
I
BNL 780 (T-296)

(Biology 011 ‘ . ic; -- 7’34500, l?, h “

MEDICAL SURVEY OF RONGELAP PEOPLE

EIGHT YEARS AFTER EXPOSURE TO FALLOUT

ROBERT A. CONARD, M.D.,! LEO M. MEYER, M.D.,z

WATARU W. SUTOW, M.D.,3 WILLIAM C. MOLONEY, M.D.,4

AUSTIN LOWREY, COL. (MC) USA,5 A. HICKING, PRACTITIONER,6

AND EZRA RIKLON, PRACTITIONER

With the technical assistance of

WILLIAMA. SCOTT,’DOUGLASCLAREU$,’ EMILADAMIK,’

IRVINGJONES,’ KOSANGMIZUTONI,’SEBIOSHONIBiR,’

KALMANKITTIEN,6ANDANT~K 0fITEN6

January 1963

‘ Brookhoven National Laboratory, Upton, New York

‘ South Nassau Communities Hospital, Rockville Centre, New York

3M,D. Anderson Hospital, University of Texas, Houston, Texas

4Boston City Hospital, Boston, Massachusetts

‘ Walter Reed Army Medical Center, Washington, O.C.

“Department of Public Health, Trust Territory of the Pacific Islands

BROOK HAVEN NATIONAL LABORATORY

UPTON, NEW YORK



L E G A 1. X()”l”l(:l:

This rqxrrt waspreparedasan accountOfG[,vrrlllm!l!SpIII~IICdMurh. Wt!hvr (Iw
United Slates, nor theGmmition, nor ●ny pcru,naccingoil tXII.IIfOf IiIr (2 MIIIIiIMIIIIi:

A. hfakci any warranty or rcprcacrrta(ion,cxprcued or impiwi, will! rrslfit 10tiw
●ccuracy, completeness,or uscfuincuof lhc information cent.linmi ill t4is rrlrrm, (jr
thal the use of ●ny information,●pparatua, rnclhod, or procms diwhn+a(i in [ilis relxwt
may not infringeprivatelyownedrights;or

K ,kumes any liabilities with mpcct to the use of. or for JI(IWKCS rc~ul!inx frt,ti)
the use of any information,apparatus, mctimcf, or pr[xras diwhwci in [ili~ rrlxw[,

As uwd in [he above,“pnoa actingon bcil~lf’{}(lhc C~m]ll]lsi{~il° illcitllirx iiIIy cln-
ployec or cwr(rac!orof the (kmmimion, or cIIIpioyccof \(IciI {I,littuc(tw, I(I Ilw rxII.111
that -uci] employee or contractor O( IiIC Comnlisw(jl). (jr rIIIj JIII\Cr III \IILiI (ollir.l(((,r
prcparci, dtsacmina{ca, or prov;dcaacccm10.UIIy illf[wl]l~lil)tl j)IImI,IIII III Ilis cmIJl(,) .
mcn( or con[rnct wi[h the Gmrnission, or i]is cII\j>ic~\I1wIIt M1111siIt }1 ( (Ill[r;l(t,,r

PRINTED 1X US.\
PRICE S?,00

Avwlablc fr(]nl ttw
Oilicc of “Icchnicul Scrviccs
[Icparlmcnt of ~innmcrcc

If’ashington ?5, l), C,



CONTENTS

Introduction ......................................................,., . .............. ..............,..,,,,, ,,..,.,
Summary of Past Findings ..................................,, ,,, ,,.,. ...... ....,., ..,,,.,, ,.,,..,,,,. ,,,

Penetrating Radia[ion ......................,.....................,, .,,,,,,,, ...........,,, ,..,.,,
Beta Irradiation of the Skin ...........................,,, .................................,,, ,,

1 -.----, , --< J!..!--
a~6LL111u1 A8a UUAU&AU, o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., .,,.,.,, .,,

Other Studies ........................................................................................
DifTicul[ics Associafcd With the Examinations .....

.................................
Comparison Populations ....................................................,. .................

1962 Survey—Organization and Proccdurcs
....................................................

History and Physical Examinations ........................ ................ ...,., #..,,..
Cancer Detection Survey ,.,.,.,,.,,,. ...........................,, .,,...,,,. ....................
Growth and Development Studies in Children ....

..................................
Laboratory Procedures ..........................................................................

Results and Discussion ......................................................................................
In(crval Medical History ........................................................................
Adult Examinations ..............................................................................
Ophthalmological Examinations .................................,,, ..,.,,,, ................
Pediatric Examinations ..........................................................................

Growth and Dcvclopmcnt S(udics ........
............................................

Cimccr Detection, Leukemia Survey ..
........................,,...,,,, .............. ,., ,.

Rcsiduul Beta Burns ..............................................................................
Studies of Aging Crifcria, Dental Survey

................................................
Laboratory Examinations ................................................................................. ,

Hcmato]ogica] ...........,.,,.,,.,.. .............................
... ..........,,, ,.. ............,,,

Other Laboratory Studies ..................................................................... ,
Estimation of 130dy Burden of srwi~

............................,,, ,., .........,, ,,, ,.......... ,,, ,,, .,.
Summ,iry .............................................. .,,,,. ..... . .,,

....,,, ,....,.
Acki)owlcdgnlcnls .,.,, . ...................,..,,,, ,., ,., .... ,,, .,, ,,, ,,

Rcfcrcnccs ,,,
,. ., ..., ,,.,... .... .

Appendix I

Appendix ~,

Appndjx 3

Appendix ~

..... ......................... . ., .,,., .,..,,, ,,, ,,, .,. ... ,,, .....,,, .,
Rongcl;lp Group and Control hlcnn
IIlood Counts ti[ Vurious Times Af[cr Exposllrc

.... . ,,.,,.,
Ailingn~c Group and Control Nlc;)n
Blood Counts ut Various Times After ExposLjrc ,.

...................,, ,,, ,,
Individu;ll I{cma[ologicdl Fin(lings,

1962 ... .............................
Individt);]l W13C, 13asophil,

iind Alk;ilinc I’hosph:ltasc Dclcrnlina[ions, ]962
.. ....... ..,, ,,. .

Individu:]l l’hysicul Exatllin;lliorl Findings, 1962
. ..,, ,,. ,,, ,,, ,

P;l(hologic-Anatomical Diagll(>scs on

7fi-yr-old U’ornon in Expos:LJ Group ....................

7

8

8

9

9

10
11

Appcn(jix f.

Appendix 6,

.......,,, 74

12
1~

15

15

21
-)]

21

23

23

30

33

33

37

37

39

40

41

4()

~~



MEDICAL SURVEY OF RONGELAP PEOPLE

EIGHT YEARS AFTER EXPOSURE TO FALLOUT

Introduction

The results of L mcdica] survey of the people of
Rongclap in the Marshall !skmds, carried out in
March 1962 at 8 years after the accident, arc pre-
sented in this report. These people had been acci-
dentally exposed to fallout radiation following a
detonation of a high yield thermonuclear dcvicc
during cxpcrimcnts at Bikini in the Pacific Proving
Grounds in March 1954, An unpredicted shift in
winds caused a deposition of significant amounts
of fallout on four inhabited Marshall Islands to
the cast of Bikini (SCCFigure 1) and also on 23
Japanese fishermen aboard their fishing vessel,
the Lucky Dragon. Of the inhabitants of the island
of Rongclap, 105 nautical miles away from the det-
onation, 64 lcccivcd the largest faliout exposure:
an estimated dose of 175 r of whole-body gamma
radiation, contamination of the skin sufficient to
result in beta burns, and slight internal absorption
of radioactive materials through inhalation and
ingestion. Another 18 Rongclap people away on
a nearby island (Ailingnac), where ICSS fallout
cxcurred, rcccivcd only an external gamma dose of
about 69 r. There were 28 American servicemen
on the island of Rongcrik further to the cast who
rcccivcd about the same amount of radiation as
did the Rongclap people on Ailingnac. Lastly, 157
Marshallcsc on Utirik Island, about 200 miles
further cast, rcccivcd about an estimated 14 r of
whole-body radiation, The fallout was not visible
on this island and no skin cflccts dcvclopcd.

The exposed people were cvacuatcd from these
islands by plznc and ship about two days after the
accidcrrt and tukcn to Kwajalcin Naval Base about
150 miles 10 the south, where they rcccivcd cxtcn-
si”~cCxarninations for the following three months.
In view of the generally negative findings on the
Amcrictin scrviccmcn, they were later returned to
[heir duty stti[ions, The U[irik people were also
allowed to return to their home is]andf where
radirmctivc ccrn[amin~tion was slight enough to
allow safe ha bi[a[ion. f.lccausc Rongclap Atoll was
considered to bc too highly contaminated, a tem-

porary village was constructed for the Rongclap
people on Majuro Atoll scvcrd hundred miles to
[hC Wll[il, wncrc Lilcy iivcd ior iiw iuiiuwillg 3 ‘/2

years and were examined at yearly intervals by u
special medical team. In July 1957, after careful
evaluation of the radioactive contamination si;u-
ation, Rongclap Island was considered safe for
habitation. A ncw village was constructed, and the
Rongclap people were moved there by Navy ship.
The annual medical surveys have since been
carried out on Rongclap island.

A group of more than 100 Rongclap people,
who were relatives of the exposed people but had
been away from the island at the time of the acci-
dent, moved back with the Rongc!ap people to
their home island and have served m an ideal
comparison population for the studies, This num-
ber has since incrcascd to about 200, Following
the initial survey of the Utirik people on Kwa-
jalcin in 1954, a repeat survey was carried out in
March 1957. In addition, during the past survey,
as in the previous surveys, a visit was made to
Kwajidcin and ILlajuro Atolls for examination of a
number of Rongclap people, now residing at these
atolls, and also groups of children who rcprcscnt
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part of the control group used for thc growth and
dcvclopmcnt studies of the exposed children.

The accumulation of data from these surveys is
becoming increasingly voluminous. Since condi-
tions have not been favorable for performance of
ex[ensivc slali~tical analyses or u5c of electronic
computing procedures to store and manipulate the
data, the annual survey reports published by this
Laboratory arc rnatlc as complctc as possible, This
report, thcrcforc, includes a considerable amount
of raw data, much of it in appcndiccs, so that
others may have an opportunity to make further
calcillalirms if rkired,

Summary of Past Findings

Reports have been pub!ishcd on the findings of
survc~ made at the following times after expo-
sure: initial examinatiml,l 6 months,~ 1 ycar,~ 2

lap who had
in the other
hcmc.poictiv
to tlrc ckx.t of r:diation rcccivc(!. Evc,n in the 157

Utirik p:oplc ~ ho rcccivci~ (rely iin Csiln;]icd 14 r,
it WM lmssit~lc to di!..(inguish s!ight p~o[clc[ dcprc:,-
sron in [hc grol~p M c wllolc, T}IC~n]iillcr !;roup (II)
Ailingntic tind llon~~rik showed ~riphcl al hl(~d
Icvcls bctwccr, tho~c of Ihc high mid low cxp]suri

groups, ThC chronological r xxrds of bi~~.)t]linCj.
ings in the R\ JrIgc13pand AiImgrra~ gu~)up~;;rc pl I’-
scn[cd iu TJhlc [0 wr[\ in Appcndiccs 1 and 2

Lymphopc/iti d :Ibout hdt the ICVCI()! II)Ccorn-
puriwn hfarsh;~llcsc popul;i(ion” WM ciidcn[ when
the Rongcl:]p people were first cxtiminud on [hc’ir
urrival fit Kwtijulcin 3 days tiftcr exposure. TliI>
cfcprcsscci level was mtiint;iincd steadily wi[h only
slight incrcasc no[cd by onc yc~r. in the follojvillg
ycisr, mctm counts ispproachcd the ICVCIS of LIW

%

fs pom.cxpd?c. ,,, *
‘- . ry//ltopoi(~/ic” dcprcs~ion has not hccn ;1 col I-

sistcnt finding as wi[h Ihc lcukocytus ond (hrombo-
cytcs. Slight dcplcssion of rcd blood” coun[s, tlcn~;l-
tocri[s, i]nd hcmoglohin” h~~c Ixxn noIcd ;I[ [imcs.
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No gross abnormalities of bone marrow smears
were reported at 6 months post exposure.

Dcprcssi - Af peripheral blood elements in th-
A ilingnac and Rongcrik groups was not so pro-
rx-mnccd iIs in the Rongclap group. However, a
slight lag it~ co.mpl~tc rccovcry in the Adhtgnac
pcriphcrul blood count has also been noted,

The pmistcnt depression of peripheral blood
CILmcn~s in the exposed people makes it appear
likely :hat there is slight rcsidurd bone marrow
d.imirgc. .

A general’ anemic tendency has been evident in
both exposed and rmcxposed Marshallcse. Pricc-
Joncs curves. on the iwcrage, snowed ii siigili
microcytic tendency. Serum iron levels have gcn-
crtilly been normal, and the cause of this anemic
tendency htis been unrjctcrminccf.

Reticulocyte counts have been about the same
in the exposed as in tic unexposed people.

EXCCpLfor radii]tion-induced lesions of the skin,
ptitchy cpilution, and early gastrointestinal symp-
toms, clinical examinations have revcided no dis-
cmc processes or symptoms which could be re-
lated directly to radiation effects. No prophylactic
or specific therapy of radiation effects was ever con-
siclcrcd ncccssary or given, Epidemics of chicken
pox and measles that occurred showed no greater
incidcncc or severity in the exposed than in the
unexposed Marshal]csc people,

During the first months post exposure about half
of the exposed group exhibited 10SSof weight of
scvcra] pounds, This may possibly have been re-
lated to their radiation exposure, although it is
difficult to rule out effects possibly due to change of
environment.

At 3 years post exposure [hc imrnunc resporw

to prim;lry and scconchry tetanus antitoxin was
tested and found not to be significantly diflcrcnt
in the exposed compared to the unexposed popu-
lations.

Four persons in the exposed population died of
(liscasc, ( I ) u 46-ycitr-old man with a hypcrtcnsivc
hci~rt disease which h+d been present at the time
of exposure, who died 2 years after the accident;

(2) u 78-Yciir-old m~n who died, 3 years after ex-
posure, of coronary heart disease complicating
diabetes; (3) a 35-year-old man who died of acute
V;iricclli]. 4 Ycilrs after exposure, who had rcceivcd
only 69 r, having been on Ailingnac at the time of
the fnllouf; and (4) n 60-year-old woman who died
of ii cancer of the ov~ry at 5 years after exposure.
There wirs no apparent relationship between any

of these &mths @ radiation exposure. Four dea&#s
ha~ rgdrcd ~ri the comparison populatio~ The
four duaths that.

*

+crtsrF& in the exposed
pcop$c shlee’ Cxpo essnt a rnor/a/iry rate of
7.1 pe~~ popu a“w%‘&~ared with 8,3 for.
the Ma&hall island% as k w},oIc.

(Srow(h and devetopmen’ studies on the chil-
dren (height, weight, anthtopomctric measure-
ments, radiqraphie studies for bone age) have
revcklcd that”41~ght retardation -iti+$wth and dc-
vclc@e:@ has ~d in tlx-sxp&%if boys who
wcic &@r 12 yakrs of rIge at the L@wof exposure,
partictiiw~y lW@ t~” $~, moriths of age at cx-

*1.-!.2.%”.:: ..z::~ :-. ●l.A~~li~~. Gil;y Ji$hf %ilttitut h,y 4.4 ... -

cxposcd fcmidc children. It was also noted that
children born of cxpescd parents were slightly
retarded and that lhcy had slightly Iowcr Icvcls of
ncutrophils, Iymphocytcs, and platelets, compared
with male children of unexposed parents.

It was difficult to evaluate the effects on fertility.
However, a review of the bir(h rare of the exposed
group over the past. 7 years seems to indicaLe no
noticeable cflcct of their exposure on fertility. The
31 births rcprcscnt a rate of 54 per 1000 popula-
tion, compared with 37,3 for the MarshaIl Is!ands
( 1957). The 21 births over a 4-year period for the
comparison population rcprescn~ a rate of 72 pcr
1000 population. A somewhat greater irmidcncc of
miscarriages and stillbirths was noted in the ex-
posed women during the first several years after
exposure, but because of the paucity of vital statis-
tics on the Marshallcsc and the small number of
people involved, the data are not readily amcrmblc
to statistical analysis,

A cardioturcuiur survey of the adults ( 1959)7
showed no outstanding diflcrcnccs bctwccn the ex-
posed and unexposed groups. The people appeared
to have ICSShypertension on the whole than is noted
in people in [hc crmtincntal United States.

An ar[hritis survey ( 1959)7 showed no great dif-
fcrcr)m bctwccn the cxposcci und the uncxposccl
pcopic, and about the same incidcncc us is seen in
American populations.

Ophtlwlmologicui ~urvey.r showed no rcmar’kable
difTcrcnccs bc;wccn the exposed and uncxposcc.i
groups cxccpt possibly a slightly grcistcr number
of cases of ptcrygia, pingucculac, and corncal scars
in the exposed group. It is not known whether this
tinding is of any signiticancc in rcli;[ion to their
radiation exposure. Slit-1amp obscrvxtions showed
no opacities of the Icns chtiractcristic of radiation
exposure, As o whcrlc, visu:il :md accommod;ltion
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Icvcls in the Marshallese appeared to be above the
average in the U.S. population.

Denfal surveys’ showed no significant differences
in caries rate between exposed and unexposed
groups. However, the incidence and severity of
pcridontal disease ~as slightly greater in the ex-
posed group. It is not known whether or not this
finding is related to radiation effects. The pmr oral
hygiene generally observed in the Marshidlese had
its usuaf results; namely, high caries rate in teen-
age children, severe pcridontal lesions & adults
(heavy calculus and loss of alveolar bone), and
edcntulous mouths in the aged. Radiation exposure
did not appear to have affected dcvc]o@tg denti-
tion in the exposed children.

Z,ate eflects 0/ radiafion. Various parameters
ttsuully associated with agittg were measured or
estimated on a O to 4+ safe (skin looseness, elas-
ticity, and senile changes; greying of the hair and
balding; accommodation, visual acuity, and arcus
scnilis; hearing; cardiovascular changes including
blood pressure and degrees of periphcraf and ret-
inal artcriosclcrosis; ncuromus.cular function; and
hand strength ), Comparison of these measure-
ments in exposed and unexposed individuals of the
same age groups showed no apparent differences.
A biological agc score was calculated for individuals
and groups by use of an average percentage score.
Li/e shoriem’)lg effects of radiation have not been
apparent. As noted, the mortality rate was about
the same in the exposed as in the unexposed people,

The one case of cancer that developed in the ex-
posed group occurred at 5 years after exposure,
too soon, it is bclicvccf, to bear any particular rela-
tion to radiation exposure. Leukemia surveys in-
cluding physical findings, studies of white cell
counts and t)~s, alkal!oc phosphatase staining,
and basophil counts of 4000 white CCIISshowed no
cvidcncc of leukemia or Icukcmic tendency. One
child in the irradiistcd group has had slightly clc-
vatcd bmophils but no other positive findings. The
curdio~’asclllirr and r.whritis surveys, as WC]]as the
general results of the physical examinations, have
not shown wry apparent incrcisscd incidence of
degerrerufi~’e diseures in the exposed people, No
raciia(ion-induced calarucfs have been observed in
any of the exposed people.

Generic C!TCCIShave not been specifically studied
bccausc of the small number of people involved.
No app~rcnt radiistion-induced genetic changes
have been dctcctcd on routine physical examination
in (hc tirst-generation children of exposed parents,

with the possible cxccption of suggestive cvidcncc
of incrcascd miscarriages and stillbirths in the ex-
posed women and the slight retardation of growth
noted in the male children of exposed parents.

BEIA IRRADIATION OF THE SKIN

It was impossible to get an accurate estimate of
the radiation dose to the skin. 13cta burns of the
skin and epilation appeared about 2 weeks after
exposure, Iargcly on parts of the body not covc:ed
by clothing. About 90% of (he people had these
burns, and a smidlcr number developed spotty
epilation of the scalp. Most of the lesions were
superficial; they exhibit:d pigmentation and dry,
scaly dcsquarrmtion, and were associated with Iittlc

pain. Rapid healing and rcpigmcntation followed.
Some lesions were dccpcr, showed wet dcsquama-
(ion, turd were more painful. A fcw burns became
secondarily infcctcd and had to bc trcistcd with

antibiotics. Rcpigmcntation of the lesions gradually
took place in most instances, and the skin appeared
normal within a fcw weeks, However, in about
15% of the people, dccpcr lesions, particularly
noted on the dorsum of the feet, continued to show
lack of rcpigmcntation with visrying dcgrccs of
scarring and atrophy of the skin. 13y 6 ycisrs the
only residual cflccts of beta radiistion of the skin
were seen in 10 cuscs which showed varying dc-
grccs of pigment abcrristions, scarring, and aLrophy
at the site of the former burns. During (hc past
several years an incrcisscd number of pigmented
maculac and moles htivc been noted in previously
irradiutcd areas of the skin, but these hisvc appeared
to bc quite benign.

