l’llc

estimation of irradiation dose, especially that

frurn Imdy surface and internally deposited

radioactive materials, was difficult. However,

externally irradiated dose for 14 days ~vas esti-

mated as 170–700 R, about half or more being

irradiated on the Ist day (Table 1). This estima-

tion tvas based on the results of the experimental

reproduction of ash-fall, and on detailed inves-

tigfition of each patient’s behaviour on the Iwat.

The dose to each person differed depending on

his behaviour and the position of his cabin.

The integrated dose to the thyroid from ‘“I

\vas interred as about 20–120 rad on 4 persons

~vho were examined 2-3 times for external count-

ings of radioactivity in the thyroid region durinq

the 4-7 weeks after the initial exposure.

Urine samples of patients were collected and

transferred to the Health and Safety Laboratory

of L. S. il. E. C. for radio chemical analysis se~eral

times.’”] Significant amounts of radioactivity

l~ere f’ollnd in [he urine samples collrctrd :lt

:il](lut -1 (veeks nfter the explosion. Radi~]lllcrtlict~l

analysls of these samples indicated that 8’Sr and



Table 1. Estimated Dose of \YIIule Bo[ly GJmrru
Radi,i[lon

T-(j l.}() -18() : J(M)-!I) OL 01 .-. ——. .- -

140-190

311)- M)

190-! :()

I30-1 LU)

I!(J-]91)

l~fJ-l;()

220-170

320-370”

31(1.310

2[)() - _!.x)

!:;0-.!80

I’)0-JI(J

K- 5 1HI- [!)0 .!20-270”

KG ILK)- 230 3(X)-5.-JO

K-7 .!. KJ-.!i!t) M(J - .;’)()

K- 8 ~ !20--?70 380-+ .;()

Kg 3 IO- ;(,0 I 5X)-M)()

K-lo I +0-l !10 JJo - 200

K-11 1.?O-170 170 _ :J(J

K-12 ~ IW-13(J 170-21(1

K -13 ~ 250-W 370- }20

K 14 420-J(W “jlo- W

~-lj 1 1()- l!YJ J1(J-.!W

K-16 ; 12(.)-170 1!)()-!10

*l-’j put tllc rdll-’out m~tcrial close to I)is bed.

ll]crclurc, ~buut I(JO R SIIUUICIbc adrlcd ill tu[al.

“’B.i co~lt[ibutcd 4-’20 ~ ot’ rxii{nctikity 2t th:lt

time. lllc radioactivity dccrrased cxtrcmeiy

rapidly, e. g. at about b months after tile dct(Jna-

(1,111, the activity in the urine \vas bawly cic-

tcct:ll)lt’. .\t’tcr 8! years, the levels of “ Cs in

IIlinc, N tlrs. ~vere the same to tlla[ ot’ I]urrmd

persons.

Rxiiochrmical analysis (Jf several orqtns [’roln

the fatal case, Ivbich died on 23 Septeml)cr 1954,

slIotkeci that, comparing jvith t[le controls, rxiio-

:lcti Yity of these orgflrrs \vas clearly IliSllcr, dl-

tll,]~lgtl it ~vas not extremely high”)

IVI1OICbody countinq was performed 011 three

pttwtIs 8j )cars af’(cr the initi:~l ex[msurc. Xo

si~niiic:lllt dillercnce tv:ls fourld lJctIvcrrl tile

cilr~ cs (Jt’ tllc tlltw irradiated pcrso[ls .Ind tl~c

curie of the control.

R. Clinic:l] OtJwr-v;ltions

1. Slrnptoms .lncl Signs
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L-Ig, 1. S)nlpt,, u, find Sigils lIL the Early Stage

Soorl <liter tile initial exposure must of the

patients experienced anorexia, fatigue and lach-

rymatif)ll. etc. These svmptoms and their

changes are illustrated in Fig. 1.

I’he Cfiscascs fjccurrcd betJveen l!~55 and 1963

we listed in the f’ulloi~iog.

T- 3 eczema (1!157-19W’), pneumonia (1963)

K - + erwion of” r. external ear (l W), im-

perigo (1963)

K- 8 r. pulmonary phthisis (1955)*

K-IO r. cxsudative p[euritis [1959)*, Furun-

cu[osis (19bO)

K-1b acute appendicitis (1’357)

2. Skin Lesions

Skin lesions occurred due to beta radiation.

,kn rstimate ot’ tile r~diation dose to the skin

was cfiilicult. S]lortly after the exposure, they

>U[YVL-CCIt’rom erythema ivl~ich ~vas followed by

[.clcma, vesicle, erosion, ulceration or necrosis.

‘ ‘f_lLr\r !irre cli:l:nosed by Dr. Kumatori. The

others were due to complaints of the patients.



