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MEDICALSURVEYOF THEPEOPLEOF RONGEIAPAND UTIRIKlSIANOS
NINEANOTENYEARSAHER EXPOSURETO FA11OUTRAOIATIOH

(MARCH1963ANOMARCH1964)

Introduction

The remits of a mcdicaf survey of the people c4

Rongelap in the Marshall Mans& carried out us

March 1963 and March 1964,9 and 10 vursak

the atcidertt, are presented in this report. These

people had been accidentally exposed to fallout

radiation following a detonation of a high yield

thermonuclear device during experiments at

Bikini in the Pacific Proving Grounds in March

1954. An unpredicted shift in winda caused a

deposition of significant amounts of fallout on four

inhabited Marshall Islands to the east of Bikini

(see Figure 1) and also on 23 Japanese fishermen

aboard their fishing vcascl, the Lucky Dragon. Of

the inhabitant of the island of RongeIap, 105

nautical miles away from the detonation. 64 re-

ceived the largest fallout exposure: an est]matcd

dcac of 175 rads of whole-bcdy gamma radiation,

contamination of tic skin suRicien: to rcsuh LI

beta burns, and slight internal abcorptlon of radi-

active materials through inhalation and ingcation.

Another 18 Rorqclap people away on a nearby

Island ( Adingnac), where leas fallout occurred, rc-

cmvcd only an external gamma doac of about 69

rads. There were 28 Amcrlcan servicemen on the

island of Rongenk fsm-dzer to the east who received

about the same amount of radiauon as did the

Rongelap people on .Ailinqnae. Lastly, 157

Manhalks.c on Utirlk Island, about 200 miles fur-

ther east, received about an estimated 14 rads of

whole-bodv radiation. T~,e fallout was not wwble

on this Island and no skm effects developed.

The expmscd pcrrpie were evacuated from thee

islands bv plane atld ship about two davs after [he

acclaent and taken to Kwaydein Naval 6X about

150 miics to the south; where thev ret.eivcd extcn-

wve cxam:nat]ons ior the following three months.

In wcw of the gcneraily ne~auve findings on the

Amcr]can scrviccmcn, they were later returned to

their duty stations. The Utir]k people were also

allowed to return to their home iiland, where

radioactive contamination was siig@ enough to

aliow safe habitation. Bccauac Rongclap Ass&as

considered to be too highly contaminated, a tem-

porary village was constructed for the Rongelap

people on Majurts Atoll several hundred miles to

the south, where they lived for the following 3%

years and were examined at ycadv intervals by a

~~id medical team. In July 1957, after carefuf
cva Iuation of the radioactive contamination s!tu-

ation, Rongclap Island was co~sidered safe co-

habitation. A ncw viffagc was conswucnxf, and tk

Rongclap people wcm moved there by Navy ship.

The annual mc&cal surveys have since been car-

ticd out on Rongclap Island.

.A group of more than 100 Rongclap people,

who were relatives of rhc exposed woplc but had

been away from the island ●t the time of the acci-

dent, moved back with the Rongelap ptople to

drclr home Eland and have served as an [deal

comw. risen population for the studies. This num-

ber has slncc increased to about ‘200. Following

the initial survey of the Utirik people on Kwa-

jalcin m 1954, a repeat survey was carried out m

March 1957. In addition. durtng the past sumey,

.
*

Fiqurc ! Map of Fallout .Arca
( M. rch 1. 1954), .MarshallIslands.
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sum- ofWrdsmlk!xPOpuAxsxnlsExxntlmdSmKc 1954

GYJup ?40ulgsoqt .sccn

GJbrP— Pws’LA-

1!%4 .Afaii Ma}um 115(AdssuldcbiJdma)
I!456 Rim 57 . ,.
1957 Ronqdxp 100 t. .
195a Rosr~lxp I70 ,. !,
1% RorI#p 170(4C >Ioasclv)

EwcaaD Pon’urroxs

Rorsqclap ( 175 r) 67{ittclu&a Jfx-; ancus8kcxama)
Ailin~ ( 70 r) 191usctil mm:xamuk-)
.Amcrscan ~mcnscn .% lmaclumd 1954 only)
Utink ( 14 rI 1571~-3m4yexcsl

U?mxmam CSSILOXM( <10 YEAXSAs ‘Is 1%4)

Ronqclap & .Adin~ +5 (cx@ pxccssml
Rongclap 75tusscx@parcmsal
Ctwtk .’ Iex~ fxvcms I

iotl-81 7
Iom-lm
all -m
ml -970
in-low

146
I-ati

!01 428
:101-?.57

87-136
ml-lw

?2%:Q78

as in the previous SUS-VCVX,a wsit was made to

Kwajakin and Majuro Atolls for cxaminat]on ofa

number of Rongclap people, now rcxiding at !h-

atolls, and also qroups ofchildrcn who represent

part of the control group used for the growth arsd

dcvclopmcnt studi= of the cxpcacd children.

Table I Iiws the various populations that have

been examined since 1954.

The accumulation ofdata from these survcvs u

becoming increasingly voiumlnous, Since condi-

tions have not been favorable for performance rrf

extcnslse stalisl]cal analyses or usc of ekctronm

~omputtnq pmccdurcs to store and manipulate (he

data, [hc annual SUI-VCVreports pubiishcd by this

Laboratory arc mad. as compfctc as pcmwblc. Thci

~~rt. ~hcrcfOrc, Jnciud= a cOnsiderablc amOunt
01 raw data. much of lt In appcnd!ces. so th.a[

others ma~ have an opportunity to make further

calcula[!ons Ifdcsircd.

Summary of Past Pindings

Reports have been published on the findinqs tf

sur~e~s made at fhc foliowlng tlmcs after cxpO-

surc Intt]a[ examination, b months, - I year, 2

~cars.’ 3 ~cars, 4 vcars,- 5 and b vcars. ” 7 vcars’

and 8 \cars. The foilowlnq is a bncfsumma~ of

[hc iind!nqs prcviouslv rcpcmtcd.

During the fimt 24 to 48 hr tier exptmure, about

% of [hc Rongclap pcopie cxpcrienccd anorexia

and nauxca. .4 fcw vomited and had dkrhea. In

appcndlx 10 the individual histories of “au==
and vomltinq arc tabulated. Many also expcri-

cnccd ]tching and burning of the skin, and a few

complained of Iachs-vmation and burning of the

CVCS.Following [hix. [he pmpic t-cmaincd asymp

tomatic until about 2 weeks after the acc~dent,

when cutaneous lewcms and I{as of ham dcvclofxd,

duc Iargcly to bta irradiation of the skin. [t was

apparcn[ when :hc people were fimt examined. a
few davs af[cr exposure, that the Ivmpfmcvta

were constderablv dcprcxscd and that stqntficant

doses of radiation had probablv been rccclvcd. In

addition to the whole-bocfv dcnc of radia(ion and

{he bc!a Irrad[a[lon of [hc skin. radiochcmlcal an-

.Il\\c\ ,JI [hc urlnc showed that mca.surabk

Jmounts of radioacnve matcrlal had also been ab

sorbccf Intcrnaliv. The cticcts ot the radiation can

best bc summarized under three hcadlnqs accord-

ing to the mode ofcxpsurc Pcnciratlnq !rradia-

uon. skm mradiatlon, and mtcmal ]rradlation.

~w w-

Onc of the carlicm findings Indicative of sqtcdi-

cant cxpmurc in these people was Iowcrinq of

kvek of ltuk~~ltl and ph

biaod. This wax most mar

Rongcfap WfSOhad mcmw

marked in the other grot

sure. The hcmopoictic d

pro~rtional to the daat

Even in the 157 Utirrk PC

xn catimamtf 14 nda. it WI

alight platelet dcprarnn

The smaller group on A

dtosvcd pcr:phcral blood
the huqh and low cxpoau

logical rccorda of blcod 6

and Ailingnae group art
’27, ●rrd 32 ad m APpcsn

Utirik group m Appxn@

bmphprsw tJ abut h

panaoss Marshal& pqu

the Rongclap pcqsle wem

amival al Kwajakist 3

childrcst <5 ycarssrfagc !

to 257 of [he Icvcls i,! lb

but showed a sliqht rcs

W!?CkX.k dcprcxsccf [m

only xkight mcrcau nom

bwmg year, mean coun

of the companxcm popd

rcmainccf dightlv below.

\“mfrophl( Icvcfs ffuctcsi

the first month: poxubb

prcvalcncc of beta burn

Pcncd. Xeutrophll deprr

5 and 6 weeks pat cx=

about half that of the cod

the adults and slightly h

\camof age Thcsdcxrccof

CICnt to rcsuh m anv afp

pruccsscs, and Indeed It

philic Icukomtcus was P

casual Infcct!ons a! th~ [m

co~crcd mm-c rapdlv [ha

rcachcd ll~ar control ICVI

qucnt annual SUI-VCVSha~

dots not appear to bc co

sounqcr and older aqc P

Pfaubf counrs sho.cd b

blood counts and f-mdv c

crcasinq dcpremm, mad

dsa~ of the compan.son

week. A spufi of rccovcr

parison kvcls occurred d
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801-900
60-970
80-1058
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801-1058
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L; pcsrurc, about

msccd anorexia

‘-d diarrhea. In

Drlcs of nausea

csy also elpcri-

~kin, and a few

btsrntnq of the

ma]ncd aaymp

r the accident,

hair developed.

e skin. It was

w cxamlncd. a

c IJ mpho:vtm

hat slqnllicant

en received. [n

; radiation and

iochcmlcal an-

t ~lcmurablc

4 Aso been a&

e radiation can

=dmtp accord-

trat!ng irradia-

imadiatlon.

levels of ltukocvtrs and $Iatt(tts of the per. pheral

blood. This was moat marked in the 64 people on

Rongclap who had received 175 ~ assd was la

marked in the other group receiving Iesn eapo-

aurc. The hcmopoictic deprcArrn wu roughly

proportional to the dose of radiation received.

Even in the 157 Utirik people who received only

an cstlmatcd 14 * it w= poaibk to di8ti~*

sfight piateiet deprcAxs in the group aa a whok.

The smaikr group on Ailingnae and _
showed peripheral blood kvcis between three of

the high and low exposure groups. The ch~

Iogicai records of blood findings in the Ronge@

and Ailinsptae group arc presented in Figusu20,

27, and 32 and in Appcndicca 1 and 2, and in the

L’tirik group in Appendix 3. -$
~rnrphaprntcr d about half the Ievei of the com-

~ M?nhalkx population was cvidesst whets
the Rongelap people WCS-Cfim~ examined on their

asmvai at Kwajakin 3 davs after exposure. In

children <5 years of aqc the Ivmpfsocyt= drssppsd
to ~j~ o( the Icvels in the comparison children.

but showed a slight rise during the following

wecka. The deprcsacd level was maintained with

onlv slight mcrcau noted by one ~. Its the fisl-

Iowing year, mean counts approached the levels

of the comparison population and have gcrtcraily

remained siightly below.

.Vtutrophd levels fluctuated considerably during

the Iimt month; posaibiy this was related to the

prevalence of beta burns of the skin during tha[

permd. Xcutrophii dcprcxsion became evident bv

5 and 6 wecka pat exposure with ievcls reaching

about half that of the comparucns poptsiation in

the adults and slightly lower in the children <5 .,

‘tli--#’scam U( aqc. This dcgrcc of ncuwopenia w~isssu

clcnt to result m an\ apparent mcrcaaed in~ctiosss

process.cs. and indeed it was noted that neulro-

philic Icukom tmu was puasibic in people show Ing

casual \nt&ctlons at this time. .Neutrophli levels rc.

covcrrd more rapidlv than Iympttocvtc 1~.~

rcachcd (war controi levels by one ye~r. ~~

qucnt annual surveys have rcvc~ t@t recovery

does not appear to be complete, particularly m

voungcr and oid-cr age groups.

Phfdd counts showed Ics fluctuation than other

biood counts and fairiy consistcntiv showed in-

creasing dcprcraion. reaching Ievcis ofa

-

,30%

that of the comparwrm population by t c +th

week. .4 spurt of recovery to about 75(L of com-

parison Icvcis occurred during the foiiowlntg few

.t

weeks, which was followed by dower recovery but

with mean levels n- reaching higher than 90 to

95% *t ofshemstsprisorspopulation during the

8 y~~X~.

Eryt@oMs depsw40rt has not ~ a wss-

siatMt~a8witb sb6Jaufmcvwaassd thrcassbo-

WCS. ~~ofti bfoms counqfmna.
tomiq@ad &aDrs@b “ baalxentrCXed -

Nogrosmabsa&aE&a of bsxrnasrruw~werc

~rtedat 6 mossdss pa expomsr-e. At 8 yea~

exaqsirmtion o$~btma marrow a8pirationam@m

;r~apcopie sbowed a reduced m@oid-e~
.

abnormalities of th#&thrqi~

andmy in5caus.

~n ~pcc@cml blood cksncnta in t~:
Aitissgaae ●sd Rongacik gro~was n~so pm

oounccd as in the Rongdap @tap. However, a

*ght iag in compkete rccovsrcy in the Ailin~

fSCS@~ b~ COUSIthxs aiso been n~~..
The persistent de- of peripheral blood

elements in the cxpoud pco#s maka it ●ppear

likely that there is slight rmidttai bone marrow

damage.

A gcsrecaf -ss tendency has I&en cvMetrI in

both caped and unexpoocd Mamhaiicsc. Price.

Jones curvm. on the average, showed a siight

microcytic tendency. Scru m won Icvcis have gen-

erally been normal, and the cause of this anemic

tendency has been ussdatcrmirted. -

RtfIcMk--I.. counts have been about thesame
in the ~ as in the uncxpod people.

Except for radiation-induced &ION of the skin,

patchy cpifation, and earty gastrointestinal SYSSSP

tarns, chmcal txammatsa-s have revealed no disease

processes or svmptoms whqh couid k ~1.at=f

dircctiy to radiation cficcts. ?Jw”prophvlactlc or

SPCCIfiCtherapy of radiation effects was ever con.
sidcrcd ncesary or given. Epidcmlcs of chicken

pox and rrtmalcs [hat occurred showed no qcater

mcidencc or scverlty In the exposed than !n the

unexpsrscd Mamhaiissc people.

During the first monthspmt exposure about half

of the exposed group exhibited Iom O/ urqhf of sev-

eral pourxia. Ths may poawbiv have &en related

to their radiation cxpaurc, aithough it M difficuit

to ruic out ctTccta pmsmblv due to change of

cnvmonmcnt.

At 3 years post cxpurc the tmfrtunsrcrprns.wto pri-

MXV and sccondav [ctanus antltoxm war tcstd

and found not to be wgnificandy different in the

cxpcd compared IO the unexposed popuiauona

m.

..6. . . .
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his employment with such contriicwr,
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Fivc~ititbce~~latidkdW

dkxxc: ( I ) a 4%-peardbMo##th hy~

heart~dsicbldhaws~ ●tthetime

ofexfnxura, wim diad 2 yearakfter the ●aidcnt;

(2)878-yw+ tttaawbii Q3ycacaaftercx-

fmeurq d ~ W ~ complicating
diabctea; (3)a3!Lyearddman wlaItiird of acute

-ric=fk 4yaaraa@erea$-% Wftobadreccid
onfyfs9 ~“betsoe JWtgMstatthetiaoc
dtbe klti; (4) s 80-Pd womars who &d
da Catscu oftbeovaq’ 8t5yearxafiec expomtse;
and(5)a?&# Uor&qhOdieddtraumatk
vene&al~H@ pcaaiiarea~.lRetW
waamapparent~ “pbatwesmusyofthac
dcatha an&&iMm ~= F-T dcatb ftavc
occurred ist the costtparian population. The fk
dcatha that have ocmtrml in the q-d P*

since CXPMW rqrcqtt ● ISMO@ rats Of 7.6 par
1000 popufatim @&trsttm, compared with 8.3
be the Manliall IAo& m ● whofe.

Grurrti ●d &w~ staak cm tbcchildren
(height. weight, anthro~metric measurcmen~

radiographic studia for bone age) have rcvcalai

rhat sf@st rctardatirsss in gtwwds asni dcvciopmcrst

b%s OCcUSTCdk the e%prld boys who WerC LU’IdCC

12 years of age ●t the time of expoourc, particu-

larly thoac 12 to 18 months of age at expaaurc.

Ordv sfight immaturity was rtotcd in the expmxi

fcmafe chikfrcn. h wasakm noted that children born

ofexpcacd pm-mu ~ sfighdy rctardd and that

they had slightly lower Ievcls of neutrophdx. lym-

phocytes, and platelets compared with maic chd-

drcn of unexpoA parcnta. However, srncc tire lat-

ter chfdrcn were cm the average 4 mths older, k

*tadidmtj@a Onchnim dtatthcdiikcnm in

uturrm~ W-idtdteapnsum ofthcpamr-m

[t ~ ax difTicuh to evaluate the etkcts on fcrtdity.

However, a review of the bwth raft of the exposed

group over the paat 8 years seems to Indicaie no

noticeable effect d their expcxmrc on fertilitv. The

35 blnhs rcprem’st a rate of53 per /000 popula-

tion p annum compxrcd with 37.3 for the .Mw-

shall Mands ( 1,957). The 25 births over a j-vear

period for the comparison popuiatson rcp-nt a

mtc of 21.8 pcr 1000 population. A somewhat

greater mcidcncc d mucarnqrs and stdlbtnh was

rioted in the cxpoad women during the Iimt 4

ycass after exposure, but bccauac of the paucmy

of vid statiatio on the Marshalk and the smalf

number of pmpk invofd the data am not rcacf -

ifv amenable to statistical anafysis.

.***,-.
mv of tti:aduits ( 1959)’

shrs~tto axtutandirsg diffcrcncm between the

CX* ~ uncx~ grOUP The people ap
~ard to have ~ hypertermiod on the whok

than 5 mtd ia pmpk in the cmntincntaf United

states.

An atthrtlu ~ ( 1959)’ showed no great dif-

fcrcncu kwccrr the exptxxf and the uncxpacd

pcopk, andalmut thcsamcinctdcncc aaiasccnm

Amcricm pnpufatrn

OpAt4alael@tca/ saruqs showed no rcmarkabk

+ffcrcrtcee -n dsc cx~ ●nd unexpoacd

rw= em f-iWs ~uhtb mat= numb
d-dptcrygk Piw==J- ~ -=1 ~
in the ~ group. It is mt known whether thk

finding is of any Significxn- in mfation to their

rdiatimt ca~*. Wit+ss ~tiotu showvtf

no opacitica of the Ietm cttaracte@c d radiatim

CXPOXUCC.AS ‘I whole, VI~ ●d =~m~ati~
kvefs in tbc M.anhal& a~ard to be atmvc dw
average in the U.S. population.

Drxtal rarrry: showed no significant rlitfcrcncca

m cari~ rate between cxpaacd and unexpoacrf

groups. However, [he Incidence and scvcriiy- of

pcridontal dise~ w= slightly grcalcr in the ex-

posed group. 1[ is not known whether or not (his

finding IS related to radiat]on cfkc:s. The por

oraf hvgicrrc ~ncrafly okrwd in the Mamhaflcs

had its usual results, namely, high caries rate m

tccnaqc chlldrerr, scvcrc Pcrtdontal Icsions in

adults ( hcai \ calculus and loss of alvcolxr lxrncl,

and ccfcn:ulous mouths m the aged. Radiatmrt ex-

posure did not appear to have at%ctcd dcvcloptng

dcntltlon in the exposed children.

Laft tftcts.] radmfton. Various parameters usu-

allv aawmated wlih aqtq were mc-urcd or esli-

matmi on a O to 4 + scale ( skm lomam~. ela.mcity,

and senile chanqm. qrcvlng of Ihc h~r and bald-

ing. accomrnodatlon, vjsual acuity, and arcus
wills: hcanng: cardiovascular changu including

hlixd prcxsurc and dcqr-ccs of pcnphcral and rc!-

inal artcrmaclcrows: neuromuscular function: and

hand strength I. Comparison of thm.c mcasurc-

mcnts tn cxpcacd and uncxpcacd indi~ [duals d
[he same age groups showed no apparent difTcr-

cnc=. .+ blolo~cai agc score was calculated for

Indlviduais and groups by usc of an average pcr-

cm tagc score. L@ Awtrxq CITCCU d radiat Ion have

no[ been apparent. .4s noted, the mofialitv rate

was about the same in the cxpcd as in the un-

Cxpd pcopfc.

The one ca
poud group I

too soon, It u I

oon to radiat

eluding phya

counu and ty

and fsasophil ~

cwdencc of Ie

child in the in
vatcd bam~

rardiotwscuiar ~

general rcauig

mt shown ~

&frntratlw dit

radia!lon-ind

XnY of the cap

Cmrtst C*

bccauac of!lm

?40 apparent

have bccrr dct

tbrr in the b

pas-mu, WII&

cv idencc of “m

m the cxpaa

d growth nd

parcnu.

UW

It wax imfa

tic radiatmo

skin and cpth

Cxposurc, Iaq

by clothing.

burns, and a

cpilalmn of !

supcrticlal: tf

scaly dcsqua

little p.m. R

lowed. Some

quamatlon,

kcamc XcOr

wilh annblo

graduailv 10

rkln appcarc
ever, ,n almt

parllcularlv

unuccl Lo ha

tnq dcgr-ccs O

6 years the o

dtheskmt

varyng dcgt



5

Y ot (he adults ( 1959)’

d)tTcrc~ccs between the

I groups. The pcopk ap

Pcrtcnsmrt on the whok

jr the continental Unitd

\9)- showed no greatdif-
pmcd and the unexpoacd

mre inctdencc as ia seen in

I
N showed no rcmarkabk
~exposed and uncxpoacd

1 ~,ghtlv greater number

~cculac, and corrseal scam

is nnt known whether thu

;ancc In relation to their

iarnp obacrvaiiom showed

:haracreristic of radiatiat

aual and accommodation

aqscarcd to be above the

L ~t]on.

i no significant diifercnccx

exposed and uricxpoacd

~nc]dcncc and scvcr!tv uf

sllghtiv greater in the cx-

nown whether or not this

diatlon cffcc:s. The poor
$ .Wd in (he Marxfdoc

lmcly, high caries rate in

:re pcrldontal lesions in

md Ims of alveolar bone),

in the aged. Radiation cx-

> have alfcctcd developing

d children.

f“arlous parameters usu.

.wcrc measured or csti-

: skin lmscn~, clastlcltv,

Inq of the hair and bald-

.Isuai acu]ty, and arcus

~uiar changcx including

?cs oi pcr]phcral and rct-

‘f)muscular function: and

-son oi these mcasum-

Jncxposcd ]ndivlduals of

owed no apparent ditTer-

: score was calculated for

by use 0( an average pcr-

mg .ei-Tcctsof radiauon “have

noted, the mortalitv raw

the exposed as In the un-

The orK c= ufcaatm that developed in the ex.
@ group occ.rrd at 5 ycan after cxpaurc,

too soon, it is Ixlicvcd, [0 &ar any pticular rela-

tion to radiation expaurc. Lnkcwa surveys in-

cluding phyxical findin~ studies of white =11

munta and ty= alktiinc phaphatau stainin”g,
and Inss+iAdtuntx of 4000 white cells showed no
cvidmcc of leukemia or leukemic tendency. One

chi{d in the irradiated group haa had sfigfsdy ck-
vatcd bamphils but no othm paiti= fissdlngx. Tire

carAouaJcnlw and wfhrtfts surveys, as well as the

gmcral reatdta of the ph@c.aJ examirsatiorsa, have

not shown any apparent increased incidence of

&gmmatzsw d.m.m in the cxpacd people. No

mdiaucsn-inducccf catamrss have been olmcrvcd in

any oftfsc ex~ fxopfc.

Gtsdsc cficcts have not been specifically studied

bccauac of the smali number of pcop!c involvd.

No apparent radiation-induced gencttc changca

have been dctct Icd on routine phyxical cxamina-

t}on in the tint-generation children of cx~

parcnu, with the pmaibk exception of scsqgc.snw

midencc of increased miacamagcs and stdlbirrk

in the exposed women and the slight rctardat]on

of growth noted in the male chiidrcn of exposed

parcnsx.

=A IRRAUATION W H SUN

It was Impaxsiblc to gcI an accurate estimate of

the radiation dose to the skin. Beta burns of the

skin and cpllatlon appeared about 2 weeks after

exposure, Iargelv on parta of the body not covered

by clothing. About 90’Z of the people had these

burns, and a smaller number developed $po!ty

cpllatlon of the scalp. Moar of the lesions WCrC
superficial: they c~~ pi~~tlon and dry,

scaly dcsquamation, and wtr%-zuoaated tiith

little Pam. Rapid fs#ii.g “tid. repigmcntation fol-

lowed. Smme 1- were ckcpm, showed wet d=

quamatlon, and were more painful. .+ few burns

bccamc secondary mfcc.oid and had lo bc treated

w Ith antibiotics. Rcplqmetttarims of the Icstons

graduailv tcek place In moat instances, and the

sktn appeared normal within a few weeks. How-

ever, in about 15?, of the people, dccpcr Ieslons.

particuladv noted on the dorsum of the fret. con-

tinued to show lack of rcplgmcntat!on with vary-

ing degrees of scamng and atrophy of the skin. BV

6 ycam the only residual effects of bc~a radlallon

of the skin were seen In 10 c- which showed

varying dcgrccs of pqmcnt aberrations, scarr]ng,

ansiatro@sy atthe9wofthe fbrmcrburna. Dur@

dsepaat Ayananiocm* numfxr Of pig-

mentcd maculac and mola have been noted in

pcwoualy irradiated areas of the skin, but the=

have appeared to be quite benign.

Numcrssux .I~~ IO@@ strsdicx have beat
made,’ 4.’ ●nd :he changes ksund have been cms-

siatent with radiition damage. At no time have

changes bxcrs OksUd ci!hcr groaly or micro-

=@Cdly ilUlbtiS’C d mabgnant rx pcsssxJ@saat
change. Spotty epdauon on the hcada was short

lived, regrowth ofhasr occurring about 3 monttm
after cxpaurc and complete rcgrswnh of normal

hair by 6 mmrtha No fimthcr cvrcknce dcpiiat]m

haatxcmxcss.

An intcrating okrvatisnr nmcd dtssing the firx

tkw KCSOSIthaxlim CXfXNSSWWM the +4C@SmCsSt d
bluds-browrs pigrsscrstation d the SCStSihSnXrarcm

of the fingcrnaifs and toessaifs in about W% of tk?

pCOpiC. By 6 mossdsa this pigsrsmtatioss had disap

pcarcd. having grown out with the nail. The ca-

oft his phenomenon has not been explained.

~mADwmN

Ra&ochcmicaf anaf~ d nuotcrss ua urine -

pks of the cx~ fmpuiation showed isstcmal ab

mrptlon of radioactive matersafa, probably

bmcsght about larqcly through eating and dnnk-

mg contaminated food and waler and IO a ksacr

extent through inhalation. Dur!ng the timt few

davs when the mdv Icvcis were at ~helr high-.

the maxjmum pcrrmnsblc concmtratjorss were ap

proachcd or slightly exceeded only in ~hc case d

strontium-89 and the Isotopes of icdinc. The con-

centrations were bcbcvcd to be mo low to result us

any scnous effects. Bafv levels fell rapldlv. so that

by 2 and -! years post exposure, they were far

below the acccplcd maximum pcrmiamblc level:

by 6 months actlk~tf in {he urlnc was barely

detectable

In 1!458 analyses of bone sampks on onc of the
men who died sho ved 3 7 stront:um-90 unnslg

calcmm. Bcqlnnlng In 1957, gamma spcctrrmcopy

by usc Jf a low-level countmq chamber was acidtd

to the !cchnlqucs of radlochem!cal analvsls. The

rmum of the Rongela~ to (hew home ufard

{which akcr carchsl survcw was cona]dcrcd safe far

habttat]on. dcspltc a pcmstmq low Icvcl of radio-

active contaminauon~ was rctktcd In a rtsc m

their body burdens and mcrc=d urinary cxcrc.

[Ion of ccrtam radlonuclidcs. Dur; ng the Ycan

Ta& 7
—— -—-
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since the orqinal contaminating event, additiond

wr@ha wasa hckj in the area have contributed to

the fiaaiin products its tlm envim.nment. Since the

*

diet Includa “” of$mpstrtadfooda. the peo-

ple are not Ii a “closed”’crwiroament. and

dsercforc may nut be rapidly ●pproaching equi-

librium with the cnvironmentd fission ProducW

as might be expecsed under other circtimstanccs.

~ btsF&st#Of gamfimi(ting &ion prod-

ucts (such as -t’: and 2ss”) were measured in a

whole-body counter ad cftcckcd by radiochemi-

::;;*F urfite specimens. The fwels of in-

mmoadon per unit weight appeared to

be about the same for juveniles as for adults, male

and female. Wide variations In levels of contami-

nation in an~ group were founsL apparently due

to diflerencm In diet and metabolism.

Body burdens of Sr”’” were estimated from uri-

nary excretion as de~ermined by radiochcmlcal

analyses. Both the ernernal dasc measurements on

Rongclap Island and the levels of radioactive ISI+

topcs m the food on the island indicated that some

mcrcaac in Cs’ “. Zn”’, and Sr ‘“ hodv burdens WaS

to bc cxpcctcd when the people returned there m
1957, The Cs”” body burden In 1958 was about

0.68 p(:. abOUI 60 tlmcs as gr~at aS m 1957. and

the urinary Cs’ ‘“ Icvcl rose by a factor of 140: the

mean body burden for 195.9 was 0.57 PC, The

mean body burden of Zn%%lissmted km wholc-

body counting data wax, in 1958. afier the rctum

to Rongelap, 0.36 #C. 8 times as high aa In 1957.

and O.44pC in 1959. In 1%1 the meant. s“ fmdy

burden in adult maim was 147 mpC/kg, which u

no{ significantly dilhcnt from the mean value of

a similar group obtained in 1959; it was 300 times

that of the medical team, who were measured at

the same time for comparison. The Zn’;’ level in

adult males ( 1,5} m#C/kg) dmppcd to 17? of the

mean value measured in 1959. With a Iargcr, de-

[cc[or ~nd a longer counting tirsrc than prm WUSIV

emplotcd, it was Pqd#.awidentlfi and quantlk

Co”’” for the tirst tlmc in these people: the mean

leiel [,( Co”” was about 1 l’% of the Zn”’ Icvel. .~

small amount of rcmdual activity .was still present

after the subtraction of K’” and t’he above radm-

rruc{ides from the total spsctrum. The mean Imcl

of urinarv cxcrction of S& waa 7.2 pC/1 Or I+CC

higher than measured+~ the 1959 medical sur-

vcv_ In 196’2 the mean urina~ Sr’” level was I 14

@. q Ca, qi~tng an rsllmatcd “bodv burden of 12.0
myC. .\naivsis of bones from the dcccascd Ron-

gclap woman ( 1962] gave an estlmatcd bodv

burden of I 1 4 mpC. These Icvcls represent about

a sixfold Increase In Sr ‘“ mer the 1958 levels.

Little of (he body burde~ 0[ {he exposed group~ ,r..
is appmrentlv due to their msctaf exposure. smcc a[

present there ta little difTcrcncc between [he ICVCIS

of the cxpoacd and uncxpoaed populations living

on Ron@p ~. The body burdem arc of
small signiffcas@in t~+ of radiarion haaard.

... . . ~ -n

m~

St~gmettcal~ mhsrrItd characterssttcs. BLxwJ

gr+mg studies isk dsc Wrahallac showed a rela-

tively high Bgem frequency, a high ~ q-w frc-

qucncv, an cxtrcrsscly ~R’ ~frequcncy, and

Lotal absence of Kcll arid Dkgo factors. ‘“ These

charactcrtst ICsddTer tlom those of Pofvncsiatts and

suqgst rcla( Ionship with Southcaat .%lans and
[ndoncslans. Haptagfobm ffudtes shc wed the fre-

quency ot the Hp’ -to ~ lsighcr than m Eurcr-

pan populations thus far tested and consistent

with populations living near the equator. The dis-

tnbutwn of hap(otglobm [VPCSshowed the popula-

tion to be rclatlvcly homogeneous, Trans/rmtns m

all wra were tvpc CC. the common European

t) pc. ~-.4 m~rro-iso-fud,Yncacid urinary Icvcls showed

the \larshallcsc to be the highest cxcretcrs O(this

acid of anv popuiauon thus far rcportmi. Levels m

the exposed group were about the same as In [he

unexposed group. and no correlation was found

wtth bodv burden level of radionuclidcs: this indi-

cates that there M pmbablv no correlation with ra-

diation exposure Hem.glab/n (Yprs were considcrccf

normal (,all h~d wpc .%4, ). Stck@ ~~~1~shOwcd nO

vckllnq tendencv in any ofthc people. G/ucoft-6

phosplratt dehiaro~tnast of the red cells apprarcd to

Ix normal in the Marshallesc Studies of Cm

pheno~pr$ showed the \farshaliesc tc ;Iavc 100C~

Grts’”’ and nearly IIY)’; Gm o‘. There was a

complek absence of C,m’ .rnd a high [rcqucncx

of Cm-like i Cm ) Com.lderablc ~autl~n must ~

exercised In m aluat!ng the results ot these studws

on qcncticall~ Inhen[cd characlermtics because W

the \rnaLl number of samples rested. The data do

secrw to Indicate r+atl~e homownclt~ of [he Pop-

ulation and closest klnshlp with peopic oi South-

east Asia. These data alsa ma\ be uscfui as a b-1*

Ilnc should qcnetlc chanqcs appear in later q< o-

erattons. posslblv related to radiat]on cxpsurc.

Results of other laborator-v studies included the

foilowlng: SCTWIprottm levels were qcncrail~ on the

high sldc of normal. elecrrophoretic patterns

;

showed the !ncrc

manlncreaxtnt
reason for [his IS

in fcct]ons mav
Y,,filum 1/[ r(s m

about [he same

I
18
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I’hew IC,. IS rcpmnl ~~ut

k“ []vcr the 1938 Icvcls,

mrden 01 the exposed group

hclr ,nltlal exposium. since ac

~itfercncc betwm” the l=V=fS

)texpmed populations living
The bodv burdens at-c d

,krms of radial ion hazard.

1

!mhcrrfrd charactrrtsttcs. Blind

1.Mamhall~ showed a rela-

‘qucncy, a high .N gene fre-

,I@I RI qcnc f~uencv, and

~and Diego factors, ‘“ These
,bm those of Polynesians and

[

I{h Southeast Asians and

m ~odw~ shcwed the frc-

to be higher than in Eu~

far (es[cd and consistent
- near rhc equator. n= d~

us [vpcs showed the popula-

omogcneo us. Tranf/i7rutf in

C, the common European

u acfd urinary levels showd

the hlghcst cxcretcrz of this

. thus far rcpmwcf. Ixvcls in

R abut the same as in the

no correlation was found

! of radionuclid~. this indi-

abl~ no correlation w]th ra-
t{obtn !Iprs were considerccf

J ) .SIckiInq [trts show~ no

(Iv of the peOp[C. ~/ucOsc-ti-

>( (he red cells appeared to

~rsha[lese Studies of Cm

.$farshallcsc tc ihavc lfKFl

‘J’; Gm b There was a
‘m’ And a high ircquenc~

.slderabie caution must &

: 1he results of (hme sludl=

4 charactertstla because of

.mpl~ {~ted. The data do
: homogene!tv of the pop

ship w,th pCO@C ofSou[h-

.1s0 mav bc useful as a bl~

Inges appear In later g{ n-

?d [o radiat]on exposure,

ratot-v studies inc]udcrj the

~e~els were generailv on (~

: eiectrophoretlc patterns

~howed the Incrc- in protmns was Iargelv due

to an mcrcasc In the gamma globulin fraction. The

mason for this IS not apparmm Numerous chronic

infections may be an explanation.

.Sod,um Ittvfs in the urine and food indicatd

about the tame conzcsmption ofN@ M in S

cans. The general 1y lower incidence of hypertett-

sion m Lhe Mamhalk might be rekt?d WI tk

hct that the former native diet waa pmba~

lower in salt cuntcrtt than the grrc?tnt, more vmat-

ernmmd diet. [t wiIt’5e intcre$ting to* wbetkz ‘“
the incide~ of byptrtenaion ~ kter increase.

Strum c4&&rcI# 14A ( I 957, 19S9) weFe aoe

w- lower in the espcaed fmpulatian than imthe
com parmors or Utizik populations, bu~ ware in the

low normal range. No abnormally low rcadinp

were notaf.

S-rum mratmmz levels ( 1957) were in the nornd

range with no abnormal Ie\els noted.

Strum uitim,n B,: concentrations ( 1958, 1959)

wet-r generally sigmficantly higher than Amencarr

lm+. The pombility of contamination of the sam-

ples wit h bacteria producing vitamin B,, must bc

considermi, since myeloproliferatlve and liver dis-

eases were not sects.

.Sir.rn prot,ln hound mdmr levels ( 1957, 1959. 1962)

were generally slightly elevated. Ev]dence for thy-

roid dysfunction was not apparent in the people.

G[uc.surui and tleuakd blood JUVZr were found in 8

pople I I expmecf mid 7 unexposed). An increased

incldciscc of dia%tcs is prevalent in the Mar-

shailcsr pcopk.

.~ sumcv for mtcsimai parmtkf ( 1958) showed

75G of the pmple to bc infected with various
,VF: ! For the three map pathogens found, the

over-all infection rates were, for Entamocba htsfo-

/YfIca, 18.LFC. for hmkworm, 5.5%; and ~or Tr!clruru

(rtchmra. JLY~

E(,,ln~,phJra > 5% has consistently been noted
m about half the people. The fact that half the

cases wl:h eoslnophilia showed no helminthlc ln-

fcct]ons at all suggests that ot]:cr factors besides

parasitic ,nfcctlons must bc rcsmxtstble. The ec-

slnoph!lla may bc related to chr~nlc fungus and

o:hcr Infcctmn.s, pasmcularly of the skin.

Cornpftmcn(jixafmn JIudic$ for paralnfluenza I, 2,

and 3. respirato~ syncitial, pwttacosm and Q fc-

wr showed antitsodiet to all groups of wruses ex-

czpt that for Asian Influenza, which probably had

not vet scnously Involved the peof-’c of the Mar-

shall Islands. The antifmdv titem appeared to be

somewhat lower In the cxpmcd people.