Numerous histopathologicai studies have been

made,’” and (hc ch~ngcs found have been cwr~-
sistcnt with radiu~iorr d:;m~gc. A( no time }Itivc

chtingcs bun t)bscrvcd ci(hcr gr~)~dy or micr\J-
scopically indictitivc of malign iinl [Jr prcnl:llign:ln(
Chi]ngc. Spotty cpiltition on the hc:ds W;JSshort
lived, regrowth of hair (~curring about 3 months
after exposure and complc[c regrowth of normal
hair by six months, No further cvidcncc of cpila-
tion has been seen,

An interesting observation noted during the first
fcw months tiftcr exposure WM the dc~c!opmcnl
of bluish-brown pigmcnt~tiorl of the scmilun:lr
iirctis of the fingcrnilils irnd [(wn:lils in iibou( 90?;
of the people. By 6 nl[~nths [his plgnlcntii(lon h~ld
distippctircd, having grown OU[ wi[h [hc nilil. l’tlc
cauw of [his phenomenon h:ls not been cxpl:]incd.
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INTERNAL IRRADIATION

Radiochcmical analyses of numerous urine sam-
ples of [hc exposed population showed internal
absorption of radioactive materials, probably
brought about Iargcly through eating and drinking
contaminated food and water and to a Icsscr cx-
tcm through inhalation. During the first few days
when the body ]cvc]s were at their highest, the
maximum prmissib]c concentrations were ap-
proochcd or slightly cxcccdcd only in the case of
strontium-89 and the isotopes of iodine. The con-
centrations were bclicvcd to bc too low to result in
any serious effects, 130dy Icvcls fell rapidly, so that
by 2 imd 3 years post exposure, they were far below
the acc~ptcd maximum permissible Ievcl; by 6
months activity in the urine was barely detectable.

In 1958 analyses of kmc samples on one of
[hc mcn who died showed 3,7 strontium-90 units/g
ctilcium. 13cginning in 1957, gamma spectroscopy
by usc of a IOW-lCVCIcounting chamber was added
to [hc techniques of radiochcmicisl analysis, The
return of the Rongcla~sc to their home island
( which after careful survey was considered safe for
huhi(u(ion, despite is persisting low lCVCIof radio-
ac(ivc con[uminaticm ) was rcflcctcd in a rise in their
body burdens and incrcasccl urinary cxcrction of
ccrt;lin radionuclidcs. During the years since the
twigintil conttimina[ing event, additional weapons
tests held in tl-,corcir have cuntributcd [o the fission
products in the environment. Since the diet includes
i] v;iricly of imported foods, (hc people arc not

living in is “closed” environment, isnd thcrcforc
mit~ nf>[ bc rupidly approaching equilibrium with
[hc cnvironrncntul fission products, as might be
cxpccfcd under t~[hcr circumstimccs.

Ikxly burdens of gismmis-cmilli!lg fission prod-
ucts ( such M CS1’7 and Zn’s ) were measured in a
uholu-btxly c[)un[cr ond chcx keel by rudiochcmical
;In;ilysis of urine spcimcns, ‘rhc ]CVC]S of jntcrnal

c(tnti]min:l[i(~n pcr unit weight appcarccf to bc
:IbtJu[ [hc Siimt for jllvcnilcs irs for adults, male
;Ind fum;!lc, U’idc Vi:tl;iliorls in Icvcls of contamina-
tion in an! gr(wp were ft}und, tipparcntly due to
dilTcrunccs in diet :Ind m~tfi~}lism.

lhdy burdcrts t~f !ir’””wcrt cstimutcd from uri -
niiry cxcrcti(m :is dctcrnlincd by radiochcmica]
;in:llyws. [h~th [hc cx[crnul dtvw mcasurcmcnts on
R(~ngcltip lsliind and the ICVCISof rirdioactivc iso-
[clws in the f(~d t~n the islilnd indic:itcd [hut some

incrc;wc in Cs’”, 7.n”$, irnd Sr”” body burdens was
to bc cxpcctcd when Ihc ~op]c rc[urncd there in

1957. The CsI” body burden in 1958 was about
0.68 pC, about 60 times as grc:lt as in 1957, and
the urinary Cs ‘1’ ]CVC]rose by d factor of 140; the
mean body burden for 1959 was 0.57 PC. The
mean body burden of Zn” estimated from wholc-
body counting data was, in 1958, after the return
to Rongclap, 0.36 PC, 8 times as high as in 1957,
and 0.44 PC in 1959, In 1961 the mean CslJ’ body
burden in adult males was 14.7 mPC/kg, which is
not significantly different from the mean value of
a similar group obtained in 19S9; it was 300 times
[hat of the medical team, who were measured at
the same time for comparison. The Zn” lCVC1in
adult males ( 1.51 mPC/kg) drop~d to 17% of
the mean value measured in 1959. With a larger
detector and rr Iongcr crwnLing time than previously
employed, it was possible to identify and quantify
Co”” for the first time in these people; the mean
Icvcl of Co’” was about 11% of the Zn” level. A
small amount of residual activity was still present
after the subtraction of K*” and the above radio-
nuclidcs from the total spectrum. The mean ICVCI
of urinary cxcrction of SrW was 7.2 ~PC/l or 14%
higher than measured in the 1959 medical survey.
Li[tlc of the body burden of the exposed group is
appurcntly duc to their initial exposure, since at
present there is Ii[tlc difTcrcncc bctwccn the Icvcls
of the exposed and unexposed populations living
on Rongclap Island, The body burdens arc of small
significance in terms of radiation hazard.

OTHER STUDIES

SIudies 0/ genetically in)]erited charucteri51ics.
IJlood grouping studies in the Murshallcsc showed
a relatively high B gene frequency, a high N gene
frequency, an cxtrcmcly high R’ gene frequency,

and tottii abscncc of Kcll and I)icgcr factors. Thcw
characteristics difTcr from those of Polyrrcsiuns and
suggest rclulltmship with &~u[hctist Asitins and
Imfoncsians, //uptoglohirl” .~:l<dies showed the fre-
quency of the Hp’ gcnu IL)bc higher than in Euro-
pcun populations thus firr tcs[cd und c{>nsis[cn[ with
populo[ions living nc~r [hc cqua[or. The distribu-
tion of haptoglobin Iypcs showed the poputa[it>n

[1) bc relatively homogtnclws. 7“ru/1.r/rrritjj in a]}
sur;] were type CC. [hc common European type,
fl-ll?)li?l~)-isi)-hllfyric Jtid urinfiry lcvuIs ~how~J lhc
Nfarsh;lllcsc to bc (hc highest cxcrctcrs of [his ircid
of any fx)pultiliufi !hus f;lr reported. Levels in (IIC
exposed grl)up were ah)u[ [hc wmc as in lhc un -
cxpvtcd group, tind no corrcl;l[it)rr W:ISfound wi[h
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body burden level of radionucli&s; thk’ ‘indicates
that there is probably no correlation with radiation
exposure. Hemoglobin types were considered nor-
mal. Sickling fesrs sho~ed no sickling tendency in
any O( the people. G/ucose4-phosphate dkhydro-
geruise of the rcd cells appeared to bc dcficicnt in
the Wrshallcsc, Studies of Gm pkno~ypcs showed
the Marshallcsc to have 100% Grid’+] and ncrsr-
Iy 100% Gm[* + ~. There was a complete absence
of Gm’ and a high frequency of Gin-like (GmC).
Considerable caution must bc excrciscd in evalu-
ating the results of these studies on genetically
inherited characteristics bccisusc of the smtdl num-
ber of samples tested. The data do seem to indicate
relative homogcneit y of the population and closest
kinship with people of Southeast Asia. These data
also may bc useful m ss btisc Iinc should genetic
changes appear in Mcr gcncrutions, possibly related
tu radiation exposure,

Results of other laboratory studies included the
following: .Serffm prolcin Icvcls were generally on
the high side of normal; clcctrophorctic patterns
showed the incrcasc in proteins was Iargcly duc
lo an incrcasc in the gammis globulin fraction. The
reason for this is not apparent. Numerous chronic
infcc(ions may bc an explanation,

Sodium levels in the urine and food indicated
about the srimc consumption of NaCl as in Amer-
icans, The gcncridly lower incidcncc of hyper-
tension in the Marshallcsc might bc related to the
fact that the former native diet was probably Iowcr
in salt content than the present, more wcstcrnizecf
diet. Itwill be inlcrcsting to scc whether the inci-
cfcncc of hypertension will Iatcr incrcasc.

Serum clmleslerol levels ( 1957, 1959) were
somewhat Iowcr in the exposed populistion than in
the compilrison or U[irik populations. but were in
the low normal range, No abnormally low readings
were no[cd.

.f’rrum creuriuine lCVCJS( ]957 ) were in ~hc nor-
mal r~ngc with no abnormal lc~.”s noted.

.$erum ti[{lmin fl,: concentrations ( 1958, 1959)
were grncrally significantly higher than American
ICVCIS.“thc possibility of contamination of the sam-
ples with t-mctcria pr6ducing vilamin B,, must be
considered. since mycloprolifcrativc and Iivcr dis-
eases were not seen.

.Yrr[,m pro[ein bound io(line ICVCIS ( 1957, 1959)
were gcncrtilly slightly clcvatcd, Evidcncc for thy-
roid dysfunction wus not apparent in [hc people.

Gluc[),turitj UIId (“1c vuled blmxi sugur were found

in 4 unexposed individuals, which indica[cd a rather
high incidcncc of diabetes.

A survey for intestinal purasites ( 1958) showed
7S96 of the people to bc infcctcd wi[h various
types. For the three major pathogens found, the
over-idl infection rates were, for Ewamocbu hi~to-
lyiicu, 18.2%; for hookworm, 5.5 %; and for
Trichurir !richiura, 34.3 %,

Eosinophiiiu >5 % has consistently been noted
in about half the people. The fact that half the cases
with cosinophilia showed no hclminthic infections
at all suggests that other factors besides parasitic
infections must bc responsible. The cosinophiliu
may bc related to chronic fucgus and other infec-
tions, particularly of the skin,

Cmrrpkrwnf fi.rafion sfwiies for parainflucnza 1,
2, rmd 3, respiratory syncitiisl, psi~tucosis, and Q fe-
ver showed antibodies to all groups of viruses
cxccpt that for Asian influenza, which probably
had not yet scrious!y involved the people of the
Marshall Islands. The imtibody ti[crs appcurcd to
bc somewhat lower in lhc exposed pcopic.

DIFFICULTIES ASSOCIATED
WITH THE EXAMINATIONS

As mentioned in previous reports, scvcrid diffi-
culties were associated with carrying out the cx-
amirmtions as WC]]as in[crprcting the findings.

1. The language barrier made examinations dif-
ficult, since very Iittlc English is spoken by the
Marshallcsc. However, there were sufTicicnt Eng-
Iish-speaking Nlarshallcsc to assist the mcdicul tcnm
in most instances.

2. The lack of vital statistics or’ demographic
duta on [hc Marsh~llcsc imposed a serious difficulty
in ill[crprcldtion and cv~luolion of I!IC mcdic:ll
dutn. Records of births, deaths, etc., have been
mwfc by [hc hcal[h isidcs or magis(rwcs of the vil-
lages and supposedly forwurclcd to the district
administrator; however, such records have been
inccmlplctc or 10s1 in most instisnccs, und Vit:ll
statistics arc thcrcforc intidcquatc. Trust Territory
offlci~ls arc now attempting to osscmblc such d~t:].

3, There is unccrtuinty on the Pilr( of some of
the hlisrshallcsc as to their cxac[ ugcs, particul:lrly
um(mg the older group. This imposes curtuin di~-
cul~ics in interpreting stmlc of [hc s[udics [() bc
ou[lincd.
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COMPARISON POPULATIONS

During the first 2 years, two separate groups of
Marshallcsc people were used for comparison,
each of comparable siz tcrthc exposed Rongclap
group and matched for agc and sex. However, this
population was found to be unstable, with a large
attrition rate over the 2 years, which mndc it un=
satisfactory, At the time of the 3-year survCy, it
was found that during the prcccding 12 srtortths

the Rongclap population a: Majum ~lo~~ h~

doubled bccuuse of the Inffux of relatlves whohad
come back from other islrmds to live with Jhem}
These people had been away from Rongclap Atoll
iit the time of the accidental exposure, This group..
matched rcasormbly WCI1for agc and sex and .wuf~.
of comparable size, Since the return of the peoplo ~::

Since the people arc of the same stock geneti-
cally, they arc uniquely appropriate to serve as a
comparison population and have, therefore, been
used since 1957,

1962 Survey –

Organization and Procedures

The medical team consisted of 5 medical special-
ists from the U.S,, 2 Marshallcsc prnctitioncrs from
the Trust Territory, and 8 technicians, 4 from the
U.S. and 4 from the Trust Territory (Figure 2).
The medical equipment had been sent out to the
Islands prior to (hc team’s arrival, and preliminary
prcparaticms had been made for logistic support
of the opcmtion with officials of the Navy Pacific
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Before the survey at Rongc!ap, the team visited
.Kwajalcin and Majuro for several days to carry out
examinations on a number of 120ngclap people
who had moved (o these Islds. .. .

A Trust Territory ship, (he M/V Run Aim,
transported the team and equipment to Rongelap
on March 4, 1962 (Figure 3). A tent had been act
up on the Island and one of the ,vil!age houses
rented to serve as living quarters for thoteam, On
arrival, after greeting the Magistrate andothct vii-
lagc dignitaries, it was Icarncd that the ‘death of
an aged woman had occurred the previous day,
and that an autopsy was to bc permitted ‘on the
body. Establishing living quarters and titting up
laboratory equipment and cxaminatiori” facilities
in addition to carrying out the autopsy “occupied
the b itcr part of the first day, Late in the afternoon
the funeral for the dcccascd took place. The medical
examinations on the people began the folJowing
day,

The examinations were carried out ashore at
Rongclap Village. As in the past the dispensary
was used as a laboratory for the hcmatological and
other laboratory procedures. The ndjaccnt school
building was used for taking histories and perform-
ing physical examinations on the people, The coun-
cil house next door was used for specia! examina-
tions of the skin, urine collections and analyses,
and x-ray examinations.

HISTORY AND PHYSICAL EXAMINATIONS

Histories were taken by a Marshallesc practi-
tioner and an intcrprctcr, with particular emphasis
on the interval history during the past year. A
special survey was again conducted by the pedi-
atrician to attempt to ascertain more accurately
the birth dates of the Rongclap people, particularly
the children. Complete physical cxamina:ions were
carried out including growth and dcvclopmcnt
studies on the childrc n (anthropomctric mcasurc-
mcnts and x-ray examinations of the Icft wrist and
hand for bone dcvclopmcnt studies); special exam-
inations of the skin with co!or photography of
sclcctcd lesions; a special cancer detection survey;
and an ophthalmological survey.

CANCER DETECTION SURVEY

In the cancer detection survey, procedures in-
cluded an cvuluation of lhc history, special phys-

.:#?3yy@?*.@y +.-w,. v- ~. ● ., ‘

Figure 3, Trust Territory ship Run A Al; at anchor,
Rongclap Lagoon,

ical examination, and ccrlain laboratory tests. The
family history did not yield satisfactory informa-
tion, since the incicfcncc of familial diseases inc!ud-
ing cancer was generally unknown by Lhc people.
The history yickfcd some information on chungcs
in weight, history of illness, and, in the case of
women, menstrual, obs&ric, and nursing history.
In the physical examination particular emphasis
was placed on examination of the skin, node-bear-
ing areas, head and neck, chest, brcmt, abdomen,
and external gcnitidia. Pelvic cxaminutions were
carried out on all mature females, and vugincd and
cervical smears for Papanicolaou examination were

obtained. * R;ctal cxarninations were carried out
on all persons >40 years of age, This included, in
the case of men, palpation of the prosmtc gltind.
Chest plates were not taken routinely but were
obtained on about ~‘) adults >40 years of ~gc (and
on certain other C:ISCSwhere indicutccl ).* ● t{cma-
tological duta were obtuincd and were tivailablc
for cvilluatim.

In detection of possible Icukcmia (or prcclinicul
cviclcncc of incipient leukemia) ihc lymph nodes
and splccrt were carcful!y examined, and hcma -
tcrlogical duta were (ukcn including routine hcnu}-
grams, pcrccnt basophils in u 4000 white CCIIcouni.
and alkidinc phosphtitasc cxuminatirrns of [hc whi[c

blood CCIIScm dillcrcntiul smcors.

●WC wish 10 thank Dr. Genevieve Mdcr of Nfcmorifil

Sloan-Kctlering Cancer Cenlcr, N. Y. C., for inlcrprclo(imr
d {he Papanicolaou smears.

O*We ~rc gra(cful 10 Dr. Paul l.ichIhl~u Of Rockvillc

Ccntrc, L.].. N. Y., for interpretation d the chest rocn\-
gcnograms.



GROWTH AND DEVELOPMENT
STUDIES IN CHILDRZN

In addition to the routine pediatric cxaminritions,
ccrtuin special imthrtipomctric mcasurcmcnts on
the chiklrcn were rccordcd. Such data incIudcd
itgc, weight, stature, sitting height, head circum-
fcrcncc, biucromial width, bi-i{iac width, and calf
circumfcrcncc. Rocntgcnographs of the
were studiccl for skeletal maturation,

LABORATORY PROCEDURES

Hematological Examinations

Icft wrists

Complete routine blood cwwts were carried out
ivith rc~itt counts on imy persons showing isbnor-
misli~ics, N’hitc blood counts and rcd blood counts
were ob[oincd \vith the electronic Coultcr, which
has provccl to bc u very satisfactory instrument for
cxamin:ititws of this type in the Iicld. DifTcrcntial
counls we-c purformcd in the usual mtmncr ttftcr
stuirsing with \\ ’rigfl[”s Iluid. Platelet counts were
d~>nc hy phmc microscopy. Hcmog[obin was dc-
[urrnincd by (IIC .cyon-hcn]t@obin tcchniquc with
the Lumi[ron col(wimctcr, Hcmmocrits were ob-
tuincd by [hc n~icr(}l~cnl:]t(}crit method. Serum
proteins were dclcrmincd ivith the liitachi rcfrac-
[omctcr. Hhxxl ;Incl serum samples for certain
studies to bc dcscribcd b~][)w Were coj]cclc~ ~fld

kept under refrigeration and lin;dly shipped back
for study.

]]hwd smwrs were obtained for diflcrcntia!
study, ‘Ak:llinc pl]()\phti[il\c cxaminittions’, and

bas(}phil C.XJUIIIS(m 4000” whi(c CCIIS,M part of tttc
Icukc”rni;l survey.

I)otfc)tlllrrtm, aspirations wcic tfotw on 9
c’xpowd people, ;mtf smcurs were frrcparcd for
t!ilTrr~. nli:ll ciu]nts ;incf morphoh)gic;ll sludics. In
;Ililiili{)n, chromosome prcp;lr;lt ions were made on
Ihc ;i\pir;llcd rtlill~riJ1.

l{lt)tul IIJ/(tIItI (Ielt’rl)li)lllrii)tl.v were carried WI
(II18 uncxpowd R(mgci;ip people und 7 Amcricmts
dijring the 1962 survey, During the 1961 survey
~uch s[udics hwf been rnwfc on S Marsha!lcsc and 5
Amcric;ins. The :lnalyscs were done by the radio-
;Ictivc sodium chromutc (CrS’ ) tcchniquc, ”

● \$’carc grateful to bliss Lila Fliegclman of the Boston
City Ilcsspital fur currying out the alkaline phosphatasc
analysis of Mood smears.
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Blood samples were returned to the U.S. for
electropiwre!ic studies for glucosc -6- phosph utc
dchydrogcnmc and hemoglobin types. ” E1cctro-

phorctic studies or 171 scra for immune globulins
were kindly cisrricd out by Dr. R. 13i,i[lcrisnd Dr.
A, Hassig at the Swiss Rcd Cross Laboratory,
Bcrnc, Switzerland,

Prolein-bouttd iodit~e determinations were made
on scra from 10 individutils who hwl prcviousl~’
shown slightly clcvistcd Icvcls, The method of Few,
Himkcs, and Van SIykc’” was used.””