These siqns re~chcd the peak in about the 3rd-

4th ~~ctk and subsic[exi gr:idu:illy. l’hese ~!iin

Ie>l!)ns

p<llts 01”

~ln (}IC

l’rt)nl III

skills f~

Tile distril)utiort of

skin lesions is sho!vn

m.&OOc*,..C.., m,”tiwm

@ ,, ,~,,
M’mk.d Modmd. su@f

w :. *
VI<., cr..- G,$h.m. walk

11<. .2. Dlstl!llu[lull (J I l{.idltidel-lll Jtlt15’”
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3. Haematological observations

Total number of leukocytes decreascdgradwl-

Iy, sh(,i~ing minimunl count at about +-8 \vecks

afrcr rhc cxlmsuIc. l:i~c caws reve:~lcd a colirlt

ot less ttun 2,WJ n]nl’, thiltceu Icis than 3,000,
arid fite less dmn 4,000. In one casr, tile lcucoc>re

lCWC1dc[]rcs~cd t{) 800. .1 corrclatiou t~as foutld

to the Icf’t of’ the nucleus \vas obsttr~ed

Lrllcocyte count I)eyan LO incrcwe since 8th

Wwk. At tblt time, mctwnyelocytes and my-

clocytcs ~ppcarcd in peripheral blwd of some

cases.

In must cases eosinophilia and in some cases

tnon(]cytosis ~vrre rem~rk~ble, especially ]vitb

tl~c indication tjl’ reco~er,y. Eosinup]lilia con-

tinllcd in sonic casts t’or several ye~rs ~vithout

proof’ of’ parasite.

Ncutrophil and lymphocyte levels recovered

gr:]duall!. Hoivever-, cumulative distribution
curve 01 total Icucocyte count at the 6th year

tvas stiil s[i~}ltly dispfaced to the ]cf’t of norm~l

J~p:lrlcse,alldir~sever:~i cases, n,lm~eroflYm-
phocytes Jvas Ixlotv 2,000,’mm’.

l[{~tility and pbagocytosis of neutmphils de-

ptcsscd remark.lb[y. .ilthou~h they recovered

~radwdlv , after one year tllme functions in some

Cases were still lt)i,t:r thfin in normal persons.
Erylfirrrc>t e3

:itthe time of hospitllizstion, a !-ew patients

tvere sliyl~tly armernic (R BC3~N0,000,mrn’). >-o

rtticulocyte }vas ol)served in tht~m at the critica[

st:lge. The curnul:ltive percentage cur~eschmrg-

ed as in Fig. 4.

Coluur irrdcx \vas hixllcr than 1.0. Tile Price-

Jone’s curves of erythrocytes diameter were

displaced tn the riqllt ot” norrnll one at first,

:~nd returrled to :Ilml.)st norrn:ll :Iflrr one year.

I
1.
(

I
,

! ,,



4

mto m

●
●

so ●

●

I #m

●

‘e
●

●

● *m ●

●

● ●

●

●

00w of 1s1 Day
70 130 Iw z= 3?0 370 430 R

Ica m 303 403 Soo 403
the &ring 2 Wuh:

70CI R

Fig. 3. Currela[ion bct\\c<I1 ~linlm~l >-cutrophll, Count ~nd Dose of Gamma Radi~tion

cri!ical itog9 6 mci+hs

( Wcelm 4-rl

-- .- ~
3 4 5 6 XI O-*

RBC

I’Ig. 4. Cumulative Distributwn Curves (RBC)

Plutelds

Pl~telets counts showed increasing depression,

reaching minimum at the 4tl]-7th ~veeks. -1’he

recover-y began during the following sevrral

weeks. The cumulative percentage curve still

displaced to the let’t of normal curve alter one

yetir.

I’lle res~llts of other tests related to haemor-

r}la<e showrd depression at tile early st;lqe in

~enrrnl :Ind rccoverrd by tile IOtll Is’(’ck.

LltIllt ?Itorr(>it

‘I’lIe I)utle marro~v \\as a plw[ic at tile ,rilic.11

sta,ge in severe cases. tvhich shoi~ed remaining

find prt]lit’et-ation of’ pl.isrna cells and reticulum

cells. ~fitll thr brginning 01 recovery, aplastic

marro\v chanyd to hypoplastic and then turned

into a type of maturation arrest. Recovery was

not complete even a!ter one year, In the cases

not so severe os these, the bone marrow was

not aplastic but hypoplastic or a type of nlatura-

tion arrest e~en at tllc critical stage.

.ilorf)fwlogicul ubmrrmulities

Several morphological abnormalities, e. g. ab-

normal granules in lymphocytes or neutrophils,

vacuoles iti various Ieucocytes and megakaryo-

cytes, giant nuclei and hyper-segtnentation of

neutrc)phils, binucleated lymphocytes, abnormal

mitosis of erythroblasts, etc. ~vere observed for

about one year, especially at the critical and

the recovering stages.