Immunoeitctrophorrtzc Mue@i showed nclt her a..
parapmteinemla nor a t@ca&*ure of arm bodv-

deficiency-syndrome, b~ a high ~~cv of in-

crcases0f3mnc Ofthc imW#oba “-ii~,ti noted.

Blood ualumc sfudtci with Cr’’-kbckdsodium

chromate showed a sig~ficant reduction In rcd

cdl man and/or pkama vohstoe itlj~5 of 23

MUYb#Ee.
.==. -. .;
,7 ...”’

=
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.& ntentioned in previous reports, &eral diffi-

cul$~ aasoc~ -g orA the ex-

aminatlom as wefl ~ interpre@rg the @i rigs.

=%lr&s_;::
Mamhall~. However, tltmc were ~nt Eng-

lish-speaking Marshallese to asmst ~he medical

team in most mstancu.

2. The lack of vital statistic or demographic

data on the Mamhallmc impoard a set-rous diffi-

culty in intcrprctatson and ma! uation of the mcdi -

cai data. Records of births, deaths, etc., have been

made by the health a!des or magistrates of !hc vll-

Iaqes and supposedly fot-warded to the dlstrlct ad-

ministrator; however, such records have been in-

complete or lost in meat imtarsccs, and vital statl~

tics are therefore inadequate. Trust Tcrr([ow

officxals arc now attempting to assemble such data.

3. There IS unccs-tairstv on the part of some nt

the Marshallese az to their exact agm, parncularlv

among the older group. This impaux ccrta]ts diffi-

cultws m lntct-pt-ctmg some of the stud]cs to bc

outlined.

COMPARlS@4 -1.NIONS

During the fimt 2 years, two separate groups of

Mar-shallese people were used for comparison.

each of comparable SIZCto the cxpascd Ron@ap

group and matched for agc and WX. However, th~

pepulatlon W= found to be unstable. with a large

altrltlon rate over the 2 vears, wh!ch made 1[ un-

sat!sfactor~ .At the time of the 3-year sur~cv, it

was found that during.the prcccding 12 months

the Ronqelap populauon at .Majuro ,Itoll had

doubled because of the influx of relatwc$ who had

come back from other Islands to live with them.

These people had been away fmm Ronqelap Atoll

at the !]me of the accidental exposure. This gToup

matched reasonable well for age and scx and was

1
z

Tabie 10

Tabk 9 ,.. , ,-. . –m. — ,... -—
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Figure J. Mcdlcal survm team (or 19bJ I upper ptcturc] and 1964 Ilower
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Figure i Truss Ternton drip bnnqmq team and mcchcal cquqxnem at anchor OIT L’m=rk [dad

Table 2

fxcatw. of Ronqelap Pcopk, I%4

Expscd Uncxpacd

%duhs Ch]ldrcn Ch:ldrrn ofex~ pxrcno .Adulca Chddnm Toul

MaJum 1 I
Kwa@c,n 9

~

Ron~lap H .3)
Eclucmk o 0
ohm a[olk ) 1

Total $3 28

of comparable wze Since the return of the people

to Ronqelap. however. th]s group has about

doubled ~cr>izc.

Oqanizution

1-%3 SURVEY [9 YEARS POSl EX?OWRE)

Examinauons were conducted on the followinq

Rongc(ap people 70 cxpxcd, 35 ch[ldrcn ofcx-

poscd parents. and 196 unexposed ( adults and

+3 t32 ILM 359

ch{ldrcn of the comparuors Pu:>ulatlon I. The ma-

jontv O( :hcsc ~ople wet-c cxamu-icd on Rongclap

\toll. bu! about 100 of thcm were cxamlncd at

Ebcvc I KwaJaic, n ,\toll) and a few at Majum

.+toil. In add]tlon. Ctmk .%[oI1was VBLICd and 84

cxpmcd people were cxam]ncd there. The survey

[cam conststcd of 10 phvslctans and technicians

from the Umtcd Statm actd b fmm the Trust Ter-

ntorv of L!-ICPacdic Islands Iscc Figure 2]. .4 Trust

Trrntom ship, the M 1“ Roque. was used to trans-

perr rhc mcd]cal !carn co the Islands \ Figure 3).

The [cam 11.cd ashore rather than on board ship

. ..— ___
----- .
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at Ron@ap Village and aim at Utirik Village

whale carrying out (he examinations on thccc

rslanda.

ls4suawY (lo YIAas Posl Ex?osLq

The 1964 survey did not include L?tirik, sin=

these Islanders are examined only every 3 to 4

years in view of the small exposure they w.stained

bwsss the Wout. Examinations were carried oul =

in I%3 at Rongclap, Ebcye, and Majuro, the ma-

jorlly being done at Rongelap. Table 2 show the

distribution of Rortgclap pcopk on the variocn

atol le. Examinations were conducted on 70 of the

expaacd Rongclap popic, the 43 children ofex-

# wnm and 208 of the adults and children
of the comparison populauon. The survey team

consutcsf of 8 physicians and technicians km the

United Stat- and 8 fkrm the Trust Territory (see

Figure 2). The Trust Territory ship M/V Roqw
and M, VRusr,4masbo draidcdin transpostissgb

team and quiprncsst to and from Rongelap Atoll.

The team lived at Rongclap Village for dsc exams-

natloru on that isfand.

d “-’--

-Figure 4. Mamhalicsc man carrwng a sack of c~pra.
Cbpra u the main product m !he economy o{ !hc Islands

ProcdM99

?urSOcAL~

.%rtceboth tbe 1W3 and 1964 mmvevs were
similsr in wopc and procedures, they will k de-

scribed together. Histti were laken by a Mar-

shallccc practitioner with particular cm phasis on

the intervai history during the paat year. During

the 1964 survey .Mr. Byron Bender, artthropoi-

ogist from the Trust Territory, accompanied !he

medical learn and carried out exhaustive studies

on he gcneaiogicaf background of the Ron#ap

pcopie. These data are not pubiixhed in th!s re-

port, but are avaiiabie to those interested. The

f=fiatiti On the 1963 survey (W. W. S.) carrmd
outfrmher intemicws with the Rongclap people

in order to atabiidr more ciosciy the agm of mmc

of the children, which were qucstionabic.

Compiete physical examination on both chll-

drcrr and aduits were carried out in both years.
In addition, anthropomctsic measurements were

done on aduits >19 years of age in order to de-

termine cenain ethnic charactemtia of the Mar-

shallesc During the 1963 examination cxtcrmvc

anthrcrpomctric measurements were also carried

out on the children as pas-r of the growth and dc-

vclopmcn t studies, and radiographs of their wruts

were taken for the same ttudia.

1:1 1963 an opi:thaimoiogist carried out com-

plete ophthaimoioglcal examinations Including

slit-lamp obacmatlona.

Cancer dctccnon. emphasized durlnq examina-

tions for both years, included an evaluation of LISC

history, spcclai phvsical cxam]nations. and ccr-

rmn Iaboratorv tests. ” The famllv historv dld not

yicid satlsfactom Information, slncc the Incldcncc

of famlliai d]sc= Includinsj cancer was gcncrallv

unknown bv the pcopk The h~torv ywldcd some

urforrnat]on on ch?nqcs In weight. h,storv of illness.

and. In the case of women, menstrual, obstetric.

and numnq hlstorv [n the phvslcal examination

particular cmpha.m was placed on cxarnlnallon of

the skin. node-bearing areas, head and neck.

chest, breast. abdomen. and cxtcrnai gcnltal]a

Pclvlc cxam~natlons were carrd out on all matur-c

fcmaics, and vaginal and cervlcai smears for

Papamcoiaou cxamirsatsons were obumcd”- Rcc-

“Dn E Schackow and H L +!k,ns.( Brcokha. m Sa(,oti
LAomow z.wpt-ctd the ..rab tilms.

..”= -Uh ,0 ,hm. DI GWVWC Bader O( w,m~~l SIW

Kctmrmgc-ctr Gmcr. Wcn York,%Y for >nmrpmatmn d
k PaQsnKulaOu —

“
..

F!gurr -1

,,,,, ,, \b!cd

.—. — —
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Figwc 9. Typal Mamhal& hvmg conditlccu at Utmk.

tal examinations were carried out on all pcnons

>40 vears of age. This included in the case of

mcrr pal pat]on of the prmtate gland. Radiographs

of the chest and other parts O( the WV were ob

talncd as tndica[ed. Hcmatological data were

obtamcd and were avaiiable for evaluation.

In detection of poassblc leukemia (or prcciimcal

evidence of inclpmrt Icukem!a ) the l~mph nod=

and spleen were carchdlv examined; hematologscd

data were anal\ zeal. !ncludinq routine hcmograms

and percent basophjls in WOO white cell count;

arsd alkaline phosphatasc smears of the whine

blood cells where done were avallablc for review.

i

lAM@ATOaY ~

HematologrcA studses included white cell counts

with dlffcrcntlals, red blood counts, hematmr; t~.

hemoglobins. platelet counts, serum proteins,

blood smcam for alkaline phcuphataac, and baso-

phd count studms. Tcchmqucs for thcac procedures

have been descnbcd in previous reports.’ ‘ Bone

marrow ~o,ra(lons for dilTcrcnttal study were coi-

Iectcd om’. exposed and 2 uncx~ individuals.

Considerable effort was spent on chromosome

studim in the past two surveys Of particular in-

terest was the”posmbility of studying the chromm

mm= of cells cultured from the “beta bum’” areas

of the skin. Some 50 skm biopsies were obtam.d

and succmsfullv grown in most cases, However,

contamlnatmn of these cultures occurred under

the ticld conditions of!hesc studies. and unfortu-

nately all were lost before thcv could k brought co

dse stage of chromosome prcparatiom. Chrom-

mme studies of prmpheraf blood cultures, howcvm,

have been considerably more successful. During

1963 a large number .f bloods wcm cultured suc-

cessfully. However, the final chromosome spreads

in many cases were not completely satisfactory.

and the studv was rcvatcd during the 1964 sUr-

VCV. At this time successful 2- and 3-day blood

cultures were obtalncd on 64 exposed people and

11 uncxpcsscd. Excellent growth and chromosome

spreads were obtalncd, and the slides arc now
being evaluatmi. ”

Sera were collcctcd both years on most indi-

viduals, and rhc following examinations wcm

carrwd out in U.S. laboratories protein-tsound

mclincs on 9 cxpoacd and 8 unexposed people and

a few blood sugar Cfctcrmusatiom: ●● =rum foiic ad

kvels on 52 cxpnssxl and 85 uncxpcsd people.”””

During the 1963 survev 38 urine samples were

collected, and durlnq the 1964 sumcv 27 samples,

for rariiochcmlcal analkws.’ Most of these were

24-hour sampics, though several pooled samples

were obtalncd. Most -crc from people living on

Ronqclap f.sland, but ~ were obtained at Ebcyc.
——

“ %utmq m these wudi= are Dr Shields Warren and Dr
Hcrmann LI!co ●t the hew England Dcaconcs Hcap,ml. \lu
*E Swcud at .+qcmne ?iatnwui lA9ratom, nd Mm Patnma
Cr. mnne ●t me Women s Ued,cal Colleqr, PhJadelphta. We

zrc wateful to k. Mtchacl Eknder and CaroIV” Gcah of Oak
RIdrc, W M Courr. Brown of Edjnburzh. %odand, and Kun
Httisom O( .Vcw York CmWrnw (u adwcc

““& L V Hanker and rhc Cimtcal Chcmmn Group !n the
MA,-I Drparuncnt ?fBrcnkhavcn Yatmal ~~rato~ *Gm
~ubk iw t~ anal-
““”Or Thorn- Lynch. Hxkcnsack HospI[al. Hackmrack.X J
dd !he bi. aciddcwrmmatwm

tll Edward Hard, and othcm at the .4Ec Health md %fcw
btmrawrf. Scw York. N Y earned out [he anal-

lNrERva
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Findings

INTERVAL MEolcAA 141slow

The outstanding medical event during the past

2 yea= on Rongciap was a poliomyelitis (type I)

epidemic, which occurred early in 1963. The epi-

demic apparently was carried from atoll co atoll

by the crew of a ship, since it broke out on each

atoii within a week or two after that ship had

departed. The cpldemic occurred on Rongclap
Atoll in January-Fcbru~ 1963 with 23 children

and 3 adults m-ickcn and one of the adults (an
older cxpmcd woman) succumbing. The children

involved were all <7 ycam of age. Eleven ~mre

children of exposed and 12 of uncxpscd parcnta

Mild residual facini or Iir.,b paralysls was present

in 8 and more scvcrc paralysis in 2 children. These

cases wdl bc further ducribcd under the Pediatrics

Section. This epidemic w= brought under control

within a fcw months by widespread usc of uraf

.Sab;ne vaccine by mcdicaf pcnonnel of the Public

Health Scrvicc, Trust Territory, and Naw. Fortu-

nately Utirik Atoll was spared the epidemic.

Other than the fmliomyclitis epidemic, drc inter-
val medical history, both on Rongclap durinq the

past 2 ycan and on Utink for the paw+ yca~ did

not reveal any epidemics or unusual diseases. Up

pcr respiratory infections, gaatrocnterltis, and

fungus and other infections of the skin predomi-

nated in the sickness inventory of the health aide.

Oniy a few cases of fish poisoning and sickna

fi-om cattrrg improperly prepared arrowrmt wcm

reported.

Four deaths had occurred in the CXPSZA group

during 1962 and early i963: (1) No. 30, female,

60 \cars ofagc. Died. July 1962, with a stated

diagnosts of cancer of the cervix. Previous cxam-

mat ions had shown progressive ioxs of wclghl a, d

Increasing hypertension. On the past urrvev,

biceding was nolcd from the cervical os and a

gynecological checkup had been recommended

but death occurred before this was cas-rmd out. No

Autopav was obtained. (2) No. 46, male, 84 ycam

of age. Died J UIy 1962. Had history of artcrimclc-

rotic heart dkuasc. a stmkc a number of years ago.

dnd scrsdity. No autopay was obtasrtcd. (3) No. 26,

rnaie, 21 vcan of age. Died in December 1%2, two

months after a fall horn a coconut tree. Death was

preceded bv disor,cntauon and amncma with cOn-

VUISIVCKIzurcs and finally coma. .+utopst slowrtf

mcnlngcal damage grosslv and hlstoloq[cailf

Brain damage was ~hc likely cause oi dcatn. Other

findings Mme few, but of interest was notat]on of

g]ant and multinuclcatcd cells In [he mcntntzm

area.’ (4) No. 52, female, 55 years of age. Died.

February 1963, with Iarvngcal paralvsls durtng

the poliomyelitis epidemic. Death appeared to be

from poliom) Iitis with bulbrtr involvement. No

autopsy was obtained.

There wasonc dear-h ofa child of an cxpcscd par-

ent. .No. 107, female, 4 vcam of age. Dmd In Oc-

tober 1962 of acute gaatrocntcrttis and dchvdra-

t;on. Child had a history of malrrutr]rion and

weakness, skin infections, Ims of pigment !n ham.

.Vo autopsy was done.

During 1963 one death occurred in the exposed

group: the oldest Rongclap woman, cstlma!cd [o

be around 107 years of age; death was reported as

due is “old age. ” L’nfortvnatclv. nO au[Op~~ Wm

obtair.cd. She had been known to lx qultc fffble

and had cataracts and a considerable degree of

arteriosclerosis.

A 54-year-old man in the comparison popula-

tion died of asthma. .No autopsy was done.

During the 10-vcar pcrmd. 10 dcalhs have oc-

curred in !hc exposed Rongclap group, ar)d 8

deaths have occurred in the comparison popula-

tion since 1957 (when this group was fimt exam-

mcd). Table 1 lists the datfu w!rh probabie causs

in the two qroups. The annual mofiaiity rate per

lWIO for the cxpmcd group is drus about i ?,? com-

pared with atwur 8.4 for the comparison poprrla-

tion and 8.3 for the Mamhall islands as a whole

( 1960).

Poorly kept records made it difficult to get ac-

curate dcmorgraphlc data on the Uur]k pcop)c [t

appcard however. [hal during the past + vcars
since thcv were last cxam!ncd, about 5 deaths had

occurred In [he older people and b infant deaths

had been rrcordccf. The dca[hs were due lo \art-

ous cauxs such as pneumonia. Infant dlarrhca.

and mfcct]ons.

Birt4m

In ‘1962, 3 hcalthv babws were born [o cxpmcl

parent-s and 5 to unexposed parents In 1963, j

babies wcr- brn to exposed parents and 5 to un-

expacd ~cnts.

“IX Hans Cotttcr of Br.mkha.m Yatnond Laboratory rr-
PX@4 m the hur~thoicq

!

—— --



t

Tabk 3

M.rtaliw

Exp=d Lrlexfxucd

Subject .AUC Sub@ .*

Year %. &=x Pmbabk ca- Ycar .V”. &m Rnb.dlk Caw

lY5h 25 44 M

1957 ’36 76 M

1!456 {1 )5 M

I 9“,9 62 boF
IW2 w WF
1%1 46 B$hi
I%2 :2 21 M
I*2 “* 75 F
1%{ j? 55 F
:%3 57 107 F

!iyfxrteIwC W di-

(i monmv km dueasc. dmbc!e

,Acute vancclk

Ovarmn canm

Ck-mr of cervu”

.Arwrwmckm(ic heart d~a=
Brain danmqc bllowmq fall km !mc
Fractured Vefl_
Pohomveiits bulb.w

Old W’”(>)

!950
I95?3
1960
IYW
I%a
19M2
I 962
Iw

857 65M Cm?&81thmnkul’1
854 55F [nbxwn Urma4—v {ml. &kO
933 MM Prim IIMMM =amdsry tou-dl-

927 ls.M Pncu5mm.~ [0 Ulllm
861 6fJF mabra. cancer -lx ‘)
953 48 M %atm asrhmatmn
648 41F Xe-phdid ?)
w 5.$M .Asthmu’l

●%I cuntimcd bv autopsy or hmpv.

El
— —–
subjm .* .%

NO. al Imrm at m

.Av. 1)4

Total suta. 114)

*H,ymrcc,omv W1II=
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*as complete. ii

}UICIIC htrth rate

I
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Tabk 4

%4amnulaud~ H-. Mulm. 1964

E.lqmrd LkqIoMd

subject .* * No. Sdgm A&b k
Flo. ●t mm. ●l -. Xo. pl’eg. live Im’rl, al-. u- Napmg. live Iktb

40

48

38

.t5”

!3

13

17

12

4

0
9

,!

~

10
10
4

9
J
o

10
1
0

!0
9
0
0
j

I
4
1

.*V U.4 48.6 5.7 +8

826

829

EM

835
841
843
844
851
852
856
859
IM5
8L7
8W
894
895
896
m
!Xll
?Ib
q~j

9:?
9’.9
9J2
VW
9J6
9!33
941
~?

94s
95 I
’256
,457

%5
970
%2

<w[

1001
Io-v?
1043
1050
I052

7
1?

13
12
1+
13
13

13
18
15

17
1\

14
14

1+
13

14

13
IJ
14
,?

15

14

1)
17
14
i8
13

138

(28)

6
7
6
?
7
6

12
10
0
3
9
10
9

IJ
o

3
4

15
14
II

I
o
3
0
J
b

II
o
I
i

~

o
0
1
I
i
Ii

I
5

54

(39)

5
6
6
7
7
6

11
!0
o
J
6
9
9

11
0

3
4

14
8

II
1
0
3
0
J
4

10
0
I
7

1
0
0
~

1
6
4

I
3

46

(3!:)

“H~srercctomv: not included m mrwv
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i

I\,
$

lb

I m4”
1955
1936
I 957
1956
I959
19KI
1%1

1962
1963
1964”

1936
1957
1956
I959

IMI
1%2

1963
1964”

19
m
20
21
22
22
24
23
24
27
16

29
Jo
Jo
29
.29
.!
!0
32
32

1
6
6
5

}4
7

>10
6
4
6
2

9
II
9
10
10
8
6
~

‘3

60
5 4
4 0
2 2

.0 4
5 2
9 5
6 2
3 0
5 2
I I

uN—

7 6
9 4
8 5
9 4
a 5
8 6
5 4
2 I
3 2

0 i

4 6
3 2
4 I
4 0
3 I

3 1
0 0

1 2
5 2
3 I
5 1
3 2
? 0
1 I
1 0
1 0

100
17
33
a
43
29
10
0
n
17
0

22
18
II

10
m
0
17
0
0

“Includa stlubu’du and —ml deadm Includo only chddmn cmc-ewd afiu Mamh 1, 1934.
‘Includnnrmcxfm=dknuka matedto expxd nuku ‘Includa data miv thmuqb March 1%4.

Tabk 6

Sunmull’d PrqNIKV Tennmatmn Data
(.-+ 15-45)

1955”-1950 1959-1%3

Eqmd’ Unexpacd Expcmi’ Crux+

(22 kmak) i .!1 frmakaj ,.30 fcmaks I (36 h’lak)

. .
lncldrncc ‘: 11-Ktdenu % [ncd-mcf ; i ncdencc ~

baWwrwrIqwtrq birth toIiikjkb! - 1? ?+ )q 61 17 jb ?1 58

Women with mkur~ but w iivc “ - 5 2J I J ~ 7 I 3

wqmmw,ch nOmcOr&!$pqtUIUkm 5 -IJ II )b 11 37 14 1?

women WI* one Or - nli&rrm&# 9 41 5 lb 5 Ii : 6

Wunal WItb Wm Or m m~ 3 14 ~ ~
o 0 [ 3

TOU2 m~ 13 41 8 J? ; 15 4 II

‘[ndiidammrrka@ mcumn: ~ Mmrih 1.1954 “lnci* stilltwths and nmnaul dullu.

‘Inclides rwtex@ f@m* matd 10 ex~ mak.

.Adenopathv

4

.bemfia. anemtc

.ticnmrlcrms.
,k-tenculcrm*

nmkmatc to
.tihnu
.Auncularlib-ill1

mvorardial d+

Bradvcadia
Brmch!tk I
Chrdmc cnlarqc~
Cardiac murmur :
CZwIcal emon. ~
Cctwcal Iaceratq
Ckwcal and V*

Cuncenual drf.

4

a I dulacamm

b! pwnmcru

c i btlateral

jth Iinqcr

dl @v&CtY[

A

“ e)shortcncdl

f ) &xmn .&f

g) small +th I

[:\st, Rafiholin

Cbst. Ovarian

(: WL(NY{C

Balxm rncllIt

[hputirrn s co

Eptdtdvmt[u

F(JruncukBu
(;, nccomastm

Hallux VakJM

HCmOrrhold.1

U = Ra-,cvla
S“,p-r!

cxpscd parcna

wl[h conqcn)tal

~)scd parents u

show lhc jnc)dc

!hc r~pc=-d AI
,rarlv basis Jm

The data on

L’tlr!k p)pulatm

The major ti

!lISICd in rablc



,

1-
LPrcqnancws

unq m mwxrnxqc

100

17
33
m
43
29
10
0

’25
17
0

’22

18
II
10
X3

&
o

17
0
0

March 1.1954.

i59-1%3

Cncxprxd

136fcmala)

-rabk 7

phvs~ rustlings m RMRCIXP and Ctmk Addt ~~~

1963 [964

R. CURC

No. cxxmined 45 15 52 47 05

I 3 10
+2 36

14 I 6 12

12103~5
2

I II

II 1

43 4
33 I

44
B14445
45 53

~ 2

1 !
14 24

:J ~j

I 1
I

I I
I

1
I

1
1

I
I II

I I
~1 I

1963 1964
_— —
wCURC

++erm@hy
AISCISUX, anemx wrsdrmv

.ASTC4- P-* ~~

-~ F*,

~m-
Axhsss9
,A~ fitxillatkxs with

myacasdii _
Brxdywxsdix
Braschitis
Cxldixc Css-nt
G* ImIrmuI
GsVicxi -. bkedissg
GmKxl Iaclmxllcms
t2svrcxl ●nd v8glnal afs’+Y
Gmqcnitxl defects

a j diskat]on CJ hip

b) fxossu~[ hexddd=

c ) bils!erxl shorrensnq of

jth frnqc?

d) pdV&tViii
C, timed left thumb
f i flCXM dcfosrmt~. tin-
q)small 4!h [m

CSSI. Barshoiin

Cvst. o.artan
CVWXAC
Diabct= mellitu.r
mpuvmms’s contracturc

F@dtdvmms

Furunculaus

Gvneromamia

Hallux Vai~
Hcmorrhmds

R = Rordap expc.scd. incl.dinq .%lmqnar: C= Rorql.sp unexposed. L“ = L tmk rxpscd.

SJspml

exposed parcnis in 196’2. .+ stillbirth (full lerm)

with congenital ancmalics which was born to ex-

pused parents is dcscrlbcd above. Tables 5 and 6

show [hc Inclriencc d’ miscarriages and btr!hs m

the exposed and ~omparison populations on a

yearly basis and for the two 5-vear periods.

The data on mlwarriagcs and stillbirths in the

Ctirlk populailon were not reliable.

Hvpersenssoss ( > 140tM)
lngumal tserma
lmusssxi ~tes
K- dti

b?irxls~ Uts’?u

I&cl. #p*
Myaardixi dxmxIF =

insufbesscy (EKG)

Obmlv

Chscmrshrits

Pxralvsas
Pamtld enlaqFsswrsI

F+nrccsal a-

Phxr’vntg’nis

Pkrsrxl !hicksmuq m ~

Pruratsc hypxrss’+r

Psuemuna

140mhes
Rheumatic hears dmnc

Smditv

Svphlli.sl’) armrcd

Thvmtd enlasqcsncnt
T,nca clrcmata or vcrsicUIOr

TonsIlar hv~mfshy, tmsditis

Tumor. bcmqn
Llc.m. Icq
Ure!hrxl camnck
C(cru.s mlammmmt. fikds( ?)
Uterus retrove..ion
\’anccde
\ arlc- vclm
Vit, hgo

32646
t

37
43255

2
I 1 1“
1 2
2742J

1101 I 10
7 94510

10 13 10 13
1 1 I
I
I 1

2820
12
6 5226
55 78

4 1
‘3

I I
41 3
? ~ II

I I
15

IJ
581J+

I
Ill

~
1

I

I I

I

PHYSICALsxAMNAno-

Thc major findinqson phvsical examinations am

listed in-Table 7 for [he adults and Table 13 for

~he children. ,+ppcndix 7 contains findings on each

Individual adult and .%ppendtx 8 contatns such in-
formation on each Child.

Adsdi Exmmi~

T~ble 7 does not show anv s]qnd’icant difken=

In the .sbnormalltle i-crordcd between the cx@

and [he LO MparlWn populations. The exposed

group d]d show a higher incidcncc of scvcrc arse-

rlosclcrosis. which mav ~ a reflectlOn Of Ih- Watm

percentage of older pcopie In. this grOup. Them

was a sl]ghtly Increased occurrence of ccrwcai en

sion and Iaccratws In the ex~ women. The cx-

29

I ) H,stolqpcal studv TaNc III

. ..—
-.. -.
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I

i

I

poacd group also showed an Irscrea.u in k~ph~

scolicms, which is probably also due to [he aqc

factor. A slightly mcrcad incldencc of proa!atlc

hypcrtrophy was found among the cxpmcd males

This WIII bc qlven particular attention in the next

survev. The unexpascd population slightly ex-

ccedcd th~ rxposrd In incidence of inflammatory

diseases such as adetsopathy, brcmchitm and ph~-

yngitm There as-c no obvious reaxms for this dif-

ference. No malignant lesions were detected in

either the exposed or unexpcrscd group. Papani-

cOlaoss caammations 00 vaginal =rcticms rcmlcd

wveral that were suspicious of malignancy. These

wassen will bc chcckcd carefully cm the next SUW.

~Sludfos

During the 1963 and 1964 physical examusa-

tions, anthropometric measurements were ob-

tainccf on Rongclap adults examined ( >19 YCaSS
ofa,ge). Th= mcaaurmncnts included height and

wciqht. and circumferences of shoulder grr~h,

biceps, forearm, wrist, chest, aMomen. buttocks.

thigh, knm. calf, and ankk. Dr. Albert R. Bchnke,

Jr. * has been analyzing such data to provldc in-
—

“llw ~n,. cmt.,* Cabkmua Wedical CAUC?,San Franc mm.

formation on bodv proportions and cslimatcs of

b{ and muscle ofvarsous ethnic groups. His analv-

SISof the .Mamhallew data compared with manv
indiwduals In o!hcr rac]al groups rrvcalcd that

the young Mamhalksc adult male Iage group .?0

[o 39) appeared outstanding in regard to muscle

“dcvclopmcnt. Table 8 shows a comparmm of the

arrthropmelric data on males of the RongcIap

group and other groups. [n contrasl to the men.

the data indicaicd that lhc women were clthcr

physical~y immature or had low a considerable

amount of lean tissue. These data as summarized

by Dr. Bchnkc arc prcwntcd in Ap~ndix 9.

~ Exasin@xm

Chiunx Exasimd 1963. During Ihc 1963

survey, a total of 11’2 children were cxammcck: 35

children exposed on Rongelap, 32 children cx-

poacd on Ulirik. 35 children ban ●fter lhc fall-

out to cxpoaed parents, and 120 comrols.

[ss the Rongclap “’cxpoaed”” grmup, two children

cxammcd in 1962 were not avallablc in 1963.
Three .Ihcr children were transferred to the adult

study (Tabk 9). The previous medical survc> of

chtldrcn on Utirik had been done in 1959. Ofthc

Table 8

.Anthmprncmc Dasa an Various Mak G.JUP

Fxmr, F, Sum of I I A.mmofll

Gruun Xum&r +gc.- vesm Hcqfrt. dm weight. kg ~W’T= clrcumfcmncm” cmcumkcncu. F

Ronqclap ( 1)
Ronqclap (2)
Turks

( ;mcks

I(aharu

omqon studems

Lankenau

Na,w

Air Form tralnw

Air Force tli cm

Ph,ladclphla Y\lC.\

Baltjmorr ]ndqents

Eerkelc\’ I I

Ekrkclev I J I

Rc ferencc ms n

19
27

qlj
I 084

1.!58

lCXJ

{4

31

Km

+Ooo
)).-

10
458
434

Kr-J9 ,6.25

41-M [b. t[

19-J? I 6.93

18-JO 1705

19-44 1707

18-22 1803

?0- -10 1771

.!0-50 178!

(8- 14 1741
18-45 1736
-N.82 1700
“,:-[),\ Ib.+i

143 Ibtil

13{ 1711

1740

1979

1!%+

198.3

I 98.8

1974

1947

I 94.1

19J.9
I’a+ft

[972

1% 3
IQ75

IYJ6

1939

19+9

4\torr Ihan ‘W ~ of s“bj=cct.sme mcludcd m age range

“The I I ~m. umicrmsms are qrth of the shouidem. chest, abdomen atcraqc (II ~.IM. ,n,ph~{!<,n pcr,mcrcm E hut[<x+x.

[hqh: b!crps. !bwarm. ~rmt, knee, calf. and ankle ?&me the sma, i ,ariatmn !n Ihc h \alum

Lui+cr abdom]nal (omphalion ) crrumfrrrnc= onl$ were m, asurcd

‘Forearm and knc.- rtrcumferrnccs cilculatcd.

i

}()

3.
rutal number c xad

,%{ seen :n 19+X

Graduated 10 ad

Not sem tn 1964
Total number ofd a

XCw babms adb

Yew controls a&

New controls ad

Toral number corm

Number cx.amed

.%twcskmICSIOIISI

.Adcnopathv
Palpable liver

Palpable 3pkCll
L’ppcr rnpIramrv
Bload p~~ (ah

Hvprnrmtsrn

Acute O{!tn rrscrku

Chmmc or Ittr msd

Molluxum

Enea vcmcolor

\“miqO

Warls

Pap,lloma
Chmlcau

Exmr,atwndlrp
Black W.JU on [W

Croqaphlc tonsw

GmJuncovltu

ThvTOtd nodule’

Tracheortoms scz

Trroraco!omv war

f’cs Cxcava[u.r

lnEanlde carma

WI= In lunm

SVSCOIICmurmur (

Extrasw[oks

Spos[rd Cnamcl 00

.% —

‘Sub~ts No I

.—

TaMc 18 icon(d)
-..---—. . .



~ups. His .inal\-

red wl[h many

; rctcalcd that

I ( age group 20

~ard to muscle

f ~rison of the

1

the Roncylap

t to the men,

n were either

consldcrabic

F

1 summarized

ndix 9.

I
ring the 1963

1

cxamtnctf: J5

children cx-

aftcr the fall-

ntrols.

~ two chddrcn

t-die ln 1963.
~~ to the adult

dical survey of

~ 1959 Ofthc

Tabk 9

Expsd Rcwqclap Chtldrcn Exammctf in 1%3

Totai number exammcd m 1%2 343

S0( smm m 1%3 ( N-. +4. 841 ~

Traml%rcd to adult sr.dv ( Nm. 61. 76.81) J

Total number examlnd m l%.] :5

Ta@Jc 11

Chmml Pcdialrrc Population. 1%3

Table 10

Utmk PcdutrK Populamnr
.Sampks Exammcd m 1959 ad 1963

Total number eaarmmd in 1959 w
3101cx~. not exarnmmf in 1963 10
%t expmcd. Cxantlncd m 1%3 :

ExpQd. not Caammed In 1%3 1+
Ex@. qradualcd to adult study 7
Expmcd. not exammcd m 1959 but

examined m 1%3 J

Total number exammcd in 1963 32

Total number exarnmcd m 1962 * Table 12
Yol seen In I%3 14
Graduated IO adult swdv ~. ~ Cbif&mr Barn tier Falfouc m Expud Parcrtss

%4 rccn m 1962. wcn In I* 5

Total number old mntmls =cn * 1%3 85
New lMtxcs adrkd 4 wzv!%’d’n ‘%2 3 ‘7
New controls added ( Mew) :* ‘“* Strsrc I %2 I

?Jew conwola added I Rotreclap) .? Ncw bbm added in 1962 ~

Tosal number controls cxammcrk ,n 1963 - I-~ TmBi number emmcd m 1%3 33

Taf4c 1$

Summarv of Plwmcal Findines m Chtfdr’cn. l~j and l%

Cinrtrd
Expolcd

BOm before Born after Xoncxpod. bun
Ron@ap I Jan 1955 I Jan 1955 ofcx~ patwms

L’tlnk —.

[!+63 I* I %3 1s%3 19M 1963 1964 I %3 1964

.Numbcr cxammcd

~ctwe skm lcuom

.+denopathv

Palpable Iwcr

Palpabie spleen
L’ppcr rcspmatorv mfcctma

Blind pressure taken

Hvpertcnmon

*cute utms mcdm

Chmmc otltn mcdm

\f011u3cum

Tlnca \cmtcolor

\’,ul,qO

h’drts

Paptlloma

Chcllmm

fLxcOrIaI ion Oi lip
Black SW(S on mnquc
Gcoqraphic Ionquc
C’xm)uncuvttu

Thvrold noduk”

Trachcmtom~ scar

Thoracotomv rear

PCS cxcavatus -

[nfanllle eczema

Ral= m Iunq

Sv5rolIc murmur ! qrade 11

Ex[ra.lvstoicr

Sported enamel on permanent teeth.

.Alln’xorla

!5

I

5

0

0
8

19

I

Ii

o
i
~
o
J
1
1)
o
~

o
0
I
I
I
o
0
0
0
0
0
0

:0

0
0
0

0
I

-9
0
I
o
0
3
0
~
I

I

1

0
0
0
[)
()
o
0
0
0
0
0
0
0

38

~

+
o
0
4

30
0
-’
0
I
5
>

I
I
()
1)

o
()
o
1)
o
I
II
o

I
,,

0

+4

I
I
3
0
a

43

0
Q
o
0
0
0
J

o
11
‘)
~
()
o
0
0
0
0
0
1)
o
0
0
0

51

13

9

I
~

8

3

0
-’
1
7
I
o
+
o
1)
I

o

I

I

10

0
0
0
(o
I
>

0
0
0

i7

8

5

+

o

J

28

0
5
I
h
I

o
()
o
0
0
I
o
0
0
0
I
1)
1

0

0
0

t
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p.tentiallv available !otal of 41 children from the

[959 survey, 29 were rc-cxamtncd in I %3 (Tabk

10). In the group of 60 children examined in 1959.
there were 12 who bccayac of dscir aga could na
have been expacd either directly or m trtm to the

fallout radiation; two of [hat 12 were re-exam-

incd in IW3. More than rmc-lbunh ofthc expmaf

pediatric sample on Utirik was Iat to follow-up

ktwccn the two examinations

The fluctuations bxtwccn examinations in the

numbers of control chifdrcn and of of6pring of ex-

@ Pa=nw arc showm in Tabfcs 1 I and 12. Thc
’29 children added 10 the control group were ran-

domly selected from the Ebcvc school population

10 provide an additional group computable in xgca

to those Rorqclap chddrcn who were CXF A

during infancy and cariy childhood years to the

fallout radiation. Unfortunately, a study of the

biographical information on these new subjects

indicated the cmstcncc of the same unccrtaintica

rcqarding actual chronological ages that had been

cncountcrcd before. Verification or correction of

the birth date on each of the children will be re-

quired before [he data can be utilized for com-

parative purpcscs.

Chil+oss Exomhmd 1964. During the 1964

survev. ~~ ex@ children, 41 children of CX-

pmcd parents. and 101 control children were ex-

amined. The dccrcasc in the number of exposed

chlldrcn cxam]ncd In the Rongclap series from

1958 through 1964 results from temporary move-

ment of sub]ccts to other atolls and to graduatmn

of children from the pediatric to the adult wudv.

The increase \n number of children of exposed

parents examlncd results from new births.

Remrlts of physical Exominotiens. The incl -

dcncc of abnormal phvsical finding-s m the cxpascd

and control groups oichlldren M summarized In

rable 1.}. [n general the health of the chlldrcn

seen durirrq both surwys was good. Rcsplratorv

!nle~tmns and skin infccttons were mfrqucnt. The

nutt !tmnal status of all children was adequate, the

growth patterns were conmstcnt with those seen m

prcvlous vcarx. and *he hc!ght increments for the

pcnrxd were consistent with the prcslous group

trends.