For c/ironmsome s(wlies, short-term blood cul-
tures were done on 10-ml samples from isbout 50
people, This blood was taken a[ the time of sam-
pling for routine hcmatologicul s[udics, A modifi-
cation {If the tcchniquc of Aioorchcud” was used.
The lcuktIcytcs were separated by ccntrifug:]tion
and placed in cul[urc botdcs with grou!th medium

( Difco-199 ) and phytohcmugglutinin (red Kidney
bcitn extract prepared by Dr. L. Schiflcr of 13NL).
Dcxtran (3% ) was used in the initial scp:~r;ltion

in some cases but was discontinued later ~incc it
was found to bc unnecessary in view of the ropid

settling of the reel CCIISin the Marsh allcsc, The CCIIS
were cultured for 3 days at 37° C, after which
chromosome prcpar;]tions were made as follows:
Cells ~vcrcscpisristcd by ccntrifugation, washed wi(h
Hanks’ solu[ion, wc:uccl with hypotonic solutlon
(distillccl wutcr plus Hunks’ solution) for 8 to 10
rein, and fixed in rncthyl alcohol—glacial acetic
acid ( 3 to 1); srncars were prepared by blowing ti
drop of the cell-rich sediment on a slide and air
drying. Only occasional slides were stained with
Gicmsa’s stain for cvalua[ion in the field. Final
st;tinin~ und chromosome studies were c;lrricd out
:it th~ HoI)J G)IOS[ Hospittil in ~{~s(on . t

Fasting h/o(x/ sIigw Icvcls]: were obtfiincd on
8 individutils who had shown positive urine sug-
ars. t t 13100d collcc[cd routinely for hcm;ltologi -

*\vc arc gr:]tcfut I{) I)r. .\: ImIIcl 11,I!,)},crd the Johns
}{opkins liI)spIlal for currying 0111fhcsc studies,

**wC arc ~raleft,] 10 Dr. D. D. Van SIYkC umf ~fi~s

Dorothy Rippcrgcr of IIN[. for performing lhcsc unalyscs

t tJndcr [hc direction of onc of us (W. C. hi.). Wc arc
grateful [o h!iss Gcrtildinc DOWJ and bliss Catherine
Dunn al the Iloly Ghost l{ospittil, Boston, for their
assistance with these analyses.

+ t wc wish to {hank Dr. D. D. Van SIykc, Dr. L. V.
Hankcs, and htiss D. Rippcrger at IINL for carrying out
these armlyscs.
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Table 1

Lodonof Rongelap People

Exposed Unexposed
Children

idult Children of exposed parents Adult Chiktrcn Total

Majuro 3 4 8 7 23
Kwajalcin 6 : 9 25 24 67
Rongclap 33 26 23 59 75 216
Eniactok 8 0 1 5 1 15
Other atolls 2 0 0 12 13 27

Total 52 30 37 109 120 348

Table 2

Pcrccnt Distribution of Population by Age Groups

Rongelap
exposed (11 6
pCOp\c,]961;

Rongclap includes
unexposed children of Marshafl

(~~~ PcOPtC, exposed Islands U.S.
Age, yr 1961 ) adults) (1961) (1960)

<15 4s.4% 50,0$6 43.1% 28,7%
1s.~~ 12.3 13.8 14.4 13.8
25-44 23,6 17,2 ~o,o 27.1
45-64 14,1 10.3 14,6 20.8
>65 4.5 8,6 7.4 9,6

Median
age, yr 19,s 14.s 18.0 29.5

Radionuclido Body Burden Evaluation

Since results of the last survey indicated that
CsI” levels in the Rongclap people had about
rcachcd equilibrium and that Zn”s Icvcls were drop-
ping, it was considered that gamma spectroscopy
with the 2 I-ton whole-body counter would not bc

ncccssary again for several years. Thcrcforc, no
gamma spectrographic analyses were done during
this survey, However, [hirty-live 24-hr urine s:im-
ples and onc pool sample (12 Iitcrs) were col-
lected for radiochcmical analysis for Sr’O, In adcfi-
tkm, samples of rib and vcrtcbrac taken at autopsy
from the 78-yr-old womun who had died \vcru
brought back for Sr’Oanalysis; also 4 coconut crabs
collcctcd at Rongclap. * ●

cd analyses was also examined for sugar in the
cmc of 199 Rongclapcsc,l’*

Results and Discussion

Urino Analyses

Urine told iodidcs and creutinine levels wc rc
obtainccf on 10 casual urine sismplcs of Rongcla-
pesc who had previously shown slight elevation of
their protein bound iodine (PBI) levels. Total
iodine and crcatininc were determined.

Routine urine amdyscs were carriccl out on the
misjori[y of people. This included determinations
of protein und hypcrglucostyria by reagent paper
~tiipsd ●*

“The Clinical Laboratory of the South Nassau Com-
munities Hospi[al carried out these analyses.

● ● ~,ombi~{i~, Ames Company, Inc., Elkhart. Indiana.

The census of Rongcl:lp people in M:lrch 1962
was 348, of which 82 were in the exposed group
(including 4 children exposed i)~ titer(l at the time

of the accident ), 37 were child run of exposed p;lr-

cnts, imd 229 were uncxposu.1 people; T:]blc 1
shows their locutions. In Tilbl~ 2 [hc popljl;]tit~!l
is bmkcn down i]ccording to pcrccnt (fistribu[ion in
various iigc groups and comp:]rcd wi[h thilt (If IIIC
hlarshull lslimds us ii whole for 1961 :md of the
U.S. for 1960. The ~;lblc UISOshows the mcdi:ln
age. The Iowcr mcdiun ii~~ t~f (1x Mi\rsl)illl~\~

●*wC arc gra[cfu] 10 Dr. E, P. hardy, Jr. tind Dr.

J. IIarlcy of the l{cul~h find Sitf~ty I.ah{)r;il(my (I( the Ncw
York Opcrution$ Office of the A[\C ft)r performing !hcw
analyses.



would tend 10 support the impression that their
Iifc span is shor(cr than that of people in the con-
tinental U.S., but there has been a “population
explosion” in these islands which might account
for this discrepancy,

Of the 348 Rongclap ~ople, 308 were examined
during the survey at Rongclap, Kwajalein, and
Majuro Atolls. Examined were 80 in the exposed
group, 37 children of exposed people, and 191
control adults and children.

INTERVAL MEDICAL HISTORY

Mortality

(hc death occurred in a 78-yr-old exposed
womsn on March 5, ]962, the day bfore the arriv-
UIof lhc survey team. This death will be described
below.

The 5 deaths that hirvc occurred in the 8-yr
period since exposure represent a rate of 7,65 per
1000 population, which is not very different from
the mtc for the Marshall Islands as a whole (8,3
pcr 1000 for 1960). Comparison with the unex-
posed population of Rongclap is complicated by
variations in the si~ of this population, which has
gcncridly incrcuscd from year to year since the
people were first included in the study in 1957.
Houcvcr, [hc dca[h rate in this group, which has
fewer okfcr people, nppcars to bc only slightly Icss
[htin [hat in the cxposctf Rongclap group,

Births

The birth raw for the post year was again cal-
culated, m in [hc prcccding survey, from the num-
ber of births pcr woman of childbearing agc (16 to
45 yr). There were 22 such women in the
exposed group find 32 in the unexposed group.
( Not included in either group were 4 unexposed
women WIIOSC spouses were exposed males. ) In
the exposed group 4 babies were born, giving an
average of 0.182 births pcr woman; in the unex-
posed group 4 babies were born, giving a slightly
!owcr birth rate pcr woman (0,125). The births
were all full-term normal dclivcrics.

Congenital Anomalies

No congenital anomalies were reported in chil-
dren born of either exposed or unexposed parents
during the past year. Specific genetic studies have
not been included on this relatively small popula-
tion. Routine examination of babies born to
exposed women since the accident has not rcvcalcd
any incrcmcd incidence of anomalies m compared
with children born of unexposed parents, In 1960,
onc of the babies born of an unexposed mother
(No. 75) had a congenital heart defect. The baby
died at 4 months of age, Unfortunately, an autopsy
was not possible and the diagnosis was not con-
firmed. Most of the anonmlies reported had
occurred in children of unexposed parents; they
include a low incidcncc of patent ductus artcrio-
SUS,congcnikd deformity of the hip, and congenital
hypoplmia of the middle phalanx of the 5th finger.

Miscarriages and Stillbirths

During the past year no miscarriages or still-
births were reported in exposed or unexposed
women, During the past several years the incidence
of miscarriages appears to bc no greater in the
exposed than in the unexposed women, and the
previously reported suggestive incrcasc in inci-

dcncc in the exposed women is no Iongcr app~r-
cnt, Unfortunately in most instances it hiis not
been possible to have a physician examine Ihc
products of miscarriage

Death of an Exposed Woman

On Nlarkh S, 1962, u 78-yr-old exposed woman
died. During the past fcw years shc hwl bccomc
very fccblc ond was Ixxfridcfcn find incontinent
wi[h senile dc(criora(ion, Shc Wiis kept in u pcnncd -
in portion of hcr room. The mujor findings on pre-
vious cxsmina[ions had been acu[c kyphoscolio-
sis (she was so badly stooped lh3t shc could no[
st3nd upright), bilateral ca(oracts, hypertension.
urtcriosclcrdic hcarl disease, ostcotirthritis, and
senility. Scvcrsl weeks before hcr dcuth shc dcvcl -
opcd an upper respiratory infection with nuuscu
m.f volni(ing. Shc bccamc dc!irious and cxci[cd 3[

times and altcmptcd to pull herself upright. Four

days before hcr dcuth shc bccamc comatose and
wcn( rapidly downhill. Fortun3tcly an 3uIopsy was
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possible since the team arrived the day after her
death. Principal gross findings included fractures
of the 5th, 6th, and 7th ribs and the first lumbar
vertebra with ecchymoses and internal hemor-
rhage, atherosclerosis of the heart and aorta, bilat-
eral pulmonary edema, and benign nephroscle-
rosis. Atrophy of the kidney, liver, and spleen werv
noted, Principal findings on microscopic examina-
tion included myocardial fibrosis, aortic athero-
sclerosis, and pulmonary edema. lt was believed
that death resulted from trauma and hem~rrhage,
possibly from a fall. Details of ‘the autopsy findings
are reported in Appendix 6.*

Illnesses

Only 4 people, 2 exposed and 2 controls,
required hospitalization during the past year. Two
cases of hemorrhoids and an anal tistula required
surgical correction; one case of an acute exfolia-
tive type of dermatitis required hospital treatment.
The heal~h aide reported that during the past year
about 20 people on Rongelap developed a sickness
associated with eating improperly prepared arrow-
root flour. The sickness was characterized by sore-

ness of the mouth and throat, anorexia, nausea,

vomiting, and diarrhea, and lasted from a few days

to several weeks. Occasional cases of fish poison-
ing (numbering about 20) occurred during the
past year. They were characterized by the typical
gastrointestinal and neurological symptoms noted
in the past. Fish poisoning is a ubiquitous illness
in the South Sea Islands. The only other sicknesses
reported were the usual number of cases of upper
respiratory infections, gastroentcritis, and numer-
ous skin conditions.

ADULT EXAMINATIONS

[n Table 3 are listed the various physical abnor-
malities in the adults, except for the ophthalmolog-
ical findings, which arc Iistcd and discussed in the
following seclion. As noted in previous examina-
tions, the incidcncc of various abnormalities in
the exposed group did not appear to be significantly

“The gross autopsy findings are reported by one of us
(L. M.). We are grateful to Drs. Hans Cottier, W. CatVo,
and V. Alcotxr of BNL for reporting the histological
findings.

different “from that in the unexposed comparison
group. Appendix 5 lists major findings on each
adult examined.

Certain abnormalities such m modcrutc to
severe arteriosclerosis showed a higher incidcncc
in the exposed group, but these increases were
probably related to the larger percentage of older
people in the exposed group. In the exposed group
2090 of the adults were >65 years of age, com-
pared with 7% of the unexposed adults. Taking
this into consideration, it does not appear that the
abnormalities in the two groups arc very different,
and no evidence of any incrcascd incidcncc of
degenerative diseases or other diseases is apparent
in the exposed group. In the exposed group several

of the older people (No. 57-F, agc 107; No. 46-M,
age 86; No. 55-M, agc 82?;and No. 28-F, agc 75 )
showed marked infirmities of old agc and prc-
scntcd such findings as arteriosclerotic hci]rt dis-
ease, kyphoscoliosis, osteoarthritis, cataracts, and
blindness. These people had to be assisted to the
examination room. Only two cases in the unex-
posed group were in this category (No. 862-hi,
age 88, and No. 946-M, age 85).

OPHTHALMOLOGICAL EXAMINATIONS

In Table 4 the incidence of various ophthalmo-
logical findings in the Rongclap people is pre-
sented. Pterygia and pingueculac were the most
common, occurring in 4390 of the exposed adults
and 36.97o of the control group, but these were

not found in individuals <20 years of age and were
most common in those >40. All lens opacities
could bc classiticd as senile, prcscnilc, or congeni-

tal. There were 14.5 ?ZOof the exposed adults and
13.6% of the control group [hat had senile cata-
racts. Lenticular opacities (including prcscnilc and
congenital ) occurred in 22.970 of :hc exposed
group and 2 1.7% of the control group; they were
most common in those >45 years of tigc. No opac-
ities were no[ed characteristic of those induced by
radiation exposure.

Corncal pigmentation could bc clmsiticd into
two groups, congenital and acquired. There were
20.8% of the exposed and 23.9% of the control

group that had congenital corncal pigmentation

not unlike that seen in all dark-skinned races in

any part of the world, Three cases (6.290 ) in the

exposed group had a noncongcnitxl pigmcnta[irrn,

consisting of a dark Iincar streak of pigment cx -



13

——
Table 3

Physicaf Findings in Rongelap Adults, 1962

Exposed (48 examined) Control (86 examined)

Subject Nos. % Subject Nos.— 70
Anemia, rmcmic tcmtency 30,45,46,55,70 10.4 860, 865 2,3Arteriosclerosis, peripheral, mild

11,52 4.1

Artcriosclcrosis, peripheral, modera!e to
13,28,29,30,41,46, :8,7

severe
Asthma

55,43,57,60
29,45 4.2Auricular fibrillation with myccardial damage 80

~iadycardia 2.8

flronchitia
27 2.1

Cardiac Cnlargcmcn[
Cervical erosion

(’crvica] ]accrations
(’crvicai prolapse
Colloid goi[cr
Congenital defects

Dislocation of hip
promincn[ head ujna
Bilateral shor[cning of 5[h finger
polydactylism
Shortened tcft [hunlb
Flcxion deformity, fingers

Constipation
(’!S1, Ovarian
(’~sl. pilonidal
C)’sloccle
Deafness
Diabclcs mc]ljlus
Dupuy[rcn’s contracture
Emphysema
Fungus infection, skin
~ilr UrSCU]Osis

(;~llCcomas[ia

Hallux Va]gUs
Hchcrdcn”s nodes
Hcmiplcgia, par[ial
Hemorrhoids
H}droccjc
H}pcrtcnsion (> 140/90)
HYpolcnsion
K} ’pllosis. scolio~is
1.cprosy, arrcs!ed
[.iwr palpab]c

1, 30,60, 80 8.3
12, 18, 34, 63, 64, 74 14.2

45, 58,71, 7S
12

41
14, 28
75,78

57

74

1, 14
1

30

55
50
57
46
27

1,11,28,30

13.43, 52, 57, 77
77
14

Kf!ocardial damage or insu~cicncy (EKG) 46.60

Ohcsi[v
1.49, 50, 60,71, 74,

~~\’.coar[hritis
78

13, 29,46, 52, 55, 57,
60

8.3
2.1

2.1
4.2
4.2

2.1

2.1

4.2
2.1

2.1

2.1
~. I

2.1
2.1
~]

8.3

8.3
2.1
~1-..

42

14.6

14.6

851, 852, 855, 859, 878, 884, 17.4
894, 898, 917, 956, 915,
957, 969, 970,982

853, 860, 862, 908, 935, 947, 8.1
964

894 1.2
858, 859, 862, 942 ‘ 4.6
825, 826, 846, 85], 895, 898, 15. ]

936,938,951,970, 982;
1001, 1042

829, 851, 945, 991

853

858, 882, 915
832, 836, 91o
938

g~b

835
832
958

853, 884, 916, 964
853, 893, 932, 936, 991
884
853
895
942

849.884, 893
961
858, 908, 9A7, 982
914.932, 969
859, 860, 864

4.6

1.2

3.5
3.5
1.2

1.2
i .2
[.2
1.2

4.6
5.8
1.2
1.2
1.2
1.2

1.2

3.5
1.2
4.6
3.5
3!5

825, 84:, 853, 865, 958, 963, 8.1
970

851, 858, 878, 884, 893, 917, 12.8
947, 956, 957, 969, 970 ,

849,851,941,991,1005, 7.0
1041

858, 859, 860, 884, 894, 896, 16,3
898, 915, 922, 928.935.

936, 961, 964



Table 3 (conlinucd )

Physical Findings in Rongelap Adults, 1962
—

Exposed (48 examined)
——

Conlrol (86 examined)

Subject Nos. % Subject Nos. ff/0

Paralysis, facial 82 2.1

Pleural thickening or-adhesions S8 2.1 ~~3, S~6, 875, ~~~ 4.6

Prolapse of vaginal wall 63, 64 4.2

Prostatic hypertrophy 1],~9,8~ 6.? 855, 864, 910, 915, 947, 964 7 .()

Rheumalic heart disease 76 2.1

Rheumatoid arthritis 878 ?7

Senility

-,-

29, S5, 57, 46, 28 10.4 ~6~, 946 2.3

Sinusilis 63 2.1

Syphilis (?) arrested 11, ss 4.2 846, 86n 2.3

Tachycardia 28 2.1

Tonsilar hypcrtrophy 27, 76 41 8~6, 831, 833, 864, 8(j7, N9~, 9,3
934, 9S8

Trichomonas
Tumor, benign

9, ]~, 58 62 942 1,?

4,7,9, 10, !3,57, 14.6 853, 864, 87S, 885, 964, 969, 9,3

64 970, 1007

Ulceration, lower colon 30 2.1
Varicose veins 13 2.1

Vi(iligO 853, 971 2,3

Table 4

Eyc Findings in Acfult Marshallese People, 1962

Exposed Controls
(48 (9Z

examined) examined )

Number % Number 7;

Ptcrygium and pingt]ccula 21 43.0 34 36.9
14.s 12Cataracls -

Lenticular opacities (pre-
scnile and congenial)

Corneal scars
Corneal pigmentation

Congcnilal
.4cquircd

Hcalcd choroiditis
Retinal scars
Strabismus
Nystagmus
Phthisis bulhi
Anterior staph yloma[a
Argyll Robcr!son pupil
Seventh nerve weakness
Healed uvci[is
Corncaf foreign hocfy

(coral )
Rctlnal arlcriosclerows
Ditihc(lc rc[inopathy

Arcus scrrilis

Vtlreous opficitics
hfacul~r dcgcneralion
Driiscn
(’ongcnlt;il uhnormtilitics

Rc[lnal VCSSCIS
[.urge corneas
Rcmnun[ of hyaloicf

2~.9 20

19.0 9

20.8 22
6.2
6.2 3
4.16
6,2

2.0 1
2.0
2.0
2.0
4.6
2,0

1
12.4 11
2.0

25,0 23
12.4 10
4.16 3
2.0

~,~4 5

4.6 4

2.0

13.0

2[.7
9.8
*

23.9

3,?

1.0

1.0
13.0

25.0
10.9
3.?

5.4
4,3

.—

tending from the limbus 2 to 3 mm mwm’the

pupil and lying in the horizontal axis of the palpc-

bral aperture. The pigment was in thc epithclial

Iaycrs of the cornea. Since this is not Ihe usual con-

genital type of corncal pigmenta[ion$ it seems pos-

sible that it may have resulted from [hc irradiation

contamina~ion of the eyes of the exposed group by

fallout (probably [hc beta component).

In both the exposed and control groups, there

was a low incidcncd of myopia and strabismus.

Visual acuity was higher in both groups than th~t

seen in America. No cases of rctinitis pigmcntosa,

glaucoma, or cyc findings charac(cristic of hypcr-

thyroidism were noted.

Two unusual congenital cfcfccts were fountl

w-nong the 140 people examined. Six people cxhib -

i[cd Iargc cornc~s, :ind 8 had ;Ibnormal]y Iargc

punct:itc rutin;tl VCSSCIS.The I;\[tcr ,vcrc not t~pi-

ca! of hen}; ittgiunla[; l. 1[ IS plilllncd l[J d~~cunlcn(

[hcsc findings by piclurcs in ;1 future survey,

As has been noted bcflm, Jrcus scnilis occurs il]
the hl;irsh;tllcsc with ;1 higher incidcncc iind at :In
earlier ugc thtirr gcrwrillly !;~c]i in Americans. The

incidcncc in both cxpc)scd and control groups w;~s

about tb,c sumc.

In ;i rcccnt survc) I 2 children hod ;1 night visltjtl

defect duc to t,itiimin A deficiency. In thi< survey

no simil~]r c;iscs \vcrc cnc(]unlcrcd, p{hsihly bu-

CaUSC of [hc incrcascd growttl and cons~lnlp[it)n {)1

papay;l ;ind sqttash, Leprosy ilnd yaivs :Irc cndcm)c

in the Nfarsh;lli Islands, Two cases of 7111 nerve

wc;Ikncss \vcrc no[cd, onc in il lcpr(~us p;llicn[. 111



another case, loss of the outer one-third of the
eyebrow hairs was suggestive of the disease, but
a skin biopsy rcvcalcd no acid-fast bacilli.