Ery!f(rocy[e >dimentution rate Ivas accelerated in

the early stage in some cases.

-4. Spcrmatopoiesis

Tile examinations of spermatopoiesis ~)ere pcr-

fornled on 18 pa[irnrs seJ.rm21 Iimcs.

X~loll](r OF sprrm:ltozoa de(]r:lsed uhout 2

nlolltlls ;lftcr tllc initial exposure, and azoo-



spermia t~~s found in 16 cases in No~’ember 1954,

c. g. alx)LIt 8 months after the dct[)n.ltiom Both

lo!viri[l< (~[’ motility anti nlorph~)l(,qica[ abnor-

malities of’ spermatozoa were JIs(} ol}served.

The testicle of the fatal case, Ivllicll ciicd

206 da~s after the explosion, tvas remarkably

atrophic. posscssinq the interstitial tissue composed

of loosely arranged connective tissue. Sper-

matoqonia !rcre ,gr-eatl>r decreased in number,

and in some areas they ~vere completely l~c!iinq.

So sperm was encountered Jvithin the Iumcn

of either seminiferous tubules []r epidiclymis.

Indications of recovery ~vere observed at al)out

one year after the explosion in some patients,

but number of spermatozoa was still fnr bclo~v

normal v~lue in all the cases. Yfost of them

began to reveal a sign of regeneration about 2

years aftrr the exposure, and ~ot children (Fiq.

5 ond Tlhle 2).

D.tte

cm-

T- 1

2

3

5

6

7

8

K- 1

2

3

4

5

6

7

8

9

10

11

12

13

+14

!5

16

Fig. 5. Changes in [he Xumber of Spermatozoa

5. Liver Function

Slight disturbances of the liver function were

found in m few cases about + weeks after the

initinl exposure. Later it became more ob~’ious,

i.e. the repeated appearance of jaundice in several

cases, an increase of serum wmma-g!obulin con-

Table 2. Marriage and Childbirth of t}le Patients

M (2)

M (3) !

M (2) ;

M (4) i

M (3)

I

M (3)

M (2)

f
I

1

f,

m I

M 1
I

Im

M
I

I
m

M

f

I

I

m,

I

M,

‘1
I

I
m

M

f

M ‘

f

M

f

M

f

1961 ~ 1962
!

1963

f

f

m

f

f

1

n

1

m

1

n

—

Aqe in
March 1954

27

38

28

30

28
27

26
22

25
25
24
22
26
18
23
22
24
23
18
22
39
27
20

i
I

I

I

I

I

M . . . . ..\larriage ( ).SO. of ~hildren at the time of exposure
m..,..ifalc f . . . . .. Female A . . . . .. Abortus +..., Fatal case

1’1I ::
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tent, and increased retention of’ BSP, etc. \vere
t)l]s{,rvcd in most CaSeS. One of tl]c patients,

[vi, o \vM ]xmcytopenic at abuut the 4-71h \vcck,

di, d frum Iivcr darnase X)6 clays af’ter the

exposure. In other patients, liver function gradu-

nil}. rccol. erml. and clinically significant Iiy,er

di>turlxlncm Ilzve not been found. For example,

CCF test \vls positive in most of the patients

in 1955 survey (!j years), ~vhile CCF test in

1957 examirmtions ~vas necptive in all the cases.

G. Orhcr Studies

The study of Ieucocyte chromosomes \vas made

\vith peripl]eral blood culture method, The

r[:sults of’ the study, ho~~,evcr, tvcre not sufhcicnt

en{)[[qh to l]e presented.

()[)l~tl~alm[>l(jqical examinations sho\yed slight

Icrlric[[{ar opacities in several cases, [Jut, these

11.IIC not hccn relzted to the former exposure yet,

Content of Xa, K, P and Ca in serum \vasnormal.

Ill. 1964 Medical Survey

.\s alrczdy mentioned, \ve have tried to per-

f,,[m medical survey on these irradi; tcd persons

un :in annual Imsis. Ho\vever, sufficient examina-

ti( n tva~ impossible by several reasons.

This [!364 survey \vas carried out os follo~vs :

Thirreen persons ~vere exfimined at the

.National Institute of Radiological Sciences,

and one person at the Tokushima Univer-

sity Hospital, under hospitalization.

Four persons were examined by Dr. Ku-

matori, et al. at the Yaizu City Hospital as

outpatients.