During the epidemic on these atolls, 24 children

in the studv developed poliomyelitis. Residual

wSakncss of muscle groups was cvldent In I I of

ttrcac chddrcn at the time of the 1963 cxam]natmrr

(Table 14 I. Seven children cononued co show

residual paralysis of varying degree at the [imc of

Tabk 14

HisIcm of Poliarnvclitm &mong c2ukkcrr
oi Srudv Poprdauorr. Ron@ap arsd -

sutqccM mdI fxartiw hmmry but no rcm&al uWOiV~

●t time dcxanunaussn”

Na 103, 105, 113.120, 126. [’27,930.1012.
1025.1031, 1040,1504

Subjccra with praitwc Isrstory and wuh rcuduxl involw-
mcrst as rtmcofexxmmatson:

N- %. 98. 103, 106. 110, 870, 901, 903.
1030, 1037

KhIC mbp. No. 84. WhOhad a hiuoq of@orrrychtrs
Waarun exammcd.

the 1964 SUS%’CY[ Ntn. 95, 96, 98, 106, 870, Ml,

903). In several ins~anccx, the degree of involve

mcnt ap~arcd 1- than in the previous year.
The increase in palpable liven in expoacd and

control groups during the 1964 examinations s
thouqht to result fmm variation between pediatric

cxamtncm Liver enlargement exceeded 2 cm

below the right cmstal margsn in only two childrcm
and in the rcmamder the liver was palpable at the

costal margm only. In all bul one additional cate-

gory in Table 13, vanatlon was considered to be

within limits expected in sequential exammatiorn

of any pcchamc age ppulatlon.
Thyroid Nodvlos. of panicular interest wad

the development of thyroid nodules in three grrk

9 and 10 years after exposure: Iwo were 13 and

one was 14 \ ears of age at the time of detection.

These iprls w crc m the higher dcrsc group in whd_t

[he;c were 29 ch!ldrcn ( <18 years of age) ex~:

17 of the 29 were ryds. with 6 tyrls In the 10 to 15-

year range. Of 75 uncqmacd comparison children,

37 were qlrls. and 21 of the girls were in the age

range of 10 to 15 ycam. NO thvrold nodules were

noted in (his qroup onlv one d! ffuse thvrold cn-

Iargemcnt has been detected ,n an unexposed

adult ) .+ small nodule was tirm dctcctcd in one

f)f the qlrls In IQ63. and nodules in the other two

were tirst detected In Nlarch 1%4. .N’o Ivmplr neck

mroliemen! was qrossl~ eildcnt. The indivtduah

w erc hospltalizcd and (WO had complete [hvrold-

ectomws alld the third a partial thvroidectomy. *

Grosslv the glands had a “bobblcstonc”’ appear.

arrcc with muitlplc hard nodules and were at fimt

‘Capram C A Broaddus MC) C S X at (he L S Waval
HapItal m Guam #ommd the surrFw

“

i

k

!
Figure
1i-veal

.+2

____ . .-
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mqrlap and Etcve

t t no rmdum mvolvmnem
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26, 127, 930.1012,

1w,th residual !nvolve.

1
I
10.870,901,903,

I
u, 98, 106, 870, 901,

1

he degree of involvc-

e previous year.

livers in exposed and

t::::::z:::

nerst exceeded 2 cm
j ‘I only two children,

t

r was palpable at the

t one addi!iunal cate-

L

was considered to be

uential examinat]onx

n.

irtlcular interest was

nodules in three grrls

. .; IWO were 13 and

~he time of detection.

T dose qroup m which

years o(agc) cx#;

6 girls In the 10 co 15-

1companmn chlldrcn,

: girls were In the age

,’ \ ro]d nodules were

.e dltfusc thvrold cn -

ed [n an unexposed

rirs[ dercctcd in one

!ules In [he other two

19tA SO I\mph node

icn[ The ~ndlvlduals

id complete [hvroid-

il th\ roldectomv.’

obblestone” appcar-

IuIes and were at fim

Figure 10. Gnm picture of =tiorrcd thvmid gland from

1+-vear-old !%kmhxlle= g!rl ( No. 69) showing nodules.

21

Figmc I 1. Microscopic sccoon I IOX ) of thyroid gland
trom =me r.- xa m Figurr 10 There changes xre chxr-

actermmc of all three cues. .~oIc (he Multlple, di=~te
ndk wtth wldc vanatmn m wzc and qrowth Pattern.

Some noduk connst of mtcrololllcular Issue and o!hem

O( collotd cvxs, wh!le mll othem shOw hv~rPl=a ‘IA
pxpdlxrv lnfoidlnq of rhe eplLhellum

33

Uu(rophll Ievcls lnc:cased ___ ~l%OPl+IM, ~or40tlTF& &\D 6ASOPHlti. Tk &t ween the .ex pcdandunexp=dy oup Fig-— .—



22

... , . r.r~--’–’ ‘—

! ?0- , .
i401- — Clms

>- 4 Cown

I20*

. ..... ‘ ●
160-

2 160- --
. ..-
IAl
g I* -=

:
,---

*“

d..>“2ot-

04
b

I -.. , 1 I I I L 1 I -I

3456 ?6s 01112 13!4131617
cHaomoLm6cu u I ‘fRsl

thought to be

w rwiewrd

/

d-whom ag’rcd
nanl and ~
@a - with

lCnS* ~
erauon. However

fixh and -a fcad

&tlcicncy u not

10 shows a pictu

llOdUi~ and H

Ofoneofthcgi

UICS being radia

Summarizing

com#cze \hyrmW

Fgure 13

( !

lro -
I

1

L
.9

. *4

/’

-’!!
I

Ix+

.
.

.

—

I
d-

~ 40- .

; f
: 30-
= / 1
%

20-

“0+

MEDIAN STAT@Eg 1~-

00- — ExPOs2to ‘“’-
----0 coNTma

parathyrmdizm ●

Pamzhyroid hmct

21 sun rcqujm (h

In the third case

cctomy w= done,

?iar~: Durq t

~(hkch 1965

In the cxpoaed gr

‘~dt~-
Wuun. !&w Glslx4
FaQD I— d PatM

:,UAAHvAi Johu4
. —WI

I I I ! t 1

1 2 34 S@ 6 ?
CNW+K40CICAL U {YRS 1

1 I ,,! I \ I I I
3456 7~910111213! 415 ~!?

Cl+LXONCILffilCALA= ( V-)

F,gure 14. @we 15.

34



23

.

.

\
J

—

.,. :RCN W ‘JNEXPOSED
QEwTS

_—. .—
5 6’

AL AK :vRS)

pm 15

mfol AN XSIGWTS 1956 -!663

I I ,,4
,, ’,’

DOTS

1401- — ERmsto -i
>-4 CONTQOL /(

2or -1

I

o,:’1~ [ 1 I 1 1 L-
6 e 0 !2 14 16

AGE lTf A@Sl

F@rc 16

thought to be malignant. sections of the ti=ucs

wwc reviewed by a number of pathofogi~” AU

of whom agreed that the rsoxlula were nm maiig-

nant and mcmbld in MY KUPSCU ~mat~

gwtcm seen with iodii dcficictrcy, with i~cftas=c-

teriatic rcgcncrativc rather than ncoplaxtic pmli~

cration. Ho~r, in Ihe Marshall Islands, where

tiah and sa food arc mamstays of the diet, i~i~

deficiency is not likeiv and gmtem are rare. figure

10 she-a picture of the gross appearance of the

nodules and Figure i 1 shows a micropho!ogra#

of one of the glands. The likelihood of thmc rsal-

UICS bang radiation induced is discusacd m the
Summarizing Eigcusaion. llte two girls who had

~Ke thy~tmti dcvclc.pd signs Of hy~
parathyroidism which tqmndcd to treatment.

Para~ici funct~ returned in No. 17, but No.

21 stt~ rcqu!rn th~py including thyroid extract.

In the third CAAC.{NO. 69) only a partial tllyroid-

cctomy was done. and sl@ rcqutm no therapy.

NOTE: During ihc 1 Ith-year survey now in pm-

gms (*h 1965)3 n- casa~thsd nodules
tn the exposed group have been dtseeted. Two

“Sccuomdt=wsccrxvh ●dqxudmb YW.S.
Wm. * E4@slld Dxwma HorPtxl. GH Ktink..4rmd
F- htXIXUtCdPdr&uYi C J Ssdd. U S. %vai Eiqmxl M
Guam. H .4. Johium. Brm&hs.cn ?lmmd b’-xxmtv. d
s. IA*V. Unlwmm .3(CAllforn. Mcdlul Wlwl.

.

2oi-

, I I 1 I ,,J ; I 1 1
6 0 10 12 I* I*

AGCIYEAXSI

Ftgure 17.

wertin~12and 17ycars ofagcandone inan

AA woman 4 i years of ●ge. The noduics ap

pcati gro=ly similar to thcu described in the
tmxt-agc girls in this report, and th= CaSCS will

- study and mmt.

o-—-d~~ ~~d
the statural data fmm the 1963 survey indicamd

the pcrxsstencc oft he trends previously rcpomci-

.As shown ]n Figures 12 and 13, no difikrcncc w=

apparent in median ssatum between I* expmcd

and control group among gwls and between gmls

born to c.* and girls born to noncxposcd
parcnrx. g Among the Imyx. however, retardation

m watural gowth of the exposed group between

the ages d 5 and 12 ycam as compared with that

of the control group was again noted ( Flgurc I4).

The difkrmtcc in median statures bctwrcn bow

born to cx~ prenu and those wnh non-

cx~ parents was also cvidrnt m 1%3 ( Fig-

ure 15). This di

%

❑y ~ beer! ●ttributedto the
Ikrxthatthcboys’ -P +ex@ parents
were, on she ave@e, 4 months younger [ban t~

txws in the group with nonapRd parents.

NosratisticAIv sigmlicant difkmnm were noted

in My weight curws between cxpoxcd and con-

trol children ( FIgurcx 16 and 17). In skeletal mat-

uraticft, Ihc trcmb mporrcd in the prm%us studia

‘b. K M. Gr-tQirhAtbs M.D .%Acrxm Hccpnal did (b
CA- ~
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F- 18. Bmthrsa Marked rcsardmion in stmurai

@rn~fibti*(ti”)&k(NO. 3,.
tksrright) .howaaex@ at agc 18 months. The young=
by 21 Motsths~No. S3. IM ~~)~talkr W lscm.~
msardcd boy also- no evrdencc of hypcrthyroldism m
skeletal d~ase climcally, other than markedly delaysd
— masw-adm.

(7-year and S-year surveys) have pcmlsted. [n

mnrpariaott with rhc Grctdich and Pyle standa~,

the skeletal development of .Mamhallctc children

was rctwdccl ●t the same chronological agc Ievela

[n adrfiticm, the exposed children were less mamrc

than control children. The retardation was most

@Mnt ~g t~ ex~ during infancy to
the fallout radiation (see Figure 18). Skeletal agc

valua during succcasivc examinations of this par-

ticular gToup of chiidrcn as-c shown in Table 15.

That data covering the period since 1958 arc

being published in detail elacwhere. ” Complete

tables of anthmpontctric measurements on the

Mamhallac children dating back to the early sur-

veys arc pccscnted in Appcndica 11 through 16.

~-

Ophthalmolugical examinations were carried

out in 1964 on 68 expacd, 45 children of expaed.

and 190 people in the comparison population; a

total of 303 people.

Aa noted in previous surveys, there was an in-

creased incidence of large corneas and enlarged

tenuous retinal vcsach and a lower tncldencc of

myopia, strabismus, amblyopia ex anopma. rcti-

nitis pigmentma, retinobhstoma, and congenital

glaucoma.

The incidence of arms scnilis is higher in the

Mas-shallcrc than in simdar age groups m the

United Stata, which is in kecpusg with the gen-

Tabk 15

~ & ~~ ~ ch~~ - ~ J~~ 1952 ~ “- ’953

SkCkxai age IS.A., values ●t — cxanulutmtm. yean

.* as

Subjem !40. sea ~. -~ C.A. ”=4T CA=6y’r C.4. =8 yr C.A=9V C.A. =1OVT

2 M 16 3% 4% 6 7% 8%

3 M 17 ~k~ 2* 3 3 3

5 M 16 3% 3% J% 3% NE*

6 X.4 16 3 51+ 6% 8% 9

6s F 15 ~0+ 3vl 6 6% 8

33 F -33 j 6% 9% 10 WE
~

%4 12 {1, M 9% !0 Ii

955 F c“ %-E YE 10 10 ,01,,

%2 F c YE w. 7% 7% .)14

980 F c ?4E 6% 8% NE NE

996 F c YE YE 8% 10 Io%

814 M c w 5% 8 9 10

‘C. A.drmnologw=l +; NE= I-101cxammd. C=nm eqxaed lmnt~~-

i
I

cral obscn

than +met

e~d q
(19%1. Hd

did not d’a
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incidence i

of diabetia
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:ur~r~sl have perststcd. [n

ullch and Pyle standards,

cnt (II \!arshallesc chddren

me chronolo.qcal age levels.

cd ch]ldrcn were less mature

The retardation was most

sr expcmd during infancy to

xc Fiqurc 18). Skeletal age

I- examina(lons of thi, par-

k-n are shown in Table 15.

I the period since [958 are

itall elsewhere. ” Complete

Nric measurements on the

iatmg back to the early sur-

Appendices 1 I through 16.

eral observation [hat the .Mamhallese age faster

than Americans. The incidence was higher In the

cxpmccl group ( 367 ) than in the uncxpoaed group

( 19? /. However, recent analysis of aging criteria

did not show any sigruficant differences between

exposed and unexpcsed groups.

Though diabetes mellitus has a moderately high

incidence in the Mamhall Idandem, only one case

of diabetic retinopathy was noted. This is in keep

ing with the obstmvation that the onset of diaktes in

the Marshallae occurs largely in olb individuals.

The incidence of pinquecula and p[ervg!um IS

htqh in the Manhall Islands, and also dlghtlv

higher ]ss the cxpowd group than in the unexposed

(see Table 16). ft has been Posttilatcd [hat the

higher incidence in the expmed group may be re-

lated to contamination of the conjunc[lval sac

with fallout material at the t]me of the accident.

The incidemx of abnormalities of the crystalline

lens IS greater in the iManhall [dander, than in

similar agc groups in the United States. Further-

more, the incidence of such abnormalities W~

Tabk 16

-
examinations were carried

ssed, 45 children ofex~

comparison population; a

Opbdralmolagical SUlwey, 1%4

Ch,kfrm
Exposrd of expcaed Ccmtmls

%3, % ?40. ~c .?40. <i
M surveys, there w= an in.

arqe corneas and enlarged

.s and a lower inc]dence of

blvopia ex anopsia, reti-

ioblaatoma, and congenital

&us senilis is higher in the

similar age groups in the

is in keeping with the gen.

?fumixr exanmrsd 45 I!xl

t!
1

25
I

Iw
14C

36,70
140

052

1946

! 05
I 57

I 05

0.52
2157
1ji
1064
052
052
I05
052
I 05

I05
8+4
19W
(3jj

O ji

O 52

+s

260

052

I 05
052
I 57

.4
Anterior maphyhutra
Arms amllis
.@yll Roberwn P@
~a!ai~

C.lmroiditis ,old, healed with -)
C@mctivltis
Gxncsl pqpnent
COrnealscar
Dniacn
Duane’s svndrome
Lms: Polvchrc.mauc rhscn

Opacmes & cataract: prescntk
rcmk

.Aphakia
Leprcay. eve sups of

Macular dqeneratmm

.Mohcum cocwagamum

Melanoma of ins

Melanoma of conymcrwa

WY(aqnus

Pingtuxula

Rcmgmm
Proptam
Phthms bulb!
Posmvc Rhombmg
Rermal strenmcleracs
Retinal xarr
Retinal hemorrhage
Straburnus: Internal

Exm-rial
Se%-dr net-w wcakn-
\-irreorss Opacmer

3
1
‘~

3
I

4 m

!40
im

4 -m

140

bruarv 1953

;WeCxans,”atlon,, p=

C.4.=9W C.A.=lOyr

; 14 8’%
3 3
3% .?JE*
8% 9
6+ 8

10 .N-E
10 II
10 10$,
~% y~

YE NE
!0 10%
9 10

l-to

Ih.zo

2940
II
20

1+0
b~
2.80
I .40

730
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somewhat greater in the caped group in 1%4

than !n the unexprmcd comparison population.
Thmc abrmrmalitwr contit d prdychromatic
sheen, Icnticular opacllim of ●il *. and cata-
racts. The plvchmmatic ken was rrutcd as IhC
earliest lens change and varied (rum a few tkru

granuh-s in the earlier cares 10 large granular

p!aqum m IIW mom advanrd C= T1- ~~

wem utuatcd on the pswrior ha capulc in tk
zone nf specular reflection. The earlicat cm
showed yellowish qranuim which in surnc c=

appramd slightly darker with ● ‘-katen brag-
mior. .4.s the qranula coalesce into a plaque,
qrccniah and blunh hurs ~ar hcnm the ~
plychmmatic sbren.

Whether the pdvchrumatic slrcrrr sren fuUOW-

intl irradiation baa unique and sprwihc Aarac-
teristim IS still a dcbalablc qumtion. Surer inm
IIqaIurx contend !hal wmilar appcarirtz ch&ca
(an br drIcctcd in pat:ents with retinitis ptR-
menlma And the early wa~ IX cataracts which
might br a cumplicatmrr td”tmdu?rruus ucular w

s! stt. mtu disraxc (m tnttixlvatmn. Such pulych-
matiu sheens wr-re seen m ? I‘“{(~ the unirradiatu.1
Rm@ap gnmp and :%.3”; of the cxpuwd tCMUp

“l’his diliimmcr IS [htiught m br MIUsmail {o lmpii-

calc lrradtatton rxptxturt. with any degrrc of ccr-

taintv. p~rtlcu!arly in view d’ the diqhily grratcr

nunlhrr <d I,ldrr pta@- In lhc ex~ qmup. TIM

mcdc-ncr {d Ien[lcular (IpacIII= was also dightlv

<mater m {ht. rxptd ~nrup I 19”4 ) than m thr un-

expoxrd ~MU~ ( 1?; ).

(hi} tme child ~an H->rar-old Iemalr I mrm-
plmnrd d dr+kutI\r ntqht ,mrnm. IIIIS Mas thoqht
10 be duc UI vltamm A dcticwnm. sincr them werr

no patht]h~}cal t-han~ In the fundus<ri-r-ithrr eve.

.Sr\ rral \r-iIrs a~() I 2 I htldrrn wcrr enc(,unteti

w h(] had great diftiuult\ In wr!ng ~t nt~ht. l“h-

thlldrc:, rr-+pt]ndccl pr[]nlptlv with ~l(~mln .\

trratnwnt .Ind dw!.n chwiqcs.

OII!\ Iw[IcAsmwrn. w,tcd with c{wnrul plqmrn-

[atwn. prrxmudv w-en III !hrec c.axx ( Iwi!) Thti

p,gmcnt.llmn was charactt.rlzcd bt a tin?. dark.

Iinr-ar strc~k ,,1 ptgnlrt)t I\tng (1= to or on Bow-

ll~n’s tl:t, mbram. III the htwtzt,nt~l J~IS hctwrrrr

thr Iinlbus .Jnd puplllan cdxc It IS brl[l.\rd [hat

lhrsc t han~t-smav haw &n tnduccd from bma
rwiiatwrl ut,ntamlrtalmg margins O( thr mdids at

Ihr IImr III !he accl&nt,

‘I-here Mvrr scvrral tindings which ma. br rr-

sidu~l to Ihr pt,iiom~clit!s eptdemw of I!W.\: two

!}{

. . .
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cases with 7th nave weakoar mmlving the ha
two caam of ●nkcori a (uncqud pupds); and ao
inc.- incitkmr ofsuatarawm

Ecd&d-w”

PerxiAng residual eikta of ’”btta burrn” wcm
found 10 be prcmm in 19 pxopk. 6 children ard
13 ●dultx Thcsx arc outlined in TAie 17. Tk
skin changcx conxistcd of hypcrkerattmia. aod

V* &F’=x ~aeY. -q, and piRmrnt
abemtiom(s FigUt’ed 19and”20). Mc~
wet-c alight in m- O( Ihe pople. The develop
ment of kntigdikc and papular pigmentd
ncmAikc lcainuinarcaxd~’ bctal3urm-
wax tht okrved xcvcral ycarx ●go. and t~
leaiona appear to have been increasing slightly

Fiia.srcualafdliaf mrn’”kw==mk+d
d d %.Yc8dd _(N-J4) aI10ycamdwrra-
w ( IOOX). N-e waphy d’qadcnw uwh _.
aq C4aratum graaukaum ad *-iikc projertlm d

i-~~fil-+ydt~-- gtanddurunakr
m~.

smcc that timx (=r F- 21 ). Hrn~cal study
Ofabmpay ofooe OftklOiOtU showcditiob

● lypicd hugn ~txd oewn

The -dual chaoga in the skin of the Mar-
shall- who had suuained scute “beta burns””
hawshmu nlrx+hcrfmntti~ ~~
a6utdareaS S9=cninchnmic radiati~
litim nor cvk d makgnaot change. Only atw
cmcrkmwcdairw~ Ofthcorcipital

areadthcwmlp=arudumd’~ti. FIgwc
’2’2dmwx hbto@ial Wual changa in a iaiaa
atlopnaftcr txpawc. ”

Maaamev~

WI

Sutnmary tabkaafhcmaw datau=P-
=ntd in the La& and gmplu in tk text. ●d
raw data oa thx individuals arc praxntcd in the
appcndicu. The ~ kavily eX@ -*

“W n8wd Awdd&L’ —? d c~ ~
~.=F—&t&~ ~

3

f



1 I. His~ologlcal studv

plons showed It to ~

nevus.

the skin of the .Mar-

} acute &ta burns.

●, m breakdown us dw

1

.x radiation derma.

t change. Only “one

pma of the occipital

ofcpdation. Figurt

changes in a lcsias

\ NAnoNs

I
rlogical data are prc-

phs in ~he mxt, and

\

are presented in the

y exposed Rongclap
?

.. d California Mdtcal
WIcal mwpmtmans.

29

Tabk 18

!&arIwofitcaI#P~#Ic=JB= ~Isbv@~scx.1=

Plate. WE F&m Lvnc#s. Maw.
(xlO’) (xlO’) (xlO’) (xlO’) (xlO’)

Maka9-15w
Rargctap cx~
.A]lirsgnacexposd

Utink ex~

Ros@ap UllCX@

FcncaIcs9-15vr

Range’lap .-

?.llin~ expcud

C(mk e%~

Ron@ap uIUX@

Mak >15-40 vr

Rundap CXpWCSi

.%tlin@ac cx~

Utmk ~XfJOd

RGnqclap UISCxpOK!d
Frrnak ;> 15-40 w

RCMWCI=Pqc=d
\dingnar exposed

L’!mk cxpd

Rnndap UnCXpOSCd

Mah5 .+O\r

Ronqdap rxparcl

hlmunac cxpsccl

Lnnk expuucl

Ronqclap uncxpomd

Frm.lcs >+0 \ r

Rongclap cxpud

>[hngmsc expu.cd

L’t!nk rxpmcd

Ronqdap .n.xpd

h!ak c9\r

(Mmprd parrms

( )f .am.pmrd prrnts

F<,t#.iics f Q *r

( )Iexfxd par.nls

( )f uncxpmt-d parcnu

8.4722.18 (9)

6.64 II)

‘420= 2.s(12)

&37z2.!13( 14)

833=2.49 (8)

715 (2)
90122.66(15)

8.82=2.:2( 17)

658=149(11)
—

b.j~~l.+1( 10)

7;7 X144(21)

8.02x?.18( 1+)

796 (4)

717z IJ9( 16)

765 EI.47(?3)

ti~~~l!+ (8}

(i .S (4)

b88Z185fl~)

bb5=l+o( 231

iWZObO (7 I

7.!O~ltJ3(51

708=1 Jo( lb)
721 ZI+O( 191

IO MJZJ49(I!SI

1091ZJ 87(.*)

1:20=1 91( 181

1015 =2.>0( 22)

3.25=0.59 (9)

3.19 (1)

J. B9=I.17 (11)

3.27a l.ll( 14)

1.3120.80 (8)
1.97 (2)
3.33=0.94( 15)

.M6=0.77( 16)

LB’’ ZO.B9( 1 I )
—

?.55 to n5( 10)

:.%ao.w( 21 )

?.86to.84( 14)

2.05 (4)

? 67 =0.66( 16)

‘2.83 *0.78( 23)

2.99 YI .04 (8)

2.46 (4)

2.80=091(19)
285=067(23)

256=063 (7)
‘137zIm (5)
J07:092( 15)
2!WZ094{ 19)

bin. Lk.so.

,Xlo I ‘“XIO ) Hct ;

0.44 (9)

O.m(l)
0.24( 11)

0.30( 14)

0.24 (8)

0.22 (?)

0.29( 15)

0.26( 16)

0.19(11)
—

027(10)

0.28{ 21 )

0.29( 14)

025 (4)

0.21(16)

0,22(23)

015 (8)

0.27 (4)
(3,22( 19)

0.:2( 23)

018 (7)

0.35 (5)

022(15)

026(19)

039(161

040(29)

055{ 18}

o J6(J2)

R8C
_

Klo’1 Hqb e pmtcm g

—..*.—. —– 41
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TM 18 Icant”d)

MCM lmmls d Rorqlap F%phcnl Blond Elements Iw Aqc and Sex. 1963i

fblrl. b. RBC bum

(xl O’) (Xlo ) Hfl.. ‘% (xl O’) H@.. g prmcm. q

Fcmah >15-40 \r

RorIqclaP cxpxd I

Mimac exposed i

Rongclap .nmpm

!Waka >40\r

Ronqclap C. PUWXI

%Imgn= rqxmd

Rongelap unc.~

Fcmala ~io vr

Rtmgclap cxpcad

●nllngnac cx~

Ronqclap uncxpm

MaA~lOw

of c.pcud pal-cl-lo

of uncxpad pall

Fcwub ~ 10 w

(n-cx$lxrd parmm

(Kuncxpncd pan

.Makn > I ‘3.40 w

Rcqdap ex~
.Adinqrtaeexptacd
Uunk CXpCUd

Runqclap UIWXpOEd

Femak >15-40 vr

Run@ap CXPMCCI

+dinqnac expmcd

Ullnk mpxd
Ronqclap uncxpmed

Maim ;.40 w
Ron-lap expuscd
.$tlinqnac C.XPIE9J
L’tmk ex~

Rongclap unexpmcd

Femalm W w

Ron@ap c%*

\tlmqnac expumrd

Clink c<paud

Rwqelap .nc~~

Maie4 S(l }r

(Hmfwwf parrnm

()( uw.qxd prmm

Females . . I I w

ofrqlmcd parents

( )fwwx~ parents

45.5=? .+( 1 I )
—

4+b=2.51 10)

+5.7=+.7(21)

+:58=47( II )
—

w.l=J41 10)

47:I=J2(21 )

028(11)
—
o5( 10)
040(11)

0.25( I I )
—

048(10)

0..!0( ?1 )

16.1=l..!( 11)
—

lb.2=0.7{ 10)

Ib.1 ZO.5(JI )

0.25( 14)

().$2 (4)

oi7( lb)

o 23( 2.I )

o !1 (8)

0.!5 (4)

0.!.4( 19)
o .Ul, 13 )

008 (8)

owl (+)

028( 19)

o Ji( J.1)

009 (7)

O::\ (i)

().!5{ljl

o {7( Iv)

IJ.J=14 (7)

IJ.9z I. I (5)

1.ii3=l) .8(16)

I !.7 X().91 19)

0:1 (7)

Old (j)

0!: (15)

027( 19)

o “N>(lb)

O 7% .9)
019( lb)

0 38( .?1)
I

I2.8=1OII8I

I {O ZOWN)

,Includm ? thddmn cxpc.wd I. UI-O

‘Stan&mJ drvmtlon and nundmr of PPIC in group.

!ncludrs I child cx~ m UW.

Table 19
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Table 19 (conI’d)

Man Levels of Rm#ap pti~rd Bf-f flffienu by Age and Sm. 1964

E Pkte. WBC v, cut. Lymph.

(xlO’) (xlO’) (xlO’) (xlO’)

Il.!( 11)

I

.:( !01

.5(2 I I

.8( 14)

(4)

.4( 161

.0( 23)

j [81

I
1+1.9(l!+).5(.23).4(7)

.1 (5 I

.81 lb)

9( 1!4)

I_l(lb)

ib=O. j( lo)
—

7.6=0.4( 10)
8.0=0.4(21)

78=0.5(14)
77 (4)
76=0.4( 16)
7.9 ZO.6( ?3)

76=0.4 (7)
76 (4)
7.8=0.4( 19)
7.9=0.5( 23 )

78=0.2 (6)

8.4=0.+ (jl

8.1 =0.6( 16)

80z05( 19)

i======

I
{ Lvmph.

(Xlol

JW=I 06(6)
487 (1)
+(M~094( 181

I

Fcmal= > I ;-40 kr

Ronqelap ex~ 172= 71(!5) 8.25=1.90(15) 4.32=2.(3( 14) :3.31 *o.*( 14)

.Adinqnac expud M2z 95 (5) 6. M3=I.60 (5) 3.04=1 rs (Q 3.19=0.77 (5)

RcaIgelap UIUX~ W2=IIO(’B) 9.16= NM(29) 5.29=1.87(29) 3.11=111(29)

MaJcs >443 vr

Ronqelap cx@ JJl=l L2 (8) 7.83=2.a3 (8) 3.60=1.20 (8) 3.48=1.22 (8)

.Ailin~X cx@ J~~ (4 I 6.59 (4) 3.03 (4) 3.03 (4)
ROnqdapuncxpmmf 348=114( 1.) 7.75*1.30(19) 3.93a l.14( 19) 3.06=0,78( 19)

Fcrnafa >40 vr

Ronqdap expcmd 346=159 (6) 81M=2.Y3 (6) 3.74=2.02 (6)
.Allingn= expurd

353z I.18 (6)

441=148 (5) 8. IM=2.IYl (5) 4. J2z0.91 (5) 2.80=1 15 (5)
R.nt@p unexpcud .Wo= 99(:?) 8..2219 (20)

Ma!es <low
+.01=1.41(20) 3.60=1.45(20)

Of cx~ pmcms Wflalo?(?l) 10.33=2.20(?1) 476=2.22(21) 4.653138(21)
Of .twxpacd parents 470=1.)4(33) it34=2.80(33) 503= 1.W(33) 5.24=1.77(33)

Felnafn<loyr
Ormpld pamlts -I?3=I19(:?3} 10.96=1.90(’20) 4.46Z1.30(LK))
Ofuncxpmed parrots

5.38= 1.311’N)
468= 1.J3( 24) 10.67 22.80( 24) 4.28~110(24) 5.472 I 50(24)

Mono. tin. km,
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.Mablo-ljsr
Ron~lap cxpwd’

.Adinqmac cxpcacd

Rcmgclap .nexpw.d

Frmales10-15\r

Rrmqelap expacd

%linqnae cxpaed

Rmm@ap unexposed

.Mal= > I 5-40 w

Ronqclap expand

.Atlmqnac cxpaad

Rw@ap .ncxpmcd

Females ;, 15-W \T

Ronqclap cxpmcd

Whnqmac cmpmcd

Roneclap “mxpccf

\falm SW3 vr

Rm@ap cxpmaf

.\Llmvac expmcd

RmIzclap uncxpod

Females .40 tr

RmMclap CK~Wd

hl,n<nac cx~d

R,mqclap .ncxpmwd

\{alH <lO\r

Of cx~ parents

Of uncxpod parcms

Females <10 vr

ofex~ parents

Of uncxpmd parents

0.1!4 (~}
0,45(I)
0.31(15)

010 (6)
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0.25( II )
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038(20)

G 70(24)

4!3.4=6.1 (9)
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18 3=2.5( 18)
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—

461=3.1(24)

400=2.3(1+)

J80Zb.1 (51

i7 )Z451Y3)

+30=27 (8)

410 ,41
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J71=~9,61

i8~=lB(5)

{9h= 10(.201

36.6=25(21)

37.3224(33)

349X37(.??)

368224(?4)

I2.5=0.4(9)
12.1 (1)
12.5=0.8(15)

13.3=0.3(6)
140 (1)
12.4=0.8(18)

147=10(11)
—

152=1 1(24!

11.1=07(14)
IIJ=J.5 (5)
lJ4Z1.b(.?9)

115=19 (8)

1+5 (4)
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127=07 (j)
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‘Includes 2 chlidrcn cxpod m utio.

%amiard dcwauon and number of people m group.

i
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Table 23

Radlmhcnucai ~nne .Analvus br Sr’” and Ci ‘, 1963
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group who received 175 rads are designated as

“Rongelap exposed,’” the Rongelap people who

rmewcd a smaller cxpmsrc of 69 rads as ‘“.4ilingrsac

exposed, ” and the larger unexposed comparison

population of Rongeiap as “unexposed.” Because

of the $mall number of people in the Ailingnac

group, their data were not treated as fully as th-

for the Rongclap grou~ and arc briefly summa-

rized in a separate paragraph. The Utirik data

arc summariacd ccparacely also. Bccauxc of certain
dlffercncu noted in age and scx groupa between

the expoacd and the unexpoacd, in addition to the

com.parixofis of mean levels for entire groups,

cnmparimns are also made of age and sex groupa.

Ages 9 to 15, 16 to 40, and >40 years for each =

arc compared.
The hemalological data are summarized in

Tables 18 and 19 and in Figures 23 through 49.

In Appcndiccs 1,2, and 3 arc prcacntecl summaries

of the mean bloud counss of the exposed popula-

tions and of the various comparmon populations

since expocurc in March 1954. [n Appendices 4

and 5 arc listed the individual blood counts for
1963 and 196+. [n Appendix 6 basophll counts

arc presented.

Rongolap ?opuletioa. LEUILOCYTES. Mean
levels of leukocytes in both exposed and compari-

mn populations at 9 ycam peat exposure were in-

creased over the 8-year levels, and the 10.year

kvcls were higher than thocc for either of the two

preceding years, The exposed group had only

slightlv lower Icukocytcs than the unexposed

( -4(Z) at 9 ycam, and at 10 vcam. lower bv 9WC.

MOW of the dilTcrcncc was duc 10 Iowcr neulrophd

levels in the cxpmcd group (SCC Ftgurc .?:~].

NEUTROPHILS. The ncutrophd Ic\cls inc:caacd

slightly at the time of the 9 and 10-year suwcvs m

both exposed and comparwm popuiat,ons. .4[ 9

yearn the neutrophil kvck were about 5°r lower m

the exposed than in the comparison group, but at

10 years thev were about 20% Iowcr. NeutrOphJ

levels arc shown in Figures 23 through 29. The

neutrophil deficit was greater in the exposed

younger agc groups ( <40 years). The exposed

older age groups ( >40 years) did not share the

deficit ~ much ash- been noted in the paw (Fig-

ures 26 through 29).

LYMPHOCYTES Lymphocyte levels were slightly

higher in the cxpoacd and uncxpcacd groupa dur-

ing the 9 and 10-yea >UWCYS. In contrast to the

&ycar survey results, the lymphocyte mean level%

showed little difference bctwccn the expoacd and

unexposed groups during the 9 and lWycar sur-

veys; howver, some individual lymphocyte counts

were lower in the cxpoacd group. Lymphocyte kv-

CISarc shown in Figurca ’24, 25, and 30 through 3-4.

,. . .
. LXF.7SI0 , .(Am-, Q,? fzav+-Or
. M.msco
. EtOO!a -Miff *Z!*” wF%s5aul

./’
..

‘/P

0.43 . . 6“0- 2“0 da ti

Ftqur. ;+ Cumul.utvc pcrccnt dwtrnbutmn curves for
-l o-—--- -.. .~ .. ~—~-- neutmphds. 1vmphomws. and plawlers. I %3..— * A *4

F,qure .23..-Mean neutrqshtl ●nd wh!tc blued counts O(
cxpacd Rongelap people from ume ofexpmure throuqh
10 veam past expmurc Starr rcpr~nt mean values 0(
comparrmn pupulallOn.

!’ ,,
y ./

Fqwr 25 Cumula!wc prrccm d[strtbutton cu-
for neutruphds. Ivmphom ws, and platelets. 1%4

/
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ICVCISof these cells were not

bctwccn [he cxpowd and u

were similar to ~hc iCVCISIn
pL4~ELETS. The plate

IO-year survc~s both rcvc
cx~d mala ~han m cx

with the uncxpd groups
,n 1%3 and [M kss in 1

ICSSjn 1963 and JT kzY i

In the scattcrgram$ \ Figun
(hc accumulative distnbui

and 25) [hc di~crcnc= am
ERyTHRCWOIETtCELEMSW

VCYSno significant ditkra
red blood counts. hcmOg
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Itrophll ICVCISinc.-

) and 10-year WMWCWin

~son popttlauons. At 9

-m about 5% lower in

mParimn WWP, but at
20% lower. Neutrophil

23 through 29. Thc
-cater in the ex~

O years). The ex~

:am) did not share the
, noccd in tfrc paxt (Pii.

~e levelswcrcslightly

~W=d ~U~ dur-
,s. In contraat to the

~ phocyte mean lcvcb
!wccn the expacd and

,*c 9 and 10-year SSW.

~j @qimcyre cuma
‘roup. Lymphocyte lcv-

25, and 30 through M.

1
[c,_ .-

M amssa

inO’S3*&
S,o , .LITLETS. a.

I dutnbu!ion curves for
l-d platclers. 1963.

-—.—
3 .ma Ea

, %JmLrTs “o-”

bXINOP?lIL% hfOrKXYI=. AND BAXOPHILa. ~

levels of these cells were not remarkably diflcmnt

btwccn the exposed and unexpoamd groupa and
wem similar to the ICVCIXin past WMVCYS.

PL.4TELETX. The platelet levels in the 9 and

10- year msrvc ys both revealed greater deficit in

expoA rnafxx than in expmcd kntalcx. Comp8JUl

with the unexpacsf group the ma~ h~ ~ ~

in 1%3 and 12%lc9in 1%4, atrdthCfCMalw7%

lcxa in 1963 and 2% lees in 1%4 (UC Figure 35).

In the scattergrarnx ( Figura 36 tfs3%#t 39) and

the accumulative distribution CUI’VCS( ~18urcx 24

and 25) the diffcrcncca arc clearly shown.

Exvntxommnc ELEME-. .% in dtc paxt sur-

veys no significant di ffcrcnccs were noted in the

red blood counts, hemoglobins, or hematocritx

60— —– .—-. ~-—— :

*ES 1%5

707 .