No cases of retinal scars were observed that
might have resulted from retinal burns possibly
cisuscd by observation of the fireball of (hc nuclear
explosion that resultcrl in the fallout accident,
although many people on Rongclap reported see-

ing the fireball and dcscribcd it as resembling “the
“rising sun” in the western sky.

PtDIATRIC EXAMINATIONS

During the 1962 survey, 30 exposed chidren, 71
control children, 37 children born to exposed par-
ents and 25 children born to unexposed parents
were examined. The size of the pediatric study
population (Rongclap series) during each of the
Itist 5 surveys ( 1958 through 1962) is shown in
Ttiblcs 5 and 6. The fluctuations from year to year
in the numbers of children seen have resulted from

(a) mcwcmcnt, generally temporary, to other

afolls, (b) graduation from the pediatric to the

adult s[udy, isnd (c) addition of newborn babies.

Attri[ion duc to unavailability has been minimal
in the exposed group, Onc child in 1959 and one in
1961 could not bc examined, but each of these
children returned to the study the subsequent year.
In the control group, the attrition rate has been
higher, 11.370 for the I:i$t 5 years.

The frcqucncics of various abnormal findings on
physical examination have been summarized in
Tnblc 7. As in previous years, no consistent rela-

tionship was noted bctwccn the occurrence of these
i]bnormali[ics :Incf exposure to radiation.

Growth and Development Studies

In the :)nillY\is of the growth data, previously

dcscribcd st;]ti\~i~iil methodology was used.’ The

children were divided into 4 groups: (u) those

cxp(}scd [p raditi(ion. including the 4 children in

lllero at [hc [imc O( exposure. (b) those born
before [hc fullout bu[ not exposed to radiation, (c)

tlmsc horn to exposed parents subsequent to the
f:]llout. ;incl (d) [hose born to unexposed parents

subsequent to the fallout,

Hcigb[ ;incf weight data on children born before
[hc f~lio.u~ shmvcd the cxpcctcd ptittcrn of pubertal
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Table 5

Variations in Composition of Pediatric Population,
1958 through 1962:

Rongelap Group

Numbers of children

1958 1959 1960” 1961 1962

Exposed group
Total seen 39

No( available —

Transferred to
adult study —

Control group
Total seen 88

Not avaiiablc —
Transferred to
adull s[udy —

Not seen
previous year —

Ncw subjects
added —

34 36 30 3(3

1 0 1 0

4 05 1

75 51 75 71

13 25 0 10

3 2 30

3 3 27 2

—_ _ 4

●Limi[ed survey.

Table 6

Variations in Composition of Pediatric Population,
1958 through 1962:

Children Born Af[cr Fallout ( Rongelap)

Numbers of children

1958 195Q 1960 -” 1961 1962

ExposcLJ parcn[s”
Numhcr seen 13 Zo lo 24 37
New hisbics
added — 7 (1 5 12

No[ available
from previous
ycnr — o 10 1 0

Old suhjcc[

not seen
previous year — o () 10 1

Unexposed parents:
Number seen 7 t-l 14 25

Ncw hahics added 7 (-l 8 10

No[ available from
previous year o (-l 1 I

Old suhjcct no! seen

previous year f) o 0 I

“This catcgor} includes only thmc who were babies
;It the !imc they were ~dded IO [he s[udy. Those who were
older at the time [hey were first seen have been grouped
with the regular control children.

**Limited survev,
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Table 7

Summary of Physical Findin i in Children, 1962

Control ● ●

Exposed Born before Born af[cr Nonexposed of
(30)” 1954 (39) 1954 (57) exposed parents ( 37)

Active skin lesions
Adenopathy
Palpable liver
Rhinitis

Blood pressure taken
Hypertension
Acute o[itis media
Chronic otitis media
Molluscum

Tinea versicolor
Tinea cruris
Vitiligo
Miliaria
Seborrhea—scalp
warts
Papilloma
Cheilosis
Sore on lip
Bi?.ck spots—tongue
Denuded areas-tongue

Pigmentation—1ips
Rheumatic heart disease
Systolic cardiac murmur (grade 11)

Swelling, preauricular soft tissues
Umbilical hernia
Hydrocele
Trombocy[openia
Trfichcotomv scar
Ttmracotomy scar
Cbesity
PIgcon hrcast
Conlraclurc—fingers

8
3
0
0

25
0
1
0
0

2
0
1

:
4
1
0
0
~

o

I
5

1

1

5
5
0
-1&

33
0
0
0
0

2
1
1
0
0
2
0
0
0
1
0

0
-).

1

4

9
4

8

3
0
4

2
3

0
0
0
~
o
4

0
4.

1

0
1
1
0
4

1
1

1

1

I

8
2
0
3

2
0
2
1
2

0
0
0
2
1
3
0
1
0
0
0

1
1

●Number cxaminecf,

*“A part of Ihc group horn after 1954 was used as the group “’children of unexposed parents”’ 10 serve us J control for

“chi!drcn of exposed parents.’” Cf. footnote to Table 6.

growth spurt occurring earlier in girls than in boys
and the eventual superiority in size of boys at
maturity. In addition, with respect to stature, there

was a distinct tendency, among the boys only, for

those exposed at ages 1 through 5 to be shorter
than the uncxpcscd boys of the same age (Figure
4). Although the diffcrcnccs “~crc statistically sig-
nificant only in the mcasurc)ncnts at ~ges 9, 11,
arid 12, the retardation in stature of these boys
exposed at an early age was apparent at all ages

at which mcissurcmcnts have been made, No tend-
ency toward diminution in the magnitudes of the
diffcrcnccs was noted as the boys grew older. The

boys exposed at ages 6 through 8 showed no diffcr-
cnccs in stature from [he-control boys of the same
age. Since there were only two boys exposed in
the 12 through 13 agc range, the data avail fib]c did
not justify any conclusion regarding the effect of
exposure about the time of puberty.

The weights of the exposed and crsn:ml boys
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showed trends parallel to those of their statures
(Figure 5). However, the weights were more vari-
fiblc, and the diffcrcnccs were not statistically sig-
nificant,

The exposed girls did not differ significantly
from their controls in either stature or weight at
any age level (Figures 6 and 7).

Among the children born after the fallout, the
males with exposed parer:.~ were smaller in stature

at al I ages than those with nonexposcd parents
(Figure 8). The diflercnce was statistically signifi-
cant M tigcs ! through 4. This trend had been
nolul in the prcvi~]us study. However, the boys in
the group with c.~poscd ptircnts were, on the aver-
age, 4 months younger than their controls (the

boys with uncxposcci parents). The median differ-
ence in stu(urc bctwccn the two groups was 4.4
cm, and from their growth curves the boys with
exposed parents would bc cxpectcd to be 2.3 cm
shorter on the basis of the agc diffcrcncc. Since
much of the diffcrcncc in stature was readily
accourr[cd for by the agc diffcrcncc, the data did
nol justify a conclusion that there was a diffcrcncc
in stature associ;ltcd with the exposure of the par-
cn[s. The girls of exposed parents did not differ in
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agc from their controls; nor wer&@e age #rfier-
cnccs b@@& any-#~the comparison groups of

F

children “&@i .w~ fallout. The boys of exposed
parent@id. @er significa@y from the boys

“of unexposid”j%rents in weight or head circutnfcr-
cncc (Figures 9 and 10), The girls of exposed par-
ents did not differ from the girls of unexposed par-
ents in stature, weight, or head circumfcrcncc

+-.$?3 @ J> -. :; .,@-&&~, ‘- .
&%:6-* tG s.kr@a@s:T” retg-

lic~ ar@:&~yle, “@i@&#@ t&C””Nitiji$/ d@’CfO&nCl’#t

*

of the clWd@@@i Ibt exp6c-@ a eontrot Mks-
shallese ~fin @df@ b b&ss~ e%!tc*\a!ly

e

at Ccml ,;: ~. .wn~of$~ a$@$~ ‘ ‘ hc~rms
*Pub&?. ... ~icB.”?@$P* tFi %4) . H&-

Cvcr,
%F

““t-&~@~CTfiiy MS maturqm*di -
tdly *“ “’-. :*W~* ‘on* ?~c-rne2~ +fks
retdxi, & cd@a4ecf;+k.h **@*Jq t~c*.
Also,. thi~~c. .,#jMcfren “~~~ WjtficarR@ F*s

v
%

matu?e :stifvt~ y ih~. the contmk “cdi?n
skclet~~ ~ctardatiofi~ ‘he exposed ~}d” . a# 8
months, as compared with 3 mon[hs for the con-
trols. The diffcrcncc in skeletal maturation associ-
ated with exposure was more prominent in the
boys th~n the girls. The average cxpos~d boy W:]S
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I COMPARlS@4SKEL AL AOE
\AMO CHROUOLOOICA fiGE I

Figure 14.

13 months retarded skeletally as compared with 6
months for the average unexposed boy. The aver-
age skeletal retardation for exposed girls was 7
months as compared with 2 months for the control
girls. The most marked retardation of skeletal
maturation, as well as the most marked statural
retardation, occurred in the 4 boys who were
exposed at 16 to 17 months of age (Table 8). In
two of these, Subjects No. 2 and No. 6, the degree
of skeletal and statural retardation remained rela-
tively constant from one year to the next: they
were behind in their development but were pro-
gressing at approximately the same rate as their
peers. However, the other two boys, Subjects No.
5 and No. 3, not only were more severely retarded
in their development, but were retarded in the rate
of their development, so that they fell further
behind their peers each year. From age 6 to age 9,
No. 5 gained only 3 months in skeletal age, and at
age 9 is 5 $~~ yr behind the standards of Greulich
and Pyle. During the same 3-yr period he gained
only 8.7 cm in stature, while the controls gained
16.5 cm, and he now is 20.8 cm shorter than the
controls. Similarly, N’o. 3 gained only 2 months in
skeletal age from agc 6 to age 9, which puts him

6?( Z yr behind the standards of Greulich and
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Pyle, and he gained only 8.2 cm in stature so that

he is 17.9 cm shorter than his peers. With respect

to weight, No. 2 and No. 6 have maintained
weights <1 yr behind their peers. No. 5 and No. 3
have had decreased rates of weight gain, but the
decrease has not been as marked as in statural
development. No. 3 is 6M lb lighter than his con-
trols, corresponding to children = 1 yr younger
than himself, whereas his stature is comparable to
that of children >3 yr younger. No. 5 is 11 M lb
lighter than his controls, corresponding to children
*2 yr younger, and his stature is comparable to
fiat of children almost 4 yr younger.

The skeletal ages of the children born after the
fallout were also somewhat retarded according to
the standards of Grculich and Pyle (Figure 15).
This was attributable primarily to the boys, who
have significantly more retarded skeletal ages than
the girls, the average retardation being 14 mon(hs

for the boys as compiwcd with 2 months for [hc
girls. There were no diffcrcnccs bctwccn chi}drcn

of exposed parents and children of unexposed

—
Table 8

Skeletal Age and Stature in Mates Exposed atAgc 16 to 17 Months

Skeletal age minus
Agc al

Subject exposure,
chronological age, months Height minus mctlian control height, cm

No. months Agc 6 Age 8 - ‘-Age 9 igc 5 Agc 6 Agc 7 Agc 8 Agc 9
—.

2 16 -22 -28 -19 – 2.3 – 3.5 – 1.9 - 2.8 - 3.1
6 16 -11 -20 -11 – 4.9 – 5.5 – 5.7 – 6.3 – 8.4
5 16 -35 -59 -68 -9.6 – 13.0 - 15.3 – 17.9 – 20.8
3 17 -44 -66 -78 -6.8 – 9.6 – 10,8 -14.5 – 17.9
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parents. It was interesting that the boys born soon
after the fallout had more retarded skeletal ages
than those born more recently, and that the skele-
tal ages of all boys were slightly more retarded in
1962 than in 1961 (15 months as compared with
13 months). Howevefi the differences were not
statistically significant, and the data available at
this time would not support any crmclusiou con-
cerning factors related to the retardation of skele-

tal maturity in these boys.

showed no excessive leukocytosis or incrcaserf
numbers of immature leukocytes. Basophil counts
on 4000 leukocytes on each individual showed no
elevation except in one 9-yr-old exposed boy who
has shown about a 3% basophil count over the past
few years. However, in this case no other evidence
of incipient leukemia has been apparent. Alkaline
phosphatase studies on the blood smears show that
although some people had low levels, this finding
was not associated with any other findings sug-
gestive of Ieukcmia (see Appendix 4),

CANCER DETECTION, LEUKEMIA SURVEY
RESIDUAL BETA BURNS

Examinations as thorough as possible under
field conditions were carried out for the detection
of malignancy. All tumors were recorded. Most of
the tumors seen were of the benign type of the skin
and subcutaneous tissues, One exposed wornan
(No. 64) had a tumor of the fourth left phalanx;
this was surgically removed, and histological ex-
aminations showed it to bc a benign giant cell type.
No malignant Icsions were dctcctcd in either the
exposed or urtcxposcd groups, Pelvic examinations
were carried out on the sexually mature females
(except when pregnant), Cervical erosions, lacer-
ations, and prolapse were noted with great fre-
quency. Papanicolaou’s staining was carried out
on vaginal and cervical smears in those women
that had not had the procedure done during the
past sur~cy. None was positive for malignant
cells. As noted last year, the secretions were scanty
in most of the women, and tbc smears were
consequently somewhat dry. lnilammatory reac-
tion wi[h the prcsencc of blood in the smears was

common. A number of cases of cndocervical atypia
and trichornonas infcc(ion were noted, The results
of the individu~l examinations arc reported in Ap-
pendix 5.

Rectal examinations were carried out on all
adults, and proctoscopic examinations were done
when indicated. Several cases of prostatic cnlargc-
mcnt were noted but no evidcncc of malignancy
was apparent.

In view of the incrcascd incidcncc of leukemia
reported in the Japanese and others exposed to
radi~tion, careful examinations for this blood dys-
crmia arc carried out annually on the Marshallcsc.
On physical cxilmination, no cvidcncc of lym-
ph:]dcnop~thy, splcnomcgaly, or other signs of Icu-

kcmiil were dctcc[cd. Hcmatologicid examinations

Table 9 lists those cases that showed residual
skin changes in areas previously exhibiting beta
burns. Variation in pigmentation, hyperkeratosis,
atrophy, and scarring in varying degrees were
noted in these cases, The dcvclopmcnt of pig-
mented macular and pripular (ncvus-like) lesions
in areas of the skin that had sustained beta burns
was first obscrvccl several years ago. These Icsions
appear to bc increasing slightly in number. Similar
lesions arc also occasionally seen in the unexposed
group. Figure 16 shows the appearance of acute
beta burns in an exposed woman several weeks
after exposure and Figure 17 shows development
of pigmented nevus-like lesions at 8 yrs post expo-
sure in the skin area previously involved with beta
burns. A ncvus was removed in one case bccausc
of a complaint of irritation by clothing. The histo-
logical report on this lesion was as follows: “Frag-
ment of skin with abundant pigment in the cpi-
(helium. In a small area, there is a superficial
infiltration of dermis composed of ncvus type CCIIS
tl~ii pigmcntary cells. No cvidencc of malignancy.
Di:~gnosis: ncvus pigmcntosus.”

None of the rcsidu:ll chnngcs no[cd in the skin
showed nny tendency to chronic radinti{~n derma-
titis or ulceration an(l none showed any gross cvi -
dcnec of malign:int ch:lngc. During [hc next suri’c)
it is planned to carry out an cxtcnsivc biopsy pro-
gr;lm \vith histological study of skin Icsions.

STUDIES OF AGING CRITERIA,
DENTAL SURVEY

Studies of aging criteria :md a dcnt:ll survey were
not c;irricd out during this :inrtu:ll cx:]minfition,
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Table 9

Residual Beta Burns

Subject Subject
No. Sex Age - DeXription No. Sex Age Dcscript ion

2

11

14

17

24

26

34

39

49

54

59

63

65

67

M9

M 58

F 33

F 11

F 21

M 20

F 53

F 22

F 23

M9

F 42

F 44

F9

F ~~

Pigment variation with roughening
of skin of front of neck. Several
pigmented macules right antecubi-
tal fossa.

Slight hyperpigmentation and
hyperkeratosis of left antecubital
fossa. A fcw pigmented papular
lesions on chest inferior axiI{ae,

Back of neck — areas of slight in-
creased pigmentation and hyper-
keratosis.

Left antecubital fossa — scarring
and hyperpigmentation; 2 small
pigmented macules. ‘

Dorsum of feet—mottled areas of
pigmentation and depigmentation.

Dorsum right foot-corisiderable
scarring and thickening with bind-
ing to subcutaneous tissue in area
between Ist and 2nd toes, Slight
scarring and hyperkeratosis with a
few pigmented spots in right antc-
cubital fossa.

Back of neck — slight hyperkera-
tosis with several ncvus-like lesions
on back and sides of neck.

Back of neck—pigment variation
with slight hypcrkcratosis; also to
lesser extent on dorsum of feet.

Sides of neck — pigmented mac-
ulcs, particularly on right side;
few also in left antccubi(al fossa.

Anterior neck — mottled pigmen-
tation and dcpigmcntation. Few
pigmented macules left an[erior
axillary fold and lower abdomen;
pigmented patch 2 X 3 Cm inter.
scapular area on left.

Back of neck — hyperkeratosis
with some itching.

C’onsidcrable pigment variation on
back of neck and to a slight de-
gree on right forearm.

Front of neck—slight pigment var-
iation and hyperkcratosis.

Dorsum of feet — atrophy and
scarrine,

71 F 36 Macular lesions on right side of
neck and onc also on back of neck,

78 F 44 Pigment variation and hypcrkcra-
tosis on back of neck. Raised pig-

mcntcct mole-like Icsions on sides
of neck, particularly on left side;
appear to be increasing in number
(see Figure 17).

79 M 47 Back of Icft ear—scarring with 2
noduics of hypcrkcratosis; pigmcn[
variation. Small spots of alopecia
occipital region of scalp.

Figure 16. Wet dermatitis from beta exposure in Ron-
gclap woman 4 weeks after exposure (Subject No.
78, March 29, 1954).

Figure 17. Same CMC as in Figure 16 at 8 yr post ex-
posure. Note dcvclopmcnt of ncvus-like lesions in
area of neck previously involved with bcla burn,



Laboratory Examinations

HEMATOLOGICAL

Summary tables of hematological data arepre-
sented in the tables and graphs in the text, and raw
data on the individuals are presented in the appen-
dices, The more heavily exposed Rongelap group
who received 175 r are designated as “Rongelap

exposed,” the Rongelap people who received a
smaller exposure of 69 r as “A]lingnae exposed,”
and the larger unexposed comparison population
of Rongelap as “unexposed.” Because of the small
number of people in the Ailingnae group, their
data were not treated as fully as those for the larger
groups, and are briefly summarized in a separate
paragraph. Because of certain differences noted in
age and sex groups between the exposed and the
unexposed, in addition to the comparisons of mea~~
levels for entire groups, comparisons are also made
of age and scx groups. Ages 8 to 15, 16 to 40, and
>40 yr for each sex are compared,

The hematological data are summarized in
Tables 10 and 1I and in Figures 18 through 37, In
Appcndiccs 1 and 2 are presented summaries of
the mean blood counts of the exposed population
and of the various comparison populations since
exposure in March 1954. In Appendix 3 are listed
the individual blood counts for 1962. In Appendix
4, the individual alkaline phosphatase and baso-
phil counts arc presented.

Leukocytes

The lcukocytc levels in both exposed and unex-
posed groups were slightly lower than last year
(SCCTable 10 and Figure 18). The mean leuko-
cyte Icvcl in the exposed group was slightly ( 1290 )
below thti[ in the unexposed group. This was largely
a reflection of dcfici[s in ,the ncutrophii and lym-
phocyte tCVCiS.

Neutrophils

The mean ncutrophil Icvel in the Rongelap
exposed group was 13.6% below that in the unex-

posed group (SCCTable 10 and Figure 18). The
Icvcls were Iowcr iii the younger (age 8 to 15) and

oIder (age >40) groups than in the middle (age 15
to 40) group. This is demonstrated in the histo-
gram (Figure 30) and in the scattergrams (Fig-
ures 19 and 20), the latter showing more than half
the individual counts below the mean line of the
unexposed, An accumulative percentage distribu-
tion curve (Figure 21 ) aIso shows the lower counts
(displacement of the cume to the left) in the ex-
posed group. These findings conform generally
with previous data except that the younger females
tend to show more depression.