The period of hospitalization was 3-6 days.

l’l~e 1964 survey ~,.;as performed from the end

of Janunry and finished at the beginning of

Af.\v. During this period, Dr. R, A. Conm-d from

Brwokhaven National Laboratory, the Head of

U. S. .4. E. C. Medical Survey Team on .Mar-

sh.lllese exposed to fallout on 1 March 1954,

visited Japan to be on hand for the examinations

of J~panese fishermen. Dr. T. Kumatori, National

Institute of Radiological Sciences, went to the

Mar-shall Islands with Dr. Conard, ond coope-

rated \vith U. S. lfedical Survey Team for about

3 \\eeks. This exchange \’isit \vas valuable for

understanding of radiation eflects on both Japa-

nese and kfarshallese exposed people.

A. Interval Histories

Their ~]~c[[pati[>[ls in

I:isllclics, including

Seaman .

Labuurers

Farmer

Persorml business

Tclcqrap}l operator ~~~~~~~~~~~ ~~ 1

.Tecllnical o[ficial ~~ 1

C)ccupation unknown 1

The intervai medical histories \vere sllmmarized

in prr~e 2 and T.lhle 2. Severzl diseases contmcted

fifter tf~e release from the hospitals did not seem

to be late effects. Since the 1!K3 sur~ey no

si,qmificont disease hns occurred. Their children

are he~lthy, but detailed medical examinations

of the childrr=n have not been carried out yet.

B. Physical Examinfitions

The routine physical exfiminations revealed

the folloliin~ :

In 10 crises omong the 18 cxaminccl, livers ~rere

palpable !-2 finger brmdth l}elo~v r. costai mm-~in

at mici-c[a~icular line, I)ut they ~vere soft and

not cirrhotic.

Case K-8 deve[oped r. pulmonary phthisis in

1955 and received chemotherapy. .It present,

only smnl I fibrotic foci are observed in r. subcla-

vicular area on chest X-ray film.

Systolic murmurs were heard at the apex of

heart in I--1O, and r. bundle-branch block was

proved by ECG. No medical treatment was

required.

Case T-7 was proved g-lucosuria. Detailed

medical examinations are to be done at Yaizu

City Hospital.

Cases T-2, K-1, and K-6 show?ed slightly

elevated minimum blood pressure (94, 98, 98,

respectively).

C. Skin Lesions

Residual skin changes in areas previously ex-

hibiting beta burns were still observed in some

cases.

Most remarkable residual changes were shown

in abdominal Jvall (T-6, K-2, 4, 5, 7, i 1, 12, 13).

Pigmentation, depigmentation and teleangiectasia

were observed macroscopicaily (Plate 1). His-

. .. . .. ..... ... ....asr ,,=,-w ,’. ,..wr,.-.),..), ** .



Pteryqiu[[] and pinguecuIa . . . ...9 (T 3, T-% K-2, K-+,

K-5, K-8, K-11> K-13,

K-16)

Corneal piqment . . . . . . . ..- .. . . . ...3 (K-2, K-4, K-10)

I’asculali..trion . . . . . . . . . . . . . . . . . . ...2 (K-4, K-13)

Kcratitis diffusa............2 (T-3, K-5)

Arcus scnilis . . . . . . . . . . . . . . . . . . . . . ...1 (K-11)

Lenticularopacit ies .,.., . . . . . . . ...7 (T-2, T-3, T-6,

K-5, K-11> K-16)

Vitreus opacities ... . .. . .. . .. . .. ...1 (&8)

\facular deqcncration . . . . . . . . . ...3 (T-3, K-2, K-5)

Retinal ~rterioscIerosis . . . . . . ...5 (T-2, K-4, Ii 5.

K-9)

Strabismlls . . . . . . . . . . . . . . . . . . . . . . . . ...2 (K-4, K-lo)

T-7,

K 6,

Pteryqium and pin~uecula were observed in

9 persons. Corneal pigmentation Ivas proved in

3 cases.

Lenticular opacities \\rerenoted in 7 cases: i. e.

Coses T-2 nnd T-7 shcvved sliql)t [lpacity of

posterior capsule, cases T-3. I--3 anti K-1 1 hod

opacities of sut)cortices. Cfise 1<-16 sho\ved

slight opacities of posterior cortex. Cat:lrncta

7

noted in T-6 \vho Ivas exnmined

University ~~ospitrrl.

.f~ 10 (I]e ncurtlrrtiri:ll ti{lciings, 51igllt l)pacitics

and [Jiqnlerlt~tion of nmcula were found in 3

c~s~s, and jligllt arterio-sclernsis !vere observed

in 4 cnscs.
tn qcner:li. it is still early to decide \\hcthcr

thtsc :Il)not-malitics in the exposed persons {Were

I.itc et~rcts f)f tile exp{).sure in 195-! (Jr not. Precise

r)})servntions should lx continued.

E. H:lt’m:ltoloqicol Examinations

Tile results of haernatoloqicol exominatiorrs

arc prrsented in Table 4.

-t Pcr-iphcral I]lood. .