Figure 26. Wutrophd ~-rs ofcxpmcd Rosrgelap males
plotted agmnst age. Solid line represents mean kvcl of
uncx~ mak poptdation. I%3.
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50-
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G (ram)

Figure 27. Neutmphii counu of exposed Rongclap fc-
ISdmnbutiar rurwa
ad p(atcku. [9S+.

mates plosted ●gainst age. Solid line represents mean
level of unexposed femak ppuhtion, 1963.

bmwccn the c- and uncxpoxcd gTOUP. Fiv

w-es 40 through 49 demonstrate this prom.

STATISTICAL ANALYSIS OP ~oNcEL.4P BLOOO

DATA OVER PAST FOUR yZAX& The aYIX

a~ in progm, and the folltstcing rcprcacrs~ a

preliminary report by M& Keith Thompatrst”d
Brookhavcn Nationa-b-W.

.’A~ and+ of variance of unweighed
~r c~lt of four blood compo-
ncnu: platcic@ white bkxf cclk ncutrophiia, and
}ymphocyrm. For these prcliminaq analyaca#
population was stratified into four factorx: yean
(1961, 1962, 1%3, and 1964), sex, expoccd Ron-

gelap vcrws nonex~, and age (5 to 15, >15

to 40, >40). Thux, for each of the blood compe

ncnta, main effects and interaction effects were

K -——— —- ~

Muss \m

?Ol- .

.
● ✎

Figure 28. Ncrssrophd mums of expncd Rongciap maia
plotted aqalrrst age Solid line represents mean level of
uncxpmcd mak populauon. 1964
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.
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Figure 29. Neutmph!l counrs of cxpcmcd Rongclap fe-
males plotted against age. Solid line repreents mean

level of unexpacd female populanon, I964.
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counu of all k

at the lime o{

at [he 5’”; Ievc

blood compr

male count w;

Ihc female cm

‘“There wa

any of [hc IWC

WX, exposrrj w

sigmficant. F

at the 5’1 Icvc

and sex, and

at (he 5qt Icve

and year. Tlw

as error. an a

upon exam]r

dala are bin!

aa tO blolog]c

tmna ISjusufi

computed to obtain information about the effect

of radianon over tune in rclatmrt to sex, expmurc,

and age

“ A generally similar pattern was observed in

that analyses for all four compmenrs. The vari-

ation among yearn waa always highly $igmlicant,
largely &catssc of an increaacd count in all four

componenu in 1964. This annual difference has

bras Corrmnmtd on in pm’iouareporu. Diffcrcrrcu

existed in 1961, 1962, and 1963, but these were

not chronologically consistent among the com-

ponents.

<.
..-.

. ..

.

Figruc 30. Maan lymphocyte mrarm ofexpcad Ron-
lap pcqtc from tirnc of expomrc through 10 wan P
e xposrare. Stan re~m mean valuca of comparrsorr

*--

“A dear-cut and highly significant dccreaac in

all four blood component% wax observed for tfw cx-

poacd population compared to the nortexpacd.

There was alao a highly significant decrcaac in

—. –.— z——-
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Figure 31. Lymphocyte counts of exposed Rongelap
nrak plotted agajnat age. Solid line reprcscnrs mcarr
Icvel of unex~ male fmpul.mtion, I %3.

Fiqurc J5. M-
Pplc from [I=
pcaurc Starr q
pamcm FOp.lati

Figure 33. Lymphocyte counts of expoud Ron@p
nrala pIortcd agauw W. Wid hnc rcprucrtm - Icvcl
Ofuncxpacd mak fmpuhmn, 1%4.
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Figure 34. Lvmphocvte counts ofcxpmcd Rongelap b
maIa piorted agamsr agc Sdd line rcprcscnu mean &l

ofunexpad fcrnak pqrulaoon, 196A

FIgufi 32. Lymphocyte counu of expcacd Ron#ap k-
mal& plotted agarnat ●ge. Sohd line represents mean
level d urWxpoDcdfcmak ptqrulatam, 1%3.

Figure 36. Plat
plot{cd aqains(

unrxpcd mak
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i
“ 7UI the effect

;>SCX,expmurc,

\
s observed in

F

nts. The vmi-

Iv significant,

junt in all four

countx of all four components with increasing a~

at [he time of radiation. There was uo evidence

at the 5% level of any sex dir.crcnce for any of the

blood compmcnts except platelets, for which the

maic count was sigmficandy lower ( 17c ICVCI) th~

the female count.

“There was no evidence at the 1% level that

——-- .—. . -

.
.

Rwv’”i :
.“ .

1 ““ ..*
2QL ..**. .

\ diffcrcncc has any of the two- or three-factor interactions (year%
i

J. Difkrmcca =x, expoud vemua ntsnexpacd, age group) were

significant. For lymphocytes there was cwdcncc

at the 5% Icvcl of an interaction bctwccn cxfxmwc

and sex, and for neutrophih there was evidence

at the 5% kvcl of an interaction between expmurc

and vcar. llsc four-factac interaction was treated

aa error, an assumption which appeared justified

uwn cxamina~ion of the variant= Since th=
data arc being further arsalyxcd, no intcrprctatmn

as to biological $ignillcance of the above mtcrac-

tions ix juxtificsf at prcunt. ”

it these wem

mg the com-

it dccrc= in

cd fmthccx-

noncxposcd.

● decrcaae in

Figure 37. Platckr mums of expmcd Rongelqs femaks
pkmcd aqainst age. Solid line rcprcscms mean Ievcl d
Unqmlcct krnak papuhon. 1963.
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Figure 35. Mcms platckt vaium of expoacd Ronqclap

people from !ime ofcxpmurc through 10 years pm ex-

*. s- rc~t ISSCMvalues of unexpcoecl cm72-
parmon populaoun.

cd Rorrgcfap
crrmrncankvd

Figure 38. Platclcr counts of cxpcud Rongclap males
plotted agmnst zge. SoIld Iinc rcprcscrrts mean ICVCIof
umxfxmxl male pfrulm.mn. I%4.
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Figure 36. PlateIet counu of expaed Rongclap male
pioItcd againar age. Solid line rcprcscnts ,mcan level of
uncsfmacd mak populamon, 19s3.
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Figure 39. P!atekt coun(s of expc.scd Rongclap females
plotted agmnst agc solid Iinc reprc$cnts mean level of
uncxp3scd female ppulatlon, 1%4.
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Figure 43. Hensati values ofcipcud fcsssala plortsd

ap W. * 1~ mpsoenm- kwl d urseqsm?d
fcrnakpqsulmlori,1964.
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Figure 44. Hemoglobin valuss of expasd males platd

sgainsr sge.3didk~m_hldw*
nsak population, 1%3.

F-4 1. Hemataart vahsss oiexpaad females plsrtud
sgamstsge.w line~m==kldmf=d
ftnukppulasam 1%3.

Figure +7 Hcrncqbb
ag,amsr age Solid lmc

female ppulauon. 19
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Figure 45. Hemoglobin values &es@ females plotwd
_ ag=. solid line repranm mean level of unsx~
fem81e popul.rrorr, 1%3.
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SgaImta&. SOlidlilumpmlcmsr srcuskvelOfum@
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Figure 46. Hcmogfotsin values ofexfsmrdmaks #ottt5i
~w.wk~m-keld~

pop&im& 1%4.
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Figure 47. Htmqfob vaks ofcspmcd fcmafcr F40sscd
agamss ~. Solid Iirscmpwarrrts m level of unexpmal
krnalc populauorr, 1%4.

Ailiagrrwe ?opsrktfoa. The 16 prople in the

AiIingnac population that were examined during

thmc two years showed blood counts similar to

thoac of the higher dsxtc Rongelap gToup. The I&
year platelet crmnts in the Adingnae women were

consldcrablv higher than the previous counts: the

reason for this u not apparent. The blood data ass

thu group ofpcoplc arc summarized in Tabla 18

and 19 and Appcr-sdix 2.
Wdk bpddoss. The prople of Utirik Atoll

who had been cx~ to a vet-v low doec of radia-

tlon~an mtimatcd 14 rads of’ whole-body gamma

radiktion ) had leukocyte, rrcutrophil, and Iymphsr-

cyte counts of about the same levels u seen in tht

unexposed comparison population of Rorrs@ap

(Table 18 and Appcndiccs 3 and 4). However, it

soo~ , L , ,

K220s04050w mso90
AGs(m)

Figrzsv 48. RBC valucJ of cs~ maksp+ortcd againts
age. Solid line rcpmcnm rocarr Icvel of uncxpcxcd ntak
$mprsladon, 1963.
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Figure 49. RBC vzlucr of expmrd frmaks plotwd against
age. %iid line rrp-nzz mean kvd of unqroscd t+mak
~lmorl, 1%3.

was of interest that the platelet counts for all as

group averaged considerably higher m the Utirtk

people than its the Rorsgclap unexposed populattcm.

The explanation I& this is not apparent. The er@-

rocytca, hemoglobin, and hematocrit Ievcls were

alnttdlc Salstcmin rhcutsapcd bsgcfappct#e.

Childrmr at Expoaad ?ar.ssts. Blood cour tS of

chddren of exposed parents compared w]th these

of !he chddrcn of parttm in the comparison ppu-

Iation showed no wgmficant differences. These

data are tabulated in Tables 18 and 19 and Ap

pcndices 4 and 5. During the 7th and 8th-year

survcvs these children had shown slightly lower

levels of Ieukocytca and platelets compared with

children of unexpomd parents. This diflcrence is

not apparent at this time.
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The ditiercmial counts of bone marrow aapira-

tiona on 6 individuafa. + expacd ●nd ? UnCX~.

arc Iiatcd in Apprndix 18. The diflerctttial counra
showwd [hat in 3 of4 expaA ~ there waa an
alteration in the m yeloid-er@tmid ratio mmti-

.~ f~cd by an increawd mimbxr of red CCIIprcmtr-
son. in addition to hypcrplasia. abnormaliticx d
chromatin material with double nuclei and in-
creased numbers of mitotic figures were seen in

\ A*
-- the norsnoblaatic scrio (Figures 50 and 5 l). OrK

i. .U -:

i.
of the exposed (No. 63) and one of the unexpmsxl
~No. 948) showed itwrcasrd Iymphocywraia of 3JTc

*

\

and 27T respectively. This was rctkctcd in the

peripheral blood counts in which the taal number
of Ieukocy!cs was normal but the Iymphocytm

i. westitscmaacd to51’Z and W?. Thcsigrtiihnccd

f
thixfinding remains ofmntrc, but mpcat bone mar-

39

row examinaticms will be carried out in kmth &
casrs during Ihc 1965 survey.

Redcoa M8ndmnmOv-sWdka

Dtsringthe 1’361and l%2sumcysbkmti vokrtc

studia wwe petlkmncd on a group of Marshaifcas
subjects and on a ~mall number of Caucaaiaru
who had beers living on the idanth for one year w
longer. Sodium chmrstme labeled with Cr” was
used to tag the aythmcytca. With body weightas
acritt+on. itappcamirhat 150f23su~ both
Marxhalloc and CaucaaIan, showed a ~igrrilicam
miucticrn in A ceil mam and/or plasma vofumc.

In order to cstabliah the relationship of blood
volume to lean Imdy m- oitiatcd water was

administered orally to each of 21 Marshailcu

subjects during the 1963 survey. In addition, dc-
terminatmm wcw made d red cell m and bbod
volume by using Cr” -Iabckd sodium chromate.

! Table :!

/
Tosal Blood ad Red Cell Vdumc Dam

(WT =- wrfit; TRW =mtal lady W~!tSi FAT=fxI xs ‘7 ~ -@t:
LBM. kan bndv mam Rt% =mdcdl vdumc: BV =bimd VAMW)

] subJrcS RCV/LBM, BV/LIW,
W. \\T kg ‘1-BW. I TBw. <u F.AT.‘7 1.Bh4.k- RCV. I BV, I mllkg mlilg

>4.34 .18.I MM

46.w 25.0 5.!.0
“*.36 15..! bl.7
C&l.1 +17 b~.?

1*81 II 9 470

hl. w 4.} ? m+

M h.! 12.8 47 I

;477 !9.9 718

hl 81 410 65.3

53 W :’+ o 31.5

h 1 b.} !’2.11 :XJ.4

>7 2: .!4 4 X)5

46$0 Jh. J j5.7

40 (m 2“.(J 54.1

-)7 :? 27 6 47 I

am i2. J i2.8

I&b.1 it 8 6.!. I

71 .% 41.2 56.9

+1 81 26. + 62.3

*.81 +3..1 64.0

63,18 398 61.9

.Av _ 13.5

+.+
?6.+
14.:!
I 1.6
M.7

16

Jth

0.3

9.3

.m.3

W.o

:?.9
:~, j

249

M h

/6. 7

1?.4

21.0

135

11.2

14.0

32.1
Ml
48,3
-17 I
43.6
59.1
447
54.6
%. I
400
44.5
402
i.58
10.1
578
*.O
33.9
%.4
%.2
59,3
544

I 402

0.840
I .+MJ

?,106

1.150

1670

1996

1.131

1.7&3

1.070

t ml

0927

1 ?74

0.6B6

(JE5I3

I 1’)1

1)774

I 620

IC66

I 843
1.310

I W3

J..M3
U5B
.1.320
4.053

! 1%

3.631

4.247

3426

! .a25

1.466

1o11

! 505

2 !%3

2.J31

2 IYJ

2.877

2 1:50

+155

Za

J640

2.675

3102

-%,9
24.9
.!.6
%.9

:%.4
28.3
44,7
-w.7
!1 4
.’f.8
+4.5
?’\. I
{5 6
-Y 4
J.J,J

26.2
/J 8

:8.7
.??4

‘)11
24.1

-m,3

62.6
692
66.7
710
733
61.4
95.0
62.7
@32
62.2
66. I
623
82.8
774
%.9
h.i4
h3.4

7’3 7
736
648
49.2

Ea.2

I

i
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After 4 hou~ urine sampfcs were collcc:cd and
lyophilizcd. and tritium in the waler po~iOn W-

counted in a Nuclear-Chicago liquid scintillation
counter. From these values of total body waler,
fat was rstimatcd by the fmmula % fal = 1~

–(’Z TBW/O.72). The % TBW is total body
water (in kg) u pcrcmt of gross weight. f.zarr
bsrdy maaa ( LBM) waa taken x the difference bc-
:wccn gross weight and fat ( kg).

The da~a arc shown in Table 20. According to
sin (pcrsomd communication) the valu= for (o(al
body rvatcr. fat. or ican wv m== arc not diflcr-
rnt l_rom avmagcs for Caucasian subjects in ~hc
San Franctsrm area. Figure 52 shows the values of
blond volume ( Iitcm} and rcd cell volume ( liters)
plortcd against [oial trodv sua[cr. Rcgrcswms Iin=
draw n Ii,r (:.+ucasians by Moore’ and Sirt (un-
pubiishcd) did= that with Ihe cxccpiOn OfOm
case lhc valum of Mamhallcsc fall far Ixlow that
dcxcribcd by the authors. The average rcd CCII
vulumc fur Marahallmc is ‘28.3 ml pcr kg LBM as
cxrmparcd taJ5 ml, kg (Siri. unpublisiwd).

Whether-these findings rcprcscm a gcrrctic dif-
fcrcncc or arc the r=ult ufertvironmcnt and. or
diet cannot bc staled at pr=nt. II is hoped Ihat
wudim WIIIbc continued In 1965 with cxamina-

Tdrk 2!

PrOrcinBound lodissc, 1%3 and 1964

Subjr.crNO. PBI. 7 %

MA anw.mssR~ .

I
6

10
14
m
17
21
69

)ING cm Rormu..u

9.4
79

I2.0
8.2
8.2
6.8
&I

10.2
8.2

Av 8.8

Musmumc Rmsusmcm ESZVE

12 8.8
529 7.1
944 2.0
9?4S 5.6
m 6.3
9X! 6.7

Iorm 79
1043 5.8

A. 6.3

AMCmCANS Rssmsw IN MASSSSALL ISI ANDS

AT LLAs’rl YrN

F. B. t,.?

C.B. D 5.5

R.L 5.0

W R. 56

R.C. 61
G.S.B .5 5
W?4C 44

.4v 5.5

VFm-.\[ T~ .~

D<:. 4.7
R.C. 47
LC -)1
R.H )i

E.L. “12
L M. )j.
\% xl. 1,0

[ J 4 .;
b? s. +!
w w“ s f>q

\\ 4$4
__—. —

tiom of blood volume and total body water In

Gucasians living m this area for onc vcar or more.

olh-~~
chm~ Mudk. MicrOscOp!c examma-

tron ofsmcam from pcnphcral blcxxl cultures is m

I
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prugmra, including chromomtrte counts, enumerx-
uon of aberrations, and karyotypc analysis by
pate-ups of photogra@ta A few diccntric chmrno-
somcs and certain other aberrations have been
notd in the examiorxi group, but insufficient con-
trol material has been analyzed for any positive

statcsncna to be made at this time.
~ Swvay. Based on blood sugar detcr-

mirsations as part of the routine urine anxlysa and
fasting blood sugar determinations, it was found
that 6 people had a diabetic tendency. The fol-
lowing had eicvatcd fasting blood sugars ( mg %):
No. 853, 247; No. 893, 279; No. 936, 187; No.
991, 248; No. 1042, 180; No. 835 had a 3+ urine
sugar but no blood sugar determination was done.
Aa has &en noted, [he incidence of diabetes ix
fairly high in the Marshalkse. [tis, however, of
the type that develop in older people since no
cases have been seen in younger people.

Suabgid Stdaa. Paormr4 BOUND IODINE

DZTEKMINATION.. Protein bound iodine levels
were cictermincd in several groups of people dur-
ing the pxat two surveys. The group included 9
Mxnhallcce living on Rongclap Atoll, 8 Mamital-
Iccc living on Ebcyc Idand ( Kwajalcin A!oll), 10

members of the medical warn, and 7 Amcricam
who had Ixcn residing in the Manhall Islands fcx
at least a year. The -Its arc pmcntcd in Tabk
21. Again the Mamhallcac valucc arc higher than

the Caucasian valucc. Though the number ofsarn-

pics involved is too small for any positive state-
mcm 10 be nsadc. the lower levels of the Marshai-
Icsc Iiwng on Ebcyc may have some mcanmg,
since their cnvimnrncnt is quite different from that
oft he Rongclap rcs[dcnts ( more wcwermzcd in

fwd, etc.): A difference bemwxrr the medical marn
who had only been in the ldanda a few wecka and
the Americans who had midcd there for al lean
a year is probably not significant. [t is anticipatai
that this aspect of the problem will be further in-
vcat[gamci on tire next ms-vcy.

Fouc ACID ~mtmttrtArtoMs. Foiic acid Icvcb
were blow or m the low range of normal in 29’%
of the 129 Rongeiap people tested. Fifteen per.
am were below 4 mpg/rni and 16% in the &dcr-
line range of4 to 7 mpg/mi. The unexprmcci rmsn-

@sot’t fxqmiation had slightly iowcr vaiua than
the exposed population. lltc gcneraily iow icvcl
of these tsiand people is attributed to a dietary
deficiency of foods containing foiic ●cid, mainiy
Iea$ vcgctabics. The levcis were not sufficiently

iow to remit in any hcmatoiogicai changes or ap
parent ciinicai effects. The individual vaiues for
foiic acid arc presented in Appendix 17.

THE Ac SYSTEM. ‘lTie foilowing statements

were made by Dr. B.S. Blum&rg*: “The scra C4
patients who have rcccivsd muitipie traoafusiom
may contain antibodic- against normaJ human
serum components. ” The fimt exampie of such
antibodirx wat reported in ● patient (C.dcB. ) who
had received =50 transfusions fot the treatment
of a refractory anemia of unknown et ioiogy.’ “’By
means d theOuchterion y doubiediffusion tcch-
niquc, it was shown that [he antibody formed a
prccipitin with =55% of normai U.S. white and
NcgTo scra. By twin, famiiy, and population stud-

ies “ it was shown that the presence or abuncc

“hutc Dirmuxb CIind R— h, immure brCancQ
~. m,lrddptlu, h

Tat& ?2

Serum Too

.Antmtrarcactm
——

(: &B. Nmv York
-—.

Pqrulalcm bcatlm TotaJiNo. %pas. To[al No. ‘?.Pm.

MicmnrWn h~kp Atoll 181 98 /81 M
U S. White .Marylarrd Im 59 Im 97
us. SJcgrn w 149 66 I49 9
crcck - GrccQ m3 72 m3 93
Qwx51rUIndb Pem 102 70 102 m

!hlS L-dim southDa&ma 143 91 143 78
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of the reacting antigen w= under genetic control.
lndividuafa with a dominant gene deaigrmtcd ,4#
in single or double doac (genotypes A~t/AfA,
A~’/Ag) were reactors [phenotype Ag(a + )I and
thoac hornnz y~us for the rccmive allele Ag non-
reactom [Ag(a - )1. The antigen or an[igens that
react with the antikufiea ~nt in the acrum of
the frequently tranafuxcd patient ● re serum low
density ~-lipoprrsteins. ” A serum from a second
patient ( I.M.), the Ncw York antiserum, waa afm
found to react with a low density /?-lipoprotein.
Prclimirtary famiiy studio indicated that reactors
were homozygoua or heterozygous for a second
gene, whik ncmrcactors were homoaygoua for the
alternate receive allele. immunologic, genetic,
and popufatiorr wrdia showed that the Iipoprotcirm
selected by the two antiacra were antigenically
distinct and commlkd by different gcnex.’s

‘“sera adkctcd fiurn ihc inhabitants of Rortgclap
Atoll in 1962 were tcxtcd with both the C.de B.
[anti-Ag(a + )1 and the New York antiacra. The
total rcaultx compared with that on several other
populations arc shown in Table 22. There is a
much higher frequency of C.dc B. antixcrum re-
actom and a much Iowcr frequency of New York
antmrum reactors in the Rongelap population
than in U.S. whites and Negroes The rcaamu for
these differences arc not known, but may depend
on differences in paat or prcscrrt selective forcca

which affect the balance of the pol ymorphisrna.
“Becaucc of the lower frequency of Ncw YGrk

ant-m :cactora, the Rongclap population was
uacful for family studica. Fmm these studies it waa

tcntatweiy concluded thai reactors with (he New
York ant iacrum were elthcr homozygcrm or hctcr-
uzyguua lbr a dormant gene. and nonrcactom were
homaavgous for its alternate allele.”’

R~ticd Adysoa of tho W-. Dctcr-
mlnatiorrs oi bodv burdens of gamma emitting

isotopes (principally Cs’ “ and Zn-’) by whok-

bodv gamma spectroscopy were not done during

!hc paw two surveys. Data in 1961. by that tcch-

nlquc. Indicated [hat the bodv burdens of (“s’ “

wcrr not signlticantlv different from lhoxc of two

vram before. and Zn”’ levels had dropped by a

factor of about 10. 1[ waa dccidcd. t hcreforc. to

defer whole-budy counts untd the 1965 SUWCV.

Rmulra of radiachcmical urirrc analyses for CSI‘“
and Sr”’ on J8 urine =mplcs for 1963 and ?7 sam-
ples for r%+ arc prmntcd In Tables 23 and ?4.

The da!; arc di~idcd into the following groups:

exposed and unexposed of ages <15 and >15

years, living on Rortgelap, Ebcvc, and L’tirik.

Sr””’ urine levels for 1963 and 1964 have not in-

creased over the 1962 levels. [n 1962. the mean

%’” values from the individual adult 24.hr -m.
plcs were 12,45 pc; l or 114 pc, gca. From these

valuca, on the baais of previous calculations.” ‘“

the body burden waa estimated as 12,0 m#C for

adults and 28.4 mpC for children. On the same
baais, the csti maws for 1963 body burden Ievcla

of Sr”” arc 11.3 mpC (adults) and 21.8 mpC

(children); and for 1%4, 10.7 mpC (adults) and

23.1 mpC (children). As shown in Table 23, the

levels of both Cs’” and Sr”” arc lower for the
pcopic living on drc uncontaminated island Ebcye
at Kwajaicin Atofi.

Thus the return of the Rongclap pcopfc to their
home island waa rcfkctcd in annual incrcaacs to

1962 in cwimamd body burdcna of Sr”” baaed on
urinary excretion vahsca. The annual catimatc3 in
mgtC for adulta were - fbllows: 2.0 in 1958; 6.0 in

1959; 6.9 in 1961; 12.0 in 1%2; 11.3 in 1963; and

10.7 in 1964. The picacnt body burdcm arc about

5 to 6% (adults) to about IO% (children) ofthc

maximum permiaaiblc concentration ( MPC) of
Sr”’ (200 mpC) for nonindustrial pcrpulatioms. It

appeam now that equilibrium with the environ.
mental contamination of Srw’ haa been reached m
the people living on Rongcldp island, and the

prcv,orrsly catirnamd quilibrium value of 23 mpC

w!il not & reached

No bone tampla were obtained from autopay

material during the paat two ycan for Sr’” anaf-

~ix Extimatca of body burdens from prcviorn

analyses of bone samples had shown fairly good
-latiOn w-itJlkobtamcd6unr Urincanafyxn

In view of the paucity of the previous data on

Cs’” urinary levels, it is di, icult !O interpret the

prewmt levels in terms of MY burden. However,

dtc levels arc generally l= than [he mean 1958

Ca’” urrnary level ofabou[ 4 nC{’l. This is m ac-

Ru%GcL&P
L’nrxpcd. aqc <

MGin

Expcd. auc<l.

Mm

Lnexpard..- :

.Wcan

Exfmadagc>l!

.Ucan

Pool

Mean

EBFYE

Pmkd

cord wtth the finding bv gamma spcctrograph~

dctcrminatwns that the whok-bodv burdens of
L’TImKIE.WJS~D,

C’s’ m 1961 had not mcrca.sccf.
\q’e <.1>

Analyses of three coconut crabs for Sr’” and !.Ican
Ca’” am shown m Table 25. Though the Icvda of

Sr’” (pC/g Ca) arc lower than m the craba ana- \qc .15

Iyzcd in 1962, they ~ still sufficiently high to ne

ccsitatc cominuation of the ban on thewconsump \lcan

ticar by the people of Rongclap. It ix interesting that. .
the (2s’” levels arc alao quite high in thcac crab !xMM.*E>

RorrgclaIxall <
Rons+p. all >
ElmT
L’tmk.xII<15
Utmk. all :>15
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I Table 23

Ibdiochenucd Unnc Anal* ti W’ and CA””, I963
~15 and >15

‘ ~~lrlk.

r
have not in-

s2. (he mean
h ,?+-hr sam-

GrouP subjm No. .W %x San@ vd.. ml sr’’’.pcl G.$,1 sr’”,pc, gca a’”, nC/’l

RomcEw
IJncxpmcd. a& <15 19.3

6.4
12.0
171
11.4
4.9
5,9
4.I
6.3

12,5

10.0

4.8
5.6
9.6

I7.5
33.6
16.8

14.6

6.4
11.8

9.1

1+.6
9.1
2.0
6.3
6.9
8.9
4.0
7.2

15.3

8.3

4.5
3.5
4.7

4.2

5.9

85
19

3.2

2.6
3.2

2.9

11.8
&3
5.9
5.2
2.9

0.072
IY20
.168
188

,117
.012
.046
.322
035
172

0.W15

0.031
046
03I
076
076
.074

0.056

0.06s
.072

0.070

0.167
218
040
.177
038
.137
015
171
104

0.118

0.05 [
.071
CMi5

818 12 M
14 M
II M
12 M
10 M
13 M
IO F
10 F
13 F
14 F

12 M
13
13 P
12 F
i2 F
II F

16 M
30F

38M
45 M
5’3 M
35 M
34F
38 F
24 F
:~ F
17 F

14 F
1? F

28k4
24 M

790 :Ms
320

71
91
*

406
I37
is
lm
73

183

I55
122
310

6.73
3.32
?.m
1.52
2.68
4.69
I.54
3.14
2.12
4.69

3.3I

1.81
2,24
6.11
2.84
3.08
1.10

2.86

2.02
2.41

2.21

7.33
173
0.57
1.67
0.48
2.58
4.45
7%
2.68

3.27

1.58
I 62
I.49

1.56

0.65

0.95
0.15

055

1.26
0.70

O.m

3.14
JIM
065
0.55
0.98

Ilm
I490t’From that

$ulation*’ ‘“

Z.O mpC for

!

n the same

rden Icvch
# 21.8 mpC
‘(adults) and

I

able 23. the
wcr for the
land Ebcyc

814

913

912

815

91 I

955

816

821

19

’23

69

42

17

8

1630
550

1050
465

1050
705

lllw
987

Fk 10 their
incnxaacs to

‘“”baaed on

cmimams in

t, 1958,6.0 in

m 1963; and

.marcabom

ldrcn) oftftc

>n(MPC)of

qmlationa. 1[

! the envimn-

kn rcachcd in

xnd, and the

c of 23 ms

987
Iom 230
340 442

227

?48

93
164

I‘m

ea
42
54)
36

182
65

267
42

147

102

88
49
73

70

75

57
52

55

7
15

II

207
I07
75
55
II

1150

947

1280
795

I037

Man

Uncxpolcd. agc >15 822
865

Mean

Es@, agc>15 40
7

41
.7,)
14~

39
18
hl

A
B
c

2256
K?51

21MI
2137

700
875

154X3
14al
990
650
530
725

1025

933

3360
18“
1990

1956

“mm autopy

“or Sr’” anal-

om previotn

3 fai d v good

~-
ious data on

Mean

Pod

)tcrprct the Mran o.tM2
n. However,

: mean 1958

l%s is in ac-

.Tt rographti

f burderm of

EmwE
POdrd 1400 0.073

0.149
03I

(low

0363
.178

0.271

0.074
114
073
C90
271

625
350

487

730

‘or Sr’” and
ltfu~bd

E crati ana-

:y high to rrc-

ti cnnaump

@=-’=@*
I thcae crab.

MCan

.* >15
800

.Wearr - 765

SCUMMY -
~all<15
Rong+r. aJl >15
Ebew
ul,rik. all <15
Utirik. all >15

-..... . .
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Table 24

~~ urineASUl@tbrsPand G’”! 1964

Gmsqs Sulsjmk. A& sea .slsnFkV-Ld *p C/l Ca.gfl .w, pc/gcs W“,nal

Roma&?

unKqxned.8ge<15 818

Eqamed!agc<15 19
@

h

Unexpaedsgc>ls B22
M5
8%

Mm

Expm!d?agc>15 15
41
u)

7
16
50
14
18
27
59

McaLI

%olcd A
B

Mean

Enn

uoapmed,~ <15 m

F~.agc <15 32
23

Mesas

uns!qmA. ~>15 m5
843
S93

Man

ExpEs4. age>15 28
39

Mean

stwsMaY

~au <15

=?1?’5
EAaU >15

13 M

13 M
14 F

17 M
31 F
24 F

17 F
54M
39M
46M
49M
44M
35F
31 F
36M
44F

14 F

13 M
14 M

34F

35F

46F

78 F
25F

12W
m

m

2aal
32@
21s0

2773

1100
1940
2om
1890
Ism
2100
1580
mo

1240
IOoo

1569

8920
20!M

54m

770

Il&)
265

722

Ila
2000
3680

ml

lmo
740

970

1257
1846
738

I7s13

22.4

43
21.1

I2.8

9.0
6.7
7.4

7.7

6.6
3.5
9.5

11.1
4.6
6.0
8.7

14,5
3,6
7.2

7.5

3.7
9.3

6.5

4.4

9.0
16.3

12.6

3.5
8.6
5.3

5.8

2.4
76

3.0

16.0
7.5
9.9
5.5

0.165
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.071

0.W6

0.114
.077
.340

0.077

0.029
.X35
.m
.2W
w
.122
.032
.181
.363
.200

0,119

Oseo
.107

O.m

0.130

O.m
.189

0.136

O.m
.113
.052

0.07I

0.092
078

0.085

0.W5
.101
134
077

136
~.

297
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79
87

185

117

236
100
41
54
67
49

271
m
43
35

96

46
07

M
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86

96

117
m
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95
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97

61
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10!2
76
81
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8.(M

2.97
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3,18

2.94
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4.59
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3.84

o.%
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0.15

I.49
3.34

2.4I
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Table 25

Analym afGxonul Crab fm %“ d a’”

Pukg Tad

Gabw T- Sr=, pc G’”, PC Ca, g w, ~ w“, pc C&g w, pc/g Ca

I Wer 4,400 2,678 6.~ 999 a I.56 639
F 172,502 94,074 1s.34 66.265 37,239 78.53 w
MtuIc (edbic) 5,751 4994 6.57 1,7m I,* 1.95 876
.amaiahg d pm 5,631 4,470 6.56 516 410 a60 656

Tout aab 70,7a3 39,292 81.71 71* 39,739 82.64 065

2 LAW 4,426 2.267 5.m 571 295 0.75 764
123,318 95,724 197.75 45,207 35,154 72.62 623

MIAE (edible) 3.9W 5,757 5.50 937 I,355 1.30 723
“~mftpm 5,711 3,414 6.92 497 297 0.60 825

Tad crab 57,7M 45,318 91.94 41,292 37,101 75.27 m

3 Iivu 8,650 5,431 10.21 335 502 0,46 847
F 14&956 143,738 187.W 30,817 30,146 39.40 762
M- (edible) 6,010 12,716 7.74 978 2,(M8 I.26 776

‘~rdtputl 4316 6,475 6.23 211 316 0.30 632

Tad axb 64,847 66.234 23.W 32,341 33,032 41,44 7at3

wAuM -

Mc&al evaluation of the health atatua of the

=- _4t - OVCJtbe Y-sin= ~
~thasrcvakd abutthcaame inadcruxd
ill- and di=asc a+ in the uncxpcud populatic+t
with the cxccptiona noted below. General health
and nutrition 13a8continued to be aatia6ctory ad
~mparabie to that d the unexpcoed compatiann
population. Annual hernatological follow-up
atudics have twcalcd that the Ieveh of white
mlla and plateleta of the peripheral blood in the

=Po=l pp ha~ -= quite rcachcd the Icvd$
Ofthcuncapoud ccQtparisnn population. -ntiawaa
again dcmonatratcd in the 9 and 10-year survcya

andcanbc radilymmintbc accumulative dkri-

tmdrml ~ (FP 23 and 35).

Bone marrow aaminadrms oi a few individual

at9and10ycars ~cxpomtrcshowai areducd
myeioid-eq-dmd ratio with slight inueaae of k.

matum red and white cells in some caua. There
ha+ been no indication that dtac findings haw

ime~pd=bor rcapomcto~
in& Ctpecd pple.

Tltcrewere 10deatlmin theapmedpopulatkxt
ovcrthe lo-)mar peAori. oftbalq twodcathawue

due to rnaligttattciex Neither of th- could &
aacribcd rcamnably to radiation expoaurc. The
somewhat higher death rate in the cx~ group

u -Y O- by the higher proportion of older
people, that >65 years of age being 20% in the

CX~ LVOUP and only 7% in the unexpacd
group. This mortality rate is also higher ~ an in
the Mamhalksc as a whole, but not significantly

m. Evaluation of effects of expmurc on longevity

in this -p mut await titum findin~

AGNB

No specific aging studies were carried out dur-

ing the pam twos~ but attempts were III*
during several prcvioua sut-veyt to put on a quao-
titativc batia vtiout crtteria of aging (tkin elamic-
ity, akin lcaocrt~ hand strength, blond pmurc,
arteriowle~ accommodation and arc+ scNlh
d the ey~ grcyn- of hair, degree of baldrt%
etc. ). No detectable radiation-induced aging cf-

&cu have been noted. Aging ~ evahatcd at 6
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Md7yumahcr theadtntwcseaixJutthcs8mefm

- ~ ~ p-au Ofcunparabk age.-”

mtuw, MlsaRMAoe% Snu—ln$
Am~~

Ei%cts on krtility were not apparent ax judged
by comparkors of birth rata for the exposed and
unexpoacd populations. During the first 4 yean
ficr expcmm an increaac in mitcarri agea ad
stillbirths wm noted in the exposed women, 41%
of the births ( 13 in 32 births) in thix group termi-
nating in nodabfe o@ring compared with 21?&
(8 in 38 births) in the unexposed women. Since
that time, the incidence has bcert about the santc
in the two group Ottc cannot be cmtaw that ti
etht is actually due to radiation eX~ tkwauxc
of the small numb dwanctr invok d.

No specific genetic studies have lxcrt carriui
out, but di(fcrcrtccs in incidencu of abnomtalitica
in children ofex~ compared with thoac of un-
exfxwxi wmmcrs have not been olmcrvaf. The gcn-
clally negative rrnslts of Iarge-acak gcstctic Studies
txtthec@tring ofcxpxxl Japanca& indicarcdrhac
&saikdmudimatthc~ wXlkllmt&fmit&L

~Am~~

Comparimrs ofex~ with unexpcd chiltfrcn

Oftbc same agca indicated slight retardation cffcctx
in the expoacd males. The boyx expacd at aga I

to 5 showed rctard8tiots ofstXurai growth as Wd

as brine age. This waa most marked in that ex-

posed at 15 to 18 months of age. The avq

skeletal maturation in the expnd boys was abmn
7 months behind that of their unexpacd pccm.
Though weight gain alm appeared slightly re-
tarded in this group, it was nnt statixticdly signi6-
cant. The ex~ girls showed no significant dif-
kcncu compared with urtcxpacd girls.

The slight retardation of growth in the mak
children whowcrc~ whcrr <5 ycarxofagc
as compared with unexposed mala of the same
age suggcxta that radiation may be a causal factcr
although ~bie mcchanixmx arc not clear. The
doac to bonex from internally abaorkd ktotopcs u

bclicvcd to have beets too small to have af%ctcd

bmqpmvth.~cfkc r.aongrowthan drkvci -

opment of Japan= children expacd to the
Atomic bomb have been reported by Gretdich,’:
-Reyno14° and Nehmtias.”However, dte cvalu-
atitws of such effcctx in thcac Japancac children

was com piicatcd by physical and psychic trauma

and by malnutrition factors not opcratlvc in the

cae of the Marshallesc children. The 175-rad
gamma dmc would seem to be too small to cause

any direct effect on bone growth, and the csti.
mated dac to the bones from internally abwrbsd
isotopca probably can also bc disregarded since
this source cmttributcd only about 3 to 4 rads over
a 10-year period. Bone growth studicx in weanliog
rats given sublethal exposures have shown art in-
direct eKcct on subqucrrt growth of shielded km
butthisappeam to be bassxflargelyona radiation-
induced lowered hod cxauumption.’ “’It is of intcr-
at that 25 of 3 I cxpmcd children were noted to

IOU A pursdc trfwcigbt during the first 6 to 8

wce&s following exposure However, {hc influenrx

of change in environment in producing this effect

cannot be rukd out.