Lymphocytes

The mean absolute lymphocyte level in the ex-
posed is 24% below that of the unexposed, which
indicates a dcticit greater than the mean ncutrophil
deficit (see Table 10 and Figure 22). The lympho-
cyte levels appear to be more depressed this year.
The histogram (Figure 30) shows that the deficit
in lymphocytes seems to be distributed fairly evenly
in the age and sex groups, except that (as noted
with neutrophils) a somewhat Iarger deficit ap-
pears among the younger females. The scatter-
grams (Figures 23 and 24) and the accumulative
distribution curve (Figure 2S ) also confirm t!wse
observations.

Eosinophils, Monocytes, and Basophils

These all showed nearly the same mean levels
in both groups. The general persistence of eosino-
philia in both groups was apparent, as in past sur-
veys.

Platelets

Mean platelet counts in both exposed and unex-
posed groups were higher this year than previ-
ously (Figure 26). The male counts this year aver-
aged about the same as the female; previously (hc
female counts had been higher. As noted consist-
ently in the past, mean counts in both males and
females in the exposed g]oup were slightly below

the corresponding unexposed levels ( mtilcs by
5.7Yc, females by 10% ). Also as prcvioudy noted,
the younger and older groups showccl the greater
dclicit (see histogram, Figure 30). Scattcrgr~ms
(Figures 27 :ind 28 ) show thaL the majority of
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Table 10

Mean Levels of Peripheral Blood Elements of Exposed Groups
Compared With Those of Unexposed Groups by Age and Sex

Plate. Neut. Lymph. Mono. Eosin. Base.
(x 10”’) ( ??0$ (xlO-’) (xlO-’) (xlO”’) (xl O-’) (xl O.’)

Males, 8-15 yr
Rongelap exposed”* 393&120(10)* 7,90= 1.9 (9) 3.9841.4 (9) 2.88~0.6 (9) 0.16 (9) 0.84 (9) 0.46 (9)
Alingnae expmedt 430 (2) 6.98 (3) 3.64 (3) 2.50 (3) 0.08 (3) 0.77 (3) 0 (3)
Rongelap unexposed 415* 86(16) 8.12= 1.9 (16) 4.31 *2. I (16) 3.15~0.9 (16) 0.17! 16) 0.49(16) O.1O(16)

Fema!es, 8-15 yr
Rongelap exposedt 324A 7? (9) 6.86 A1.03 (9) 3.55* 1.37 (9) 2.69* 0.8 (9) 0.18 (9) 0.42 (9) 0.20 (9)
Ailingnae exposed 315 (2) 7.25 (2) 4.06 (2) 2.59 (2) 0.21 (2) 0.32 (2) 0.30 (2)
Rongelap unexposed 390~ 80(20) 9.08 A2.41(20) 4.71a 1.97(20) 3,45 ~0.8E(20) 0.26(20) 0.62(20) 0.30(20)

Males, > 1S-40 yr
<

.
Rongelap exposed 320 A120(12) 6.65& l,26(12) 3,48A1.35(11) 2.60 A0.78(1 1) 0.15(1 I) 0.35(1 I) 0.20(1 1)
Ailingnae exposed
Rongelap unexposed 327* 87(29) 6.99A 1.43(29) 3.49* 1.08(29) 2.92~0.70(29) 0.1 8(29) 0.34(29) 0.20(19)

Females, >15-40 yr
Rongelap exposed 3S0= 78(13) 6.86~2.15(12) 3.81& l.31(12) 2.26~0.48(12) 0.14(]2) ().63(12) 0.]0(12)
Ailingnae exposed 350A121 (4) 5.70=1.39 (4) 3.01 ~ 1,27 (4) 2.3230.90 (4) 0.09 (4) 0.25 (4) 0.40 (4)
Rongelap unexposed 340=140(27) 7.80= 2.1 1(27) 4.41= 1.90(26) 2.64=0.95(26) 0.22(26) 0.44(26) 0.10(26)

Males, >40 yr
Rongelap exposed 266= 80 (9) 6.10=1,80 (9) 3.3:= 1.57 (9) 2.19~().78 (9) ().14 (9) 0.33 (9) (3.40 (9)
Ailingnae exposed 286* 43 (4) 6.01=1.27 (4) 2.89 A0.62 (4) 2.7jk0.fIT (4) 0.13 (4) 0.24 (4) 0.20 (4)
Rongelap unexposed 326= 95(20) 7.14=2.28(20) 4. 13A2. I3(20) 2.49~0.79(20) 0.13(20) 0.38(20) 0.20(20)

Females, >40 yr
Rongelap exposed 276* 99 (9) 6.37A1.89 (9) 3.50* 1.28 (9) 2.45 A().60 (9) 0.18 (9) 0.3 I (9) (3.50 (9)
Ailingnae exposed 309= 122 (4) 7.26=0.99 (4) 4.02~ 1.24 (4) 2.69~0.g5 (4) o.19 (4) 0.34 (4) 0.20 (4)
Rongelap unexposed 306= 85(19) 7.70&2.04(19) 4.40~ 1,44(19) 2.82~0.90(19) O.14(19) 0.34(19) O.10(19)

Hct., % RBC (X 10-’) Hgb., g Serum protein, g

Males, 8-15 yr
RongeIap exposed ● ”
Ailingnae exposedt
Rongelap unexposed

Females, 8-15 yr

38.5=3.3(10)
370
38.3+2 8(;;.-.

468356(10)
451 (3)
460*35(14)

12.8=1.4(10)
12.3 (3)
12.9k0.7(16)

8.0=0.4 (8)
7.7 (2)
7,8=0.3(1 1)

Rongelap exposedt
Ailingnae exposed
Rongelap unexposed

Mafes, >15-40 yr

39.3k2.O (9)
40.0 (2)
39.0* 1.q20)

478532 (5)
455 (2)
455524(1 9)

13.6& 1.0 (9)
13.6 (2)
12.9=0.8(20)

7.950.3 (9)
7.7 (2)
7.8=0.3(12)

Rongelap exposed
Ailingnae exposed
Rongelap unexposed

Females, >15-40 yr

44.8*3.3(12) 488A75 (9) 15.1=1.2(12) 7.6*0.5(12)

45.2=2.8(29) 508~39(27) 15.O&O.9(29) 7.6~0.5(28,

Rongelap expo&d
Ailingnae exposed
Rongelap unexposed

Males, >40 yr
Rongelap exposed

40.3=4.0(13)
35.0* 3.7 (4)
38.8=2.8(27)

449*32(1 1)
434 (3)
451=33(26)

13.5kl .2(13)
11.4*2.4 (4)
12.9& [.0(27)

8.0*0.6(13)
8.]&().3 (4)

7.8=0.4(27)

40.6a6.2 (9)
42.5ti2.7 (4)
42.4=3.0(20)

444=8! (8)
512=49 (4)
467=38(20)

13.7* 1.9 (9)
14.6A0.8 (4)

14.1=1.1(20)

7.3=0.7 (9)
74+(34 (4)

7.8=0.5(20)
Ailingnae exposed
Rongelap unexposed

Females, >40 yr
Rongelap exposed
Ailingnae exposed

37.953.7 (9)
39.5= 1,8 (4)
39.3*2.7(19)

413&22 (7)
426&32 (4)
432=30(17)

12.4& 1.0 (9)
13.5Y0.8 (4)
13. t&o,9(19)

7.730.9 (9)
8.o&03 (4)

7.7*0.5(19)Rongelap unexposed

●Standard deviation and number of people in group,
● ●inci~ldes 2 children exposed in JJ:eru.

tlncludes 1 child exmsed in ufero.
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values of comparison popula[i,~n.

22)
●

i

25

?’5.0
Q
“4.6

$

42

38

3.4
30 F

18
●

. 09

1.4 1 1 1 I 1
10203040%& 1 1 1

70 ~Q go
AGE(YEARS). .
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Figure 22. Mean lymphmy[e counts of exposed Ron-
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Figure 24. Lymphocyte counts of exposed Rongelap
females plotted against age. Solid Iine represents
mean level of unexposed female population.
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Figure 26. hfcan platelet values of exposed Rongelap
people from time of exposuie through 8 yr post ex-
posure. Stars rcprcscn! mean values of unexposed
comparison population.

counts in males and females were below the mean
Iinc of the unexposed group. An accumulative dis-
tribution curve shows displacement of the exposed
curve to the Icft of the unexposed (Figure 29 ). The
incrcasc in platelet counts this year in both exposed
and unexposed groups is demonstrated by the fact
that only I I .390 of the exposed group and 5.3%
of the unexposed show counts below 200,000, as
comparccl with 18~0 and 9.7910 last year.

Erythropoietic Elements

Erythrocytc, hemoglobin, and hematocrit levels
showccf no marked differences between the ex-
posed imd unexposed groups (see Table 10 and
Figl:rcs 31 through 36). In the older groups the
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Figure 25. Lymphocyte cumulative pcrccnt dis[ribu-
Iion curves for exposed compared with unexposed
population.
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Figure 27. Platelet counts of exposed Rongclap males
plotted against age, Solid line rcprcscnts mean Icvcl
of unexposed male population.

values were slightly Iowcr in the cxposcd [h:ln in

[hc unexposed groups.

Ailingnzse 6100d Counts

Hcmatologicd cxtiminations were carried OU(

cm all 17 Ailingnac people. The Icvcls of pcriphcri]l
blood clcmcnts in this group were generally the
same as in the exposed Rongclnp group. These
data arc shown in Tilblc 10 and Appcndicc:, 2
and 3.
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Figure 30. Scx and age distribution of percent differ-
ence of peripheral blood etcmcnts in exposed com-
parccl with unexposed groups,

Morphology of Blood Cells

Ilxtimination of peripheral blood smears showed

no unusual cellular morphology in either the ex-
posed or controls. A fcw bilobed lymphocytes were
seen in the Lliffcrcn[ial smears of both exposed
and uncxposcil people but no counts were made,

Price-Jones curves in the past have shown a slight

microcytic tendency in the rcd CCIIS.Bone marrow
smears were obtained on 9 exposed Rongclap peo-
ple. These examinations showed a reduced M/E
ralio in 8 of 9 cases with abnormalities of the eryth-
roid and mycloid precursors in 5 marrows (see
Table 11).

\ Tik4EOf MAxIMUMC)CPRESSION I

.CXPOSCO {
●CONTROL
IEx POSEO TIM[ OF

1

MAXIMUM OPPRESSION
[26-30 DAYS I

o
pl# —I-J
o 10 20 30 40 50 60

Figure 29, Pla[clet cumulative pcrccnt distribution
curves for exposed compiircd with unexposed popula-
tion.
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Figure 31. Hcmatocrit \alucs of exposed males plotted
against age. Solid line rcprcscnts mean level of unex-
posed male population.

Children of Exposed Parents

Pcriphcrol blood clcmcnts of 24 children with
parents onc or both of whom had been exposed
were compared with those of 50 children with un-
exposed parents. These children were <8 yr of
age. The results arc prcscntctl in Table 12 and
Figure 37. There appeared to bc a slight depres-

sion of Icukocytic clcmcnls in both male and fe-
male children of exposed parents but is slight in-
crcasc in platelets, Thus the findings reported last
yciIr of male children (but no female) of exposed
parents showing depression of all blood clcmcnis
is not substantia(cd in (his year’s findings.
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Figure 33, Hemoglobin values of exposed males plol-
ted against age. Solid line rcprcscnts mean Icvcl of un-
exposed male population.

Figur~ 32. Hematocrit values of exposed females
plotted against age. Solid line represents mean level
of unexposed female population.
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Figure 34. Hemoglobin values of exposed females
plo[tcd against age, “Solid line represents mean level of
unexposed female population.

Figure 35. RBC values of exposed males ploItcd

against age. Solid Iinc rcfw-escnls mean Icvcl of un-
exposed male population.
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Figure 37. Scx and agc distribution of pcrccnt diffcr-
cnccs of peripheral blood elements in children of ex-
posed parents (one or both exposed) compared wi[h
children of unexposed parents.
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Table 11

Peripheral Blood and Bone Marrow Findings

Subject
No. Hgb., g ‘Hct., % WBC Differential Bone marrow smear

27 18 41 6,100 normal Erythroid hyperplasia with increased
immature red and myeloid elements.

7 14.4 43 6,500 15% eosin, As in #27.

40 13.6 46 6,600 normal No abnormalities,

50 15.7 46 7,500 normal Changes as in #27 but in less
degree.

52 13.8 42 9,700 normal Slight increase in immature red
and myeloid elements.

30 10.0 29 7,100 normal As in #52,

53 13.2 38 7,900 normal Normal.

66 13.6 40 6,400 normal Normal,

80 14.4 44 9,100 normal Erythroid and myeloid immaturity.

—

Table 12

Mean Levels of Peripheral Blood Elements of Children of Exposed Parents
Compared With Those of Children of Unexposed Parents

Plate. WBC Neut. Lymph. Mono. Eosin. Base.
(x 10-’) (x 10-’) (x 10-’) (x 10-’) (Xlo”’) (X10-$) (X10-Z)

Males, <8 yr
Of exposed parents 51 1=123(15)” 8.74& l.34(J5) 4.17=0.87(15) 3.9221.00(15) 0.15(15) 0.49(15) ().(37(15)
Of unexposed parents 45 I& 80(29) 10.37=2.55(29) 4.89A 1.68(29) 4.42= 1.50(29) 0.30(29) 0.73(29) 0.40(29)

Females, <8 yr
of exposed parents 473*149(19) 10.98 ~2.4109) 4.72= 1.47(lg) 5,0] &1,36(]9) 0.30(]9) 0.84(]9) 0.30(19)
Of unexposed parents 4 19* 97(21) 11.63~2.SO(21) S.35~2. 16(21) S.28& 1.92(21) 0.26(21) 0.70(21) 0.40(21)

Hct., % RBC (X 10-4) Hgb., g Serum protein, g

Mislcs, <8 yr
Of exposed parents 38.4=3,0(15) 456535(13) 12.0=0.9(15)
Of unexposed parents 36.752 .S(29) 457239(28) 11.8=1.0(29)

Females. <8 yr
Of exposed parents 36.7=2.8(19) 454&37(17) 11.7=1.2(19) 7,6(1)
Of unexposed parents 37.8*2.7(21) 458*31(16) 12.2=0.9(21)

●Standard devia!ion and number of people in group.

Comments on Hematological Data Iation at that time. Fluctuations in mean leukocyte
levels from year to year, which have been com-

The 1962 leukocyte levels in both exposed and mented on previously, have been unexplained thus
uncxposccl groups were generally slightly lower far. In contrast to the lowering of leukocyte levels
than last year. The Icvel in the exposed group was this year, it was noted that the platelets and eryth-
about the same as in 1960; no hematological exam- ropoietic elements in all groups were elevated as
inations were cmricd out on the unexposed popu- comparcd with last year, the platelets having
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Table 13

Peripheral Bloou Cultures

Diploid numbers

Total-
.’SubjectNo, counts 10 22 32 36 37 39 40 41 42 43 44 45 46 47 48 67 pp

10 59 22 273 4 33(567o) 5 1
11 24 1 2 20 (80%) 1
14 26 1 22 (84%) 1 1 1
27 30 11 4 18(60%) 5 I

41 27 2 25 (92%)

50 69 111 1 41 51(74%) 6 2 1

58 32 1 1 29(91%)
69 19 1 18 (95%)
79 19 2 1 1 15 (79%)
80 16 11 1 1 1 8 (50%) I

reached the highest levels yet recorded. The gen-
eral anemic tendency in the people is no longer as
pronounced. Perhaps a better diet (increased
amounts of fruits and vegetables) may partly ac-
count for this change.

Comparison of hematological data in the ex-
pqsed and unexposed groups demonstrates a defi-
cit in total leukocytes and absolute neutrophils
and lymphocytes which is even slightly more pro-
nounced this year than last year, Platelet levels
in the exposed group show slightly less deficit this
year than in the past. As”noted previously, this
deficit in leukocytes and platelets is more apparent
in the younger and older groups, Erythrocyte
counts and hematocrit and hemoglobin levels were
again found to be about the same in the exposed
as in the unexposed group.

In view of these findings in the peripheral blood
and the evidence of slight persisting bone marrow
abnormalities, it does not seem unreasonable to
assume that there is some residual effect of the
radiation exposure on hematopoiesis.

The finding o,r slightly lower leukocyte Jevels
in the male ar.d female children of exposed
ents is diffiul~ to evaluate.

OTHER LABORATORY STUDIES

Chromosome Studies

par-

Although moderate to good growth of peripher-
al blood cultures was obtained in samples from

13 of 20 unexposed and 30 of 51 exposed people,
the final chromosome smears unfortunately yielded
countable mctaphascs in only 10 prcparutions in
the exposed group. The difficulty in obtaining good

smears is believed to have been related to the high
temperature and humidity of the Islands, which
interfered with rapid drying of the smears. This

was particularly disappointing since cxccllcnL
smears had been obtained in preliminary perfec-
tion of the technique under laboratory conditions
at i3NL, Similar difficulties with chromosome
spreads and poor staining were encountered in 9
direct bone marrow rnetaphasc studies. Ncverthc-
Iess, small numbers of dicentrics were noted in
some of these preparations rslong with abnormal
diploid numbers (see Tables 13 and 14). These
preliminary findings suggest that persistent cfam-
age to blood CCIISoccurred in these people. In view

of [hc importance of these studies, a conccrtcd
effort will be made on the next survey to obtain a
large number of satisfactory preparations from
peripheral blood and also from cultures of the skin

in areas previously involved with !xta burns. It is
believed that the difficulties encountered in the
field in making the chromosome smears can be
corrected by using a hot air dryer on the next sur-
vey.

Routine Urine Analyses

Routine urine analyses were carried out on the
majority of the people. Ten of the samples were
positive for sugar. Sever I of these shov cd only
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—
-1 Ie 14

Abnormal Chron~oswnus in Peripheral Blood Cultures

Subject T:wI
No. counts Dicentrics Other

64 2 — —

10 59 — —

11 24 — —

14 26 l—

27 ● 30 1 Iminute

41 27 — —

50 69 — —
58 32 — —
69 19 — —
79 19 — —
80 16 — —

“ Bone marrow smears showed 3 diccntrics on scanning.

small amounts, however, and glycosuria was dcm-
ons(rated only in those that showed urine eleva-
tions of 2+ to 4+. Four urines showed a slight
amount of protein, but

not reveal abnormalities

ated with protcinuria,

other examinations did
which might be associ-

Blood Sugar Determinations

Table 15

Blocd Volume Studies ( 1961, 1962)

Increase, cc Decrease, cc

Subject Race” W[., lb RBC Plasma RBC Plasma

c
c
c
c
c
c
c
M
M
M
M
M
M
M
M
M
M
M
M
M
c
c
c

158
105
153
161
165
155
110
172
150
138
155
122
1o~
105
126

135
140
123
140
132
156
183
—

— — IUu
— 250 100
— — 400
— — 550
— — 350
— — 250
— — 250
— — 250
— — —

100 — —
— — 250
— — 550
— — 400
— — 300
— — 300
— — 200
— — 600

123 100 —
— — 200
— — 800
— — 450
— — 400
— — 200

[3U
—

600
1000
600
100
500
500
100
—

100
600
—

200
—

150
500
—

700
770
400
700
200

*C = Caucasian, Nf = Micronesia.

Fasting blood sug:lr analyses were carried out
on 8 people (all in the unexposed group) who had
shown urine positive for sugar on the previous sur-
vey. Of these, 4 showed eIevated levels (Nos. 853,
884, 893, md 991). Non-fasting blood sugar de-
terminations were carried out routinely on 72 peo-
ple in the exposed and 125 in the unexposed
groups. Elevations >160 mg % were found in 4 of
these, 1 exposed (No. 29) and 3 unexposed (Nos.
932, 936, and 1042). The somewhat higher inci-
dcncc of diabetes in the Marshallese people has
been commented on in previous reports.

Protein-Bound Iodine

Since previous sumey results had shown pro-
tein-bound iodine levels on the high side of nor-
mal, 14 scra were obtained on individuals for
repeat analyses this year. The levels varied be-
tween 4.6 and 12.0 ~g 70 with a mean of 8.6; these
arc again generally on the high side of normal.

Total Urine Iodine and Creatinine

The purpose of these analyses was to determine
whether the rather high protein-bouud iodine levels
reported in the Marshallese might bc related to
high iodine levels in the diet. Total iodine and cre-
atinine analyses were carried out on 10 urine sam-
ples obtained from subjects who had previously
shown relatively high protein-bound iodine lcve!s.
The levels for total iodine varied between 5.2 and
66.0 pg % ( av, 18.6), and the creatinine levels
varied between 0.025 and 0.80 g/1 (av; 0.52).
These levels were considered to bc in the normal
range, afthough the creatinine levels were some-
what high because of alkalinity of the urine sam-
ples. Therefore it did not appcm that the iodine in

the diet could account for the generally higher
protein-bound iodine levels observed. The cause
of this sli:ht elevation remains to be clarified.