.LPllfmytfs: Leucocyte number-s \vere dis-

tril]utcd l)et~vcen }.200 and 9,400.

,Y~///rfl~i//i/\: >-uml]crs of neutrophils ~vere

in normal rfirryc in 111 tile crises except Case

T-3. Ol)\i{~us slLift to tllc left of’ nuclei \tas

not found.

L}T77p/ro/:11/e~: Xumbers of lymphocytes \vere

over ~.000 in ZI} the cmes except Case T-G

which showed 1}’mpl~ocyte level Imlotv 2,000

in e\,ery examination.

En rinrrfrhih: Case K-2 s}~cnved eosinophi]ia

\vhich had continued since acute staq-e. NO

sign of pmasite Ivas proved.

~(lJO/J/l il.s : ~h to basopllils, the rate to 3,000

Ieucocytes \vas calculated (Table 5). Com-

poring ~vith that of normal persons, slightly

high percentage of basophils was obser~ed in

Case K-2 anri Case K-9. The latter showed

similar rite in 1961 survey.

,tfmm--te.~: No pathological data was obtain-

ed on these cells.

T-3, K-5 and I--4 ~vere chosen as represent-

ing cases at the acute sta~e with signs and

symptoms of marked degree, of moderate

deep-ee, and of minimal degree, respectively.

The c}lxnges of JVBC, neutrophils and ly-mpho-

cytes nre illustrated in Fig. G-A, B and C.

T-3 she\\’ed sli%htly decreased values. Con-

sidering the myeloqrarn of T–3, m slight mat-

uration arrest of myeloid cells might exist.

PlfI/t/fl.i : Pl:~tclets counts (130-510 x 10’)

lvere normal.

Erythrnpoidir dernents: 13et\veen the exposed

,,

:1!

1’I,,
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Table 4. Individual Haematologlc~l Fincilrrgs

~

Subjccl
No.

T-2

‘1

6

7

8

K- 1

2

4

5

6

7

8

9

10

11

12

13

16

13.3 48’2 0,92 4 29

I .5.3 491 1,0+ 3 30

16.8 .533 0,98 8 13

15.3 477 1.08 6 27

16.6 571 0.9 14 45

15.2 488 1.0 6 +4

13.4 457 1,0 7 45

14.9 485 1.0 11 w

13.6 438 1,05 6 22

17,+ 517 1.1 11 40

I .5.7 523 1.0 11 34

i6,1 515 1.05 7 30

15,3 498 1.0 19 47

1.i.4 533 0.!3 5 51

16.4 477 1.1 10 ~ 39

12,9 4.57 0,9 7 42

16.3 526 1.05 8 36

14.9 498 1.0 6 31

5,xxl 10.5060 :2!32

6, W:45114020~l ~4G

6,2(K) 48 5 49 : 20!8~36

7,100 +7 7 42 3

6,600 w 7 40 17

7,1(X) ‘+5 5 38 2

8,00(J +1, k 1 6&1 1

5,900i +7 4 51 5

5.6M, +9 7 52 0

6,100’ 49 9 49 3

7,1(KI 45 9 45 6

6,800 .50 7 ~rj ~

8,600 46 7 51 4

5,1(!0 44 3 43 7

9,8CQ’ W 5 68 I

5.W~ 47 3 48 2

o::3~45

1 3 32

0! 550

1; 4,2.5

0! 6~3+

0:239

04 3>

02 38

0’7 3.5

Oi 038

o 4 43

OVI I 25

o~2 45

Tdble 5. Bamphil Determinations

\ % Base,/3,W)0 Celi COUIIL

Subject S0. ‘ ‘–- ‘---- ‘- --– --[
1961 lwt

T– 2

‘r– 3

T— 7

T–8

K– 1

K– 2

K– 4

K– 5

K— 6

K– 7

K– 8

K-– 9

K–1o

K–11

~–.l~

K—13

K–15

K–16

0,30

0.30

0,50

0.27

0.10

0.37

0.13

O.XJ

O.m

0.90

0.63

0.48

0.12

0.39

0.24

0.04

0.80

0.36

0.55

0.13

0.22

0.12

0.89

0.09

0.16

0.47

0,12

0,08

9 nor,nll persons i 0-0,63
—

80

48 1’30” 9’30’’-15’00’”

2’30” 9’00”

93

30 2’20” 10’00”-12’40”

1.5 3’00” 14’00”-16’.50”

57 2’30” 3Joor-lo~15,

60 2’10” 6’30’’-15’00”

38 ZJOOP 9f20’~-13’00”

69 2’00” 6{(30’”_ 17~OOJI

53
q? 3,00,, j/yy,_]31(yy/

99 2’3cr’~ 7’30”- ](3)(K)”

40 3,~)# 6’30”-11 ‘00)’

4? 2,30/, 7’00’’-12’00”

73 2,30,, 7/()( yf-ly3()”

60 3’00” 5’40”- 9’30’”

56 2’40/~ 8)30’’ -10’20”
-——

persons and the corresponding normal persons,

no difference Ivas sho~vn in the levels of

erytht-ocyte, hemoglobin, and haematocrit.