~OF~~

Thyroid nodukx were removed iimm 3 teen.agc

cxpacd girls after the 1(1-year survey. Most pa-

thologists consulted dld not feel that radiation
could be implicxtcd as the ctiokrgic agent on the
basis of the pathological findings alone, though

some considered the findings typical of the Iuioru

scmt in children ttuted mafically with radioactiw

iodine. However, the evidence is strong that the

thyroid nodula in the Mamhallcx girls were in-
duced bv radiation. Correlation of the thyroid

noduka with radiatb exposure was substantiated

by statistical an+is which showed the diffcrenu
in thyroid nodule incidence bctwccn the expsscd

and the unexpacd children to bc significant at the

1% Icvcl. ” Moreover, Shelirtc ct al.” and Lindsay

ct al.’; have rcpnrtcd the development of thvrod

rmdulcs 5 to 11 years after treatment of children

wit h radioiodinc for th yrotoxicoaia. Dr. Lindsay

rcPortcd that the sections of the glands removed
fknm the Mamhalkxc girls were similar to !hc

glands of children who had been given 1’”

-.~AeWdadalatdd~ofziM
rads’ to the adult thyroids from isotopca of iodine,

it was atimatcd that the smaller thyroid glands of

the girts cxpoacd at 3 to 4 years of age received a

total doac of the order of 1000 radt” ● (probable

“Mr Kexh Thormpm ofBrm&hawrtNational Labntom
arndoutrhcx~ la.

●*Mr.ttalph Jum and Dr.Jdur ~ ~— RAdia-
lm i.aimralow, bermarc, &Mnmia, I-e.cxanuaed Ihc Caliy
&adl Rakutated lllellrymul&,u
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-@7mml* ti). mfxttktapd&
total doa%tothethyroid ( 175 rada) waa due to
whole-body gantms expoaurc ( including the pi-

tuitary gland) may bc of tome significance.
The fact that all three Manhallcsc developing

the thyroid noduka were girls u in accord with thx
expcrienct of othem that thyroid ncopixsia and
goiters pmdominace in femala. In the report by
Sheline et al.’” referred to ●bove, 8 caaca among
256 patierrta treated with 1“’ developed thyroid
ndula. All 8 caaes were fernalcx: the ages at the
tirneoftreaottertt in6were<18(4aged <lOand
2betwecn 20and30). Inthc Marahallaegir4ti
struofpubcrry mayhavcbccna factminthcdx-
dopncrttof the ttodlda

Nont: During the 11th-year survey now in P

P(March 1965) 3ncw~oftiytidnd*
in the expmcd group have been detected. Two
wcrcinbo~ 12 and 17yeara ofagcandone inan
adult woman 41 yean of age. The nodula ap
pearcd grndy similar to thoac dcscribcd in the
teen-age girls in this report, and thcae c-a will
rctxivc st&ly and treatmrnt.

Two older women who had bxen expacd dhxl
with a diagnais of cancer, one at 67 years of age

of ovarian malignancy at 5 years ptrat exposure
xndthcother at60ycarzofage ofpmbxbkcanccr
of the cervix at 8 years peat ex~. The diagnti
in the latter - was not confirmed by autopsy ar
biqmy. Onc rmcxpacd oltkr woman died ponibly
of cancer of the cervix, but the diagnoaia wzz mx
confirmed. No other c- of malignancy have

been noted in the unexposed population.
No caret of leukemia have been detected in

either the exe or una~ Rot@apac. P*
riphcmd blood mlcan were Studied ClcxcIy fm leu-
kemic cel~ including examinatioox for alkaline

#os#xQ= and lxwphil ~=
The three caacs of thyroid nodules plus the t-

earlier c- of unccr in older expoad women
raiar the qucxtion whctbcr an increaacd frequency
of cancer may be exptxtcd in future years. How-
ever, in evaluating the rok ofradiati~ it must &

bfimti~t~mof cancxr in tlw ex-

@ -P oc~~ at 5 years atler expmurc -
too soon, it u believed, to be related to radiation

~Zre-~in~e-nd caacitwa8not~
able to obtain au- or bmpy material for con-

firmation of the diagmmis. Atomic Bomb Caauahy
Commission studies have conclusively demon-
strated an incread incidence of leukemia in Jap.
anew expcacd to the atom bomb radiation.”-’0 An
incrcacd incidcna hat also &crt nacd in patknta
who had mccived mdiation therapy for ankybirtg
tpondylitia.” There are many repot-m of the late
development of ncoplaaia, particularly cancer d
the thyroid gland, Wowing radiation exposure d
infanm and children.l: -~’ Incrcated instances of
cancer of the thyroid giand and adcnomata have
been rqortcd in the Japaneac heavily expoacd to
ionizing radiation from the atomic bomb.” ‘“
The Mamhallesc will bx carefully obacrvcd f-
such a prmibdity in fiturc sumeya. The quation
of incrcaud incidcncc of malignancy in the ir-
t-adiatcd Manbalkc must b Iclk open for the

-~

“SEM NnM”

During the past several ycx~ incrcxacd num-
bem of pigmerttcd nevus-like Iaiona have bxuI
noted in prcviouaiy irradiated areaa of the skim
but thex have appeared to be quite bcrtign.
Neither chronic radiation dermatitis nor canccn
Ofthcskin havelxerlnotcd.

Radiochemica.1 urine analyaea and whole-body
gamma spectrometnc analpx revealed that the
level of body burdens of radioiaoto~ in the ex-
pcd ROngclapcrc fell rapidfy, so that by 2 and 3
yean peat expoxurc the Ievela were far below the
stated maximum permissible level.” The rctum
of the Rongela~ to their home island was as-
sociated with a ti in their Imdy burdens ofca’”,

Zns’, and Srm. By 1961, the whole-body content
of G,31 had appntly reached an equilibrium

with the environment at a value of about 14.7

m@* M weight or abnut WI timct the mean
of the medical team meazurcd at the same tumz
Zn”, which had ri.tcn to about 9.9 m@ in 1959,

fell by 1%1 to 1.5 m~C/kg body weight, or about

100 times that mezsurcd in membem of the medi-
cal want. The levels of Sr””in 1%2 and 1963 hov-

ered around the 12.O-mpC le~el in adulta and
about 22 mpC in children, about 5 and 10% of

the maximum permiaaible level (for membem of

the population at lxrgc). h thus a- that body
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burdens of SF have reached qtiiibrium with the
environmental Srw. Little or none of the pretcnt
body burden of the expmed group can bc consid-
ered residual from their initial expaurc, sm=
little ditkre- has ken noted between the body
burdens in exfmaed and unexposed population
living on Rongelap Island. The pouible relation
of internal ●banrption of radioiodinea initiafly in

the Mom to the recent dcvclopmcnt of thy-rod

noduka baa been rcfmecl to ●bove. No other cf-
fectaofaudte xpmumhaveb ccndctectal.

Ophthalmological examinatiorra showed no
Clearalt ~ of radiation-indud ch~
in the eya Slit-lamp atudia remsfcd no in~
in inc- oflem o~itia which might bc attrib
utcd to radiation. Cyt~netic studia of thech-
moaomta of Icukocyta and peripheral blood ctd-
turcaobtaincd in 19Marc in ~and will be

m-d at a Iatcr date. Anthropnmetric studi~
rcvufed that young adult Rongelap mala were

aue in molar dcvclofmtent cOm~ ~th
-y pnpdatinm l-his was not true, howcwr, fm
the young adult femala. Blood volume and red
cd m dcterminationi using tritiated water and
Cti’ revealed vaIuca in the Marshallac which
Wcrccomidcm biy knvcc than found in Amerim
Caucaaiana However, tbrmc ia some indicatim
that Amerhna living inthclalart& focmorethan

- P may alm have @lttly Iowcr vafucs. Thu
finding will & further invatigatcd on future mr-
vcya Protein bound iodirtc atudia during the paat

-mddkmwhdingadbcfa
higher in [he Mamhallcac than generally found
eiaewhem. No explanation is apparent. Folic acid
Icvcla were found to bc somewhat low in the
Rongclap population and probabfy rcflcctcd low
dietary fohc acid. Serum studia for t- Ag sptcm
rcv.cal that the Rongclapcsc compared with other
world Po@atiotta have a high t%cquency of C.&B.
antiserum reactors and a low frequency of New
York ankrurrt rcactom.

The cooperation of many agencica and pcrsom

.waa ttccq to caq out thcac suNey$ succ-
ftdly. The authon arc deeply grateful 10 many

individual, too numerous to name, for val uabk

aasiatance.

Many officials of the Atomic Energy Commis-
sion. particularly Dr. Charlca L. Dunham, Dr.
H.D. Bmner, and many o; their staff of the Divi-
sion of Biology and Medicine, and Mr. W.H.
Brummctt, Jr. and Mr. G.P. Ste@ of the San

Fmnciaco OperatintM Oflicc were moat helpful in

the coordination of arrangements with various
governmental agencica and in supporting th-

~in’=’=!fpoaaibway.
We arc grateful to the officiaia of the Depart-

ment of the Interior, particularly to Mm. Ruth
Van Clew and the otKciak of the Trust Tcrritoty
of h Pacilic Man& including the High Gmrnia-
si-, Mr. M.W. Coding; t.hc Directm of Medic-al
Se- Dr. J.W. sam~n; the District Admin-
istrator for the Manhafl lalan4 Mr. Peter
Cokman; the Director of the Manhall Islands
Mcmorial Hnapital, Dr. John Iaman, and mcm-
bcn of hia stafl; and the Re~ntativc of the
High Commissioner at Kwajalcin, Mr. R. Mc-
Kay. Mr. hn Davu and his crew of the Trust
Territory Ship Ra Amm and Mr. L. Roberts and
thccmvof!hc hqar-mcathclpful.

.& in the ~ the Dcpartntcrt of Dcfenac, par-
ticuiarfy the Deptmcnt d the Navy, contributed
mat vitally m the misaiort. The Pacific Misaik
Range Facility at Kwajakitt waa d greatasiu-
anccin furnishing n~ airiifta and mawriab
to bc used on the sumrcy. Dn G. Temple, C. Cun-
nington, and Y .C. Smith at the Kwajalcin Hospi-
tal Wuc extremely hcifdid.

Dm. L. Donaldson and E. Held at the L.’niver-

sity of Washington have aided in cmxdination of

their studies with tha.
We arc grateful to Dr. K. Tsuhamoto, Dircctm

of the Japana National Institute of Radiological
Scicnccs, and to Dr. Dunham for arranging the
\iaiI of the scmor author to Japan to observe the

annual examinations of the irradiated Japanese
Iiahcrmcn and for having Dr. T. iumator: visit
Rongclap fw the 10-year sumcy.

At Brnokhaven National Laborato~ contribu-
tions were made by many individuals in many de-
partments including Medical, tnstrumcntation
and Health Physics, Photography anc Graphic
Am the Shipping Section, and others. Wc arc
grateful to the following people for their support
and advice: Dr. Maurice Goldhaber, Director;
Dr. J.B.H. Kupcr, Chairman d the Irutrumenta-

tion
Bond,
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r, Director;
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tion and Health Phpi- Department: Dr. V.p.
Bond, Chairman of the Medical Dzpanment, and

others in thin dqmrtmmt including Dn. D.D. Van
Slyke, E.P. Cronkite, J.S. Robcrtnon, S. Cohn,
L.K. DaM, H.A. Johnmrt, H. C&tier, and Mr. A.
Fti and Mr. W’.J. WA.

We winh a.lm to thank Mig B.R. Brezisky for
her secretarial aasimmm and Mm. M. Diennz for
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19%.
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Ra&rn. BNL 3S4 (T-7 I). Au- 1955.

Ckmno. R. A.. Huaxms C. E.. (:ASNOM. B,. fAW-SV.

z\.. .SWORaxmm. J. B.. Medical - of ManIull-

rsc Iwo veam after cxpaure m fallout radiation.
J..4..4..4. 164. I 192-7( l’~57).

5. Cos.+mz R. A.. M+Ycn. LM.. RAI.L. J.E.. LuwtKY,
A., Bunt, S.A..cAmwrc, B..C-ma. E., ErmmmM..
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APP2ND11 1

iiongclap Group ●od COntrOl Hem ~10~ cOunts at VM1OII$ Tlxes After 2xmM!we
—.. .— . . — —— — -.-T —— — .——
HBC Neutrophi 1s

(X10-3) (X10-3)
—- . -—. . -....-——

<s *5 <5 “.5

0.2 6.4 4.7
~:j 6.2 .- .,. ---
6.6 7.1 3.5 4.5
5.9 6.3 3.5 3.9
5.9 6.5 3.2 4.1
6.7 7.2 3.4 4.7
7.0 7.JJ 4.3 5.0

6.1 3.o 3.9
;:: 7.8 k.O 5.3
6.5 6.2 3.1 3.8
5.7 5.5 3.0 3.3
5.2 !5.2 2.0 2.6
5.9 5.8 2.6 3.3
6.7 5.6 2.6 3.5
7.0 6.0 3.5 3.5
7.7 6.0 3.9 3.6
7.6 6.5 3.8 4.0

----- --- --- ---
8.5 6.6 4.6 4.2

10.1 8.1 4.7 4.8
11,8 8.6 5.9 4.8
8.6 6,9 4.1 3.7
8.9 7.5 3.3 3.b

13.5 :.; ::: :.;
-.. .
-.. . 7:4 --- 3:9
---- 6.9 --- 3.6
. ..- --- 3.7
---- t; --- 3.8
13.2 9.7 4.0 h.8
io.7 7.6 5.4 5.2
---- ---- --- ---

1

Poateafmsure day

1.8 2.2
.-. . . .
2,6 2.1
2.1 1.7
2.4 1.9
2.4 2.1
2.6 2.1
2.3 1.6
3.2 2.1
3.2 2,0
2.6 2.0
2.9 2.3
3.1 2.h
3.4 2.1
3.7 2.k
3.7 2.3
3.3 2.2
-.. . . .
3.6 2.2
4.6 2.f3
4.7 3.1
3.7 2.7
4.6 3.6
6.o 4.o
--- 2.7

-.. . ----
---- ----
28.222.7
.-. . ----
fq.1 21.3
21.81 ,1

t16.81 .6
13.2 w9
14.1 K*3
17.9 L6.6
25.522.0
2$: 2c&

22:117:5
---- . . . .
23.1 M.2
---- ----
26.221.7
24.b a.3
$.: g,:

32:022:1
32.527.1
32.3 i!b.k
---- ----
---- 24.6;
---- 32.fl G
---- 23.1
;l.; ~~.:

5:” ?iJj

11

26:

!

. .
i

:::: :$

---- .1 c
---- 35.b

;
10
12
15
18

z
w
33

g
47
51

g
70
74

6-W ●u-v9y
1- yr ●urvey
2- yr Sut-wy
>yr mtrvxy
lbyr curwy
>y-r Survay
6- yr ●uwey
7- yr ●wey
8- yr summy
pyr SW*Y

10 yr ●mvoy
*.juro Contlwlc
Rita coot. 6 w
Rlt- coot. 1 yr
Rita Coot. 2 yr

S::s: i K

~::a: ~ F
Noag.coot.
Roog.cent. 9:
~. cont. 10 yr

.-. .

.-. .
24.9

---- ---- ---- ----
---- ---- ---- ----
2J,.8 ---- ---- ----
---- -... ---- ----
=.5 ---- ---- ----
2L.O ---- ---- ----
15.3 37.5 43.9 39.0
11.9 X.3 41.6 37.5

%: % 2:: %:
22.8 n.8 42.4 37:b

3
23a 37.3 41.8 .6
23.1 ~.O b3.4 .3
20.3 ---- ---- ----
---- ---- ---- ----
20.1 ---- ---- ----
-... ---- ---- ----
24.1 ---- ---- ----
22.6 @.O U.7 38.2
24.9 37.5 h.1 36.9
24.7 38.7 bl.2 38.1
---- 35.6 SL7 35.4
.-. . 35.6 kl.O 35.8
---- . . . . ---- ----
---- . ..- ---- ----
-... 37.6 bl.7 ~.O
---- *.5 43.0

:::: z“: %; 5:!
33.b 39:6 46:0 39:9

gj ~~ g~ i;

----

----
----
-.. .
. ..-
..-.

---- ----
----
. ..-
----
-----
---- ,
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
b.a
-.. .
b.u
b.bb
b.u
----
----
----
----
----
----
----
b.bo

:::.4----

----
.---
----
----21.7

2A.8
15.2
30.9
u.8
15.1
a.k
23.2
23.9
21.2
----
20. !2
----
24.7
23.2
27.6
25.5
28.1

%:
. ..-
W.3

%
37.2
36.5

!!

;!

.0

g?

32:1
37.9

----
----

.-. .
----
----
----

. . . .
----
.-. .
----
----. . . .

. ..- ----
---- ----
----
----
..-.

----
----
----
----

u,

----
---- ----
----
----
----

----
----
----
----
4.n
----
:.:5

4: 4
----

----
k.bs
. ..-
4.54

:$!----
--- 2.9
---
--- ;::
--- 3.5
7.4 4.1
4.7 3.7
--- .-.
~:6 ~6

d 2:!

----. ..-
----
----
----
----
----

----
.-..
----
----~:: 4.:

/

:6
::: ::
---
.-. 4.2

--- 3.9
.-. 4.8

4.60

::%
k 33

-:--
-.. .
----
---- --- 3.5 ---- ----
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A??2MDIX 2

Ai limgoac Group xnd Control MM Blood @tots .t VWiOUS Ti_s Aftct 2xPOSUr0
—.

W2C Neutropldh LpphoqtoS Plat818t# ttcmtocrit, m
I

(xlO-’) (X10-3) (X1O-3) (two+ s (XIOA)
——.. ..— — —— -.—— .~.. —— —-

thle NAle F-18 Total IIS1O Male P*19 ttale male Fmxlc

?oatexpomm day -=5 =.s *S *5 <s *S *10 *1O all bgcs group <M >1s ●ll -0s ●15 ●15 SII ages
— —. .—— —

ii
u
15

ii

---- ---- ----
----
m.9
-.. .
2b.6
2b.

i
22.

2,

-:8

31
.
.

----
----
2L.S

. ..- ----

. ..- ----
---- ----
.-.0 ----

. . . . ----

..-. . . . .

..-.
----
----
-...
.-..
. . . .

w

~i
...
:a--------

3::
37.5
35.6
35.7
----
----
n.o

3
.8

30::
39.9
..-.
----

;;;

. . . .

:::

*.3

-.. .
----

----
. . . .
----
----
----
----
..-.
----

----
----
----
----
----
----
----
. ..-
. ..-
----
----
----
----
----
. ..-
----
----
----
----
----
k.y
. . . .
4.19
b.35
4.LO
----
----
----
----
----
----
----
b.bo

N
4.11
----

---- ----
22.5 22.6
---- . . . . .-. .

. ..-
-...
----
. . . .
----
.*-.
. . . .
. ..-
. . . .

----
..-.
. . . .
----
----

w
it3.9
a. 3
*.b

M
22.7

. ..- ----

. ..- ----
37.5 bo.1
33.0 bb.6
3%7 bb.4
37.5 bo.6
36.1 43.1
. ..- ----
. . . . ----
36.0 bb.a
~.o b2.5
36.0 bb.o

x 2::
---- ----
---- ----

-. Q-

----

. ..-

----
----
----

Ln
N

6-W ●rrwy
1- yr ●Lrwy
2-yr WArvoy
3 yr ●rvoy
4- yT ●rwy
>yr ●la-way
fi-yr ●lt-voy
7- yr xurvey
am Swoy
9-yrCunoy

1* yr ●nmy
tkjuro Cootrols
Rita cont. 6 M
futa coot. 1 yr
Mta cont. 2 yr

s: %%: i! g
lmn& Cotrt. 5 yr
Ikrn& coot. 7 yr
frcq.. cnrat. 8 yr
hog. cont. 9 y-r
req. Cent.lo yr

3.9 2.7 2.2
b.7 6.5 5.6
5.1 h.8 3.2
3.9 5.6 2.6
3.7 7.0 3.3

;;; ;;; ~;~

3.4 --- 2.6
h.O --- 2.4
3,6 --- 3.1
k.8 ~.b k.1
5.2 k.7 3.7
. . . . . . ---
k.k 5.6 3.6

I:& ;:1 ;“?
5.2 6.2 4:1
b.2 --- 3.1
;.; --- 2.

--- 3.!
b;8 --- 3.5

21.b
17.k
22.4
2b.7
26.3
----
25.6s
33.4b
a3. 5C
32.4
25.8

m.s
6.7
----

.-.. ----
11.0 9.1 4.9
12.1 7.0 5.5
11.5 7.5 2.8
---- 9.7 ---

= ?:+ =
---- 6.5 ---
---- 7.1 ---
---- 7.5 ---
13.2 9.7 4.8
10.7 7.6 5.4

51.2
bo.8
33.2
bo.9
----
----

. . . . ----
32.2
33.6
ti.8

----
----
b.lk
----
4.56
b.n
3.77
----

----
----. . . .
5.15----

----
a.1
32.7
23.6
41.5
36.5

. ..-

. . . .
--------

----
----

----
--------

33.4

li

.4

.6

.5

. . . . ----
----
----
----

----
----
----

---- ---- ---
lb.o 8.9 7.0

1?:: 8:8 $+
13.7 10.1 6:2
---- 7.8 ---

----
-...

----
----

----
----
4.80
b.68

::@

4.60
4.52

::g

----
.-. .
----
----

---- ----
----

= 1:?=
---- 9.1 ---

----
..-.

37.9 ---- -----.. .

%nclucw .11 ●l.. >7.
b

IOC1U12QS ●ll Bxlos >S. %Ocldrs XII -18s >9.

—-

.-.



APPENIIIX 3

Utirik Group Mean Blood Counts St V*rhtts ?hcs Aft8r Dxposum
—— —.—— -- —---- ——---— —- -— - —.. —

UBc )teutrophllc Lymphocyte* rla t81et9 mtocrit , m

(s10-’) (xlO-’) (X10-3 ) (X10-4) s ( Xlo-%
_.-. ___ -- —-. ..— -— --- -—-. .---. — -------- —- .— — -- —-— —

MAIa Mxle Femlc Male MX1* ?snxle Mxlo *18 PO-18
P08texpo8ure day <5 *S <5 *5 <s *S 410 *10 ●ll @gea *IS ●1S ●ll -es <15 *15 ●ll X#co

— -—- —. - ——. - .—— -.—

4 9.11 8.2 k.T 4.2

14 10.0 8.6 4.1 3.2

19

29 10.1 9,7 b.g 5.8

3-y r sur V*Y 9.0 6.9 k.O 3.b

9-Y r ●m vey --- 7.0 --- 3.!4
—.——
●

Inclwlea ●ll mlas >9.

[
1

.. _____

4.9 3.2

5.1 2.9

*.9 ~.~ 35.6

4.8 3.2 34.5 25.6 B.7 9999 b5.1 39.4

4.7 2.9 32.6 26.9 30.~ 35.6 41.0 35.9

..- 3,0 ---- 36.5* S.9 37.9 42.b Y7.’r 4.42 4.39 4.U

i



APPENDIX 4

IodAviduaA Hematologiai Pidi02a, 1963

SubXet PLatc . Wac Msut. L-. MooO. 2osiII.BaAo - Hct. ) ABC ~b., *K-

t&. (xlo-3) (Xlo-% (do-’) (xlO-a) (xlo-3) (xlO-’) (Slo+) % (xlO-’) g protein * c

nbaKrl w &Boud NUess Ace ‘+42

2 LL03 2.41 0.16
9.n {:$ 3.20 O.ba

u.90 6.u7 4.* 0.95
6.03 2.89 e.bl 0.30

2.n p& 0.07
% 3.43 O.ul
6.97 2.72 3k9 o.2n

U.m 5.32 3.45 0.93
7.- 2.62 3.43 0.6

Ai3.i~ 2xoo8ed -1*9* A2● -M

w 6.6b 3.I.9 0.06
1A 6.64 :: 3.19 0.C6

6

o. 2b
l.ti
Q. 36
0. b2

%
o.*
2.*
0.93

O.m

0.60
o.&

0.29
1.14
0.91
0.17
0. ba
0.35
O.m
o. u

O.ba

AAUUMS m ad -eo, Au 9-1s

203 7.05 3.38 3.03 O.ZA
: 248 7.25 3.99 2.90 O.a

o. b2
0.15

-225 7.15 3.69 2.97 Q.= o.~

●RXp8ed in utefo.
●*Standard deviation.

54

l.&
1.*
2. s
0.0
0.0
0. m
0.0
0.0
0.0

o.7b

0.0
0.0

0.0
0.70
o.&
0.0
O.m
o. p
O.m
0.0

0. b6

0.0
0.0

0

13.2
13.6
L3.6
13.b
12.8
14.0
14.0
lbA
lb.b

13.8
* 0.5

lzb
U. b

15.2
14.8
U.2
lb.8
L2.4
13.6
14.0
13.6

13.9

~ 0.9

lb. b
15.6

15.0

8*O
8.8
7.8
7.3

n
7.6
7.8
7.6

7.7
.*.S

7.5
7.5

8.3
7.4
8.8
8.0

;::
8.5
7.5

8.0
: 0.4

8.0
8.0

8.0
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Subject ?Lxte. E Neut. L-. Mom . 2oeia. w. Iiet. s MC ~b. D tic-

No. (X10-3) (X10-3) (XLO-3) (XLO-3) (do-% (do-’) (xlO-a) s (xLo+) ~ prot~in, g
—

13.:
. . .

ii:
x2.8
lk.o
lb.o
14.8
14.4

I

13.8
f 0.5

i

li?.k
12.4

15.2
14.8
U.2
14.8
K.&

.6
U$. o
13.6

13.9
t r3.9

lh. k
15.6

15.0

8.0
8.8

R
$!
7:0
7.6

7.7
.W*$

7.5
7.5

a. 3

t:
8.0
?. 5

::;
7.5

&o
? O.b

8.0
8.0

8.0

w 6. ~
*

2.& 0.19 O.*
*1A!? H* m.&

nou

w T.&b b.76 2.6s o. 3g 0.0
m 7.70 b.b7 2.85 0.23 0.15
3# :.g 3.543 3.14 0.93 0.15

2.78 l.a O.1o
* 7:lb b.= 1.93 ::: 0.93
& 2.25 2.99 0.35 :67
133 7:C b.n 2.15 0.22
3= 6.39 3.20 2.75 0.L3 0;26

:.% ;.~ :.g o. bb
z :& o.18
219 8:* 3:69 3:78 0.59 ;:~
265 5.93 :.:
b65 1?% 7.bb ::2 2.b3
a 7.n 4.* 2:39 0.2 o.~

297 8.02 4.35 2.S O.*
*322 0.52

? 2.18 *1.33 ttj.&

@ins* Feules, Ace>15-40

2bl 6.55 ;.0$ 2.29 0.13 0.0
g 7.53 0.15 0.15

8.& 7:23 ?Z 0.s :.$
131 8.9b 7.6 1.07 o.b5 .

m 7.% S.bs 2.o5 0.25 0.19

0.0
0.60
0.0
0.0
0.0
O*O
0.0

80
Loo
0.70

0.25

0.0
0.0
0.0
0.0
0.0
o.6a
0.0
0.60
0.9
0.0
0.0
0.0

1.*
0.0

0.25

1.30
0.0
0.0
0.0

0.32

kb2

bu5

ti.o
1$12
lT.9
I&4
15.2
L&o
14.8
L6.9
17.4
15.2
I&b

16.1
?1. 3

LR
13.2
L3.2
lb.k
lb.8
31.8
u.b
lb.k
LO.9
13.6
::.:

lb: b

13.2

:1.8

;:.:

9:k
Ii?. b

12.9

R
8.0

7.5
7.4
7.1
7.7
7.1

K

7.6
?0. 3

7.L
8.4
7.?
?. 3
?.7
7.8
T. 5
7.8
8.5

R
8.0
8.8
8.5

7.8

$0.5

1:;
7.b
7.3

7.7

I



I
/

56

Subject Pl*t8. Smc Neut. LymP&. m. Boeio. Meo. ltct. * S2c ~b, s Se=
I
i No. (XL -3) (Xlo-% (do-’) (Xlo% (Xl&% (xlO-’) (xlO-a) s (xlO-’) g pmtaie , g

Subject Plate. ,

ma. (Xlo-% i
! . . .—. . ,

<

47

g

g
u
e
39

4&3
?5.4

b
:.

b6

hb.o

z
37

3
b3
39

38.1

:2.5

ho

z
36
37

38.0
22.6

3.6A
lb.o
15.2
1o.9
14.k

$:!
14.0

lh. 5

‘.0.s

lb.b
15*2
36.0
17.4

15.8

32. b
13.2
L1.a
14.8
12. L
ti.o

13.3

%.4

lh. b
15.2
13.6
13.6
3.2.8

13.9
?1.1

8.4
7.8
7.1
7.0

8.1
7.3
7.7

7.6

:0.4

7.b
7,8
7.7
7. k

7.6

8.0
8.1
7.5

H
7.9

7.8

:0.2

8.3
9.2
8.4
8.o
T.9

8.4
-q. b

0.0
c.~
O.sl

::
:2

o:*

o. ~

0.29
0.$
0.47
o.*

0.35

0.38
0.32
0.0
0. lb
0.32
0.s
O.ti

o.21

0.41
0.70
0.27

::2

0.62

0.0
O*6O
0.0
0.0
0.0
0.0
0.0
&o

O.*

0.0
0.30
0.0
Our

0.06

0.0
0.0
0.0
0.0
o.6b
0.0
0.0

0.09

0.0
0.64
0.53
0.0
0.0

0.23

L@
llii
m
U3
LL5
U6
Ua
126203

3SJ

33B

4.7s 1.96 2.53 0.0
9.10 3.55 au o* 5s

l.n 2.ur o* 3.9
;:2 3.47 2.79 0.35

6.H 3.23 2.b6 O.ZT*5

352
258
485
klb

z

bob 2.36 2.b2 O.a
$; 3.3b 2.bo 0.2s

3.76 La O.u
6:71 2.82 3.% 0.=
6.36 2.M3 3.*
b.ti 2.14 2.00 ::Z
5.62 3.C9 2.b7 0.0

u
*
57

2
63
78

226
*
lls
*
M

5.82 2.&j 2.56 0.3,8

*o. 60 .-.58 20.63I

AiLi IwBM 2XDOSUJFeuks, Age >40

a% 8.aI b.bi? 3.Zt3 o.ti
m 6.bo 2.94 2.k3 0.26
a 5.34 k.17 o.6b O.=

3.90 1.85 o.a
:: ::s 3.67 3.67 0.99

7.20
?7

3.83 2.37 0.35
?1.60 .*.57 w a

2
b3
lb5
59

—..-.



I

~b. , Se-

)g Protda, g

L&b
14.0
15.2
10.9
14.4
L6.9
14.4
lh.o

14.5

‘-o. 5

lb. b
15.2
L6.o
17. b

15.8

L2. 4
13.2
u.8
14.8
L2.1
16.o
lU

13.3

:1.1$

lb. b
15.2
13.6
13.6
u?.8

13.9
tl.1

8.b

H
7.0

8.1
;.;

.

7.6

?0.4

7.b
7.8

;:

7.6

:.:

7:5

7.5
7.8
7.9

7.8

:0.2

8.3
9.2
8.b
8.0
?.9

8.4
3.4

57

sub~et PlAt8. WBC Neat. L-. -O Boaia. 8-0. net., MC *D. , Sesla

#O. (do-’) (do-% (X10-3) (do-’) (X10-3) (do-’) (do-% s (do-’) c xote5B, g

UiJ

3
U6

2

m
s
*
95

10L
103
La
X%
Lo8

U7
U9

La
La
=5
IzJ

343
m
m
419
a

5a2
379

%
!’87

Male ClhMrem of 2xpo Sed Pueata,Age e

Lo.30
9.*

U.m

$.:

8:23
8.00

19.20
7.93
7.65

E.Z

$!
.

1o.60
?3.b9

b.a 5.b6
4.60 3.&
5.15 3.*
6.w 2.76
6.w k.ib
3.09 2.m
3.79

;:$
i:g 12.29

2.*
2: b.u
5.67
3.* ;::
2J39
6~3 5:ti

3.J35

*.* 5.15
5.19 ?3.ob

0.0
0. m
o. ~
o. L9
O.bb
O.-

a
0.77
0.
0.s
o*a
o.n
o*19
o.*
0.32

0.39

0.52
1.17
2.b6
o.*
0.33
0.50
0. s
o. 2b
1.4
0.0
0.30
0. u
0.36
O.a
0.68
0.16

0.56

9.79
7.73

13.80
u. 50
25.80
U.lo
u. 50
a. 52

lyCJ

8:78
13.70
Lo. 30
L2.m
12.90
9.35

L2.%
LO.70

E?.20
?IL.*

4.41 k.60

b.m 2.bo
7.$5 b.l$i
7.= b.63
;.~ 16.00

4.00
5:# 5.bl

b.60
;:Z ;.2$
4.99
b.ti 3:95
5.62 5.89
2.37 6.59

2.56 8.U
3.23 8.64
3.L8 5.89

7.%
::: 7.*

b.% 6.07
:1.92 :3.00

O.bs!
0.62
0.69
0. m
1.03
O.=
0.23

:2
0.36
0.53
0.69
0.72
0.61
0.L3
0.28
‘.m
0.75

0.55

o.*
0.7U
O.w
0.13
1.03
Lm
0.23
0.$95
5.2+
O.w
0.26
1.5L
0.62
0.61
O.$x)
0.0
0. X3
0.32

0.79

1.03
0.0
0.0
0.95
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.*
0.0
0.0
0.0
0.0

o.a9

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.9
O.$a
0.0
0.0
0.0
0.0
0.0
0.0
1.25
0.0

0.23

w

U.2
ti.b
::

3.2:8
~.b
13.2
u.6
u.6
=.8
U.8
U*2
11.2
i3.6
Lao
loo

L2.6

3.1

13.2
U.&
lb. b
L3.2
lb.o
L3.2
13.2
L2.1

H
Lo.9

E:
13.2
LL.8
L2.8
10.6
lk,8

L2.8
:1.0

7.2
7.0

;:;

7.2

7.8

7.3
:0. k

7.9
7.8

7.3

7.7

i

I



I

I

I

I

I

58

SubJect Plate. SmC Ikut. L-. =. 20-. saw. net. , m Hgb. N saw

No. (xlO-’) (do-% (do-% (xlO-’) (Xlo-% (xlO-J) (X@) % (xlo4) g protein , g

m

3
23$
*3
560

10.60
6.68
7.9
9.65

~g

6:o3
7.41

y~

9:43
8. ~
7.6b
8.92

;2
7.77

8.&
:2.20

3.82
2.&
2.*

$?j

1:69

;s

5.66
3.s
3.51
k.a

:%!
3.U

k.u
?l.6b

5.62
2.&
&.ti
3.76
b.ti
2.91
3.*

M

:$!
3.13
4. ~
2.76
b. 45
3.57

3.s
?0.77

o.
0.3
O.u
O.a
O.-
O.*
0.0
0.s
o.~
:~

o:*
O.la
O.ls

o.~

O.a
O.-
0.n
O.in
1.s
o. s
0.0
O.a
0.14

0.0
O.q
0.=
0.0
0.49
0.19
O.a

0.26

O.*
O.la
o.2a
o.s
0.Yg
1.s
o.7y
0.00
0.x
0.$6
2.36
1.09
0.26
O.*

0.69

0.9s
0.73
O.u
o. lg
0.0
1.85
0.36
O.a
0.*

0.0
o.*
0.69
0. Z7
o. a
0.39
0.70

0.48

O.m
1.12
0.0
0.0
0.0
0.69
0.0
0.0
L05
O.a
1. lg
0.0
0.9
0.0

0.bb

0.0
0.67
0.0
o.~
0.0
0.89
0.0
0.0
0.0

O.*
0.0
0.76
0.0
0.55
0.0
0.78

0.35

io5
ML
399
433
95

2
453

#

13.2
lb.o
13.6
13.2
::

::.:

14:0
13.2
lb.b
15.6
lb.b
lb.8

M*1
SO.?

12.b
L2.7
14.0
u. 1
15.6
lb.o
L3.2
13.6
16.b
L2.8
ti.o
lb.b
14. b
L2.b
LL. 5
u. 5
15.2

13.7

?1.6

7.b
8.4
8.4

;:;

;:;
7.8
7.8
7.3

!::

7.8
.W.b

7.5
7.8
7.6
7A
7.2
7.5
7.6
S.b
9.0
7.?

i::
7.9
8.o

~:;
.