PRIVACYACT MATERIALREMOVED



32

Table 16

Immunoelectrophorctic Anal yses

Findings Subject Nos.

Normal

Slightly increased Y globuIin precipitation-line

Markedly increased Y globulin precipitation-line

Slightly increased precipitation-lines for @w,8=, and Y

Markedly increased precipitation-lines for #x, #W, and Y

Markedly increased precipitation-lines for P= and Y

Slightly increased precipitation-lines for P= and Y

Markedly increased precipitation-lines for pa and Y

Slightly decreased precipitation-li~ for p=

Slightly increased precipitation-line for pm

Decrease of PZAand slight increase of Yglobulin
precipitation-lines

Decrease of flu and Y globulin precipitation-lines

15, 30, 20, 78, 8, 76, 92, 77, 9, 14, 33, 16, 2, 21,
57,47,4, 37, 10, 73, 12,914, 835, 838, 875, 844,
865, 896, 982, 836, 832, 936, 955, 956, 957, 830,
960, 939, 893, 979, 840, 833,915, 967, 975, 882,
898, 1005, 868, 822, 1042, 841, 825, 885

53,71,86,52,63,22, 32,87, 59, 54, 79, 6, 66, 1,
45, 928, 856, 883, 940, 1036, 944, 992, 858, 813,
864, 853, 887,942, 829, 820, 828, 924, 961, 969,
895, 855, 884

862, 891

34,75,27, 817,998, 888, 814

64, 958, 1035

829, 892, 1001

3,41

897

5, 900

29,852

866

60,68, 824

Glucose-6-phosphato Dohydrogenaso Activity
and Hemoglobin Types

Dr. Boycr at Johns Hopkins Hospital reported
that all subjects examined had normal glucose-6-
phosphate dehydrogenase activity. On the starch
gel elcctrophoresis all were of a uniform glucose-6-
phosphatc dehydrogcnase electrophoretic type
Class B. This is the type observed in all Americans
of European ancestry and in 70% of Americans of
mixed African and European ancestry.

Electrophoretic studies of hemoglobin showed
that all Marshallcsc subjects examined had type
AA2.

Blood Volume Studios

During the 1961 and 1962 surveys, blood vol-
ume determinations, with use of Crsl-labeled sodi-
um chromate, were performed on 25 normal
Micronesia ancl Caucasian persons living in the
Marshall Islands for 1 yr or longer. Table 15

shows the data for 23 of these on red ccl] mass and
p[asma volume based on body weight. From these
data it appears that there was a significant reduc-
tion in red cell mass and/or plasma volume in 15
of 23 subjects, both MarshaHese and Americans,
During the anticipated 1963 survey, it is planned

to repeat these studies in conjunction with estima-
tions of lean body mass by use of tritiatcd water.
Evaluation of the above results will bc withheld
until completion of the 1963 survey.

Immunoelectrophoretic Studies

lmmunoclcctrophorctic analyses were c.arricd

out on a number of Marshallcsc scra. These results
are shown in Table 16. Dr. R. Butler. who carried
out these analyses, rcptcd that “in summtiry wc

have found neither a paraprotcincmia nor a typical
picture of antibody-deficiency -syndrome. The high
frequency of incrcascs of some of the immunoglob-
ulins is perhaps a typicol sign of the invcs[igiltcd
population.”
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Estimation of Body Burden of Srw

Citmma spectrographic analyses on the Ronge-
Iap people in 1961 b~ whole-body counting in a
2 1-ton steel room indicated that the mean body
burden of Cs’3’ had not shown any significant fur-
ther increase over the 1959 level and that the mean
Zn’s level had been reduced by a factor of about

6. Since these results implied that the body bur-
dens had reached equilibrium with these gamma
emitters in the environment, further gamma spec-
trographic analysis was deferred, the next being
plitnned for about 1965. Therefolc the steel mom
was not taken to Rongc]ap on this survey and no
whole-body gitmma counting was done. However,
urine and other samples were coliccted and
brought back for radiochcmical analyses.

SrO”and calcium analyses were carried out on
24-hr urine samples from 27 Rongelap people, 18
in the exposed group and 9 in the unexposed, and
on a 12-liter pooled sample from the population
at large; on vertebra and rib samples (autopsy spcc-
imcns from the 78-yr-old woman who died in
March 1962 ); and on 4 coconut crabs, The results
of these analyses are presented in Tables 17, 18,
and 19. The urinary ICVCISof SrsOare somewhat
higher than last year.

The fluctuations in calcium level in the samples
cause variations in the SrO’Jlevel expressed per g
Ca. The pooled urine samples contained 7.2 pC/1
Srf’oin 1961 and 7.9 in 1962 (1 pc s lPPC), but
the calcium Ievcls differed so markedly ( 141 mg/1
in 1961 and 18 in 1962) that they were not used
in calculating the body burdens of Sree. In 1962
the mcun Sr*Ovalues from the individual adul! 24-
hr samples were 12.45 k].30 pC/1 or 11.!A14
pC/g Co. From thc$c values, on the basis of pre-

vious calculations, i’ the body burden was esti-
mated as 12.0 mPC. This is about 6.070 of the
m~iximum permissible concentration (MPC) of
Sr”” (200 mPC) for nonindustrial populations, and
represents about 49% of the previously estimated14
equilibrium value of 23 mPC.

Thus the return of the Rongelap people to their
home island has been rctlcctcd in annual increases
in estimated body burdens of Sr”” based on urinary
cxcrction values. The estimates, in mPC, have in-

crctiscd as follows: 2.() in 1958, 6.0 in 1959, 6,9 in
1961. ilnd 12.() in 1962. It is not cicar why the
grc:ilcr incrcusc twcurrcd during the past year.

In view of the uncertainties associated with ex-
trapolation from urinary excretion data to body
burden of SrO”, other corroborating evidcncc has
been derived from analyses of bone samples. Be-
cause of the difficulty of obtaining autopsies on
these people, lhis means of analysis has been very
limited. However, bone samples were obtained
from an autopsy on the 78-yr-old woman who died
thi~ year, and the Sr”” analysis of ribs and vcrtcbrtil
specimens showed an average of 15 pC/g Ca, rcp-
rcscnting a body burden of 11.4 mPC or about
5.7% of the MPC (see Table 19), This compares
favorably with the estimate of 12.0 mPC based on
the 24-hr urine samples. Bone samples from the
autopsy of a 35-yr-old man in 1958 showed a Sr””
body burden of 2 mpC. The estimated body burden
derived from the 1962 bone samples thcrcforc
shows about a sixfold incrcasc over that from the
1958 samples.

The Sr”” ICVCIS in the coconut crabs in 1962

(Table 19) arc CIOSCto those previously reported
by Held. ” It is not clear why the crabs continue to
show such high Icvcls, but the ban on their con-
sumption cannot yet be lifted.

Summary

Medical examinations were carried out in
March 1962 on the people of Rongclap Islimd, 8
years after accidental exposure to fallout irractia-
tion. The medical team consisted of 15 physi-
cians and rncdical [cchnicians, 9 from the U.S. and
6 from the Department of Public Health of the

Trust Territory of the Pacific Islands. Exanlina-

tions were carried out principally at Rongelap
Island, bu[ some Rongclapcsc who had moved
away were examined at Kwajalcin and hi:ijuro
Islands. A total of 308 people were examined, 80
in the exposed group, 37 children of exposed par-
ents, and 19 I unexposed Ilongelap pCOplC who

serve as a comparison population, The Trus[ Ter-
ritory ship, Ran .4ninr, was used to transport the
medical team and equipment from Kwajalcin to
Rongelap and return, The team Iivcd in a tent 0[

Rongclap Village during the survey.
The examinations were curried out with com-

plctc cooperation of the Rongclap people, and i[
was bclicvcd that the prcscncc of lhc team living
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Table 17

Sr~ Analyses of Rongelap Urine Samples

Srn,

Other dis/min
Subject Identi- Sample per total Sr””, Ca, Spo,

No. Age Sex ficdion vol., ml Sampie pcl I g/I pC/g Ca

12,360 ‘“-” “-”
7

14
15
16
18
19
20
22

23
24
27

36
39

40

41
50
59
69

818
822

838

843
865

885
893
895

896

44
33
15
47
29
13
15
25

12
21
34

16
23

37

52
42
42
12
11
16
29

33
29

22
44
32

2’J

M
F
F
M
F
M
M
F

M
F
M

M
F

M

M
M
F
F
M
M
M

F
F

M
F
F

F

@
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
2nd 24-hr
24-hr
24-hr
24-hr
2nd 24.hr
24-hr
24-hr
2nd 24-hr
24-hr
2nd 24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
2nd 24.hr
24-hr
24-hr
2nd 24-hr
24-hr
24-hr
24-hr
2nd 24-hr
24-hr

1,280
1,400
1,760
1,000
1,060
1,540
2,060

680
980

1,180
890

1,360
2,020
1,2s0

710
1,960
1,180

Wxl
880

1,100
2,040
1,660
2,000
1,500
1,860

740
640
450

1,730
1,580

260
1,240
1,000

216.2&4.9-
24.721,6
51.0* 1.9
28.6* 1,6
23,720,8
30.8= 2.0
20.7* 1,6
47.4* 2,1
15.8= 1.7
21.9* 1.7
30.3= 1.9
46.721.2
17.4* 1.5
21.4= 1.8
46.0= 1.8
34.8= 1.0
32,9= 1.7
43.3* 1.8
26.3= 1.2
23.9= 2.0
91.1* 2.9
15.6* 1.3
54.0= 1.9

105.4= 2.5
18.0= 1.5
52.4=2.0
31.2= 2.5
46.0= 2.5
14.320.8
8.4* 1.2

31.7= 1.6
20.9= 2.0
4.8&o.9

9.3=1.2
16.6= 1.5

7.9&()<2
g,7~o.6

16.4= 0.6
7.34.9

10.7*O.4
13.1= 0.8
6.o~o.5

10.420.4
lo.5=1. t
10, I*O.8
11.6= 0.7
23.6= 0.6

5,8&0.5
4,8&oe4

16,6* 0.6
26.l&O.8
20.9= 1.1
10.O*O.4
10.0= 0.4
13.4= 1.1
46.6* 1.5

6.4*0.5
11.9*0.4
28.6= 0.7

4.020.3
15.7s0.6
7.6&0.6

28.O&I.5
10. I *0.6
8.421.2
8.2=0.4
640*o#6

8.3=1,6
3.420.4
7.520.7

0.018
0.178
0.060
0.014
0.209
0.131
0.028
0.052
0.082
0.068
0.076
0.122
0.120
0.125
0.077
0.131
0.090
0.123
0.155
0.312
0.268’
0.149
0.036
0.140
0.104
0.152
0.142
0.390
0.051
0.031
0,119
0.067
0.077.
0.037
0.045

439=1 1
492 3

273Y1O
521=M

51A 2
100* 6
214=18
2oo~ 8
128*I3
148=12
153* 9
193A 5
48= 4
38* 3

216* 8
199= 6
232=12

81= 3
642 3
43% 4

174* 6
43? 3

330%11

204= 5

38= 3

;032 4

542 4
72= 4

198=12

271*39

692 3

90Z 9

108z21
9~~ [ 1

167=16
——

“The error term accompany, g each result is [he Poisson error of counting,

ashore in Rongelap Village enhanced the rappxt
with the people. possibly by allaying any fears that
they might have had concerning lingering radio
activity on the Island.

A review of the medical status of the people
during the past year revealed that they had gener-
ally been in good health with the usual number of

minor ailments, and that no disease epidemics had
occurred. Some cases of sickness from eating im-
properly prepared arrowroot flour and poisonous

fish were reported. One death occurred in a 78 yr.
old woman in the exposed group who was quite

senile; death resulted from a fall. Autopsy and his-
tological studies showed advanced senile changes,

but there was no reason to relate radiation CXW-
sure to such findings in a woman of this age. Four

normal births had occured in the exposed group

and four in the comparison group. No miscar-
riapns or stillbirths were reported during the past
year.
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Table 18

Sr’O in Marshalk 24-hr Urine Samples, April 1962

No. of
Age, suh- -Sreo, Ca, Sr90,

Group yr jects pc/ I mg/1 pC\g Ca

Exposed
Male 1-!5 3 9.33~1.70* S2=14 189~18

>)5 7 9.06= 1.1 1 175*26 53* 5

Female 1-15 2 9.60?2.30 25&l 1 426*96

>15 8 15.89&2.50 104*I2 165526

Total 1-1 S S 9,44=1,18 41511 2g4*66

>15 ‘IS 12.70=1.66 137=16 113~20

Noncxposed
MaIc 1-15 I ~8.~-tO 140* o 204& o

>15 4 8.88*2.46 129=1 1 66=14

Female I-IS — — — —
>15 7 10.24k3.1)7 100A49 143&28

TOId I-15 i 28.60=0 140* o 20.4* o
>15 11 9.75*2.07 110A31 115*2I

Total
All 1-15 6 12.63*3.34 422 9 270&55
All >15 26 11.45&l.30 126&16 l14ti14

“Standard error of estimate.

Routine physical examinations of adults re-

vealed that the slight differences in incidence of

various diseases in the exposed group compared
with the control group could Iikcly be explained
by the somewhat greater number of older people
in the exposed group.

An ophthalmological survey revealed a slight

incrcasc in the incidence of pterygia and pinguec-
ulm in the exposed group. As reported previ-

ously, this may be related to fallout exposure of the
eyes. There were ako several cases of corneal pig-

mentation which may have been related to fallout
exposure. There was no evidence in the exposed
people of retinal burns which might have resulted
from observation of the fireball at the time of the
accident in 1954.

A cancer detection survey was done which in-
cluded, in addition to thorough physical examina-
tions, pelvic examinations in mature women with

Papanicolaou staining of smears, rectal examina-
tions in adqlts, and hematological studies for leu-
kemia detection, which included the determina-
tion of alkaline phosphatase levels of leukocytes
and b~sophil counts of 4000 white cells. No cases

of maligi]:mcy or leukemia were detcctcd.
Pediatric examinations revealed no marked dif-

ferences in abnormalities between exposed and
unexposed children and no diseases that could be
related to radiation effects. Growth and develop-
ment studies, as previously reported, showccl that
the boys exposed at an early age ( <6 yr and partic-
ularly 12 to 18 months) were slightly shorter in
stature and weighed slightly less than the unex-
posed children of comparable age. No such differ-
ences were noted in the exposed compared with
the unexposed girls. Skelctnl agc determined by
wrist rocntgcnography ~howcd that both the boys

and the girls in the exposed group were slightly
retarded, the boys showing the greater deficit. The
greatest retardation was noted in 4 boys who had
been 16 to 17 months old at exposure. Male chil-
dren (but not fcmrde) born of expxed purents

(after the fallout) tended to be smaller in stature
at all ages than children of unexposed parents.

Table 19

Srge Analvses of Bone and Crab Samples
—-

Ash
Original

Sr””, dis/min
— Ca, SrOO,

net w(., g g % Per total sample Per g ash ~0 in ash pC/g Ca
-—.

l{tlllc
Rib 1.48 ~.4~0.6* 11.lao.4 36.6 13.7= 0.5
Vertebra 2.60 33.8= 0.0 13.0= 0.3 36.0 16.3& 0.4

Crab 878 111 12.7 1462 ?5 50.0
902 136

1317 =4
15.1 964 24 40.0 1086 %4

1165 209 17.9 850 24 34.4 1113 %5
705 99 14.0 1518 =6 49.6 1378 =5

●The error term accompanying each result is the Poisson error of counting.
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However, since the latter children were on the av-

erage 4 months older, the data did nc*,justify a
conclusion that the difference in stature was asso-
ciated with the exposure of the parents.: .

Residuaf beta @ms of the skin consisting of
varied degrees of atrophy, Scarringj pigment aber-
rations, and hypcrkeratosis were noted as in past
swweys in about 10 people. During the past several
years an increase in the number of. pigmented
nevus-like lesions has been noted in areas previ-
ously involved with beta burns, These, appear to
be increasing slightly in number, Histolo~cal diag-
nosis of one such lesion that was biopsied indi-
cated that it was a typicaf pigmented, nevus. No
case of chronic radiation dermatitis or ‘malignant
change in the residual burns was noted.

Genetic studies have not been specifically con-
ducted in view of the small population invo~ved
and the generally negative results of the studies on
first-generation Japanese ”children of exposed par-
ents. However, routine examination has revealed
little in the way of congenital anomalies in the
children of exposed parents. One baby born of an
exposed mother in 1960 was diagnosed m having
congenital heart disease and died several months
after birth, The suggested evidence of increased
miscarriages and stillbirths in the exposed woman
during the first several years :~fterexposure might
be related to irradiation of the germ plasm, al-
though this tendency was not apparent in recent
years.

Hcmatologicid studies showed mean leukocyte
levels lower this year than last year in both ex-
posed and unexposed groups, but the exposed
group continued to show Iowcr neutrophil and
lymphocyte ICVCISthan the unexposed group.
Platelet ICVCISwere higher this year in both groups
than prcvious]y, but the exposed group continued
to show slightly lower Icvels. There was an in-
crease in crythrocytcs in both exposed and unex-
posed groups, with Iittlc diflcrcncc noted between
the groups. The deficit in leukocytes and platelets
in the exposed people was more apparent in the
younger and older groups than in the middle
group. Bone marrow examinations showed a rc-
duccd myeloid-crythroid ratio in 8 of 9 cases with
abnormalities of the crythroid and myeloid pre-
cursors in some. In view of these findings, it is bc-
licvcd that there is some residual effect of radiation
exposure on hcmatopoicsis in these people.

Peripheral blood cultures or chromosome

studies were carried out on samples from a number
of people, Successful cultures were obtaillcd in
some 40 of 70 bloods; however, difficulties were
encountered under field conditions of high tem-
perature and humidity in obtaining satisfactory
chromosome smears. Nevertheless small numbers
of diccntrics along with abnormal diploid numbers
were noted in a few smears, These data suggest

that resistant damage to blood cel!s occurred, and
during the next survey further chromosome studies

of blood and skin of beta burned areas and pos-
sibly of bone marrows are being planned.

Gamma spectrographic analyses were not car-
ried out this year since previous levels of gamma
emitting isotopes (CS1S7and ZnaS) had not shown
significant further increase at the time of (hc 1961

survey. However, urinary excretion of Sr”” was dc -
tcrmincd by mdiochemical analysis on 24-hr sam-
p!cs from 18 exposed and 9 unexposed people. As

previously noted, there were no differences be-
tween the exposed and the unexposed urinary
levels of Sr’O.The mean level of SrM was 1I4 y 14
pC/g Ca. On the basis of previous calculations, the

estimated body burden of SrSo was 12.0 mPC,

which is about 69t0of the MPC (200 mPC for non-
industrial populations ), Several bone samples ob-
tained from autopsy on the 78-yr-old exposed
woman showed an average of 15 pC/g Ca, repre-
senting a body burden of 11.4 mPC or about 5.7~0
of the MPC, which compisrcs favorably with thu
estimate basccf on urinary excretion. I“hcsc ICVCIS
rcprcscnt about a sixfold incrcasc in Sr”” over the
1958 ICVCIS.Analysis of 4 coconut crabs from (hc
Island showed high lCVCISwith lit[lc reduction
during the past fcw years, necessitating a continua-
[ion of the ban on eating these crtibs.

Although the acute effects of radiation cxpxurc
in the Marshallcsc have Iargcly subsided, It is pos-

sible that certain late or delayed cffccts may occur.
Some Iatc effects have already been obscrvcci in

the Japanese, such as an incrcmcd incidcncc i}f
Icukcmia and possibly other malignancies :ind i~lsn
dcvclopmcnt of cataracts. Still other Iatc cfyccts
have been observed in irradititccl anim:lls. 1[ is
unlikely that such abnormal i[ics will develop in the
rciti[ivcly small Rongclap population, and, should
they develop, the incidcncc should bc quite, low.
Ncvcrthclcss, it is cxtrcmc]y imprt:lnt 111:1[further
surveys bc conducted to detect subtle changes :I\-
sociatcd with the dcvclopmcn[ of such ubnornxtli -

tics so [hut they can bc documcn[cd and thcr:lpcu[iu



procedures instituted whenever possible. The ex-
aminations show some findings persisting in the
exposed people which need to be carefully fob
lowed. These include incomplete recovery of certain
blood elements to levels found in the unexposed
people, retardation of growth and development in
some of the irradiated children, and pigmented
changes at the sites of radiation burns of the skin.