Colcrur indices \vere nearly 1.0.

Alkoline phosj)hatase of nel(trophils:

IN. .AP-ase score of Jt’BC was slightly low

in Case K–1. Other cases showed normal

scores.

It is necessary to continue this study period-

ically.

b. Bone marrow

Bone marro~v punctures of sterna were

carried out on 14 exposed and 4 normal

persons. Bone marro~v smears, histological

sections, \vcre observed.

Case T-3 revealed slight increased per-

centage of myeloblast (6%). High M/E ratio

~ras observed in Case K–12 (.M/E=5.5). “Mi-

totically Connected :ibnormalities (hf. C.

Abn.)””) ~vcre examined. The results are

surnm~rized in the Table 6. In Cases T–3,

K-4 and K-9, km-yomeres were increased,

cornparin,g \vith normal and other exposed

pt’rsons.



T-3

Dws M.amh, Y..X,
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I
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1 a
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I
b 1234567*9 10

DOW Mcath, Y.-,

Tim. .ftw E,pmu.

xlo-~
13

t K-4

I

~w+- ~ , , ! t t (
071421 18 35 41 49 S6 .53 70 6 123436789 10

Tim. d“ EI@OUI.

Fig. 6. CIIailgcs in the .Xumbcr of Lcucocytcs, Ncutrophils and Lymphocytes
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Table 6. \litotically Connected ;ibnormalities

(prr I.000 Er~thr,,blasts)

1,3

0.67

1.3

:.3

0

~

I .3

+

o.t)7

~

(J-. 7

U.67 +

0 —

o

0

~ —

1.3 —

() —

o —

4 —

I .3

().67 +

u —

()

[.3 —

~ —

()

o —

o —

0

c.

l?.

In the histological sections, all showed ncrr-

mal cellular marrow.

Hemorrhagic diathesis

.~s to the haemorrhwgic diathcsis, no abnor-

malities \vere found.

Chromosome Studies

Chromosome studies succeeded on 13 of the

exposed persuns. Tile observation of chromo-

somes ;vas made by cultures of peripheral leuco-

cytcs prepared in accordance with the method by

k[uorhead, et al. with a slight modification.

Samples were obtained 72 hours after initiation

of culture, and 200 metaphasm were examined

in rmch culture for all the cases except one

caw. The control observations were based on 11

normal males, aged 28-53. ‘Tile results of tile

observations are shotvn in Table 7.

.1s sllolvn in {he tal)lc, frequctlcics IJI’cllro]llo-”

st~lrle abermtions in tile e.xpl]sccl ~Jt-t’scltls \tclr

much l~igher thm those in the normal. Further,

diccntric chmmnsomes and rnonocentric abnormal

cllromosorncs, chromosome-type abnormalities

\vhici] 11.l~e never been observed in normal

persons, occurred in them. Dicentrics \vere found

in 7 cahcs. :Illd moncrcentric abnormal chromo-

somes \vcre present in a[l of tile cases examined.

.ilsn, ~nruploid (ells occurr-cd in a hiqll frequency.

In vic~v of the importance of these findings,

]on< Lerm ut)scrva[ions arc to be made. Tl]e

chrolnosume al)norrnalities of these patients ivere

reported elsewhere toqethcr with those of other

radi.ltion-exposed [Icoplc, i. e. atumic l~unlb sur-

vi~-ors, Thorotrast-injec ted patients, etc.”)

G. Other Lal]oratory Studies

Several lot)ot ntnry studies were made on the

subjects. I’llc rrsults {)f these examinations were

!nCJ>[l\’ \\’it[lin 11()[’mal L’anxe. H(j\vever, some

01’ tlicm indicated slight aLrnorm~lities.

zm: Normal.

Tfymul [u Ibidi!-v 1(.~t:

Cases K-5, 6, 8 and ‘3 revealed high val-
ues (7-10).

Idcric i)d~.~ : Cases K-8, 11, 13 and 16 shcJw-

ed slight increase (nearly 9).

Slrum ulkuline ~)~iwp}latuse :

Cases K-6, 7, 10 and 11 indicated in-

crmsrd values ( 12-18 King-.Arrnstrong

unit’).

COT: No pathological data ~vas obtained

except for T–7 (70 Frankel unit).

CPT: Ail data were \vithin normal range.

Pa~)er kl,ctrc] pfwrc~is: No abnormal findings were

obtained.

“Total cfwleslcroi: .\ll !vere normfil.