7.9

:0. ~

Sue*et PM

MO. (X2

w
W?2
m
m

s*
959
967
m
1500
1501

I

i



4Sub@et ?iate. *
m. (xlO-’)(x

Caltzo

60

SubMet mate. mc Ik9t. L-. m. 2oai8. -. Ilcr ., Rx 4D. term

m. MO% (SS0-%(Ilo-% (xlo-% (xlo-% (310-%(do% s (do-% g web , #

-Srol Im&s● Am-40

3.86

?E
20’m
&*
3.%
2017
Zm
%m
%-
3.m
3.h
1.73
2.44
3.44
2.46
2.72
%a
2.-
1.s
2. la
a.aa
3*W

2.85
s.67

0.43
00*
&32
&39
0007
O.*
0.20
OA

:3
0.33
0.24
O.*
OOu
O.m
0.20
o**
o.a
1.0
0.67
au
CL38
O.a

0. s

16.9
u.6
14.0

g

17.4

2.:
*.8
lb.o
&:

.

ti.b
ti.b
12.8
1s.2
t3.6
*O
me
1302
ti.b

OAT
o.lb

:2
O.*
00s
0920
0.9
O.*
o.-
o.~
0.0
0.-
O.ag
o.13
O.bl
0.s
O.lb
O.-
o.a
0.33
0028
0.26

0. a

0.0
0.0
0.64
0.0

%
O**
000
0.0
0.0
od3
&o
090
0.0
&m
0.0
A*
0.69
1.13
o.*
o* s
0.0
0.0

0. n

3

?.9
?.6
7.s
7.5

;;

7.9
?3.3 to. 5

m
tu9

0.06
0.50
o.*
0.65
0.0
0.s
0.29
0.L3
0.09
0.~
0.s
0.6
0.41
0.*
O.*
o.*

::s
o. lg

o.*

0.64
0.72
0.6s
0.0
0.0
0.0
0.0
2.93
0.0
0.61
0.0
0.60
0.0
O.tw
0.0
0.0
0.0
0.0
0.0

0. ~

X6
m
350
333
379
*1
g

393
361
373
448

4T3
3%

4%
b19

*3
:29

IA8
14.4
12.a
1.2.8
1*.O
lab
15.2
14.0
15.2
Ib.o
13.2
15.2
L3.6
lb.o
13.2
12.8
Lb.o
MM
13.6

13.7
.@.9

N
?.4
7.a

H
8.7

N
7.5
8.7
8.5
8.1
7.5
;,;

7:8
7.5
8.o

8.o
?0. 5

6.43
7.19

:.:

5:66
9.60

kg
6.u

x
8.26
8.9)
6.42

:::
8.44
6. s

T.2s
:1.40

2.m
2.8a
3. n
3J39
2.65
1.99
2.U
2.27

22
3.W
2.36
3.8a

i%
2.25
3.3

x

2.93
P.*

0.0
0.30
0.19
o.*

;3
o.n
0.0
0.35

::
0. s
0.25
O.la
0.39
yJ

.
O.ca
0.19

0. a

Cmtxd

520 9.*
10.3
6.u
8.6(

12.64
M.*
;.:

8:R
Lo.&

;:;
u. v
15.4t

J::
8.Li

L?. %
u. 11
u. y
8.&

Lo.1!

i#33
H

33=
m
M
%9

Wl



i

Subjwt Plat*. - I180t. L-. m- 20*. -. Ret. s SsC -b, s &m

no. (xlO+) (XICA (Xso-%(Xlo-%(XLlr%(Xw-% (do-% s (Zlt#) g -be g
i

I
I:.g

.
$-g

Udo
L2.w
L&s
149*
U.*
IS.*

n

kz
L&m
U.&
12.a
9.62
6.w
9*L5

lk.m

;:2
8.64

u. 70
10.70
7.22
8.39
9.53

Lo.91
%.87

t:

:::
b.ss
;.$

Who
6.s
b.~
6.
b.~
2.%
3.ti

t:
2.a
b.62
2. lg
La
5.*
2. n
2.42
3*7L
3.43

2J39
2.96
2.15
3.8s

b.bo
?Lm

O.bk
o.*
o*%
O.*
Mb
0.6
0.6s
0.0
0.69
0.s
0.0
0.63
O.a
O.*
o. ~
o. s
0.85
0. s
0.L8
0.09
0. s
0.L6
o.~
o.~
O.*
0.64
O.*
0.60
0.29

O.bo

1.* 0.0
*% 0.s
O.*... 0.0
a 3R 0.0

1.1oM+i

L3.s
L&o 2:
L2A 7*S
L&o
MA 7.3
Lb.o
1400 7.3
wb
MA
mb
L2.1
L1.8
~b
L2.a
L3.6
wb
lk;

LIA
L2.1
L2.1
ml
9.7
lL5
M.6
u. s
11.8
Ian
~.2

;;

8:0
7.s
7.5
7.2

i::
8.o

:“;
8.8

:::
7.8
8.4

;:i
7.2
7.5

$;
.

7.9
$0.5

0.0
L*
0.0
0.0
0.0

kg
0.0
0.0
0.0
0.0
L.m
0.0
1.=
0.0
L.&
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o.*

is
1. s
0.s
l.n
b.2$
0.0
O.*
O*4X
O.a
l.a
0.6s
0.0
o.La
0.09
0.0
1.LO
o. L9
0.35
0.25
0.s
o.
0. 3
O.*

0.79

Id6
Lob?
1503
1s

--b ?1.0 *S
8.7
8.5
7.4
7.8

5.6
5.23
2.ca
3.61
3.9L

:2

it

2$
2.33
3.74
5.a
1.b’7
6.64
2.~
3.75

R
3.90
3.3

b.-
b.m
3.55
b. B
7.b3
L 78
3.b8
&.q

i:z
5.90

;Z
;.:

8:59
4.k7
7. n

x
b. 30
6.2L

14.0 8.5
lb.o 7.7
lk.b 7.7
13.6 13.o

z:;
14.0
L2.8
U2 7.5

7.?
8,0

:::
.

o.~
0.62
0.6
0.*
0.38
0.1o
0.0
0.C8
0.10
0.a
0.19
0.23
o.b7
o.b6
o.n
0.65
O.bl
0.63
3*56
o.k5
0.43
0.75

:2J

&
0.34
;.7CJ

1:05
0.n
0.96
0.42
O.*
0.83
0.23
2.a
O.k
o.B
o.*
o.?3
O.m
0.34
0.0
o.b3

0.64

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
O.m
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.03

7.5
8.7
8.5
8.1
7.5
7. h
7.5
7.8

13.2
U.b
u.8
L2.b
12.8
13.6
=.8
U?.1

E::
13.2
lb.8
u.8

13.0 7.9
.%.9

?.5
8.o

8.o
.-.5

3.83
$1.23

5.32
?1.60

13 —.— -.



F

i

06
.4 8.3
.8 8.1

1
I*.1 7.8
%7 +J)b

i

j.;
5.4
2.8
5.0

7.2
7.5
7.6
8.b
9.0
;.:
.

\.k 0.2
i.b 7.9
Lb 8.0
‘ 5 8.1
L.5 7.8
5.2 8.5

3.7 7.9
1.6 :0. ~

59

subject Plate. 9ec Neut. LWP& -. Xosis. Be.eo. net., MC *B. , &*

No. (Xlo-% (do% (Xlod) (X10-3) (Xlo-% (xlo-3) (xlO+) s (xlO-’) g prot8i8, g

Cmtrol Mm&8, Am >U-40

i%
293

2.* 2.% O.la
3.* a.so 0.6
s.ti La Oen
3.s 2.g o.m
a.66 &o
2.24 3.& 0.$
b.19 3.75
2.55 s.n O.la

2.n 0.40
?Z 0.53
b. m :2 O.a

so. * 2.@ 0.0
5.* 2.24 0.35
z. 33 S.n o.~
6.~ abL 0.65
3. 5s 3.16 O.ti
5.= 2.51 0.3s
3.& 3.~ O.*
b.& :2 o.k3

o. 1s
::6 2:90 0.s

35s
358
33
240
264
S3
*3
3=
393
268
378
4U
X0
*
170

Cootrol Rules, * >1S40

8.(x

%:
6.&
6.34
6.b3
6.17
6.69
7.35
7.m
1$.ab
9.73
9.a

2:Z
8.83
9.75
7.s

x
9.24
9.78
?.m

7.6s
?1. 47

3.93
3.%
3.9
2.85
2.98
2.56
3.58
2.54
3.68
b.u
2.47
7.fn
6.k5
3.99

%
6.34
;.:

3:46

~::
.

L23
?1.34

3.69
1.35
2.99
2.?7
3.*
2.%
2.*
3.k8
:8J

l:T)
1.85
2.30
2. ~

;:2
2.44
1.93
3.38
2.45
3J35
2.64
3.86

2.83
.?0. 78

0.40
0.L6
o.q
O.u
0.13
0.19
OJ%
0.20
0.29
0.32
0.15
0.39
0.0
0. B
0.54

::”w
o. q
0.15
0.19
0. La
0.39
O.ti

0.22

0.m
o.~
LU?
Lti
o. S1
1.02
0.44
0.3’5
0.0
L 4
0.0
o.~
O.*
0.17
0.0
0.L6
o.b3
o.~
O.lb
0.67
0.06

0.40

0.0
0.32
0.29
0.K
0.19
0.B
0.s2
o.k7
0.44
0.L6
0.39
0.4
0.M
o. y
L73
0.44
0. s
0.%
0.23
0.6
O.la
O.*
0.U3

0.35

&o
&&
0.0
0.0
0.0
0.7s
0.0
0.0
0.0
1.76
0.0
0.0
0.0
0.0
0.93
0.0
l.n

M
0.0
0.60

0.30

1480
&k:

17:9
S6.o
15.m
lk.a
S8.9
36.0

H
13.2
15.6
15.Z
$.:

lb:o
l’r.b
L6.9
lt.b
ti.b

L6.1
.m. 5

8.0

;::
8.0

u
8.5
8.3

t;
8.4

k:

iii
8A
7.7
7.a
8.6

;::

8.0
mb

0.0
0.0
0.0
0.0
0.0
0.0
O.a
0.0
0.70
‘2.36
0.48
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
La
0.0
0.0
0.0

0.23

455
k5S

421

?39

L2.8
u.b
Iz.1
14.0
I&e
13.6
=.8
16.4
lLS
-b
L3.6
14.0
12.1
U.a
14.0
14.0
=.4
lb.o
15.6
14.8
U. b
;.:

.

13.6
~1.o



6,?

tubJtct ?Ioto. - N80t. L-c z= w. -. Uot. $ 2X *SO $ 2orm

MO. (%LO-%MO-% (XLo-% MO-% (xlo% (do-’)(XLo-% % (do+) s ~otoio , g

Subjrct Plat* ,

No. (X1O-3I

~

ad 398
2133b6e
an=
2130 m
a56 38
m 41s
2167 a3
a76 MO
mswl
a52 240

m3bJ

Oo1o
0.49
OAo
O.-

:3
O.lb
as
0.36
O.*
O.m

O.*

k%
OM
o.s
0.34
0.17
O.xg
o. s
o. 3s
o.~
0.29
O.*
0.29
0.L3
o. ~
o. n
0.L3

O.-

0.0
O*O
2A
O.*
000
m=
0.0
Go
080
&o
0.0

0.30

L36
0.0
0.0
0.0
O.m
0.0
La
0.0
O*93
0.0
0.0
0.0
0.0
O.*
La
0.0

o.&

lb.a
LbA
L3.z
-6

ly.a
17.4
17.4
Lb.8
lh.o
L4*6
Lh.o

15.0
*L ●

L&o
**O
M.s
*O
L&o
ml

H
L&o
U*3

::
14.*
:::

lb:o

Lb.o
:1.0

7.9
7.9

U
7.1
7.5
7.7 “

U
7.0

;:

7.6
s. 3

8.s
8.*
8.7
8.0
T.6
7.3

::
7.8
7.8

M
8.1
7.7
T.8

7.9
p. b

a58

!5
=3

2223
22&

bm 9.a b.a 3.33
?2.66 ~2.ob .4.94

.

At?2wlx b
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H@., MM

c protein, g

Subject Plate . me neat . L-. -. Smim. mso. Hct. o MC Mb. ~ Scr-

no. (X1O-% (xlo-~) (xlo-3) (x.lo~) (xlO+) (xlO-’) (Xl@) s (xlo~) g pcotaia$ 8

2M4
2172

a%
2217

22M
*?

39k
316

b13
683

2.36
5.C6
2.75
3.83
3.07

3.&
to. 76

2.s
3*U
2.52
2.65
L 30
2. s
3.53
%64
3.74
l.ko

2.55
20.85

Utirik ?emi4S. Am ●MAO

5.a

i: 1?
8. s
6.k3
6.29
9.5k

w

?%
6.93
9.25
8.17
7.73
5.6k

7.17
?1. ~

3.e
%55

M
2.X5
3.33
6.94

t:
3.L9
5.3J3

xi

;:E
2.s

3.96
:1.35

L@
2.84
::

.

N
2.09
2.74
3.63
2.*
1.73
2.4
2.59
3.35
2.&
2.19

2.67
-w. 66

0.75
o*U
O.kl
0.=
O.kg
O.M

:3
:3
O.ti

o.@
0.35
0. B
O.*
o. B
o.19
O.*
0.41
0. a
0.0
0.14
0.14
0.09
0.74
L16
0.17

0. p

Z&
O.*
o.*
%0
0.0
0.0
0.0
0.0
o.a
&o

0.48

0.0
0.0
0.0
0.0
1.23
0.0
0.0
0.0
0.0
0.0
5.0
0.0
0.0
0.0
L 55
0.0

0.17

16.b
MO
kb.8
I&b
L&b
U**
k6.b
17.4

R

tie
$0.?

me
Ua
W*O
L3.6
l&8
3!$:

lb:b
15.2
k3.2
LO.3
15.2
lb.b
1$2
~.a
L3.2

13.2
?Lb

I

!
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SubJ@ct ?LAte. WC Malt. L-. ~. 2oeis. 2ue. Met. o m I@b. , Sor-

I$o. (do-’)(Xio-% (Xko-%(SMr’)(xlO-)(do-% MO-% s (do+) g ~otiin, g

I

SubJect Plat*

m. (S@

UtirikMLe#, M ●*40

296 4.96
3.X9
2. 5s
L60
2.*
1.s
k.u
3.65
2.36
2. 2s
2.97
L&
1.*
2.%
2.~
2.41

%
2.Q

2.80
-a.sia

8.4

::

8.0
f:

7:6
7.5
T.3

[;
7.5
7.8
7.4

H
7.7

7.8
4.b.

&o
8.0
8.0

%
8.3
7.3
7.3
8.5

u
8.3
7.5

::!
9.0

8.1
--.6

O.*
0.s
0.06
0.22
O.q
0A6
0.17
0. ~
o. ~
o. la
o. ~
0.16
0.36
0.11
0.62
0. n
O.w
o. u
O.*

O.*

:.2
.

0. a
o. ID
O.a!
0.6
0.55
0.34

:$
0.31
O.ti

:%
o. ~

0.22

0.24
0.76
0.6
0.63
0.39
O.u
o. ~
0.47
O.ti
0J6
0.6
0.06
lxx

0.20
O.*

M
o. ~

0.*

o.16
0. lg
0.49
0.14
0. m
0.(%
0.46
0.48
o.*
O.ti
0.39
0.16
0.84
0.44
o.~

0.32

0.0
0.86

u
0.0
0.0
0.0
O.*
o*s
o.s
0.63
0.0
o.*
0.55
0.0
o.*

::
0.0

O.a

0.0
0.0

:&
1.49
0.61
0.0
0.0
0.0
0.0
0.0
0.0
0.60
0.0
0.63

0.25

g

42
w
4s
42

z
42

::
40
40
3s
b3
42

::
43

bL 3
9.2

33
39
39
35
33
35
39

2
9
42
38
37
35

E

38.0
:3.1

L3.2
15.6
144
lb.t
16*o
14.4

*8
15.6
ls.a
14.4
*A
lb.b
la.1
U5.o
u.6
15.2
15.2
1s.6

14.8
9.9

L3.6
lb.8
lb.k
12.b
we
L3.2
lb.o
14. b
lb.s
14.0
14.8
14.0
13.2
=. b
13.2
14.4

13.8
$.8

alla

s.b 2.id
2.55

l?% 3.44
13.n $35

6

6.8S 3.49
$1.83 :1. @

6.62

tz
6.99
4.79
7.43
6.07
9.L3
6.8s
8.47
8.59
7.n
8.17

%
6.8

7.08
?1. 30

2.=
x 3.73

?: 2:
5.= 1.63
2.85 3.o4
3. 6S 4.47
3.a 2.81
3.% :.;
4.12 .
4.a
5.&3 ?s
3.17 ;.:
4.20
2.19 3:7?

3.47 3.w
?l.13 $.%?

8
aim

au “ti

76
—..—



: Mb. , 2orm

4) g protein,g

1

U.2
15.6
14.8
lh.b
16.0
lk. b
14.8
14.8
15.6
15.2
14.b
lb 4
14.4
u.1
16.o
15.6
15.2
15.2
L5.6

lb.8
g. 9

13.6
14.8
14.4

M!. b

=.8
13.2
14.0
14.4
lJ+.8
14.0
lh. a
Lb. o
13.2
L2.4
13.2
Ib. b

13.8
-e.8

Idividual Hemtolqid Pidimg8* 19M

Subjsct ?lste. UmC IOest. L-. ~. &8im. h80. net. * !@bo

No. (da-’) (Xlir% (Xl@) (xLo-’) (XLo-% MO-% (X20-% % s

6

17
a

~
65
69

8

O.LS
o*a
O.u
O.lg
0.0
0.18
o.2g

:%

0.19

0.45

O.bs

u-ho ~PeMles,Ax8L&.u

X9 6.35 3.u 2.67 O.U

p?J M :: tz ::
9.= b.23 4.42 :.og
7.* 3.85 2.29

?3 6.60 3.* 3.30 o:m

390 7.53 3.39 3.9 o.~
:Uo :1.in ~. 52 :1.(%

AiLi~ ~ud F-s, Am 1=

454 U.oe 4.87 4.87 0.33

454 U.d 4.87 4.67 0.33

0.s
L44
o.13
0.75
l.la
0.46
0.9
1. a
0.09

O.a

0.98

0.98

0.44
1.33
:.$

1:04
O.m

0.65

O.*

O.al

1.50
1.=

::
0. m
2.m
0.70
0.0
Oa

0.76

O.*

O.m

0.0
O.m
0.90
0.0
0.70
0s

0.38

1. Lo

1.LO

s l&2
% 22.1

ml
g 12.6
39 32.8
s U.8
V 11.8

Wb
11 =.$

40.4 32.5
@ p.b

37 22.1

37.0 =.1

~.6
z L3.2
40 L4.o

L3.6
z ::
41 .

B.5 13.3
z2.4 4.3.

40 14.0

40.0 14.0

65
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a

2abJect ?Lata ● WR Ife8t. Lm. m. 2mais. m. Ilet. , Mb. ,

HO. (xlo% (do-% (ZIO-% (xlO-’) (do-% (xto-3) (do-% s s
i

i

78 A??mu 7

O.m

kg
O.*
0.38
O.m
&3Y
o.
0.ia
0.53

0.4s

od
Oar

3
0.6L
0.53
0.30
0.5b
o.b3

0.25
0.27
O.m
0.19
l.a

o. y7

o. so
0.09
0.06
0.72
0.30

0.33

Oa
MO
1.40
0.60
0.0
0.60
0.0
0.90
O+m
0.2
0.0

0.46

0.60
0.0
0.0
O.m
0.0
1.*
0.0
0.0
z. m

0.0
0.0
0.0
0.0
0.0

0.33

0.70
0.0
0.60
0. w
0.0

0. s

b3.8
H.s

boo
:2.3

33.0
-6.1

L&o
L6.o
L4.8
L&o

2:
~.a
U.a
1s.2
L3.6
lb.o

14.7
?L o

L3.8
=1
&

lie
La
wa
Lb.o
lab
ua
L3.6
14.0

li.a
L2.4

L3.1
-M. 7

lb.a
14.0
L3.2
7.6

u.a

=.3
:2.5

I

I

*bjoct I

n. d

I
4

13
34

z
6J

2i
43
&5
59

...—. —.-.
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67

2ubjeet PLSto. lmc neut. L-. m. reds. Mu. me., R2b.,

b. (XLO-3) (aLo-3) (XLo-% (xlo-3) (xLo+> (XL04) (MO-% s s

i

L

\

14.0
16.o
14.8
16.o

/

:;

L3:s
1s.2
15.s
L3.6
14.0

I8 14.7
5 :1.0

113.*
Le.1
L3.a

1

13.6
L3.a
La

i H
u.8

; u.6
) Lb.o

\ li.8
) L2.b

.0 L3.1
!.3 $0.7

lb.e
lk.o
13.2
7.6

ma

9 m 3
:2.5

w 8.06 L,32 2.&
:148 %.m %.91 $1.15

0.s
&d
003e
O.ti
0.6
O.ko
o. u
O.*

O.*

o.13
0.0
o.*
O.u

o.13

0.0s
0.0
0.U7
0.29
0.0
O.LO

0.09

%
0.03
O.*
0.0

0.11

::
0.13
O*IS
MS
00or

k3
O*W

o*n
o.-
0.49
0. B

o. ~

o..

o.~
1. b7
o. ~
O.LO

0.65

1.66
0.16

W
1.b4

0.76

0.0
0.0

:Z
0.0
0.0
L-
0.0

0.39

0.0
0.0
1. a
0.0

0.30

0.0
1.00
0.0
0.0

::

0. ~

1.70
0.80
0.0
1.60
0.0

o.&



I

(a

subject Plato. - Ilo9t. L~* ~. 209La. -. woo ~b. ,

160. (xLo-’) (m)-% (XL& (Ylo4) (XL@) (XLo-% (XL@) s s

I

i

I
i

I

I

I
i

m u. bs

6% L%
633 6.60
~ U.05

LO.*
b33 u.65
417 LO.60

13.20
z
63L

9.;

378 8.7s
k17 1o.40
531 8.25
328 L3.60
s LO.63
565 13.48

=.70
% U.40
m 13.65

m LO.96
?U9 + w

w
5.62
2.77
4.75
4.25
5.83
4.L3
6. ~
2.09
5.44

H
3.14
6.53
4. fl
3.77
3.16

::s

4.46
:1.30

5.s
3.46
b.m
3.1o
5.64
5.67
4.18
5.40
5.15
5.99
5.=
4.46
4.99
4.46
4.62
5.53
9.03
7. n
;.$

.

5.33
~l. n

O.u
o.18
0.*
O.a
0.33
0.u
0.47
0.32
0.53
0.33
0. L2
0.53
O.=
0.17
O.*
o. u
0.0
0.83
0.23
O.a

o.s

O.u
O.bb
1A3
o.
0. s
1..37
low
1.46
0.0
1.27
0093
0.-
OAb
O.*
0A3
o. n
O.u
o.
0. ~
O.*
O.w

O.n

o. w
0.53
0.69
0.53
e.33
0.76
0.58
O.*
1.19
0.s
0.83
0.4A

::z
1.90
o.b3
0.67
0.23
O.a
1. n

0.76

0.0
8.=
::

.
0.0
l.m
i$g2

0:0
LB
1.1o
Loo
0.0
0.0
L&
0.0
0.0
0.0
O.m
1.40
O.b

0.63

1.IB
O.m
0.0
0.0
0.0
1.1o
O.c
o .G
0.0
1.CO
1.*
0.0
l.m
0.0
04
O*C

MkI
0.0
0.0

0. s

Z;
IL8
9.7

u.b
13.6

f.;
&:

ml
1.2.8
U.8
u.8
11.2
u.8
u.%
ml
9.4
13.2
10.3

%0

;;

-1w.

%

33

:..-—- - ~– ...-
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i net., I@b.,

i
i

36.6
:2.5

La
14.4
MA
MA
U. s
ml
12.b
l&9

it:
La
ml

::
u. s
ILa
U.8
u. s
2089
11.8

9.7

12.1
:1.1

lab
u.6
22.8
u. 5
u.8
L2.8
=.1
L2.8
u.8
u.%
U.2
u.8
u.8
u. 1

z.:
10.3
M.o
7.9
8.8

:3
4.2h

2s
5.17
2.n
6.79
10.*

w
7.a
4.26
2.a
&26
3.s

i%

k.fi
?2. 25

Oa
Oas
000
0.0
00s
0.0
0.-
0.0
0.0
o~
1.20
la
000
0.0
0.0

O.ti

0.0
0.0
240

2s
0.0
0.70
0.0
0.0
0.90
0.20
0.0
0.0
1s
0.0
0.0
0.0
0.0

o.*

. ——— 8J —.
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4S#bjoct ?lAt
m. (xIo-

Smbjoct Plato. = Neat. Lm. M-0. 208i8. Uw ● He*. # Mb. ,

Im. (xlO-J) (xLo-’) MO-% (x10-% (XLo+ (*O-3) (Xlo-% % 8

I
~ Ma&a,Am *UAO

Lb.ti
l;g

13:&
5.*
9*m
6.bs
7.50
?.a
9.79
9.9S
7.*
6.49

11.03
7*W
7*U
7.80

lR.a
6.L5

IM
8.6o
6.-

o. lb
0.47
0.44
0.40
O.d
0.45
o.*
o*s
O.*
O.=
o. m
o.*
0.A3
0.=
O.a
O.a
o.b~
O.11
O.la
0.09
0. y7

o.a
0.20

0.s

o. fl
l.bl
o.~
0.0
O.a
1.17
Oa
o.bs
0.
1. z
0.90
0.0
O.d
0.44
1o11
0.43
0. 5s
o.*
O.la
0.68
0. ~

0.48
0.=

0.97

0.0
l.bo
0.0
0.0
1.10
0,90
0.0
0.0
0.0
l.m
0.0
0.0
1.30
0.0
1.60
0.?0
0.0
0.0
O.bo
0.90
1.90

0.0
0.0

0.50

lb.o
13.6
lb.e
15.s
15.*
16.9
16.o
lb.b
15.6
17.4
14.8
14.8
14.8
15.6
15.6
L6.o
U.1
14.4
~.b
15.2
15.6
ti.b
U.b
Lb.8

am
m
m
947

2!
*

%?
975

ml

9.68

m 9.40 46.1 15.2
:3.1 :1.141.15.

12.8
U. 5
12.1
u. b
u.b
Loo
M.6
L3.6
Lag
u.1
14.4
15.6
L&g
L2.1
U.&
IL.2
13.2
Loo
15.6
lb.o
13.2
U.1
8.8

=.8
14.0
~.2
I&2
’22.1
u. 5

=4
?1.6

b.ti
1.65
2.&
2.54
&.@

N
b.a
1.83

z: $
4.64
3.96
2.5i3
2.a
3.35
4.-
O.@
1.76
3.45
3.s
3.17
3.63
5.55
4.24
2.*

kg
2.*

3.LL
:1.U

o.%
o. n
0.65
O.a
0.93
Oa
0.*
0.L8
0.37
O.bl
1.33
0.s
o.U
0.67
0.4
1.L6
0.36
0.76
0. u
0.52
0. n
0.26
0.9
0. n
O.u
O.bl
0.42
0.40
0.25

0.49

0.90
1.60
0.0
0.0
0.0
1.00
0.0
0.90
0.0
0.0
0.0
0.0
1.10
1.LO
02)
1. w
O.*
0.0
0.0
1.30
O.w
0.0
0.0
1.00
0.0
0.0
0.0
0.80
1.20

0.50

m
w
m
832
833
841
843
845
855
W7
@l
en
856
9M
9=
9=

8.33
8.23
1o.83
7.25
Lo.30
Lo.bo
6.85
9.1o

M
8.33
Lo.55
Loo
U.23
6.13
12.m
9.-
lo.a

w
90s
8.*
La%
Lo.Lo
LO.88
5.83
7.00
7.9
u.b3

9.L6
+2.00.

3.s
5.86
7.14
&33

2:;
5.W
4.*
b.%
;:$

5.*
6.ti
7.L8
3.19
8.24
b.bl
9.14
4. n
2.a
4.84

W
3.33
5.9d
3.zO

::;
9. s

5.29
:1.87

0.9
0.25
O.a
o.U7
0.10
0.0
0.L4
0.27
0.=
0.33
0.17
0.=
0.s
0.67
0.L8
0.0
O.ql
o. u
0.35
0.13
O.m
o.%
0.s
o. b
0.54
0.17
0.35
0.0
0. n

0.=

i

*1

9919*
933
*5
m
95L
91#-

!@3
~

*3

15a
3m
216

m
ma

22”

——



lb.o
u.6
14.8
15.s
L3.s
16.9
L6.o
14.4
15.6
17.s
1*.8
14.8
;::

1s:6
L&o
L2.L
14.4
14.4
U*Q
15.6
16.4
L6.4
14.8

15.2
:1.1

=.8
u. 5
L2.1
W.\
U.&
10.0
LO.6
L3.6
10.9
u. 1
lb.b
L5.6
M.9
L2.1
X2.4
U.2
13.2
Loo
15.6
lb.o
13.2
L2.1
&8
12.8
lk.o
13.2
13.2
s. 1
u. 5

37.3 12.b
?4.5 ?1.6

so. (AN) (XLO-3) (xLo-S) km-% (m-3) (XIO+ (sLo-Z) s 8

844

991
*

48s 8.93
8.30
lo.=
8.m

LU
7.88
6.48

;:%
6.35
8.93
:.50

.66
U.&l
8.40
U.m
7.25

8.i3J
?1.9

Ui!
b.a
3.Z3
2.95

::Z
3.24
2.b5
3.26
3*L8

:::
2.89
k. ~
3.78
3.6

:’2
>---

4.OL
fl.kl

M
x
b.*
3.b3
b.xg
3*65
1.84
2.24
::

3:m
1.80
3*m
3.Q7
L.
3.3
2. n

3.6
?0.78

;:$
b.~
h.~

::2
2. L3
2.33

;: z
2.79
4.55
1.69

22
b.30
7.79
ae
3.13
2.*

3.60
?l. b5

o&
0.25
0.17
0.s
0,0
0.53
O.a
0.23
O.=
0.s
o. a
0.30
O.q
O.a
O.*
0.17
O.lh
0.L3
o.L8

O.a

0.62
0.26
0.m
o. B
0.0
0.0
0.26
0.L9
0.0
0.e
0.25
O.w
0.25
O.q
0.*
0.34

:::
0.52
0.36

0.23

0.83
0.26
0.87
O.*
O*4O
0.23
O.m
0.25
0. ~
0.67
O.*
o.
0. ii
0.68
o.~
O.n
o*a
o.%
0.37

0.47

::3
o.n
o. s
0.47
0.k2
O.p
0.58
0.37
0.k7
o.L3
0.36
O.m
0.20
~w*
0.17
O.K
0.25
L ok
0.44

0.40

0.0
1.40
0.90
0.0
0.80
0.0
1.10
0.0
0.s0
0.0
O.ao
1.20
0.70
0.40
0.0
0.90
0.0
0.0
0.0

0.48

0.0
0.0
1.00
0.30
0.0
1.10
o.m
1.30
0.0
1.30
0.0
0.90
0.0
0.70
0.0

:%
O.ti
l.m
1.40

0.63

L5.6
13.6
u.8
15.2
13.2
14.8
L3.2
Lb.o
13.6
M.1
L&o
16.o
L.b.8
13.2
L2.8
14.0
15.2
lb.o
Lb.b

14.0

%.0

lk.o
12.1
U.2
:.:

=:1
14.0
12.1
=.8
12.1
14.4
13.2
13.2
L2.8
u.8
13.2
12.1
lb. O
16.o
13.6

13.0
.%.6

83
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2ubkt P&t8. - I&t. L- ~. 200i& ~. net., *b.,

m. MO-) (ILLo-% (xLea) (Xlo% (do-% (-=) (-% s c

526
6b3
boo
g

8.2%
%%

5.85
U.m
lb. 53
L6.bo
lb.bs
IA83
lg.:

Ilk
9=W
8.ti
L2.m

::z
9*U
9.65
8.o3
L&m
lk.lo
9.58
10.45
17. p
U.15

::Z
8.2Q

=.25
u.%

u. 3b
t2. m

O.m
0.:

O.=
O.q
O.IB
O.bb
o.15
O.ti
0.3.

O.a
O.bo
O.la
O.in
o.-
o.%
O.Q
o. U
O.*
0.39
0. 2b
o.*
0.28
o.*
O.c
0.53
o.%
0.17
0.&l
o.w
0.12
0.60

0.s

0.6R
O.*
O.*
2017
a.-
OA2
O.bb
O.bb
l.m
2.-
m13
1.=
O.bo
0.3$
0.0

0.69
2.la
O.a
1.*
o. n
O.ba
O.w
O.u
o. b2
o. s
0.63
0.35
0.11
0.50
0.41
0.41

::*

0.=

0.0
0.0
1.20
0.0
0.0
0.0
0.0
1.*
0.0
0.14
0.0
0.0
0.-
1.*
0.0
0.90
1.30
0.90
0.0
0.0
1.00
0.0
1.Lo
0.0
0.0
0.0
1.80
0.0
0.20
0.0
O.c
0.0
0.0

0.33

g:

Iib
lab

iii
13*a
IA6
MA

k:
laA
u.b
lal
1o.3
*5
wb
m5
W8
11.5
=.4
u.b
10.6
L2.b
M.i
11.2
LO.6
=.8
lzk
lb.k
14.4
13.6
lae

ml
-*.9

4
Subject P

No. (

Im2

.—



I
13.2
u.6
U.b
L2.b
d. 5
La
13.2
LO.6
u.b
u.8
u!.b
U.8
32.b
12.1
10.3
u. 5
U2.b
u. 5
U.8
u. 5
U.b
L2.b
LO.6
u.b
M.1
11.2
10.6

I

L2.8
L2.b

I

lb. b
lk. k
13.6
L2.8

L
12.1

. g. 9

73

Subject Phti. = Mat - L-. ~. -** -. met., mb. ●

No. (do-% (Xlo-% (X@) (do-’} (MO-3) (xLo-J) (xlO”*) s $

Fa91ecM3drrDof~ hroDt8, M@ ao

O.&
6.=
w. m

$5

1o:63
8.60
3L60
9.m
8.s
lLb5

3.W
1M5
8.20
L3.73
L1.L5
8.75
LO.*
9.&

U.03
u. 20
U.60

m.67
.-.80

b.q
20u

31J2

HJ

HI

::%
2.*

;!

2.&r
3.29
3.a
2.36
3.60
3.R

:::
3.79

k.a
?2.10

O&

o. m
O*
O.m
O.a
0.43
O.*
0.23
0.0
0. u
0.9
O.*
O.aa
Oa

x
0.31
O.la
0.=
o.*
0.33
o.*
o.*

0.23

Oa
&m

Hi
0.s9
0.55
o.b3
oA3

:$

O.*
o.2g
lam
o. 7b
O.w
o. m
1.*
0.s

::
0.55
O.a
0.50

0.62

0.22
O*O
1.*S
0.0
0.0
0.20
1*LO
0.0
0.0
0.0
1.70
1.10
0.0
1.10
1.-
0.0
2.?U
0.0
0.0
2.20
0.s0
0.0
1.10
0.0

0.70

I



1

0.45
0.69
1.=
0.%
0.50
0.36
0. b
0.55
O.@
0.65
0.25
0.30
0.0
0.72
0. B
0.23
o* 35
O.a
0.50
0.55
0.&5
0.30
0. w
O.u
o.%?
O.u
0.30
0.52
O.bs
O.u
----
0.25
0.45
0.50
0.55
0.50
0.60
0.62
0.52
O.*
0.55
0.50
0.35
o.b5
o.*
0.25
0.50
----
0.25
O.a
0. a
o. s
O.u

O.ho
0.75
1.60
O.m
0.53
0. p
o. p
o.6e
----
0.30
0.30
0.50
0. s
0.55
0.42
0. ~
o. ~
0.45
0.52
0.58
0. w

07a-
0.9
0. 2e
0.30
0.33
0. a
0.33
0. w
o. s
0.23
0. y)
o. ha
0.50
0. s
1.05
o.b5
0.70
0.45
0.U3
o. k5
o. y3
0.*
0.50

::
----
----
0.30
0.25
0.20
0.35

74

——..
63 O.n
6b o. U3

0.23
o* s
o.~
O.a
0.23
O.le
0.38
0. s
o.*
0.23
0.35
o.a
O.a

:3
0.a

R
0.23
0.*

%
0.-5
0. ~
..-
0. ~
o.*
0.25
0. a
o. 3s
0.72
o.a
O.le

:Z
0.=
0.35
0.25
0. b2
0.9
0.15
----
0.13
o.&
o. ba
o. M
o. w
o.@
o. a
0.20
0.40
0. U
0.25
----
----
0. k5
----
0. J45
0.9
O.&
o. ha
o.k2
0.3
0.35
0.25
0.25
O.Q
9.50
0.55
0.25
0.35
0.35
o.b2

----
----
0. b5
0.25
0.33
o.*
0.30
0.25
0.15
0.23
----
0. MI
0.52
0.35
0.35

:: z
0.25
0.38
0.9
O.ki!
0.45
0.55
0. w
0.50
0.38
0.50
O.u
O.a
o. ho
O.U)

SabJcct .
m.

119

%xi
809
i%!
&2

&t
828
829
830
831
8P
833
83b
835
8%
838
E!&)
W
&2

—— ———.