Recognizing the importance of these surveys,

the Trust Territory of the pacific Islands and the
U.S. Atomic Energy Commission have agreed that
annual medical surveys of the Marsha!lese people
exposed to fallout in 1954 should continue indefi-
nitely.
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APPENDIX 1

Rongelap Group and Control Mean Blood Counts at Various 17mes After Exposure

WBC Neu:rophils Lymphocytes Platelets HematoeriK RBC
(xlO-’) (xlO”’) (xlO’) (xlO”’) (%) (xl O-’)

Male Male Female Total Male Male Female Male MaleFemale
Postexposure day <5 >s <5 >5 <5 >5 C1O >10 all ages group <15 >15 all ages <15 >15all ages

3
7

10
12
15
18
22
26
30
33
39
43
47
51
56
63
70
74

6-mo survey
1-yr survey
2-yr survey
3-yr survey
4-yr survey
5-yr survey
6-yr survey
7-yr survey
8-yr survey
Majuro controls
Rita cont. 6 mo
Ri(a cont. 1yr
Rita cont. 2 yr
Rong. cont. 3 yr
Rong. cont. 4 yr
Rong. cont. 5 yr
Rong. cont. 7 yr
Rong. cont. 8 yr

9.0 8.2 6.4 4.7
4.9 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 7.4 4.3 5.0
5.7 6.1 3.0 3.9
7.6 7.8 4.0 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 3.4

13.5 9.5 6.9 4.8
— 6.5 — 3.5
— 7.4 — 3.9
— 6.9 -- 3.6

13.2 9.7 4.8 4.8
10.7 7.6 5.4 5.2
—— .—

14.0 8.9 7.0 4.4
9.8 6.9 4.0 3.4

I ].~ 8.(3 4,0 3.6

13.7 10.1 6.2 5.2
— 7.8 — 4.2
— 7.7 — 4.2

1.8 2.2 —
———
2.6 2,1 28.2
2.1 1.7 —
2.4 1.9 27.1,
2.4 2.1 21.8
2.6 2,1 16.8
2.3 1.8 13.2
3.2 2.1 14.1
3.2 2.0 17.9
2.6 2.0 25.5
2.9 2.3 26.8
3.1 2.4 24.6
3.4 2.1 22.1
3.7 2.4 —
3.7 2.3 23.1
3.3 2.2 —
— — 26.2
3.6 2.2 24.4
4.6 2.8 26.6
4.7 3.1 30.0
3.7 2.7 32.0
4.6 3.6 32.5
6.0 4.0 32.3
— 2.7 —
— 2.9 —
— 2,6 —

7.4 4,1 41.2
4.7 3.7 35.0
—— 37.5
5.6 3.6 35.5
4.7 2,9 32.6
6.2 3.7 38.8
6,2 4.1 35.8
— 3.1 —
— 2.9 —

——
——

22.7 24.9
——

21.3 21.7
19.1 21.8
14.6 15.2
12.9 10.9
12.3 11.8
16.6 15.1
22,3 22.4

20.9 23.2
20.6 23.9
17.5 21.2
——

18.2 20.2
——

21.7 24,7
20.3 23.2
19.5 27.6
21.4 25.5
22.1 28.1
27.1 30.8
24.4 27.6

—

24.6” 2~3
32.8** 32,1
25.8 36.5
27.3 30.9
24.5 29.4
24.2 31.2
26.9 30.0
30.7 34.0
28.0 33.6
28.5* 31.4
34.8*” 34.5

—
—

24.8
—

22.5
21.0
15.3
11.9
12.3
16.0
22.8
23.2
23.1
20.3

—

20.1
—

24.1
22.6
24.9
24.7

—
—
—
—
—
—

33.4
30.4
27.6
29.5

—
—
—
—
—

——
——
——
——
——
——

37.: 43,9

36.3 41.6
37.9 42.2
37.4 42.2
37.8 42.4
37.3 41.8
39.0 43.4
——
——
——
——
——

38.0 41.7
37.5 41.1
38.7 41.2
35.6 38.7
35.6 41.0
——
——

37.6 41.7
38.5 43.0
39.6 46.0

——
——

38.9 42.1
35.6 41.0
35.5 42.8
——

37.2 44.4
38.3 44.1

—
—
—
—
—
—

39.0
37.5
37.1
36.8
37.4
37.6
38.3

—
—
—
—
—

38.2
36.9
38.1
35.4
35.8
—
—

37.0
39.3
39.9
—
—

39.8
35.9
35.1

—
37.0
39.0

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

4.45
—

4.54
4.68

—
—
—
—
—
—

4.60
4,52
4.60

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

4,71
—

4.45
4.67

—
—
—
—
—
—

4.80
4.68
4.90

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

4.21
—

4.11
4.44
—
—
—
—
—
—

4.40
4.12
4.47

● Includes all males >7.
““ Includes all males >8.



APPENDIX 2

AilingnaeGroup and Control MeanBlood Counts at Various Times After Exposure

WBC Neutrophils Lymphocytes $.- Platelets Hematocrits RBC
(xlO”’) (xlO”’) (xlO’) (xlO”’) (%) (xl O”’)

; Male Male Female Total Male Male Female Male Male Female
Postexposure day <5 >5 <5- >5 <5 >S <10 >10 all ages group <15 >15 all ages <15 >15 all ages

3
7

10
12
15
18
22
26
30
33
39
43
47
51
54

6-mo survey
1-yr survey
2-yr survey
3-yr survey
4-yr survey
5-yr survey
6-yr survey
7-yr survey
8-yr survey
Majuro controls
Ri[a cont. 2 yr
Rong. cont. 3 yr
Rong. cont. 4 yr
Rong. cont. 5 yr
Rong. cont. 7 yr
Rong. cont. 8 yr

6.0 7.0 3.0 5,0
5.5 6.8 — —
6.3 7.3 4,2 4,2
6.3 7.6 1.8 4,7
7.1 7,0 2.3 4.S
6.8 7.8 2.9 5.0
8.9 8.7 S.3 S,4
8.4 7.0 4.8 4.4
9.6 8,6 5.3 6.2
7.7 7.8 3.3 5.2
7.5 6.2 2.9 4.2
6.9 6.5 2.7 3.6
7.3 6.7 3.S 3.8
8.4 6.3 3.8 3.6
4.6 6.3 2.8 3.5
7,7 6.5 4.8 3.9

11.1 7.8 4.2 4.7
11.0 9.1 4.9 5.1
12.1 7.0 5.5 3.9
11.5 7.5 2.8 3.7
— 9.7 — 5.1
— 7,3 — 3.6
— 7.7 — 4.1
— 6.5 — 3.4

13.2 9.7 4.8 4.8
14.1 8.9 7.0 4.4
9.8 6.9 4.0 3.4

11.2 8.0 4.0 3.6
13.7 10.1 6.2 5.2
— 7.8 — 4.2
— 7.7 — 4.2

2.82.2 — — — — — — —
——— ——— ——.
1.9 2.2 22.5 22.6 20.9 21.5 — — —
3.12,2 — — — — — — —
4.2 2.2 29.0 20.2 24.6 23.9 — — —
3.5 2.4 27.5 21.7 24,9 24.3 — — —
2.7 2.9 23.S 17.0 22.9 21.3 37.5 43.7 39.2
3.2 2.2 20.0 13.8 17.4 16.7 36,5 43.2 36.8
3.7 2.0 19.5 12.8 18.2 16.8 36.0 44.6 36.7
3.5 2.2 24.0 15.8 22.7 17.6 35.5 43.8 37.3
4,7 1.9 26.5 20,8 27.0 25,2 35.0 45.6 37.4
3.9 2.7 28.0 19.6 25.3 24,0 36.0 4S.2 36.8
3.4 2.7 27.0 20.0 26.1 24.5 — 46.5 40.2
4.0 2.2 32.0 18.2 25.0 23.9 — — —
3.2 2.5 37.0 19.8 23.8 24.2
2.7 2.2 25.2 19.2 23.9 22.7 3y5 4~1 373
6.5 5.6 38.7 2].4 28.3 27.5 33.0 44.6 36.2
4.8 3.2 5].2 17.4 26.4 26.7 35.7 44.4 37.5
5.6 2.6 40,8 22.4 31.2 — 37.5 40.6 35.6
7.0 3.3 33.2 24.7 33.6 — 36.1 43.1 35.7
— 3.7 40.9 26,3 26.8 — _ — _
—3.0 — — — — — — —
— 3.1 25.6* 28.1 — 36.0 44.2 37.0
— 2.6 z 33.4** 32.7 — 37.0 42.5 37.8
7.4 4.1 41.2 25.8 36.5 33.4 39.6 46.0 39.9
5.6 3.6 35,5 24.2 31.2 29.5 38.9 42.1 39.8
4.7 2.9 32.6 26.9 30.0 — 35.6 41.0 35.9
6.2 3.7 38.8 30.7 34.0 — 35.5 42.8 35.1
6.2 4.1 35.8 28.0 33.6 — — — —
— 3.1 — 28.5* 31.4 _ 37,2 44.4 37.0
— 2.9 — 34.8” ”34.5 — 38.3 44.1 39.0

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

4.46
—

4.56
4.51

—
—
—
—

4.60
4.52
4.60

—
—
—
—
—
—
—
—
—
—

-
—
—
—
—
—
—
—
—
—

5.15
—

5.11
5,12
—
—
—
—

4.80
4.68
4.9@

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
4.31
—

4.19
4.35
—
—
—
—

4.40
4.12
4.47

● Includes all males >7.
“” Includes all males >8.
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APPENDIX 3

Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (xlO”’) (xlO”’) (xlO”’) (xlO”’) ~xlo-’) (xlO-’) (xlO-’) % (xlO”’) g protein, g

2 310 5.39
3 405 9.01
5 455 8.83

19 595 9.08
20 250 9.23
23 410 10.10
32 440 7.96
54 175 5.24
83* 355 5.56
85* 535 10.89

Mean 393 8.12
(*120) *’(=1.93)

6 430 7.36
44 430 5.75
84 ● 7.83

Mean 430 6.98

15 475
17 290
21 405
33 400
42 305
65 275
69 230
72 270
86” 270

Mean 324
(277]

7.52
8.14
6.84
6.62
5.90
7.28
5.30
5.70
8.43

6.86
(=1.03)

8 430 7.49
48 200 7.00

Mean 315 7.25

9 160 7.25
10 160 5.95
26 305 7.62
27 4~o 6.15
35 280 9.87
36 305 5.00
37 325 7.74
40 445 6.65
47 520 6.33

Exposed Males, Age 8-15

2,53 2.37- 0,11 0.32 0.50
4,87 2.88 0,18 0.99 0.90
5.12 3.27 0.18 0,26 0
6.08 2.90 0 0.90 0
5.08 3,13 0.18 0.83 0

2.22 3.98 0.16 1.43 0.16
2,31 1.99 0.21 0.73 0
3.06 2.11 0.11 0.28 0
4.57 3.27 0.33 2.61 0.11

3.98 2.88 0.16 0.84 0.19
(*1.37) (*0.60)

Ailicgnac Exposed Males, Age 8-15

4.71 1.91 0 0.74 0
2,76 2.30 0.23 0.46 0
3,45 3.29 0 1.10 0

3.64 2.50 0.08 0.77 0

3.83
6.02
2.80
2.58
3.95
2.98
1.70
2.S7
5.56

Exposed Females, Age 8-15

3.53 0.15 0 0
1.63 0.16 0.33 0
2.53 0.27 1.09 0.14
3.24 0.33 0.46 0
1,30 0.18 0.47 0
3.79 0.07 0.44 0
3.29 0 0.27 0.05
2.45 0.34 0.34 0
2.44 0.08 0.34 0

3.55 2.69 0.18 0.42 0.02
(*1.37) (=0.88)

Ailingnae Exposed Females, Age 8-15

4.72 2.32 0.07 0.37 0
3.40 2.87 0.35 0.28 0.07

4.06 2.59 0.21 0.32 0.03

Exposed Males, Age >1540

38 432
34 388
37 403
41 563
46 561
36 448
39 470
40 497
35 440
39 480

38.5 468
(*3.3) (*56)

13.2 8.0
11.5 8.4
11.8 7.6
13.2 8.6
16.0 8.2
11.8 7.8
13.2 7.2
12.8 8.2
12.4
12.4

12.8
(&l#4) (*:::)

36
39
36

37.0

39
42
43
39
37
37
40
40
3:

39.3

450 12.4 7.6
498 12.4 7.8
406 12.1

451 12.3 7.7

14.0 8.4
493 14.0 8.0
532 14.0 7.8

14.8 8.2
449 13.2 7.8

12.1 7.6
472 14.0 8,0

14.0 8.0
444 12.1 7.2

478 13.6 ‘1.9
(=2.0) (A32) (=1.0) (AO.3)

38 422 12.8 7.4
42 488 14.4 8.0

40 455 13.6 7.7

3.87 1.55 0.36 0.18 0
3.28 4.27 0 0.08 0
2.34 3.14 0.18 0,43 0.06
7.30 2.07 0.39 0 0.10
2.20 2.60 0.10 0.10 0
2.94 3.17 0.15 1.4; o
3.92 2.53 0.13 P.07 ()
3.54 2.41 0.13 0.25 0

44 14.5 7.2
5! 16.0 8.0
46 523 ! 5.2 8.0
41 18,0 7.4
49 520 16.4 8.4
41 496 13.6 8.0
44 448 14.4 7,2
43 459 13.6 6,8
40 454 14.4 7.4

● Exposed in utero.
● ● Standard deviation.

41



Individual Hcma[ologica.1 Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., .%rum

No. (xlO-J) (xlO.’) (xlO’) (xlO-’) (xlO-’) (Xlo-’)(xlo-’) % (X lo”’) g protein, g

Exposed hl~les. Age >1540 (continued)

509 15.6 7.0
466 14.8 7,6
519 14.8 7.8

488 15.1 7.6
(=7s) (=1.2)(=0.5)

73 165 5.46
76 310 5.94
77 450 5.80

3.71
2.44
2.72

1.37 0.16 0.22 0
3.15 6 0.30 0
2.32 0 0.70 0.06

2.60 0.15 0.35 0.02
(AO.78)

Exposed Fcmaies, Age >15-40

49

43
46

44.8
(=3,3)

41

36
37
37
36
39
40
42

37
40
42
50
46

40.3
(=4.0)

35
38
29
38

35.CJ

Mean 320 6.65

(&120) (=1.26)

3.48
(*1.35)

1~ 275 5.80
14 420
18 40s 5.80
22 530 5.25
24 350 5,44
39 435 4,87
49 3~o 6.41
61 29(3 7.55
a 340 5.84
66 265 6.39
71 370 7.68
74 295 13.30
75 250 7.93

3.30 2.15

1,22
1.73
1.74
2.39
2.88
2,72
~.lo
2.68
2.38
2.79
2.38

2.26
(50.48)

0

0.06
0
0
0.05
0
0
0
0.06
0
0
0

0.01

405 l~,g

12.4
412 1~.1
471 1~.8
429 I 2,4

446 12.8
4s9 13.6
469 14,4
416 12.4
4.$6 13.6

15.6
524 16.0
462 15.2

449 13,5

7.8

7.8

6.6
8.0
7.8
8.8
8.0
8.2
7,1

8.0
g,~

9.0
8.0

8.0

4.18
2,42
3.05
2.04
3.08
4.30
3.39
3.45
4.30
7.32
4.84

0.06 o.~9

0.05 1.05
0.44 o.~~

0.05 0.34
0.06 0.38
0.15 0.38
o~9 0.06
0.12 0.06
0.08 0.92
0.13 3.06
0 0.71

Mean 350 6.86
(&78) (=2.15)

3.81
(=1.81)

0.14 0.63
(=32) (=1.2) (=0.6)

45 225

53 550
70 300
81 325

4.16
7,97
5.50
5.16

5.70
(=1.39)

1.25 2.33 0.17 0.33 0.08
4.14 3.59 0.08 0.08 0.08
3.69 1.49 0.11 02Z ()
2.94 1.86 0 0.36 0

377
450

476

434

11.8 7.6
13.2 7.6
7.6 8.4

1~.8 8.6

Mean 3S0
(=121)

3.01
(=1.27)

2.32 0.09 o.~5 0.04
(*0.91)

Exposed Males, Age >40

3.59 0.32 0.38 0
2.34 o~6 0.97 0.06
I ?0 0.04 o.~6 0.09
1?9 ().11 0.08 0
2.67 0.05 0.10 0
1.99 0 o~5 0.08
2.85 0.17 0.43 0.09
2.55 0.18 0.18 0
1.23 0.14 0.28 0.07

2.19 0.14 0.33 0.04
(*0.78)

11.4 8.1

(=2.4) (=0.3)(*3.7)

48 563
43 466
40 428
32 314
30 323

41 401
49 510
4.$ 486
38

40.6 44.4
(*6.2) (~81

39 580
41 441

4 195 6.42
6.49
4.47
3.96
4.85
4.16
8.65
9.10
6.85

2.12
2.’+6
2.$6
2.03
2.04
1.83
!,.10
6.19
5.14

!6.0 7.6
14.4 8.2
13,2 7.4
11.2 6.4
10.3 6?

13.6 6,6
16.4 8,2
14.4 g,?

14.0 7,0

7 265
11 340
46 225
55 260
68 205
79 175
80 275
82 450

Mean 266
(?80]

6.10
(* I. Go)

3.35
(*1.57)

13.7
(Z1.9)(A

Ailir,gnae Exposed Males, Age >40

16 335
29 235
41 320
50 255

5.19 2.39 2.60 0.10 0.10 0
6.86 2.74 3.43 0.07 0.54 0.07
4,41 2.65 1.54 0.04 0.18 0
7.58 3.79 3.34 0.30 0.15 0

6.01 2.89 2.73 0.13 0.24
( & 1.27) (~0.62) (=0.87)

0.02

13.6 7,2
14.0 8.0

44 504 15,2 7.6
46 525 15.6 6.8

4~.5 512 14.6 7,4

(&2.7) [=49) (~0.8) (=0.4)

Mean 286
(243)
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Individual Hematological Findings, 1962

Suh)ccl f’lJtC. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgh., Serum

No. (X10-”) (xl O”’) (xl O-’) (xlo”~) (Xlo.’) (Xlo+)(x lo-:) % (xl O.’) g prutcin, g

Exposed Females, Agc >40

13 525 6.55 3.27 2.69 0.07 0,46 0.07 40 405 l~g 7.4 *

30 205 7.10 4.62 1.99 0.21 0Z8 o ?9 10.0 10.0

34 190 5.44 2.99 2.12 0 0.33 0 37 379 12.4 7.6
52 300 9.73 6.03 2.24 0.49 0,78 0.19 42 444 13.6 8.2

57 m5 5.12 1.59 3.38 0 0,10 0.05 40 425 I 1.8 7.4

58 190 5,~g 3.17 1.90 0.10 0.10 0 36 ]~.4 7,(3

60 230 8.21 4.27 3.2a 0.16 0.41 0.08 36 387 l~,t 7.2

63 305 5.08 1.93 2.85 0,10 o.~o o 41 440 13.6 7.0

78 315 5.70 3,65 1.60 o.~3 0.17 0.06 40 410 ]3.~ 7.2

hfc~n ?76 6.37 3.50 2.45 0.18 0.31 0.05 37.9 413 12.4 7.7

(x99) (=1.89) (=1.2S) (=0.60) (=3.7) (=22) (=1.0)(=0.9)

Ailingnae Exposed Females, Age >40

1 265 6.75 3,78 2.90 0.07 0 0 42 472 14.4 8.4

43 200 7.39 5.17 1.48 0.30 0.37 0.08 40 J??j ]3.~ 8.0
59 515 8.78 4.74 ~.9(3 o.~6 0.88 0 37 ‘3 1~.4 7.6

28 255 6.10 2.38 3.48 0.12 Ql~ o 39 :09 14.O 8.0

Mean 309 7.26 4.o~ 2.69 0.19 0.34 o-j? 39.5 426 13.5 8.0
(*122) (=0.99) (=1.24) (*0.85) (=1.8) (=32) (=o.8) (=o.3)

Male Chikfrcn of Exposed Purcnts, Age <8

88 445 6.86 3,70 2.95 0.07 0.14 0 40 417 11.8
89 365 8.74 4.54 2.97 0.09 1.14 0 43 455 14.4
91 390 6.46 3,41 2.62 0 0.52 0 39 432 12.1

93 465 9.80 4.6S 4.51 0 0.69 0 38 388 11.8
96 510 8.65 4.24 3.11 o.~6 1.W o 40 451 1~4

97 685 7.14 3.04 3.76 0.14 o~9 o 36 433 1~1

98 505 10.83 5.31 4.66 o~~ 0.65 0 43 456 12. I
lo~ 430 8.70 4.70 3.57 0.17 o.~6 o 37 484 11.8
I 04 4~o 9.37 4.59 4.31 0.09 0.37 0 38 455 1~.8

110 ~~() 8.47 3.81 3.98 0.08 0.60 0 ~~ 531 ]~.1

Ill 7~~ 925 3.52 5.27 0.37 0.09 0 36 11.2
113 615 6.69 2.94 3,14 o.~o 0.40 0 39 5]~ 12.4

115 490 10.50 3.47 6.41 ()~~ 0.21 0 38 450 12.1
118 585 9,78 4,30 4.50 0.1o , 0.88 0 36 453 11.2