.!3LSPted: Cases ~% ( 12.5?6), K-6 (5-7.596) and

K-13 (5 7.50b) revealed slight high

retention (45 min.).

Ery[hrogtes sedimentation rate:

.%11 \vere normal.

TtA[~ fur .ypl~yli>: .<11 \vere negative.

koutit~c urirfc uIdyJeJ :

,i sample from Case T-7 was positive

for sugar (1/10 -1/4?0). Others were

normal.

F-err\: No [xirasitrs \vere obseried.

I’D[ : I;ive cases \vere mensured for PBI con-

tent by courtesy of Dr. Tachibana (St.
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Table 7. Chromosome Aberrations

‘1’ - J w W(J 4.tJ 3.5

T--U 37 100 2,(I 2.0

K 1 32 200 4.(I 3.0

K- 2 35 200 3..5 6,0

Totiil
.iccntrlc

Cclis with

Dlcentrics Rings ~thcrs ,ChrOmOsOme Chrrmowne
Fra~mcnts ~. : ~, , Ab[larmal. .\ bncjrln al-

“0
.0 OQ;

I Ities , Ities

( I I ?0 I
,0;

o -----
( I .O-.-u)u) ‘“--(1.0-5.0)

1.5 0.5 0

0 0 0

0.5 0 0

0 0 0

35 200 4.5 4..> tJ 0..>

33 / ~()(] ~,~ 3,5 0,5 0.3

36 ~ WI :),0 3.5 (),5 0.5

32 2(M) !3.0 3.0 ‘ 0.5 0.5
‘j~ I 200 3.0 4,5 0 0.5I
33 ; 2(IO 4.5 3.0 1.0 0
,)(-J Wo 4,5 2.0 1.0 0

28 200 2.0 1,() 0,.5 ()

30 200 j,j 2,0 0.5 1.0

0
0
0
0
0
u
o
()

()

0.5 ; 6,0 5.5
I

2.0 4.0I
0.5 i JO j:g

I (),j ~ 6.5 6.5

1.5 I 6.5 6.0

2.0 I 6.5 ‘ 4.5

I ;: ;: ~;

‘2.0 : 7,0 7.0

1.0 ~ 5.0 5.0

(),5 i 3.5 3.5

1.0 ; 3.5 3.5

1 1.5 ! 5.0 5.0
—.

“1)[,1 2,1Jo 3,9 3.3 0,5 I 0.3 () 1.3 ~ 5.3 i 5.1

* Consisting of eleven healthy male.

‘+ .Xut bci]]g ilicludcd ill . ‘ r[)d cilrotn[)some abnornmlitics ‘“ atirt ‘. Cells with chromosome abnorrn~l ities “.

“+ .~ chrumo>ume or chrornos{,mf,s being Illissil]g t’rom or ~cl~]tlond[ to one or more of the Se\,Cn cltrumosomc

groups : the rlistributiun ill the rcmaing groups being normal.

Luke’s Hospital), No abnormal value

was obtained.

B.\lR : Cases T-8, K-2 ~nd K-1!? were meas-

ured. Data tvere +9Y~, —2?;, and —2?;,

respectively. .-is Case K-2\vas suspect-

ed of a slight enlargement of thyroid,

‘“I uptake, PBI conversion rate and

Triosorh tests were added. Xo abnormal

result was obtained.

H. Internal Exposure

a. ‘3’CS

1) JVhole Body Counting

Gammaspectrometric analyses by whole

body counting on the 13 exposed people

indic:ited no siqnific:lnt increase of “’CS. No

di!~erencc tvm recognized bct\veen the curves

from the exposed persons and those from

[Ile controls.

2) Radiochernical Analyses of Urine

‘“Cs atmlysm Irere c.lrriml ,)~lt on 2*- IIour

(llInr samples Iroln 10 exposed people and

14 normal persons. Tile ‘3’CS content Of

urines from the exposed people was distribut-

ed between 23.3~0.6 and 129.6& 2.3 pCi/2~

hrs. and the mean ‘“CS contents were 79

pCi/24 hrs. urine. On the other hand, the

‘“Cs content from normal urine s~mples was

distributed Let\veen 57.8+ 1.7 and 191.1x2.6

pCi)24 hrs. and the mean “’(3s contents were

112 pCi, 24 hrs.

Considering the results of whole body
counting and urine analyses, “7CS content of

the exposed peoP1e is not dii~erent from that

of’ the present normal Japanese.

b. ‘OSr+’”Y

‘OSr analyses were done on the pooled urine

samples collected from 3–5 exposed persons.

As the control, 3 normal samples \vere analys-

ed. X-o significant increase was found on

the samples f’rwm the exposed persons.