—

— U9

m

807
M8

as
826
818
81.&
m

8$)
832
832
833
834
835
8$
838

E
8b2

O.*
---
0.45
O.m
o.a
&ho
0923
----
---

---
..-
----
OS
0. p
O.*
o. m
o. ~
o. m
0.23
0.13
0.33
0.25
0. M
0.30
O.*
0.23
0.23
0.20
O.ho
o. p
o. ~
0.23
0.30
0.18
0.25
. ..-
----
0. a3
0.38
0.20
0.:5
0.23
0.32
----
0. p
0.35

-O. *
. 0.s

0.50

0.45
OAo
—

O.=
O.-
----
0. ho
aa
o.a
O.a
O.bo
O.x
o. b
0.23
0.-
0.23
0. m
o. m
0.23
0. s
----
0.3’3
----
0.23
O.*
0.23
0.40
0. y)

0.20
O.m
O.a
0.40
0.38
0.40
0. a
O.*
o.~
----
0. s
0.15
0.42
0.35
0.9
0.38
0.25
0. M
----
0.23
0. ~
----
0.35
0.40
0. w

903

0.3$
O**

o,g

O.bo
O&

O.a
0.23
----
0.*
0.25
0.90
----
0.35
0.30
---

0.9
0.23
0.a
O. a
o.18
O.bo
0.30
O.a
o.*
0.42
0. s
O.a
o. B
0.25
0.23
----
0.35
0.55
0. s
0.50

0.25
----
0. p
0.35
0.35
0.25
0. ?3
a.a)
0.25
0.35
0. e
0.39
0. b5

O.*
o.
0. 3--
0.-
OOs
O.*
0.s
..-
o.~
0.23
O.ao
----
O.*
O.la
O.*
0.23
O.=
0.23
O.=
---
----
---
----
----
O.bo
0.25
0.20
0. ~
----
0. b2
0.9
----
0.25
0.30

::
0. N

0.9

::2
0.35
----
0.233
0. 1(1
o. s
0.23
0.25
0.35
0.35
0. s
0.52
0.Z3

-—— m
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lfm
w
lm3

M57
1500
UOl

:Z
1*

aa

w

ad

2ul

a
alb

%

2124

2126

w
213
2135
2136

~ti

2142
211b5
au
2W
2149
2LW
2151
‘a%?
2155
2S
2157
ZUi9

m2

----
---
---
.-.
---
----
----
0.30
O.a
O.*
o.in
0.s
0.25
0.p
0.23
0.36
0.35
0.70
0.30
0. m
0.30
0.30
0.25
0. w
o. La
0.23
0. s
0.25
0. w
0.38
o.*
0.35
O.bo
0.25
0.35
0.30
0.30
0.9
O.ko
0.s
o.b5
0.b5

0.35

0.25
0.25
0.35
0.32
0.20
0.35

_ 0.30
- 0.s

as
O.e
O.*
o.a
0.23
0.30
O.=
0.30
O.*
o.2a
0.20
0.=
----
----
----
----
----
....
----
----
...-

----
----
----
----
----
----
----
----
----
----
----
----
----
----
-- .-
----
----
.-. .
----
----
----
.----
----
----
----
----
----
----
----

0.m
O.a
0.2s
o.*
o.*
f). 30

0.m
043
o.*
0.20
OAO
0.35
o.b5
O.ti
o. B
O.ho
o. b2
0.25
0.30
0.25
0.35
0.25
0.60
0.40
0.30
0. w
0.30
0.32
0.3
0.25
0.35
0.9
0. k5

0.25

0.25

0. s

3.23

0.s
0.30
0.23
0.w
0.30
0.9
0.23
0.20
0.48
0.30
0.30
0.s
0.25
0.30

----
. ..-
----
. ..-
----
---
----
----
----
----
----
----
----
----
..-
---
-- .
----
----
. ..-
---
----
----
----
---
---
----
. ---
----
---
----
----
----
----
----
----
----
----
----
----
----
----
.-. .
----
----
----
----
..-:
----
.-. .
----
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A?PRm2x 10

Nua ad Vmitiag inMArslmu88a ?OUOWL4 maim to Fallout,

Much 1, 1954

Jluaa
5ubJeot Vd ti~ ,

J90. A- (19S4) Sex Omut Ouratia -*

2
3
4
5
9

to
11
14
15
19
20
21
22
24
27
32
33
34
36
37
39
40
&2
43
49
54
58
61
62
63
64
65
66
67
66
69
71
72
74
75
77
78
80
8:

m:

2
1

3a
2

22
24
50”
25

7
3
7
3

17
13
26
>
1

45
7

20
15
29
3
66
15
1
59
a
57
36
30
1

29
14
45
4
2a
6
16
12
26
37
46
50

M
M
c1
M
M
M
M
?
F
n
H
?
?
?
n
u
F
?
M
H
?
N
F
F
F
n
?
F
F
F
F
?
F
?
M
?
?
?
?
P
n
F
M
n

3/1 (1200)
312
312
312
312
3/1 (1600)
312
3/2 (1200)
312
312
312
3fl or 312
3/2 (0700)
312 (0700)
311 Ot 312
3f2
312
3/2 (1200)
312
312
3/1?
3/1 (1200)
312
3/2
311 or 312
311 Or 3/2
3/2 (0800)
3/2 (1200)
3/2 (0600)
312 (0600)
312
311 or 312
3/2 (1800)
3/2 (1200)
3/2 (0800)
3/1
3/2 (HMO)
311 or 312
3/2
3f2
3/1 or 3f2
3/2 (0800)
3/1 (1800)
312

?
3 days 312 mid 3f3
1 day
1 day 3f3

?- 312
1 day

?
2 hrnrs

?
?

1 day?
? 311 or 3f2

5 hmrs
?
t
? 3/2

3 days
12 hours
2 dsys 312
1 dq
1-2 day-
2 dqs
2 days 312
1 day
1 dq

?

4 hours
4 houlw
6 houm
& hours
1 hour

1 dq
12 hour,

1 hour
4 hours

2 d-s

5 hours
?
?

1 dq
1 day

.4 hours
1 day
1 day

fir8t 2 *S ●ft*r-sxpo9um. ~o ~mses was rrported i.n the 18 Ailingrma
POOP1O(rocaiving 69 r) or in tha 157 Utirik wople (r=.itinx 14 r).

133
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APP2MDIX 11

Pediatric Anthropmetric Data (Height and Weight) O@ROWelap control (UI14XrIOsod) Cbil&~n,

19S7 through 1964
.—— —— — ——— .

19s7 1958 1959 1960 1961 19b2 1943 1964
. . . . —.. — -—-— -— _——

Birth Ht. , wt. , Ht., wt. , lit., wt. , lit., wt., Ht. , wt. , Ht., wt. , Ht., wt. , lit., m.,
NO. Sex date a lb a lb a lb a lb a lb = lb a lb m lb

-— .-. —-- —-

601
13w
803
I@
605

807
606
609
I!lo
611
1112
81J
6M
$15
ei16
617
616
819
820
@21
622
623
(Kill
625

=7
626
629
830
F31
863
666

u’ 16/29/56
M 3/16/56
M 3/lls/56
M #5$5J
F
M 1/ /55
M 6/13/55
F 3/29/55
M

/
6/18 %

F 2/5 55
? 2/U@j4
F $2,~%
M
M L/5/52
M 5/4/50
? lo/31/lb9
M

/
l;J95cl

u
M 12/15~S
w

k
10/25 U

? S/l 7
M l;$6#
M
M U3m
F 3/9{~
F
M Ii/m/ho
M 6/26/40
F /39
M 9/9/36
M 6/21/39
M 6/25/50
F 7/ /55
M U 9/46

2
71
7h
66
79
*
gl
76
91
85

:

13
116
116
lUI
152
124
122
132
U5
Ml
151
1*
157
150
152
160
152
112

61
130

17
19
20
23
27
25
25
23
22

v
20

z
36

E
49
L3
57

?
66
&
77

101
78

121
1’6
10L
1M

;;
85

G

z
6$
@
99

2
95

105
119
1.22
121
119

120
129
136
152

-.

152
--

157
151

--

162
157
117

1X

105

lii
113

119
25

&

87

;

la
96
95
96
99

105
99

102
102
112
125
127

125
135
126
155
U1
156

152

1*
--
--

Z
123

ii

25

:

ij

20
32
29
34
3L
37

:;
50
59

;:
61
76
79

109
--

115

123
--
.
—

122
55

%

5Q

MO
--

112
ld
100
1*
102
112
105

109
118
129
133
130
130
&o
:;

U+6
262

153

—

G
127

&;

97
101
ldl

119

;2
109

110
111
115
133
322
133
15s
13s

i?
u
llA6
1*
165
160

--

u;
105
155

100
M%

w

M?l

Mu
IJ3
Uj
121
m

117
125
136
WI

136
149
152
I&d
1*
165
164
--

I*
110

10b
m
u
---

112
128

%

%

130

. . .
Lba
155
157
lba
1s9
---
.-.
---
---
-..
---
---
---
---

3
---

$
40
4
43
52
50
9

E
n
9
-.
75
111
106
nh

.-

.-
-.
-.
.-
. .
.-
--
-.

. .

%
Ua
-..
1*
---
11?
---

Mb
132
la
i30
126
1*
14
152
---

lb6
lg

w
160
---
---

---
---
---
.-.
---
---
..-

lb7
219
---

Z
b6

ii
.-
41

“G

57
57
59

z
e)
la

ii
123
109
m
2’69
.-
--
--
--
--
-.
. .
--

i;
k7
--



-— .—. —. —-— ———- .
19s7 1958 1959 1960 1961 1962 1963 1964

-—— .— —— —— ——

Birth Ht. . wt. , Ht. , wt., Ht. ,
No. Sex qttlt m Ib = lb C=

.— --- .-— — —. .. —— - -—- ------ .-—

1017
10M
1019
1o20
1021
1022
loa
Mt25
1026
1027
M26
10?4
1050
1031
1o55G

u 103I4

loiJ5
1036
1037
loy-1
1039
ld40

1006
1013
1OU$
10U
1CA7
1051
103.2
1053
109I
10%
1057
lo5a
1503
M04

F ~ P62
M Age D’&
M 9/10/61
u 10/31/61
M 12/18/61
m 9/~/61
? 6/24/50
u 9j23@
? 9/~7162
m 1019162

—
--
.-

--

--

-.
—

--
--
--

—

--
--
—
--

--
--

--

--

--

—
--

--

--

--

--

—,
--

--

wt. , Ht., wt., Ht., wt., Ht., wt., Ht., wt., Ht. , Mt.#
lb m lb m lbmlbmlba lb

—.— —-——

--

--
-.

--
--

--

--

it?

22

25
la

90
78
ao

%
85
81
60
71
71

72
75
w

a?
m
65
66

z

29
a

23

&
31
i%
21
M
26

:
20
711

z

$

11
17

%
---
.-.
M

.-.
-i-

%
w
82

..-
---
---

86
lk3
u%
lb6
131
..-

74
---

. . .
---
---
---
-..
---
..-
-..
-..
---
---
..-
@
. . .

29
.-
-.

27

‘;
z
26
23
a
6
26
26
86

g

xl
*

ii
.-

2
lb
. .
. .
--
. .
. .
. .
. .

G
a

---
93
95
95

G

*

G

ii
9
--
lxt
213
lb6
19
. . .
#
---
m
95
.-
--
.-
.-.
la
132
99
..-
.-.
. . .
. . .

g



A~2NOtX U
II

htlstric AathrO~tric Dat~ (Ndaht @ ~~sht) - ~~~r.e 2W @ 2aPood ?sr.ntss

19S6 through 1964
.—— —— —— .—

19s7 19ss 19s9 1940 1*1 1* 1s43 A944
—— —. . . . . . —. —— -- —

Birth Ht., wt. , Ht.. wt., Ht., wt. , Ht.,
MO. Sva

wt., In., wt., In., wt. , In., wt., M., wt.,
date m lbalbrnlbrn Ib-ib-lb- lb-lb

——-

27” ?
m“ n

92

z
93
%

ii z
100
101
102
10s
la
105
M6

111
112
113
115

:
?
M
M
M
T
F
u
?
M
T
?
?
?

:
u
T
M
M

-.—-

97
90
95

101

lci
MO
la
no
la

.-.
93

iii
87

---
b

3
bo

E
41

r1
-.

ii

ii
33
s

z
33

“G
33

2
‘n
*
28

m
Un
115

Mb
UT
U6
W7
.-.
Ad
U3

z

%

z
A03
---
*

AM
!@
%
93

..-
8’7



——.. —-.—. —.——. ——. . —. -.—— — —----- .—— —-- --
1957 1958 1959 1960 1961 19b2 19*3 1964

.—— — — ------ —-. .— —...—. . ..— ..— ..— — —— —

Birth Ht., wt. , lit., wt. , Ht., wt., tit., wt. , Ht. t wt., Ht., wt., lit., wt., Ht., Ut .,
NO. Sex date m lb m lb m lb m lb m lb - lb a lb rn lb

—---—- .— --- ——- -- —.- ——— —.— —— ----- .—. ——— .-— -- .-— —— —.— —. .—

117
118
120

?
M
?
n
?
?
r

;
?
M
?
?
M
M
M
?

*Z
&

--- 27
. . .
85.8 z

---
--- 2
---

i;
Z 23
73 23

-.. 17
.-. .-
--- --
--- -.
.-. -.
. . . . .

%+25
w!Lg

95
9232

--- .-

+30
81 a

-..
80 %
812h

--- a
--- 17
---
-.. G
.-.
. . . 3

I
----



APF2ND32 13

?4diSCriCA8tbXO~tZiC tits (Hoi@It ad Wi@lt)on Rqalap ~X Cllildr@E t

19S4 thmqh 1444
—.

19s4 (MU. ) 19s4 (*p@ 1955 1956 19s7
.—

NO. # A8e at Birth Ht., wt. * Hz. . wt., Ht.. wt., Ht., wt. , Ht., wt. ,

WX ‘2Z$nxe date a lb m lb a lb m lb a lb

83n

Mm
as w
*F

S4M

6S ?
Sn
3M
21t
b-
w?

33 ?
42 f
21 ?
17 P
23 M

32 M
m

69 F
19 H
w?
72 F
1S F
20M
34 N
61 F
47 M
81*?

Swf
76 M
7S F
26 M
?4 P
3S M
67 F
39 F
70 F
74 F

22 F
49 F
73 M
12 F
37 M

In ut8ro
“.

-“

.“

6/8~
5m/%
9/17/!21

lQP7/*

2//1 ~
AR

10/52
9/52

10/52
loosg

7/52
3/52
3/S

%
10

9%

7/50
#lg

3A7
3A?

2%
3P(6
9/1$5

UA5
12A5
7/L3
8/1.b2

loAl
9A0
;%

9%

5/38
5/38
3/38
3/36
/35
/35

UL
U@
228
135

138
1 jl

%

151
150
170
IL7
155

66

;

Z
Mb
M
U3
u

Mu
MO
123

122
130
13s
llb3

%
152
L9

152
151b
193
170

2;

95

105
A17
u

:;
119
130
la
Ilg
126
135
3A5
150

155
152
1X

151
1*
150
170

103

z
116
327
156

90

88
83

‘3@

z
93

z

z

101

R
w

113
113
126
la
123
*
w
llb5
133
130
133
U43
M
I&
I&s
1*
lfi
151
1.50
151

150

●AU we group.

—

140



141

{

i
i

.— .
19s8 19s9 1960 1961 1962 1963 1964

Ht., wt., Ht., wt., Ht.. wt. , Ht.. wt. , Ht. . wt., Ht., wt., Ht. , wt. *

a lb a lb a lb 5 lb m lb a lb m lb

9
$

91

107

3
99

l@

:;

:2
110
317
L19
L.13
U7

U9
133
132
130
132
1*
152
140
155
u
155
i51
173
—

156
155
1 =9

139
139
136
135

;5
IJA5
L&5
UL9

%9
175

z

155

LL3
105
108
lIM

us
103
lCQ
107
116
U2
116
la
118

%
w
la
=7
130
La
us
IJ.L6

I&i
u
1*
152

153
L66
lW
175
U9

158
155

117

113
103

m
lm
105
103

U6
122

2
w
w
1*
125
131
138
132
151
153
152
Id
U9
1>3
L60

166

u&

1%
1s$
L&i
1%
1*

LL8

z
U5

130
IJJ8
%

138

L27

la
L16

1*
119
Ill

s
L2b
132
lkl
132
MO
146
142
132
---
150
lbl

1*

160

X
163
---
167
---
154
---

131
*
..-
---

140
---
Llk
Ilk
133
La
Lw
147
139
lb5
152
lh’7
137
---
155
149
155
W
158
159
---
..-
---
---
155
..-

64
58
--
--

82
--
51
68
65
61
75
al
68
87
100
97
n
-.
101
04.
ld
137
;$

---
---
---
---
102
---



APPENDIX 14

Supplementary Anthrnp@etric Data on Rongelap Control Children
—.. . .—. .— . . —— -.. .— —.. . .—— -—— . . .—— — --. .-.--— —.—- .—. —. . . . . . . . -

Lowe r Upper

SIJl~lect Sitting entremi ty ●xtreotity
No. ht. , in. length, in. IenSth, in.

-— . —— —- —.

F021117

z
@05
606
807
80U
w
810
cl 1
LU2
813
Fll$
615
816
617
#lg
619
620
821
622

z
lW5
626
W7

z
831
063

z
870
q2
11711
676
Q9
m35
867
691
692
896

-—

18
17
20
19.5
19
19

;:. 5
19.5
20
19.5
21
25.5
25.2
24.5
24
~
25
26
25.5

:;. 7
31

?:. 5
26
35
50.5
22.5
19
26

:.5
26.5
33.5
19.5
33
28.5
25
27.2
32

.—. — .

12.5

11
u
15.5
18
16
17
15
u
19
19
1LL5
16.5
21.7
25
26.5
26.5
26
25.2
%5
28

E
33

;?
37

;;
36
25
u. 5
30.5
U*5

;1
37
17
37.7
35*5
a
26.5

—-. —

10.2
11.5
11
12
&.5
13
13.2
12

21.5
20.5
22
25
a
25.5
25
2g
26 El
28.5
26
u
12
22.2
12.5
27
23.5
21S

E:;
a
20
21.5
&
.- —-—

19s7

Arm Hes4 chest 14ut10cha
qmn , Biscrnmis: Intercriaeal Cicc.,

in.
drc D left calf Circ. ,

width, in. width, in. in. h). Circ. , in. in.
—-----—— --——— ——- ——. - .. -—-— . . . . .

26

:
29

;:
32.5
g

33.5
31*5
35
34.5

Z*5
u
b3
M
1+7.5
49
L6
51
!%5

;

2
9.5
65

;.2
2%2

z
61.5
%
63.5

:;
54.2

1$.5

6.5

LI
g
7*5
6.5
8
7.7
6.5
8.0
9

10
9.5

10.5
10
10.5
1.2
10.5
11.7
13

i
IL
15.5
U.5
ltl
*5

7.5
11

7
U*5
12
13.5

1:
la 5
10
11
Ill

.-
----

5
5

6
6
5.5
6

:
6.5
7
i*5

L 5
7
6.5
7.5
8

J

:

9.5
10
U

:.5
5.5
;5

9
8

LO
6

10.5
a
9
II

11
.——. ——

17.0
16.5
U
M
M
19.5
M.7
Id
17.5
19
19
19
19
19
19
19.7
20
21
19.7
1?.5
20.7
20.5
20.2
20

E
22.5
20.7
21.5
22
19.5

:
17.5
al. 5
20
21
M
22
20
20
20.5
20.5

-- ——-

17
17
17.5
U
19.7
19
18.7
M. 5
19
19
19.5
21
19.5
22
22
21.7
22.2
22
a.5
23.5
*.5

2.5
2505
30.5
26
3$5

33*5
30
&

:.7

2S.5
4.2
30

E:;
25.5
23.5
$5

———

700
6.5
7

:.5
7.7

;:;
6.7

H
7.5
a
8

;
9

2
9*5

10.5
10.5
12
11
11.2
10
15.5
Ii?. 5
h
12.5

9
7

10
7

u
10
13.5

7
13.5
lo*5

2
m 5

17
u
u

g
19
M. 5
4
17
19
19.5
19.5
W*5
21
22
22.5
&5
23.5

;.;
.

Z.7
al

:

$

g 5
22
17.5
a
L7
29
26
*
19.5
3685
27●2
29
26
33

.—. . ___



.—. - --— .- ——. .— —— . .— . _______ ——. — .-- —.—.—.
1958

Head Head Head Chest
Sbb Ject Circ. , width, length. Sitting Circ. , L2fc calf

No.
Biscramial Bi-iliac Buttocks

m a a ht. , a a circ. , = da., m
‘ .(____ .

dia., m Ci cc., m
-—————— — .—— —___ ___

601

603
805
606
w

610
011
m?
813
rti
r15
616
617
Zlo
619

a~o
631
S63
8bb
w
070
q2
674
879
265
=7
691
692

bl
902
903
@l

45.7
h5.2
14n.5
lt7.5
49.6
h7.2
MA?
&s
47.7
49.4
l+!l.a
47.5
M*7
49.3
5002
50.3
51.2
51.4
I@.s
53
52*5
92
5301
54
*oh
55.9
55.7
W.5
146.
50. i
M
53.2

$.8

51.3
50.3
52
51.6
43
0.7
40.6
36.5
39

13.6
13 .b
13.1
U*7
12
12.6
12*7
12.2
13.6
L
13.7
13.6
u
13.9
14.9
u
13.9

?::
15.6
14.11
14.3
1.4.5

2.3
~;:

13
14.7
14.6
12.3
15.2
13.6
13.1
14.2
13.s
Ala
12.1
11.3
10.5

15.5 15.2
12.6 “ 15.4
13 16.8

15Jt
17.1
16.3
M
U*7
li5*7
17.2
17.4
16.1
I&h
16.5
1705
17.3
M
17.1
16.4
18.7
16.0
17.7
M
1#.@
M*2
19.3
19.1
17.1
16.1
16.3
15.5
17.7
16.9
16.6
M.9
17.9
17.5
U
17.2
U.s
13.0
14.o
ll?.1#

47.0
h7.6

54.7
53.3
49.6
53.2
50
%.9
53*5

;::
%.3
62.5
66.6
67
65.6
72.2
66.7
71.4
72.5
78.3
*
02
al*7
2W
0301
62.9
cl

lt7
78.6
714
33*9
85
75.8
67.3
71.lt
75.6

4505
b5.5

$
1$9
lb9
50.3
50.5
%$

.

z::
55.7
57

;

Al
60.7
trafl
63.6
70.2

S5.S
77
06J$
76
59.2
g~

4604
75.6
62.9

z
67.7

Z.5

U?*5
Id
39A
%
37.5

M*2
M.2
19
21
20.2
19* 5
20
1.0*5
20
21.2
21.5
2007
22.4
22*9
*.1
23.5
23.3
27.8
a.2
2S. 5
na.11
30.7
31.6
33.9
31.2
%.3
32.5
23.9
19.1
26
19
31.4
26.5
20.2
34.6
2s.3
ad
25.5
31*4
U.7
17
M.?
13.5

174
17*3
16.1
20.7
M.5
M*5
19.7
19*7
21.2
1$).tl
a.lt
20.9
23.9
23.2
&o
25a
a.6
frr*3
27.1
26.6
2s.8

*3O
*30
● so
> so

● 30
25.2
u
27.3
19.3

● 30
2s.5
21

2S.5
a.9
~.2

;
13.6
13.7

13.3
1.4.1
V*7
17.6
1589
15.3
15.2
lJ”

26

15.7
M.6
1s.3
19*5
M*7

:4
M*7
22.1$
23.1
I?5.11
25.3
ff~
&
~

la.7
~

**5
25.3
20.8
16.2
2s.6
2.LO
19.5
m.a

12
liL9
lz?~
10.5

u
47.3

G*5
49.5
u
fb9e7
lb7
9.5
g;

52:2
54.2

2.5
60.s
60.5
66.4
63.3
67
69.9
71L8

77*7

79
5904
1$9
67.2
46.J

69.1
b9
*
69

2.5



_.— — .. —-—- ---—— -—--- ... —-...— .-.. —.— -.—— _ . . . . .. . _______

!
I

Head Nead
Subject Circ. , width,

No. m m
-— —— -—

905

E
912
913
919
921
923

g
w
930
931
937
959
m
%
950
952
955
9%
960
%2

2;
ml
972
976
!777
978
979
9M
9s1
9s5
w
968
989
990

%J

997
m

‘ $.5 i4
13.6

g.? 13.2
149.6 13A
40 u?. 5
49.9 12.s
14?.8 13.1
14s.a 13.2
51.0 13.5
149J4 12.5
L7.2 13.3
LO*7 13.7
$.~

t.2
46:6 13.!4
~.; 13.0

1.4.9
147” 12.4Y
4s.5 13.1
51.2 IJ+.4
50.3 13
51.0 13.3

52.7 14.1

52.5 u.f4
51.1 13.9
i4&9 12.4
51.3 14.1
51.7 U.1
50.}1 13.5
i47 12.6
50.7( hair) 13.9
45.s 12.7
49.5 13.(!
M. S(hair) 12.9
45.s 12.8

14.5
;:: 12.9
52.2 a.4.5
43.6 –
78.; 13.0

13.2
52” 13.7

1958 (cont. )

He~ Chest
length, s] tti~ Circ. , Left calf Bi scrod ●) Bi-llttc

m ht. , -
Buttocks

m Circ. , m dis.. ~ dia., a Cicc, , a
__ _—. ——. .—-— —— .—. - —.. — —--— —. --—-— —
.-
17.1
16.3
17.5
17.3
1.6.7
17.43
M.7
16.6
17*8
17.6
16.2

$::
17.7
16.7
17.2
18.2
15.9
16.s
17.5
17.8
17.9
18.()
17.l!
18.0
17.7
1/.4
17.3
16.7
u.6
17.1
16
llt.s
16.2
15.0
18
16.2
17.6

16.2
16.8
16.1

--
61.1
56.2
59*7
62.s
67.1

z:;
50.7
63.1
63.2
50
51.5
55*3
7k9
65.5
63.1
80.6
51.3
62.2
69.1
63.5
Y-4
76.2
79.7
76.9
53.3
71.9
76

E:;
93.4
52.9
56.3
54.5
52.5

I&
71.2

55.8
61.2
73

40

:.5
52.3
52
55.3
55.8
47.0
42
55
54*5
48
51.5

::;
61
54

47

R]
%.6
54.5

743
69.6

z
60.5
%.5
145

%

g. 5

6.9
47

$.5
49.2

2;

22.3
22.6
22.6
17.4
19
21.8
21.8
19
21.2
21.5
51
25.2
Z?. 5
31.5
19.2
23.2

2::
21.6
29.1
%7

19
27.)4
2$5

17.0
22.3
21
20.2
20.2
21
ZI.6
ls.o
2i4.6

20. s
23.2
25.3

21.5
22.1
20.7
23.2
26.4
21.6
16.2
l’/o2l
25
a*3
lac7
20.6
21.2
~

23.7
*3O

u. 5
22.9
27.9
23.14
21.9
25.2

*30
*3O

a. a
a
29.5
*.7
1s.0
21
20.14
Z?. 1
20.1
21
%4

26.5

21.7
34.3
26.5

U*O
17.0
17.9
19.R
20.8
17*O
4.0
34.5
32.9

IL
.7

15.;
36J4
21,7
20
l&4
iwk6
lks

22
M07
u

23.5
22.4
15.?
21.s
a.fl
Wo
14.3
M
&.j
16*5
15.2
15.1
20.6
13.9
19.0

)6.8
17.3
22.0

lam



—.
1939

(1
HeDd Heed Head chest

Subject Circ. , width , length, sittin$ Circ., laft -If ,Siacromid m-l M-c But tocks
No. m m m ht. ) a m drc., a us., m ae.e a Cicc. , m

.— —.— -

201
202

%
006
007

@09
Slo
al
812
013
au
815
EM
82s
819
220
021

023
022
827
851
l%y
$46
w
870
274
w
891
692
w

901

E
ti

46.6
46.3
g;

?
:5

7.7

;::

!19:6
g5

149
49.2
51.5
51.2
9*5
~;

52:e
52*II
53.0
53.5
56.2
93.6
&7.4
51.3
$.:

51:3
m. 5
52.2

$:;
.

W
fb5.l?

13.9
13
13*5
13.0
m,
13.3
12.8
12.2
12.6
13.0
12.3
13*5
14
15.7
13.6
13.9
y

:.7
u ●4
13.6
k?
15
14.2
13.3
U.&

$.6
13. e
13
II+*2
13.@
32.14
13
12.2
12.1
12.7

15.5
15.7
17.1
15.5
l?. s
26.5
16.2
17.2
26.9
17*5
17.e
MJ.h
16.5
16.7
17.6
la
17.1
M
19.3-
18.2
1!!.6
la.2
M. 5
19.1
17.1
26.3
17.2
15.7
17.6
17. @
17.3
1s.1
1703
26.0
15.2
15.7
24.6
15.5

5009
50*L
54.4

::;
52.5
36.6
34.11
!W3
;.;

.

&i
62.6
60.2
6S. 5
7L6
69
;:.;

83.1
a.o
f13,1
85.1
65.b

::;

~:

70.1
7!3.5
73.7

—

47.5
fJ9.1
li9.4
54.2
51.5

5004
49
w
93.7
53
!=.7

2.7
59JI
W*3
66.5

:.8
66.5
76.5

79
67.2

;.7
4004
68.6
69.6
59;:

&2
44.5
44.3
43.1
IJ5.6

19.0
19.0
19.6
21.4
21.5
19.7
20.6
19.5
20.1
20*@

:.6
22.3
23.9
25.5
23.6
2a.fJ
25.5
29.4
2a.9
32.9
32.8
34.0
33.6
4.1
1$).s
27.6
19.7
20.2

w
27
3a.1
1 J’
18
M
ti.o
17.5

!M
19.6
20.5
21.2
m
20
21.4
19.4
21.11
20.6
sl?.i?
22.3
Z3*9
w
25.6
a.7
20.5
27.9
2a
30.1

● 30

*30

;.8
im
*e
194
w
30.1

27.7
31
u.a
17
16.6
24:;

~:

14.9
1s.0
17
16.5
17.2
26Jt
I&5
u.a
17.6
17
la
la.1
21.5
19A
21.9
19.a
22.8
W*7
26.5
&

●3O
::

15:2
2a
1%7
*.5
220
19.a

E*O
15.7
W*5
13.ff
12.o
u$.e

47
W*5
49.4
55.5
9.5

,-
53.5
47.2
g05



——
19s9 (con t.)

Heti Head Head cheat
Sub ject Circ. , width , length, Sitting Circ. , Left calf BIacraial Bi-lllsc

do. m u m

nut tocka
ht. , - a circ. , a dia., - dia., m Circ. , m

-— .— —. —

905
906
911
9L2
913
92.1
923
925
930
959
*O
952
9%
955
959

g

9’/1
972
976
977
97ei
!779
go
961
*
992
993
995
996
998

1002
1003
lo&
1006
lc@
1010

‘ld.el
@
I&l. ~

k%;

14906
49*3
51.7
IJR.2
51.7
ha.?
I$?.lb
1,7
L9.4
51.6
50.4
51.9

z::
L9*L

%.1

E

:.3
h6.5
45*3
52.7

&
!X.5

:.2
45.3
1$2.@
3F.2
37

lf?.k
13
L.o
13.2
13.6
12.9
15.3
$3.6
13.3
14*3
15.5
12.7
12*6
13.9
14.3
13.2
13 ●L
L.A
L14
12.6
llb.2
U*5
15.9
12.7
U
12.7
12.9
12.9
114.5
12.7
13.0
13.7
14
lz.5
12.14
12.2
lo.@

9. e

15.7
15. F
16.7
1“[.7
17.5
17.9
17.0
17.$
16.5

17s6
16.l!
M.6
1605
IA. U
17
17. @
1s.1
le.o

;.9
17.5
17.6
17.1
17.2
17.4
16.0
15.6
15.5
17.5
17.5
16.4
lr.1
15.5
15.5
15.8
UI.5
12.6
12.6

—
61
65.5
65.6
59.3
L9. 5
65.4
*.C
‘p3
66.8
53.3

63.4
71.6
66
62.5
83.5
#2.3
55*3
75.5
81.5
6S.1

&
3
%.5
—

75.6

57.8
;?

—

~.e
~.;

.
71.2
g!

14616

Z.9
72.5

E.3
fb6

g:;

;.9
82.5
74.3
52.6
71.8

57.8
f47
52.5

3.;
Ibs
61.5
49.3
50.2
65
W*3
M05
43
41.5
jB.7
35.@

16.J
39.5
23
21.e
2j.0
22
19.2
22.7
20*L
52.4
25.6
19.4
1F02
a
26*5
*.7

z::
31.1
19*5
30.1
50.;

19.6
23.8
al. s
21.j

22
MI*6
21.1
26.5
19

15.7
16
2j.7
23.1
*A
22.6

%
19.7
50.5
a.1
19.1
16.2
23
iltl.@
25.5
22J$

*30
*30

;.6
30
25.2
19.5
21.5
21
2UJ

:.7
16.&
2?.7
27.3
R1.2

16.2
15*O
13

13.5
A2.6
2.6.0
17.a
20.2
A&o
15.5
19*5
4.6
e5.5
20.4
15*II
14.6
)s.8
21.7
19.5
Moo
-.7
25
26.5
22.e
*A

15.3

;::

13.5
21
4.6
17.8
23A
15V9

U.o
11.8
11.7

U.5
39.5
gQ

z?
49.7
59.0
&9.5
‘15.5
65,S
b7

‘3%5
69
61
;:;

63

%:;
al.2

t!
5f.2

9*5

E’
66
U*5
%.7

:.9

—



——.
1961

Head Head He●d Chest
subject Circ. , width , length, sitting Circ. * Left calf Biacromhl Bi-ilisc

NO. m a
Buttocks

a ht. , ~ a circ. , m dia., m d$a., M CiEc. * m
——. ————.—— .i

801
802
S05
w

C09
810
811
In?
813
6)4
815
m
817
818
619

S2
022
e25
@
863

%
C70

::
892
901
m
903

z
906
909
911
91a
913
919
921
93

ib7.5
47A

E
47.I!
L@.5
46.6
50.2
50.1
g

w

E.3
9.5

y

54
53.5
53
51.5
413.e

E:;
52.5
51,2
53*5
:5

f15.7
48.7
47.3
45:;

51
50.5
50.7

M
50.4

14.2
13.5
13.9
13.8
13.1
M!*7
12.9
15.2
12.7
ll!.1
24
13.9
13.9
:.3

15
14.3
U.3
14.7
13.7
24.2
U.&
13.8
U.5
&

:.4
24.5
13.4
13
12.7
13.4
13.2
13.5
13.6
14.2
1505
13.7
12.5
15.2
13.6

15.7
16
17.h
16.7
16.6
17.2
17.2
17*7
17.9
:.;

26:9
17.e
17.5
18.1
17.2
16.L
19.2
1s.7
19
18.?
17.3
1604
17.5
).6. 1
M
17.7
16.6
16.5
M*4
M

::;
.

18.0
1701
17.0
17.7
17
17.ff
17.s

54.7
56

%.2
62.4
60
61.9

;;:

l&.6
71
7fl
75.5
71.2
79
74.3
al
79
137.>
05.2
6904
60.2
70.5
57.5
**5
75.4
81.3
55
S*5

2.4
g.s

69.7
62.2
68.0
70
71
65.2
57.2

$5

52.7
50.s
52.6
51.5
53.2

;;
.

z
64
72.13

2.3
64!

74.5
81.5
80
61.5

::;
jl.5
77.5

72.6
49
49.2

50.5
49
46.6

z:;
55.5

X5
59
50.5

20.3
m
21.7
20.6
22.5
20.5
22
Z?.5
23.0
22.7
dl.4
25.6

x
25.9
31
2La

33
32.5

;;
.

21.1
30.5
ml
32
m
50.5
20.5
21.1

29.4
19.3
M. 5
25.5
ti.7
it3A
2$:

.
2j.6
W.5

20.2
aal
al.7
22
23.2
a
i6$.2
20.6
*.7

2::
W*5
27.6
w
26.7
30
30
31

27.G

;
22.5

;.0
19.9
26.6

2004
M*3
19

2::
&.lt
&i.u
W*Y
l?3.7
al.3

U.3
17.5
36.0
17
17.5
lu~

17.7
la.2
1709
19.3
20
a3
22.6
20.7
a3.3
21.3

:$
29
2S2
m.j

L
17,5
@5.5
2.M
a.e
36.2
15.0

26.0
15.2
15.9
20.0
3.9.0
19.7
2.2.5
21
W6
A6.9

50.0
52
55*5
9
%.5
50.5

:.5
57.0

&5
66.5
73.5
76.5
6a.o

;.5
83.5
80.5

x
66
34.4
77.5
S*5
m*5
7h
76.7
Sloo
so

G
&5
U.5
67.Q
63a

6Z
67.0
59*5
55*5



ii

—.
1961 (CQot. )

Hee4 Ned tfeti meat
SubJect circ. , Uid th , length, Sittiw Circ. * &ft calf ●iacr*al Bi-ili@c

NO. a m m ht. , a
Buttocko

m Circ. , a diaq, g dh. , m Circ., 9

@jl.T(h.sir) 13.8
‘ ~6 12.2

13.6
50 13.9
x.0( bra14)15.3

14.6
~:; 19.7

13.5
55” 15.2

13.1
E.5 13.1
4#5 13.3

14.5
9.3 13.5
52 13.5
52(brside) 13
53.5 14.5
52.2 14.2

13.1
K 14.2
51.5( h~ir) 13.6
40.3
51.7
lb7.4
14R.5
4s.3

H
$:yir)

149

&
l@.9
146.9
I&o
117
h7.6
48.5
45A
46.2

13
14*2
12*9
13.2
12. a
13
15.5
14.7
13. ?
2.3

a
13.3
15.2
13.5
.-
li?. 5
13
12. j
12.’2

17.6
17.7
M. 5
17.2
17.0
1!3.2
17.0
17.6
M*3
16.7
16.7
17.2
17.5
18.0
18.5
16.1
ls.4
18.1
17.9
17*7
17.)4
I&b
17.7
16.3
16.5
17
15.7
M.11
17.8
18.2
).6.7
1s.4
15.7
17.1
16.2
16.5

17.14
17.2
16
U.6

M*4
70.6

2;
65.6
83*5

L
61.9

z:!
62.8
17.7
71.2
64.5
78.j

*.9
S6
61.2
S2
73.7
55*1
6$;

61:6

+.2
51
50.9
.-
--
54
57.2

5%5
58.0
52.2
:.;

&

5%5

51.0
42
60.9

$.;
.

--
S6*3
79
55

65.1
*

:.1
23.3
53.2
53.5

:.5
51
55*2

53

R
49

G

g

a4.2
**2
22
23.3
6.5
3387
27.9
25
33*5
21
M.9

:.2
27*7
23.5
30
35
31.5
20.7
51.5
Q.8
m*5
25.1
22.9
21.3
21.5
23

2.9
21

:.7
20.2
19.2
M.5
20.5

20.5
19
17*9

W*5
as ●a
22.5
23.5
85.5

r7.2
25.9

21.6
19.1
23.s
x
25.7
*.8

a.5

26.2
21.1
e3.6
=.4
29.3
20.a
m.1
a*3
31
20.6
25.1
2906
23.2
19.6
19.0
u

19*9
20.6

19.8
1907
16
17.5
U,a
@
21.7
20,7
26.8
17.0
16.5
20.5
*
21,1
M*O
26.5
*.5
R5*3

:
ifo,a
U*5
l$i.6
17,7

tie6
17.6
15.5
23**
1506
U*9
%03
We
15.6
1>0
15

16.8
M.6



—..
1962

II
lied wad k-l C314d

$ub]ect Circ. , width, length , sitting CArc., left Cslf Biscrtmial u-iliac Buttoch

Uo . a a m ht. , a a circ., m dia., m dia., - Circ. , m
——

001
.802

803
005
eo7

w
910
811
813
au
815
816
1111~
819

021
We
223
865

870

w
902
903
%&
95
906
911
912
913
921
923

&

IJJ.2 lf+.3
IJ7.O 13.5

u
g:: 14
l&6 1}.7

13.2
E.8 12.6
b9.5 12.9

13*2
:.;

:.3
5n:2 U$
52.2 IIJ
52 L.2
52.9 15
w L.5
55.4 U.1

15
K 13.6
51.8 U&5
Ibo.$i 13.4
I&h 15.5

lJ,.5
2.1” 13.5
h7.0(brtid)13.U

M*5 13
h9.2 15.7

I@.i? 13.4

U.2 13.6
51,7 (traid M.1
50.7 13.5
51 13.9
50.7 13.2
50.6 15.6

13.7
G:; 13.7

15.6
16.14
17.5
16
16.5
16.s
17.5
1?,2
17.6
1.6.7
16.7
16.9
17.9
ll?.2
17.5
W6
19.5
19.7
M.6
17.)4
M*8
16.14
M.s
1.6.2
U*3
16.1
17
16.0
U1.4
17.1
17.2
17.7
18.0
17.5
18.0
ll%l!

55.L 51.3
5?.4
60 $:;
62.11 57.2

52
~:: 55.0

53
63 54.7
65.5 %

57A
::: 60.5

65.ft
75.1
71.5 z
;;:; 71.5

71
80

76.5
z. 5 61.5
67.6 65.6
61.5 54
60.9 52.7
60.5 73.3
55.5
55.2 :.9
53.e 53.e
55 52.5
53.5 49.3
Sa. s lb9.1
67.8 61.5

56
2::
65 E.3
%4 51.5

63.5
E.2 53.9

20JI
22.5
21.5
!23.6
21
U2.a
20.8
z!
23

~::

26.2
27.8
26.2
31.5
29.1
32.9
32.9
3&:

.
el,s
21.3
31.1
21.5
el.4
2W5
el
20.1
19.6
27.2
e3.3
25
*.2
20.4
25.5
ee.o

el.1
U2.5
2U.8
%.5
U2.e
23.2
22.5
23.7

z
26.6
U7.5
w
%5

;

29.1
ti.~
iL5.6

ikL7
20.3
m
20.a
20.6
19
U6.7
m. 5
m.o
25.2
Z?.b
e7.2
2s.0

16.7
M*5
17A
ml
A7*8
17.6
;:;

Moe
U.9
194
20.9
23.6
al.k
IL6
81.7

Z.7
22*5
el.s
17.8
U*O
$::

M*8
lfi.$
17
)6.0
I&a
m
19.6
22.0
19.5
11*5
21.3
M*3

S*O
53.0
52

;.3

M
B
57.9

;.3

74.5
62.5
70.8
76.5
7%5
S5.O
el.$
62.5
%

~:

%5
%
S*5
47.4
&

60
65.0
6U.3
53*9
67.5
*

. - ------



—- —.. ..—. — ——
1*J (cont. )

*W2 Head Head cheat
subject Circ. , width, Ien#th, Sittinc Circ. , ,.eft calf Biacrmial Iii-iliac But tocks

No. a m c, ht. , m a Circ. , m da., m dia. , cm Circ. , m
— ——. .— —------- -- —---- .-. .—, —--. — -—--——. ..-— — .

939
940
952
955
9g

962
971
992
%5
995
996

la
1006
1009
1o12
1015
1017
1o1o
1022
1025
1026
1027
1028
1029
1030
lo~l
10j3
10*
1035
1036
1037
10s8
1OI$(J

55.6

b?. 2
50.2
~::

52.6

$:!
.

$::

L9.6
IN
149.7
l@.4
h7.2
:.:

IJ5”
I@. )
lllt.2

$:
.

&
53.6
M.5
51.0

E::
42
41.7

M.).6
13.5
15.1
13.4
14.5
13.4
15.6
u
13.7
11+.s
13
15.3
IL
13.2
15.2
13.5
12.5
12.6
12.5
12.5
12.7
1..5
li?.5

10.s

12.0
X2.7
lL.7
12.9
13.9
lL1.3
12.0
11.L
11.5

16.4
17.1
16.5
1“1
i7.6
la.1
14.3
10.2
M.6
17.8
M.lt
16.6
10.6
17.3
16.6
M@?
17.1
16.6
15.9
16.5
15.2
17.5
14.9

15.1

16.5
15.7
18.3
17
i5.e
17*n
13.3
ti.6
U.o

01.3
%.8 69.6

53.6~:;
63.2

76.4
74.8 G
67
8585 7?; ;
55.7 50.2
62.3
57.7 ;.2
62.2 57.5
81.3
50.2 G
52 48.3
50.2 51.5
55.7

E;
G L6.O
--

$
147
lb3.5

G.L

G*5
--

69.7 :.5
53.5
7k.5 ~
67.7 62
-. 38.5
-- 142.I?

35.5
29
21.s
27.6
33.0
2fi.9
25.5
32.2
19.2
31.8
21.1
23.8
30.3
20
19
Q1.3
20
18.5
1s.6
17.5
19*1
1703
11

1o.2

2s.7
19*1
28.9
25

G

30.3
22.6
26.6

2S.T
25.~

21
31
21
25.5
30.5
20.3
20.2
19.1
21*IJ
17.8
19.1
10. =
2S.8

17.3

;.6

26.8
20
31.2
25.5

--

n.1
23.s
20.5
m. 5
26.5
21.0
19.5
25.5
26.?
*
26
19*O
27.0
$8

16.2
17.5
13.7
15.8

L

is

13.0

23.0

:.2
20J$

-.
--

1%
73.0
70.0
70.9
86
‘m
63.0
m

2

z:;
U.O

f%
%.5
51.8
1$7
115.7

ii

G

G4

7;0

76.0
63.0

_ .—. —..—. ..—-—---- . . . .-— .—— ———--- -— ——— --.—— —
.“. -
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_ ._. .—— . .._ ..— .-—. — ... ——. -—-. .— - — .—— - _ —

Head Hed Head
subject Circ. , width, length, sitting

No. m m m ht. , cm
—.. .— .— ---- .—— .—

939
946
950
952
955
959
*
962
972
981
993
995

z
1002
lKA
1006
lfX19
1010
1012
1014
1015
1017
1020
1022
1024
1025
1026
1027
lc@3
1030
1031
1033
1034
1035
1036
1037
1038
lo4b
1045
1046
1503
1504

53.6
52.2

I 156.5
48.3
51.2
54.0
52.1
53.0

::;
54.5
51.6
49.7

2::

g::

c::
49.0
48.9
. ..-
46.5
48.5
45.9

4;::
b5. o
47.7
45.0
47.7
47.6
54.3
49.6
51.6
52.8
44.6
45,5
41.7
41.9
40.6

E::

14.6
13.5
15.2
13.1
13.5
14.8
13.5
13.6
13.0
13.0
lJt.9
13.11
13.2
14.1
14.3
13.5
13,5
13.8
12.6
12.7
13.0
----
12.6
12.7
12.7
13.4
12.5
----
12.1
----
----
13.1
14.7
13.0
14.2
14.5
----
----
----
----
----
13.6
--.-

L8.4
17.8
18.6
16.7
17.4
17.8
18.3
18.4
18.3
16.3
18.0
18.2
17.0
18.5
16.2
17.5
----
17.0
17.3
17,4
17.3
..-.
16.5
17.0
15.5
17.7
17.6
----
17.1
----
----
16.8
18.3
1~.1
16.8
18.0
----
----
----
----
----
16.4
----

87.0
7b.1
82.3

?::
80.6
T7.o
67.0
62. I
65. o
85.0

2::
81.9

;:~

----
53.0
57.0
58.0
----

54.2
----
----

54.2
----
----
..-.
----
----
----
72.4
57.8
74.9
69.3
----
-.. .
----
----
..-.
----
----

1963 (cont. )

chest
Clrc. , Left calf

m circ. , a
--— —.-.

81.3
----
. ..-
53.8
68.5
----
----
58.8
57.1
54.6
--,.-
54.0
58,JI
. ..-
56.2
50.0
50.0
51.7
50.5
52.0
52,7
k9.6

R;
52.0
51.0
46,5
----
b5,2
b’f. 3
----

z::
51.2
----
60.5
----
---.
:.:

40:0
48.2
46.5

35.5
28.0
33.5
21.8
29.1

;::
24.1
22.5
23.2
32.6
21.5
25.5
31.5
21.2
20.5
Xl. 5

X
23.2
19.8
----
19.3
19.0
----
22.2
18.1
----
18.2
----
----
19.2
27,4

::;
24.7
----
----
.-. .
----
.-. .
----
----

Biscrmial Bi_ilitc Buttocks
di~, , a dls., m Circ.., a

..—--- .-— — _ . ..

-.. .
27.2
----
22.9
2’7.5
31.0
28.3
&.o
24.2
24.9
3L0

;::

24:7
a. 5
21.3
19.6
18.1
a. 5
22.6
. . . .
a.o
19.0
-.. .
m. o
17.8
----
. . . .
----
----
17.5
29,0
2L.6

2::
.-. .
-.. .
----
----
----
19.3
----

w. 7
23.4
..-.
lil. 5
2L7
26.5
?3.1
m.o
U3.k
3.8.5
25.0
lJ.:

27:1
17.5
17.6
Ui 3
L6,5
16,7
38.2
17.1
. ..-
ti. 3
14.3
. . . .
17.5
15.6
----
----
----
----
15.0
23.8
16.5
23.7
20.5
----
----
----
----
----
15.5
----

86.0
73.0
91.0
55.3
7b.5
92.k

u

$!

55.0
63.0
&.5
53.3
50.8
50.8
53.3
50.5
9.0
XL8
----
b7.5
b7.1
----

g:;
----
----
----
----
b~.o
77.6
53.2
----
66.5
----
----
----
----
----
h8.2
----



APPSNDIX 1S

Supplementary Anthropcmet ric Data on Chi Idren Born to Bzrpoeed Puents
II

——

1957

Lower Upper Arm
Subject Sitting

tfeui Ckat But tockr
extre=it y extreraity span, Biacromial Inter criatal Circ. , CiCC., kft calf

NO.
Circ. ,

ht. o in. length, in. length O in. in. width, in. width, in. in. in. Circ. , in, in.
-——

87 18 14.5 12 29.S 7.5 5 18.5 18.5 7
88 16. S 15 12 27

17
7.5 9 17.7 18 7.5

89 17 14 11 2’?.5
17.5

6.5 5.5
90 18

16 18
15

L7.7
12.2 30 8 5.5 18.5 19

91 20
;.5

16.5
17,5

13.0 31.5 7.5 6.0 19.0 20 7.5 8
92 17.5 13.5 11 27 6.5 6.0 17.2 18.5 7.2 19.7
93 -- >9 8 20 5 4
94

14.7 12.5 4.5 11.5
15 12.5 10 24.5 5.5 4.5 lb 14.7 5.2 15

95 17 14 11 25 b 5.5 17.2 16.5 7
100

17
18.5 12.7 10.5 27 7 b 17.5 19 7.2 18.5

— —
1958

Head Head Head chest
Sub Ject ciac. , width, lcngt.h, Sitting C.ICC., Left calf

No. m cm a ht.. rn m Cicc. , m
—. ——...--——-—— — ---—

87 47.5 13 16.2 -- 47. L 18.1
88 47.0 13.5 16.1 47.9 49.8 20.5
89 48.5 12.9 17.0 47.3 46.5 18.5
90 48.5 13.3 16. t. 50.7 49 20.5

991 49.3. 13.5 16.6 52.2 51.3 20.0
92 46 12.5 16 -- 48,3 19.0

93 4fl.3 13.1 15.5 44.8 44.5 17.5
95 45.9 12.7 15.5 ,-- 4r.5 20.1
96 36.0 -- -- -- -.
97 40.2 12.0 13.2 :1 42.2 16.5

100 46 13. s 15 -. 4n.5 18.2

Biacro-ial Bi-iliac Buttoc&a
dia. , m dja. , m Circ. , a

16
19.0
18.5
19.8
20.5
16
16
17.6
.-

16
17

13.7
15*O
14.1
15.2
15.3
14.5
13.5
14.7
--
13
14.3

47
48.2
44.6
48
48.2
.-
--
.-
--
--
--



u.
*

—

19s9

Subject
No.

—— .——

88
89
90
91
92
93
94
95
96
Y7
98

100
102
103
104
105

Hesd Head
circ. , width,

9 a
— ——.

4t3’. i 13.4

49.6 13.3

49 13.4
49.5 13.6
46.7 12.7
4H 13.6
46.7 12.2
47 12.8
44.8 13.1
44.5 12.5
45.2 12.7
47.0 14.2
42.1 12.9
43.2 12.2
41.5 11.3
40.5 11.3

Hemd

length,

u
——. .

16.7

17.6
17.2

17.0

16.3

16.2

16.7

15.8

14.8

14.7

15.4

L5.7

13.4

15.0
13.8
14

chest
Sitting Circ. , Left calf Ftimcrmid Bi-illac Duttocks
ht. , - a Circ. , m dia.. a dia., m clrc. e m

.—. —— _ —-. c

50.9 52.0 21.3 20.0 16.0 50.3
49.4 48.4 19.4 19.8 15.7 46.4
52.0 -- 21.4 20 16.2 -.
56.3 54.0 21.4 21.6 16.8 50.5
5f). o -- 19.5 19.4 15.3 .-
51.9 48.9 19.4 19.2 1s.0 48.0
49.2 47.5 19.2 18.8 14.3 49.3
51.1 48.2 20.2 18.8 16.4 48.5
-. 46.6 19.7 18.0 13.6 47.0
. . 46 18.4 16.6 13.2 44
.- 44.5 18.7 17.4 t4.2 4?
52 T2.1 21.2 19.6 16.3 52.8
-- .! 4.8 -- 17.0 13.7 --
-- 41.5 -- 14.5 12.8 -.
-- 39 -- 13.8 13 -.
-- 41 -- 1s.0 12.1 --

————.—- -—-——- ——— —— —-— ——. . .
1961

..— -.- —. —.- -— --— ——

87 49.5 13.5 16.7 59.6 51.5 20.7 2~*5 15.9 53.0

88 49.5 14.0 17.2 57 55.5 22.8 23.0 17.5 54.5
H9 51.0 1.3.7 17.8 55.5 50.5 21 20.6 17.3 53.0
90 50.5 13. s 17.6 60 55.5 23. h 23.7 IF’*4 54.5
91 50.8 14.2 17.5 60.7 57 23.6 24.2 1$,5 55.5
92 48.5 13. ”1 16.9 57.3 53.3 21.6 22 16.8 54.0
93 50 14.2 16.9 56.3 52 21.3 21.5 17 S3. O
94 48.3 1;).2 10.9 5J.5 51 21.3 19.9 16.3 53.5
95 47.4 13.0 16.5 5R. B 51.4 21.1 18.5 17.0 55.0

96 46 14 15. H 52.3 54 23 20.6 16.2 ●3

97 46.3 1{.3 15.4 5:1 50 21.1 21.3 10 53.5

98 47.7 11.5 ~~.s -- 48.8 20.4 19 14.7 SO.5

t

—
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APP2NDIX M

Supplementary Anthropo=tric Dsts on Row81cp Bxpoud Cbildron
— — —.-

s8pte9Mr 19s4

II Lour r Arm u~ t anst

Subject Sittinx extremi ty span, Ltiacrrnial ●xtredty

ht., in.

Circ. , tift calf

NO. length, in. in. width, in. length, im. in. Circ. , in.
—.. — — —.—. .-. —

2 18.2
20.2

z 20
15 22.5

21
:;
20 z
21 19*7
22 31
25 17.5
a 30.5
26 yo

22
: 21
35 29.2

23
;: 31.7
142 21
1+7 ab a

Z7.d
:; 17
67 32.5
& 21.5

23.2
; 23.5

2$.7

8P 13

25
d 21
M 25

25
;: 29.7
81 24.2

—
●QJposed in utero.

9
U*2

:
21
19.5
20
15.7
30.2
21
26.2
27
15
21
29.2
25.5
27. I
U+*7
23.2
23.2

7
2a.2
M. 5
22.2
31.7
25.2

13

27.5
30.2
31.5
IrlA
;;.;

IA”
3405
63 ●2
3i.5
57
M
37.2
u
62.7
47
&
35.5
I+U.2

H
62.5
b
39
57.7
53*7

25

15 30
M
20.5 i:
23 L5.5
27.1
23 $:;

6.2
7.$!
6.o
7.0
7.5
7.0
7*5
7.2

10
7

li
9
6.7
595

11.2
e
8.5
5.2
8*5
#
5*5

11.5
6.5
0

11.2
9.2

4.5

Al 11=---

21.2
m
&5.5
31
30.5
32.5
S*5
27.2
53.2
30.5
Id
49
30.5
37*5
51.5
39
53*5
s.e
39*1
%5

51
%.5

&5
IA*5

20.5

24.5
34.5
3905
38.2
49.2
jll.a

19.5
a
19*5
al
20.7
21.0
g:

32.7
22
;~7

19.7
20
**5
a
M*5
19Af
23
27.5

E:
20.5
21.5
*7
-5

17

19.5
20.5
a
a
S2.5
20.7

7.2
7.7
@*o
8.0
0.0
G 5
9.5
705

13
9,5

la)
u
6.2

:5
u.
u

7*5
9.5

W5
s

u105
9
&5

11
ln05

7

7*5
8*5
9.0
9.5

U*5 :
9

I



.-——.
195s

Loxcr

Sub]ect Sitting ●xtremity

NO, . ht. , in. length, in.

2 21 17.1
3 20.7 15.7
5 19,0 17.5

15 26.5
17 ‘2 21
19 22 22
20 25 25.5
al 22 19
aa 50 55*7
23 21.5 20
a 32 35.5
26 31
32 22 1905
33 22

33 :
Z *.5 26.5

30 36
i: 22
L7 ;.7
% 19
61 30 31
65 19.5
67 34 ;
: 22.5

2 22.2
75
76 ::.5 E.5

a3* 16 L2.2
15# 19.5 17.5

12.5
~. 1?.2 10

6 20.5
M

:; &
25.5

70 32
81 26

●k2xp0secl in utero.

Arm

span,
in.

34
92
31.5
45
57

z

:?.5
59
tkl.fl
62
~a
32
61.5
4102
&
32

z
52
28
%
39.
1114*5
55
55.5
23
32.5
26.5
20

Biscrrmid

width, in.
——

7*7
8.5
7.0
9.2
8.5
985

Lo
8*5

13
20.7
13
13
II
7

13.7
U
12*2
7*7

IO*I4
7.7

11.5
7.2

u
IL5
9*5

L2
10*5

6.5
7
5.7
5.2

upper Chest
extreoity Cicc. , Left calf ~

lrn@h , in. in. circ. , in.
—.. — .

U*5 19.5 7.7
13.5 21 7.5
12.5 19.5 7.0
U.o 21.0 6.0

20*fl 7.2
$.5 22 8.0
16.5 22.5 9

20.5 6.5
2.7 n 12.1

a*5 9.2
::; lo.fz

z; 12.7
U& 20 s
13.2 U*7
24.5 31 1!
L9.2
a

&& -
31 U.&

u 19 7
20.7 *.5 9*5
M! 2U 7*7
20.5 27 U.7
11 7.2
23 : 10
16 20.5 8.7
la 21.5 g. 5
23 2’7 in. 5
23 S*5 1o.5

9*5 5.2
13.5 : a
9*5 17.5
8 15.5 2::

Aillnglua

17 30 a u 20
6*5

7**

2.7 C.2
12 10.5

10
~:

18.2
14g

2105 .
10 19

;;
9.2

13.5 23
27 z

z U
lo*5 u 23 a. 5

-. —— — . —— —. —-— .. ..—. —.. ..- —-. —-.
.



—._———— — . ..-— .—. —.— ______ ___________

Sub ject Sitting
No. ht. , in.

.—— — J+—–––––

2 21.5

i 21
15 25.5
17 23.5
19 25.5
20 25.5
21 23
27 31
2} 25
2L 31
26 31
52 a

22.5
;;
36 2

52
;: 22.5
117 27
54

2; 20.5

2 XA
72

;2 ::

19s6

Loi :r Arm Upper chest
extremity span , Biscromial ●xtremity clrc. ,

length, In. In.
Left calf

width, in. length, itt. in. circ. , in.
.. —- ———-. — -— . . ———— — —.. -

17.5
19
22.5
29
27.5
26.5

33 8.5
9*5

%.5 0.5
47 9
L3.5 10.2
$.5 9.5

10
56,5
62 :.5
39*5 9.5
61 *
& &
36 u

z 16
1#9 12.5
62.5 15
35.5 s. 5
54*5 9*5
34 a
56 13
31 8

15
:: 10.5
$.5 9

57 E

30 ~5
31

Ailin~—.

M 9

%.5 :
g 1o.5

9.11
50 10

10.5
u
13.5
la. 5
lfl
16.5
20
15.5
27.5
u. 5
n
20.5
16.5
l&.5
a
21
W.5
15.5
22
13.5
&
12.5
24
la
1605
26
e3,5

U
12

h
13.5
u

22
21

2000
21
m
al
21
21
23
2095
g

51
52
20.5
20
31
a
3a

:.5
21
27.5
19*5
3f!
21.5
22
30
2% p

20.5
19

e.5
8.0
9.5
0.5
S.5
54.5
s

12.5
9.5

12
us
a.5

A:
U
12

:

1;
7.1

u
995

2.5
I&s

S05
7.5

—.. —z . .

●ExcMIsed III utero.
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19s7

Lower Upper Am

$ub]ect Sitting txtcemity

neAd Clteat Duttoch
●xtremity span, Biacrrmisl Intercristal Cicc, , Circ. , bft calf Circ. ,

No. ht.. in. length. in. len~th, in. in. uidth, im. wirtth , in. IB. is. Circe, in, \m. Ei
—. .—— — — -------

22

Q1
20
*.7
23.5
&
26.2
22.5
32
25,5
29.2
53.2
22.2
21.5
32.2
28
51.5
22

27
22
J1
m. 5
32
a.2
26.5
yl.~
2C.7

21.2

19
M.’)

21.2
20
20.5
29
24

’126
30.2

Z.2
6A*5
%
39
R5
22.5
36.5
30
37

;.5
21.2
x!

;. 5

211
%
35.2

19
M.5
19
17.5

15.7

:;
21.2
M
19
20

:.5
30
M. 5
17
20
22
26
16
23
16.5
26
u
2$5

21
25.5
26

&
k 5
4
12.5

6 21.5 a. 5 15
22 19.5 15

Irl! %.5 19.7
I@ ‘$2 30 21.2

22.5
;; ~.5 z 25
61 30 22.5

.—
●tixMmd in ut. ro

37
26.5
35.5
lt9
143.5
$.5

56.5
61
&

Z.!J
U
38*5
63.5
W*5
62
5705
53
30

!k
34.5
35
J1

7.5
8.5
9

U
10.2
9*5

12
1o.5
v
lA.5
U1
4.5
10
11.5

15.5
11.5
u
9.5

12.5
6.2

u
7.7

u
9

11
13.5
12

9
8.5
795
7.5

Ailinrae—- -

9.5
7

10.5
11.5
10.5
&
11.5

6.5
5.7
7
7.5
6.7
8.0
8.0
6.0
9
8.5
9

In
6
7
9
8.5
9.2
7

7
9.5
6

10

;
&5
6.5

6.5
6.5
605
5.7

:.5
:5

7
10.5
8

2005
g

19.2
19.7
19.2
20.5
19
19*7
&o*5
21
23.7
19
19
a
1X7
21
1%5
21
19*5
21
la
ful.s
%9
m*2
R1.2
m

19
19
U
18.2

2005
20
20.5
22
22
22
**a
R1.5
2J5

3a
:;.5

20
32.5
25.5

2
4.5
22
29

:.5
21.5
22.5
31
w

2.5
19*5
19.2

805

a.o

z
a.y
00s

Ao

1!
10
12
u
C07
9

U*5
1o.5
U.5
a

10

1;.5

G
9.5
9*5

u
U

8.5
8
705
0

19.2 20.5 0 21
19.5 19.5 21
19.5 23.5 :.5 23.5
20 23.5 9.2
19.2 10 2.5
21.5 $ 12 9s
20 al 9.5 26



Head He d lieu! UMat

Sub]ect 4 Ckre. , width, length, sitting Circ. , Left calf Biacrlldal ●i -i USC
No.

Suttocks
a a a ht., a m Clcc., m dls.s - dis.. ~ Clrc., m

-.

2

3
5

15
17
19
20
21
22
23

g.5

&9.1
52.5
1+9.5
9.5
51.5

i?
5.4

k::
53.2

Z2
50.2
34.2
W.7

z:;

::.11
51.5
53.7
5006

49.6
g:;

47.5

h9
50.7
1+9
52.1
49.5 ti.2
S.8 (hair) llt.3
%.5 14.7

14.o
12.7
13
13.2
13.6
14.1
15.1

::;
13.s
13.7
llt*14
13.2
13
14.7
y

M.1
14.14
15&
14.2
12.9
14.2
13

$;
.

A2.9
14
12.7
13

&
13.4
U*3
111.1

lIY.2
17.4
M*6
17.1
17*5
16.5
17.0
17
17.4
la. 1
17.1
19.1
16.9
17.5
17.7
u. 5
17*9
16.5
19.0
17.5

E.6
lu.o
17.3
A7.5
17*5
17.1

17.6
M*2
1506
ll%s

16.4
17.7
M5.o
17.6
16.7
lff.1
16.0

59.2
%.5
53.9
49

2:;
70.9
61
79.7
65.0
78.6
9003
&.9
60.6
*.6
74.1
82. s
61.1
74.5
61.3
12+.2
!32. 5
*.4
65
72.7
81.5
79*JI

%.6
55.3
~.1
52

57

z::
62.9
75.4
81.6
72.1

a. 5
21.7
21.s
25
23.e
23.0
26.5
22:;

27*5
3$.3

23.3
e3
32.5
29.6
32.1
21.5
2799
&

k;
32
25
2506
Q9.9
31

22*8
21
20.2
20

22
el.2
23*5
25
27*3
so
ti.3

21.4
20.8
20.6
25.s
&.s
db.s
27.7
*.S

● 3O
25

● so
●3O

&.a
iB?.9

●3O
26.9

● so
a.2
29
23.s
30.2
19.3

●5O

22
●W
●H

el.e
el.5
as
el.a

81.7
el.e
d4.6
26.6
22.5

430
27*5

16
16.9

m.
211
22
el

67.s
z

67.5 -

●BxpOsed hi uhto.
,1



~——— - .. . .. . —- . .
19s9

E
IIead Head Head Ckst

Sub]ect Cicc. . width, length , Sitting Circ. , Left calf BIccrOmid ilt-illm Buttocka

NO. m u cm ht., m a circ. r a dia., m Ilic., a Circ. , m
4 1. —

O*

52.7
149.3
Ibs.s
149.6
51.1
~

50”
51.9
51.5
55.3
lt9. 1
~.

50.5

:::

$::

52.2
-.
51.5

:.3

I+o.z

L9. 3
51.6
lb9.5

$:;

U4.2
12.9
13.2
13.2
13.7
IJ+.1
15.5
15.6
13.7
13.7
14.5
13.3
13.2
Ut.7

t;
15.9
U.5
15.2
13

:::
lL.6

15
15.9
15
13.5

u. 1
13.7
LA
ti.1
13.5
L.6

M.1.i
i?.~
16.7
17.1
17.7
14.0
17.1
16.9
16.1
17.2
19.14
16.9
17.7
16.1$
17
M. 8
17.8
M
W 1
17.&
17.9
17.2
17.2

:.;

15:9
U*2

16.6
17.9
U*3
17.0
16.9
15.9

60.3
57A
5/4.6
72.5
66.1
67.3
71
&*3
6S. 1
76
90.8
&.2
63.11
75* 5
6j,9
75.5
63.1
*
55.8
67.2
76.9
61
83.5

%5

%
%.5

z:;
lf&5
72.2
79.2
76.2

94.5

5k5
60

R
6h.5
59
61.7

w“

~.6
&&
52.7
66
59A

50.5

z

76.1

X

::4

AiliaLnu

55
53.5
%*5
61.2
&014

=.6
22.6
22*O
26.1
23.5
23&
26.1
23.6

2:;
34.4
23.7
al
30
Zf
W*7
&.2
36.4
20.1
25.6
27.9
FM
33

23.6
21,3
20. @
20.1

22.4
22.1
a*2
25.6
29*7
28.0

ad
22.3
21.6
26.5
25.7
25*7
29
25.3

26.8
● Jo

2502
21
2!9.1
23.1
30.5

a*6
* Yo

20.8
25.5
q.s
31

● 30

22.J
21.6
22
22

23
22.8
26.3
2#.3
29.0
2%9

I&o
16.9
17.0
21.3
19.s
20
20.8
Moo
20.5

29
M*2
l&l
a.a
I&d
2Q.11
19.3

17.5
20.3
22
e.z
25.8

17
IA*5
17.8
16.6

:.6
19.3
21.5
22.#
22?.9

%06
56
53A
68
&.5
60
ti.s
61
65

*5
57
56
71
54.s
70
59.&
93

Z*5
&.7

7k.2

%.2
55A
61.5
@3.5
7L
fi.o

●2xWmd in utero.

———— — -—— —.—.. — —-- —--— --——— ---—-——
..8.,
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——— +— ——— .—. . —.. s -.-—— —— ___ ._. _

1961

tied He&4 He~ Chebt
Subject circ. , width , lcqtth, Sittins Circ. , Left tilf Bincrdal si-iliac Buttocke

NO. a a cm ht., a m Circ. , a dia., a ,dis. s = Cicc., m
——-— .—. —.- .. —-— .-— ———— —--—- --——- [

—..——

53.6
50.5
49.5
3095
51.3
50.7
$

53*3

$*;
%3

51
56.2
51.6

;. 5
50.5
55=5

51.1
b9.lJ
fi.1

50.4
%%5
50

f52:
50
53
—. ..-

●mtpOsea in utero.

14e4
15.2
13.&
13.3
13.0
14.2
15.5
13.7
14
~:

13.2
15
14.4
14.4
4
UI*14
13.2
13.2
%5

15.2
14.5
13.2
15.5

lL.3
IL*1
14.5
14.3
13.5
15.1

10. E
17.6
17.0
17.4
U*O
17.0
M
17.2

19.5
17A
17.9
16.8
17.2
19.5
1s
10.L
16.4
17.7
10.2

M.?
I&e
15.8
16.5

16.11
18.1
16.3
M.1

:.3

63
60.3
59.1
78.4
71.3
;$5

66.3
72.4
91.8
67.6
&.6
80. s
66

Z.7
65.5
60.9
72.5
62A

65.3
60.7
61.3
9.5

~.5

70.1
76
81.5
62.6

E.:
37*5

62.6
$;

62”
66
68.5
60
57
$.2

>00
62*5
--

2.5

%
sa.fl

;:;

4illllmn

57.9
%.5
63

,8

al.s
25.0
23.7
26.3
25.9
25.&
‘@
25.2
30
37.2
25.5
25.s

z. 5
32
25.s
39
21.2
26.1
32

255
22.5
22
21.3

!25.5
e3. 5
22.9

27.5
zl.a
3ti
26A
al

27
~.if
30.0
85

z. 5

$

4.1
23.7
23.7
0.5

19.0
19.0
174
*
20.1
2M
22.5
20.6

:
19.2
19.5
y;

at.3
20

17.0
22
W?

E
19.3
17*5

la.1
19.9
20.6
*.3

x

60.0
42
57J4

2.5
67.o
75
67
71
v?
61
%7

40-:

64

Z.9
m

;

53

ii

--.—..—. .—
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1962

‘ I Head Head Head -at

Subject circ. I width , length, sitti~ Circ. t hft Cmlf Biacr=lal Bi-illsc Buttocko

NO. m m m ht., a m clrc. . a 4i8., a dia., m Circ. , a
—.. — -.- .-— —. -— .—

2
3

15
17
19
20
25
32

;:

142
%
61
65
69
72

llj ●

06”

53.9
50.2
51.5

~.!j

52:7
50.1
5097
52.7
51*5
52.3

$::
51
%.5

51.4
49.5

6 50.5 4.4
52.9 4

b: 53.4 111.2
53 50.1, 12.4
61 52.4 15

19.0
17. s
17.5
17. #
17.1
M. o
10.5
17.1
10.0
16,9
17.1
18.1
la
16.5
17*7
16.0

M* 3
M.6

16.9
1$.3
16
16.9
16.5

66.0
61.6
20.2
73.1
72.2
79.2
71.1
67.7
6904
81.5
62.2
66.6
*.4
&
73*7
S007

67.3
39* 5

65.1
60.2
75*5
S2.!3
63

59.3
61.1

GJl
63.1
76.5
67
W-3

79.2
56
62.8

55.5
6L.6

52.0
53

AQl?2Me

yil.e
W*5

24.s
*.2
30.0
26.5
fd4*7
31
30
26

;.5
23.5
26.3
39.3
21.8

29
33e2

m
22.8

%.3
*.9
w
50.V
30.1

26.8
a.5
29.1
22.5
22

29.3
2’7.7
27.5

25.6
2794

23.5
26.7
31

25.6
24.1,

25*7
2605

:

19.1
19.8
25.1
21A
2L.6
&*7
ma
20.0
2S.6
25
19.4
21

19.2
254
2%

26.0
17.6

19
MA

z .6
26

61.5
62
79.0

67.0
79
72.5
62

63*5
60.7
64
99.2
52.0
72
20.0

61.5
55.1

6A.5
63*9

z
63.5

—-----
●Exposed in utero.
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(l 1963

lied Head Head chest

Subject Cicc. , width, length, Sitting Circ. , Left calf BiacrLmial Iii-iliac Buttocks
NO. m c- m ht. . m a circ. , cn dia., m 81s., m Clcc. , m

2
3
5

15
17
19
20
21
23
32

33
36
42
47

2
69
72

83*
85*
~.

53.7
51,6
49.5

E:;
51.5
55.1
52.3
53.2
50.0
51.7
53.0
51.8
57.0
52.7
49.7

z:!!

51.7
47.5
49.3

lk.7
13.4
13.6
13:7
13.9
lk.3
15.8
lk.1
14.0
13.5
13.3
15.2
14.5
15.0
14.2
13.5
13.2
14.5

13.4
13.3
13.7

50.9 14.4
.: 53.0 14.0
48 53.5 14.3
53 50.0 13.5

18.9
18.0
17.4
17.7
18.4
17.4
18.0
17.7
18.4
17.2
18.2
17.2
17.1
19.6
18.4
16.6
18.0
18.0

18.3
15.7
16.8

17.1
18.6
18.1
17.0

65.3
62.8
60.3
81.8
73.7

;::
72.0
73.5
68.7
74.5
87.3
70.3
89.1

2:;
76.4
83.8

87.5
61.0
62.3 ‘

67.2
70.0
77.5
81.0

62.0
70.3
59.0
....
....
66.0
n. 5
63.0
69.2
63

%
57.0

$;
.

----
----

%;
53.6

AiliasIIu

61.3
58.5
----

25.5
26.7
23.6
31.k
alo
27.0
31.1
27.2
31.b
8.2
X1.2

2:;

2::
Z2.9
30.3
34.0

26.7
23.0
23,0

25.0
25.5

z::

2J.:

24:0

i%:
?).7
----

:::
28.0
28.b
----
25.4
. ..-
29.0
23.6
----
----

26.2
25.3
ilk. 5

26.1
26.1
----
30.0

al.7
21.5
L&%
26.0
m. 3
22.4
----
23.8
24.0
20.b
21.2
27.2
a.b
S.8
2L8

2:;
26.0

19.1
20.4
18.2

19.2
20.8
25.5
25.0

63. o
m. 3

g.;
73.0

i%::
74.5
74.0
65.3
68.5
85.0
64.0
89.0
70.5
62.5
76.0
85.0

62.5
58.0
%.3

65.0
66.9
83.2
79.0

●2xpo8ed in utero.

E



A-f X 17

Ser- Polic Acid UWIJ, 1%3

1
3
b

;
10
u

22.2
~.o
17.0

!J::
10.7
20.0
13.0
9.J4

13.0

2::

;::

22:0
5.4
9.1

22.0
U.o
12.o
37.0
lb. o
L1. o
22.5
18.5
10.0
33.5
6.5
3.8

2:;
< 1.0
8.2
4.7

;:;
L?.o
17.0
L5.O
20.0
L1.o
10.0
25.0
10.3

E
75

z
83
87

8E
81b
8’27
819
82L
823
84?4
825
826
W
829
830
833
89
835
an
842
8U
846
852
853
8%

z
w
865
%7
868
676
&12
ea3
WI
895
&%

z
893

20.5
5.8
2.8

15.0
6.8
s.8
l.k

L1.o
ti.o
n.o
9.7

11.o
Q.o

<1.0
3.1
22.0
8.2

19.0

i:;
<1.0
17.0
17.0
6.5

2;;
J+.1
b.o

16.0
15.0

2:;
25.0
13.0
17.0
9.5

-=1.0
lb. o

~l. o
3.1

L2.2
7.6

12.3
lb.5

23.5

m
926
%9
*
926
928

953
955
9%
959
961
963
w
965
*7
969
970
975
991
993
9%
*
1001
lc05
1(W7
1035
1036
l@l

lg.o

23:
4.2

$::
19.0
22.5
11.o
~.o
3.0

3%;

J::
4.8

::

14:0

2.;
5.2

13.0
loo

6.9
k.o

22.0

3.7
10.5
10.5

2.2
10.5
37.0
61.5
llb. o

1.7
12. o

2.0
10.3
k7.5
15.0

166
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A-X 1S

Boris *rrow Diff*rmtial Couts
—.

Subket M.

4 63 68 73 948 1007

SW m! 9.6%

SXG H

Slm ME

BA2mnxvr

BANO BASO

BAno 208

ml NXU2

META BA80

~A 20!3

UTEL. NEW

Mm%. BA50

MTEL. S0S

UT!!W8LAST

LTMPROCWE

LYKPWOBMST

KM3CYTE

mWXJLtST

!WRX)BMST ORTfW

NOII?S3BIXTBASO

EmTmoBIjsT

HEGALOBUST

PLASMA CELL

R. E. CELL

0.2

0.6

10.6

..-

0.6

16.2

..-

---

10.0

---

2.0

---

L8.O

0.8

---

.-.

18.0

8.2

O.h

1.6

2.4

0.6

14.21

0.8

1.s

6.4

. . .

0.2

6.4

---

---

6.6

-..

0.2

---

33.0

0.2

0.2

---

23.2

6.8

1.2

-..

0.8

---

15.0%

---

2.6

6.6

.-.

---

11.8

---

0.4

9.8

0.11

L.o

0.8

Lf4.8

---

0.6

---

24.2

5.4

1.8

1.4

1.8

1.6

19.82

.-.

2.8

10.0

. . .

0.6

13.2

---

---

7.2

..-

0.8

---

21.2

0.2

0.2

---

2L. O

2.0

0.2

---

0..4

0.4

16. S%

0.4

2.2

5.8

---

0.4

9.s

---

..-

5.2

. . .

0.2

---

27.0

0.2

0.6

---

21.6

5.0

1.0

0.8

2.0

1.0

22.2X

0.2

0.4

10.6

..-

0,2

18.8

---

---

7.0

..-

O,k

0,6

16.4

. . .

0.8

---

17.0

2.8

0.6

0.6

1.2

0.2



END

DATE
8 / o /65a
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