Summary

lfdical (xltnin~tions tvcrc carried out from

middle 01” .J:lnllary to middle ot’ X[ay !!164 on 18

pet-sons exposed to !hll-out in the middle Pacific



Ocean in 1954. Fourteen of them were examined

under hospitalization, and the other four \vere

treated as outpatients. At first \ve planned to

examine all the exposed persons (t\venty-t~\o in

total), ho\vever, mainly I’ur reasons of their ()\\n,

\\e could nut include four of tl~em in tile 19[)4

s[lrvcy.

In ~eneral, these persons had been in good

health during the past years. Althouqh several

ciiwases uccurrcd in some of them, thtre ~v~s no

d,cfinite reason to relate the radiation exposule

to SUC1]diseases. Since most of’ them got c!lild-

mn after being discharged from hospitals, it

\\ould seem ei. ident that permanent sterility did

not occur in them.

“I-lie routine ph)sicztl examinations of’ 196-!

rcvt’~led that liver ttas palpaljle in ten cases.

H{j\vevcr, it was not cirrhotic, and did not seem

t,, bc related to liver disturbances. The routine

pi]} sical ex~mination had no observation to be

rclatab]e to the radiation exposure.

I{esidu~l beta burns of the skin tvere noted in

13 people of’ the 18 examined. The burns \$ere

oljw~~ed in \vrists, external ears, abdominal \vfills,

f(wt and le~. host remarkable ones \verr those

seen in abdominal \valls. Skin biopsies of tl~e

al]dominal walls \vere performed in six cases.

Histological diagnosis as well as macroscopic

cxtimination of these lesions indicated no n)alig-

rmnt change. In one case that showed complete

eptlation at the time of the accident, a small al-

opecic area was still noted in the scalp.

Ophthalmological studies revealed lens opaci-

ties in 6 cases, in which 2 cases showed opacities

of posterior capsules. However, these changes

had not characteristic features described about

progressed cataracts of atomic bomb survivors

in Hiroshima, although lens opacities of 2 cases

\vere found in posterior. Further ophthalmolo-

gical survey should be needed.

Haematological survey showed that the results

of peripber~l blood examinations were almost

normal, although neutropenia, Iymphopenia, eo-

sinophilia and slight basophilias were observed in
one or two cases respectively. N-. AP-ase-score

decreased in one case. Bone marrow exami-

nations revea[ed slight increase of myeloblasts

und Nf; E ratio in Cases T–3 and K-12 respect-

ively. ‘b ilit(jticaily Connected .Abnormalities “

tvere found in a I’e!v cases. In vietv of these

findings, it could be indicated that there is some

residual effect of radiation exposure on haema-

topoiesis on these persons.

Chromosome observations of peripheral leuko-

cytes were made in 13 cases. The average rate

of chromosome aberrations was much higher than

that in the normal. The frtquency of aneupioid

cells was higher, and chrornosorne-type abnor-

malities such os dicentric chromosomes and mo-

nocentric abnormal chromosomes were frequently

observed. Cells \vith dicentric chromosomes oc-

curred in 7 cases, and those with monucentric

abnormal chromosomes were present in all of the

cases. To trace the fate of such cells with chro-

mosrrme abnormalities persisting in them seems

to be necessary in the succeeding annual inves-
tigations.

There were some abnormal findings in dif~erent

laboratory studies. However, it was not proved

that radiation exposure was related to these re-

sults.

}Vhole body counting and determination of

urinary excretion of ‘“ Cs and ‘OSr were carried

out. S0 significant increase of ‘“Cs or ‘OSr was

found on the exposed persons by the examina-

tions.

In general, the results of 1964 medical survey

on Japanese fishermen did not indicate clinically

significant late effects of the fall-out exposure in

1954. However, it seems to be very important

as \vell as necessary to conduct further medical

survey to detect the significance of subtle changes

such as observed in haematologica], chromosomal

or op}lthalmological examinations.
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Pkit’e 1.

Plate 2.

Plate 3.

Plate 4.
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Plate 5.

plate 6.
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Explanation of i’lates

Residual .“ betti I]utm “ on abdominal w:~ll of Case K-5 in 1964.

Secrion of skin t’rom ‘1beta burn “ area shown in Plate 1 (1OOX ).

Sec[ion of skin fr{~m “ beta burn “ area of abnorninal wall of Cxe K-12 in 1964

(100;<).

Section of skin from non-exposed area of abdominal wall of Case K-12 in 1964

(1 OOX).

Compared with Plate ~, Pktte 2 :~nd 3 reveal atroi)hy of rpidcrmis with

narrowed stratum granulosum and elongation of rete pegs. Fibrosis and coll:lp$ed

blood capillaries are seen subcpidermally.

A rnetaphme from Case K-4. .i (!iccnlric chromosome is observed.

A karyotype from Case K-16. It revra[s MI unusual rtcroccntric chromosonie.
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