I 26 7~~ 9.62 6.35 3.08 0 0.10 0.10 31 10,1

hican 5 I 1 8.74 4.17 3.92 0.15 0.49
(=123) (=1.34) (AO.87) (=1.00)

0.007 38.4 456 [~~

(=3.0) (=35) (=0.9)

Female Children of Exposed Parents, Age <8

N7 255
92 26(I
94 380
95 5~o

I (w 525

101 195
I 03 540
105 455
106 595
I 07 645
108 4 (,0

9.22
10.94
8.94
8.76
9.10

15.80
I 1.40
10.57
10.30
12.70
] ~,70

3.50 4.70 0.1s 0.83 0
5.91 3.39 0.33 0.88 0
2.68 5.19 ().27 0.80 0
3.33 3.94 o,~6 1.22 0
4.37 3,73 0,55 0.46 0
7.42 8.33 0.72 1.63 0
5.70 5.02 0.45 0.11 0>11
6.24 3.70 0.21 0.42 0
5.46 3.91 0.4 I 0.51 0
6.22 4.57 0.89 1.01 0
5.59 5.59 0 1.54 0

39 476 13.2 7.6
39 478 11,5
40 470 13.6
38 505 12.4
36 400 14,8
4? 480 12, R
38 450 11.5
38 471 11.5
39 472 1~,1
32 432 9,7
34 461 11.2
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Individual Hematological Findings, 1962

Subject Plate. WBC Ncut. k Lymph. Mono. Eosin. Base. I-ict., RBC Hgh., Serum
No. (X10-3) (X1 O+) (X1 O’) (X1(3.’) (X IO-S) (X IO-S) (X IO-:) % (xl O”’) g protein, g

Female Children of Exposed Parents, Age <8 (continued)

112 76S 8.03
117 680 9.85
119 310 16.70
120 385 13.51
122 450 10.30
123 405 7.s4
124 575 9.87
125 585 12.32

Mean 473 10.98
(=149) (*2.41)

813 335 7.18
814 315 8.51
815 295 7.26
817 395 13.40
818 460 9.07
819 415 5.29
8~0 470 7.75
863 470 7.60
912 470 9,63
913 335 5.55
919 450 6.11
g-n 650 9.11
940 480
981 388

1033 390
1036 325

Mean 415
(=86

3.21
3.s5
5.68
6,76
3.09
3.02
2,86
5.17

4.72
(*1.47)

4.18
5.52
6.85
3.3s
6.80
3.85
6.22
6.41

5.01
(=1.36)

0.08 0,40 0
0.59 0.10 0,10
0 4.01 0.17
0.14 0.27 0
0 0.41 0
0 0.68 0
0.20 0,39 0.20
0.49 0.25 0

0,30 0,84 0.03

Unexposed Males, Age 8-15

3,02 3.73 0 0.43 0
5.14 3.08 0.17 0.17 0
3.19 3.85 0.15 0.07 0
8.44 3.62 0,40 1.07 0
4.81 2.99 0.27 1.00 0
2.27 2.49 0.11 0.42 0
5.19 2,24 0.16 0.16 0
3.34 3.88 o,~3 0.15 0
4.72 3.47 0.48 0,96 0
3.89 1.17 0 0.44 0.06
3.24 2.26 o.1~ 0.49 0
5.10 3.28 0 0.64 0.09

7.16 3.08 3,72 0.14 0.21 0
9,92 5.06 4.27 0.20 0.40 0
8.70 3.48 4.26 0.09 0.87 0
7.60 4.94 2.13 0.15 0.38 0

8,12 4.31 3.15 0.17
(=1.90) (=2.06) (AO.85)

0.49 0.01

UnexposedFemales, Age 8-15

805 470
812 369
816 360
82] 395
879 435
891 48S
911 505
926 mo

937 330
946 235
955 370
959 440
960 310
962 325

988 485
990 310
993 420

8.34
9.99
8.98
8.08

14.21
6.42

10.74
13.10
12Z0

8.25
6.90
8.32

13.20
6.14
7.61
8.42
8.00

4.42 3.42 0.17 0.33 0
.4.80 4.40 0.20 0.50 0
3.59 4.04 0,09 1.26 0
5.01 2.26 0.16 0.65 0

10.37 2.56 0.7 I 0.57 0
2.38 3.21 .).13 0.64 0.06
S.48 3.47 0.48 0.96 0
7.73 4.06 0.39 0.79 0.13
6.95 4.51 0.24 0.49 0
3.63 4.04 0,08 .. 0.41 ().06
3.04 3.38 ().14 “0.35 o
5.24 2.58 0 .0.50 0
6.86 5.54 0.53 0.26 0
3.07 2.51 0.31 (3.25 o

3.81 3.04 0.53 o.~3 o

4.38 2.53 0.34 1.01 0.17
4.24 2.40 0.16 1.12 0.08

36 464 11.5
35 10.9
37 496 10.6
39 460 11.~

36 422 12.1
32 346 10.6
;2 I 0.0
35 429 11.5

36.7 454 11.7
(=2.8) (=37) (*1.2)

37” 429

36 450
4? 474
36 460
39 460
35 417

41 491
43 494
33 450
38 508
37 438
41 465
40 508
36 388
40

39

38.3 460
(32.8) (=35

38 477
37 453
39 471
40 461

38 406
40 450

12.8

12.8

14.0
13.2
~3.~
11.~
13+~

13.6
[~.1
1~,8

12.1
12.4
14.0
]~.1

14.0
13.2

1~,9
(ao.7) (=0.3)

8.0
7.6
8,2

8.0

7,?

7.4

7.6

7.8

7.8

8.0
7,8

7.8

2.1
2.1
2.1 71

3.2 8.0
2.8
4.0 7.4

41 453 12.1
41 472 12.8 7.s

39 .$40 1~8
42 471 14.8 7.8

40 459 13.2 8.0
38 440 ] ~.8 7.6
38 454 12.1 8.0
37 476 1~.1

40 4]~ 13.2
37 445 12.4
41 515 14.0 7,6
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Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum

No. (xlO”’) (xl O-’) (xlO”’) (xlO”’) (xl O-’) (Xlo.’)(xlo.’) % (xl O-’) g protein, g

Unexposed Females, Age 8-15 (continued)

996 435
998 430

1035 560

Mean 390
(=80)

475
260
505
22(3

350
280
255
3 Z()
265

305
325
3s0
350
440
275
155
365
325

?45
440
355
230
450
280
360
~os

365
]55
365

hl(”illl 327
(=87)

6.56
7.01
9.30

9.08
(=2.41)

1,71 4.40 0,07 0,39 0
3.58
3,81

4.71
(*1.97)

4.82
2.36
2,34
4.(36
3.24
1.62
3.33
2.38
7JZ
4.43
4.75
2.97
2.45
6.36
~.4 [
4.08
3,o~

2.75
3.94
4.78
3.73
4.03
7.33
2.56
3.27
~gg
3.76
3.30
2.52

3.49

2.59 ().~1 0,63 0
4,09 0.19 1,1~ 0.09

3.45 0.26 0.6~ 0.03

(AO.88)

Unexposed Males, Age >1540

8.03
5.63
6.33
7.25
6.24
4.77
8.76
6.60
572

7.15
8.79
7.81
4.90

10.60
6.34
7.41

7.75
6.10
7.(-)3
8.53
7.7s
6.72

10.18
6.10
6.17
5.64
7.23
4.78
6.30

6.99

(*1.43) (=1.08) (50.70)

2s0
2.65
3.s4
2.68
2,68
2.77
4.73
3.83
2.75

2.15
2.63
3.83
2.01
3.71
3.30
2.96
4.11
2.99
2.81
2.99
3.50
2.08
2.24
2.99
2.?8
2,37

3.18
1?9
3.15

~a9~

0.40
0.28
0.06
0.22
0.12
0.10
0<17
0~6

0.23
~~9
0,~6

0.39
0,05
0.11
o~5

0,15
0.16
0
0.14
0.34
0,16
oc~7
o.~o

0.06
0
0
().07
(),()5
(),38

(),18

0.30
0.34
0.38
0.29
0.19
0.24
0.53
0,13
0.57
~.~9
o,~6

0.54
().39
0.4 I
0.38
o.~~

0.39
0.37
0.07
0.43
0.31
0.34
0.41
0.49
0.56
0.34
0.Z2

0.10
o~5

0.34

0
0
0
0
0
0.05
0
0
0.06
0
0.09
0.08
0
0
0
0
0.08
0
0.07
0
0.08
0
0
0
0.06
0.06
0
0.05
0

0,02

Unexposed Females, Agc >1540

X25 315 9.05 4.98 3.26 ().19 0.63 0
826 5~~ 7.17 4,73 1.94 (). I 4 0.36 0
n~() 380 5.25 2.10 ~.~6 0.37 0,53 0
832 380 6.55 4.19 1.96 0.07 0.33 0
835 270 10.37 8.09 1.76 0.10 0.41 0
W 1 450 8.83 - 5]~ ~,1~ 0.18 1.41 0
X43 405 6.68 ~.~1 ~,87 ().2() 0.40 (-l
N46 2s5 6.84 4.92 1.30 () 14 0.48 0
S(>5 345 4,X7 ~.j8 1.80 () 0.39 0
867 415 g,~~

——

35 424

39 474
42

39 455
(=1.6) (=24)

43
41
43
47
47
45
46
46
49
46
49
48
44
45
:3
+d
45
.$1
45
42
46
48
41
45
46
J()

46
.1.1
~1

486
467
454
538
452
537
508
s~~

577
510
52]

482
496
476
488
527

465
515
507
519
567
448
505

559
59?
460
537

(=2. s) (=3’))

I 1.5 7.4
13.6 8,2
14.8 8.0

]~.9 7.8

(=0.8) (=0.3)

13.6
14.4
14.8
15.6
15.6
14.8
15.~

14.8
16.0
14.8
16.4
15.6
14.0
14,8
4,4
4,()

6.()
4.0
4,5
3.6
6.()
6.4
2.8
4.4
6.0
6.()

1.$.8

14. s

16. (J

7.8

8.4
8.0
7.0
7.2
‘7.2
7.6
72

7.4
7.6
7.4
6.8
8.0
7,8
7.8
7.8
7.6
7,8
7.4
8.0
8.6
72

6.8
7.?

7.6
S,fl
fl. fi
7,6

7.6
=().9) ( =().5)

12,1 x.()

11.2 7,6
11.s 7.6
]~1 7.:.

12.s 7.0
13.2 8.0
12.1 7.8
14,4 8,4
I 1.2 7.4
12.1 7,6
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Individual Hema[ological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (X]O-’) ~XIO-’) (X IO-’) (X IO-S) (X IO-S) (xlO-’) (xl O-’) % (xl O.’) g prolcin. g

UnexDosedFemales, Age > I SAO (conlinucd )

888 380
889 490
895 510
896 450
914 340
916 615
922 3s5
932 435
934 285
938 210
945 340
950 435
951 185
965 355
977 365

1001 140
1043 240

Mean 340

849
853
855
856
862
875
878
883
886
897
.915
917
935
947
948
96 I
964
969

1007
1041

(*140)

465
340
340
410
335
315
125
455
425
210
330
145

350
160
3~o

395
355
470
265
215

Mean 326
(=95)

844 235
851 ?95
852 465
858 235
859 ?95

5.63
4.51
8.58

11.08
6.51
7.35
5.55
6.90
8.44
7.8!3

11.36
13.90
8.64
8.63
7.13
6.99
5.08

7.80
(*2.11)

7.07
7.44
5.97

11.20
6.20
7.32
4.91
6.02
8.92
8.08
5.15
5.63
5.78

14.44
6.33
5.49
5.80
8.72
6.76
5.54

7.14
(=2.28)

5.5?

12.70
10.10
6.9 I
6.42

a.. ----- -A. . ---~.~>

2.02
5.06
5.10
2.99
4.34
2.39
2,48
‘3.88
5.68
7,72
9.59
3.28
6.39
3.21
5.04
2.59

4.41
(*1.90)

5.09
3.27
2.63
5.26
3.47
5.27
2.16
2.47
5.44
4.52
2.27
2,48

4.45
11.48
3.54
2.75
3.13
6.10
3.99
2.44

4.13

Lo> U.il U.>1 U.(lb

2.03 0.90 0.36 0
2.57 0 0.94 0
4.54 0;5s 0.89 0
3.26 0.07 0.20 0
2,06 ()?9 0.66 0
2.39 0.06 0.22 0
4.07 0.07 0.28 0
3.80 0.42 0,34 0
1,81 0.32 0.08 0
2.9S 0.45 0.23 0
3.75 ().28 0.28 ()
4.92 ~.~6 ,, :7 0
1.64 ().09 0.52 0
3.2s ().07 0.43 0.14
1.40 ().28 0.28 0
2.1: 0.10 ()?0 ()

2.64 0,22 0.44 0.01
(&o.95)

Unexposed Males, AJ.TC>40

1,48 0.14
3.12
2.93
5.04
2.29
1.61
2.41
2.71
2.94
2.83
2.47
3.04
0.87
2.17
?J5

1.87
2.32

2.18
2,63
2.66

2.49
(*2.13) (*o#79)

0.07
0.06
0.2Z

0.19
0.29
0.2s
0.06
0.09
o.3~

o
0
0.17
0.14

0.06
o,~~

0.12
0.09

0
0.11

().13

0.35
0.97
0.36
0.67
().25

0.14
0.10
0.78
0.45
o.3~

0.36
(-).11
o~9
~,~9

0.57
0.55
0.17
0.35
0.14
~,~~

0,3s

o
0
0
0
0
0
0
0
0
0.08
0.05
0
0
()
(1
(), I I
0.06
0
0
().O(J

(),02

Unexposed Females, Agc >40

3.37 1.71 ().~~ o y ()
7.11 5.2 I 0.12 0.25 ()
6.66 2.93 0,30 (),20 ()
5.39 I .24 (). 14 0.14 0
32] 3.02 (). 13 0,06 0

40 465
41 47(1
42 484
38
36 440
35 399
38 460
37 434
41 483
40 486
45 510
39 436
41 520

37 425
41 4 ()-$
~1) 444
40 47s

38.8 451

(*2.8) (=33;

47
43
43
38
40
49
39
43
42
4.3
A-J

47
~~

41
43
43
.37
44
39
44

42.4

456
476
439
434
419
529

469
441
474
460
465
577
440
446
478
461
J1)~

470
455
~J:

467

16.4

14.8

14.4
]~.~

12.4

16.0
13.2

14.0

13.6

14.()

14.()

If).:)

] .l. (,

14.()

14,()

14.4

12. N

14.4

12,X

15.(1

14.1

8.4
~,~

8.0
7,6
7.4
N.()
so
8.2
~:

8.2
7.8
S.o
8,0
7.6
X2

7,4
7,6

7,s
(=0,4)

8.0
8.()
7.6
7.4
7,?

7.4
7,4
7.8
8.8
8.6
7.s
8.s
7.4
7.6
7?

7..!
7.2
7,8
7.()
S.s

7,8
(=1.1 )(=(~. s)

12.8 H.rl

12.4 7.4
11.8 7,()
12.1 7,(,
1.3.2 7,4
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Individual Hematological Findings, 1962

Subjccl Plate. WBC Neut. b]mph, Mono. Eosim Base. Hct., RBC Hgb., SC=

No. (xl O”’) (xlO”’) (xlO”’) (X)o-$) (xl O-’) (~lo””) (Xlo-x) % (Xto”’) g protein, g

893 235
894 3~o

898 310
908 ~05
918 370
929 360
936 150
94? 200
956 410
957 370
970 380
982 ?45
991 4~o

1042 310

hlc~n 306

801
go~

803
806

807

809

870

904

905
y-)~

952
972

I 002
I ()()4
I 00(1
1009
1010
1014
1015
1017
101$
1(124
I 027
102X
1(132
1(1.;7
1038
1039
lo:,)

(=85)

540
490
500
390
~~o

430
465
415
585
450
4(,0
515
395
335
390

3X()

490

390
(,25

355
585
3]()
405
445
470
510
310
505
~~~

10.50
I0.50
7.25
6.19
5.40
5.53
8.08
6.98
6.99
8.70
7.61
5.10
7,36
8.40

7,70
( 52,04)

12.36
7.73

10.80
9.13
9.35
6.8 I
8,90
9.77

11.50
7.98
9.38
8.15

15.13
I 4 .(-K)

7.40

9.03

I 1.60
] 1 ?5

i 3.50
I 1.43
14.87
7.78

I 1.47
15..37
1~=gg

6.58
9.12

10.53
b.98

10.37
( =2,55)

Unexposed Females, Age >40 (continued)

7.14
S.25
3.63
2.97
2.38
2.82
4.28
4.40
4.61
5.92
3.88
2.70
3.97
3.95

4.40
(*1.44)

2.94
4,30
2.76
2.85
2.65
2.21
3.31
2.30
2.24
2.00
3.50
2.14
2.s0
3.70

2.82
(*0.90)

0.21 0.21 0 41 453
0.32 0.63 0 41
0.15 0.73 0 37 414
0 0.37 0 44 427
0.16 0.32 0 36 395
0,05 0.39 0,05 38 413
0.24 0.24 0 38 399
0 0.28 0 40 445
0.14 0 0 37 424
0.09 0.70 0 39 429
0.08 O.ts o 36 440
0 0.26 0 41 455
0.07 0.74 0.07 4s 519
o.~5 0.50 0 42 467

0.14 0.34 0.01 39.3 432
(52.7) (=30)

Male Children of UncxDosed Parents. Aee <8

5.19
4.72
6.48
3.10
4.96
2.52
4.09
4.10
6.67
4.95
4.78
4.4(I
8.47
8.40
2.81
3.70
6.38
5.63
2.97
5.03
8.03
3>~7

3.90
6.9?

6.18
3.09
4a~o

3.69
3.07

4.89

5.44
2.62
3,7U
4.66
3,27
3,41
3.92
3.61
“.03
.4.47
3.94
2.85
3.93
4,6?

4.00
5.24
4.29
3.71
9.86
5.72
4.61
3.66
7.00
6.46
5.[5
3.16
3.47
5.79
3.42

4,42

(=1.68) (31.50)

0,74
0
0.32
oc~8

o
0.27
0
0,10
0,58
o,~4
o,~8

0.08
0.30
o<4~

(). 15
0
0423

0.11
0.4 I
0.46
().59
().54
o.~3

0.61
().26

0.07
0.91
().2 1
(),2 ]

().30

0.99
0.39
0.Z2

1.00
1.12
0.61
0.89
1.76
0,23
0,32
0,~8

0.8 I
2,42

0.56
0.37
0.09
0,70
1.69
0.27
o.~3

1.64
O.ZJ

0.23
1.38
1.03
0.26
0.46
0.84
0.~8

().73

o
0
0
0.09
0
0
0
0.19
0
0
0.09
0
0
0
0.07
0
0
0.11
0
0
0
0.08
0.11
0
0,~6

o
0.09
0
(1

0.04

39
37
37
35
39
35
40
38
39
37
36
36
35
40
35
41
38
35
33
40
34
35
38
36
Jg
31
35
39
~~

36.7

471
441

430
433
480
394
449
409
480
498
444
4~.$

465
4~~
4~~

454
457
405
535
510
527
476
518

525

406
430
436
441

457

13.6 7.6
12.8 7.8
12.4 8.6
14.4 7.6
12.1 8.6
14.0 7.8
12.8 7.2
14.0 7.6
12,8 7.2
13.2 7.8
12.I 7,8
12.4 7.0
!5.6 8.8
14.0 7.8

13.1 7.7
(=0.9) (=0.5)

I ~a4

13.2
12.8
12.1
12.1
10.9
]~.8
\~,4
]~1
1~.1 7.2

11.8
11.5
11.8
11.5
1~,1

13.6
1~.1

10.9
10.0
12,8

io.o
10.9
1}.8
[1,~
13.~

10.6
10.3
11.8
11~

11.8
(51.0)
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Individual Hematological Findings, 1962

.—
Subject Plate. WBC Neut. ~ Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum

No. (X IO-’) (X IO-’) (X IO-’) (X IO.~) (X IO-’) (X IO-’) (X 10-’) % (xlO-’) g protein, g

Female Children of Unexposed Parents, Age <8

808 620
810 470
866 415
901 465
902 485
903 41s
9C6 285
923 580
930 525
954 355
979 325
995 380

1012 355
1019 420
1021 575
1022 400
1025 430
1026 395
1029 300
1031 350
1034 250

Mean 418

10.80
8.76
9.99

11.60
12.10
11.25
13.10
15.44
10.94
14.73
5.49

11,10 “
15.60
12.54
13.30
9.43

15.95
12.23
9.03
9.70

11.16

11.63

4,97 ‘; ~,. 4.10 0
4,38 r 3.94.;... 0,09
6.29 3.30 “.< o
3.72 6.29”
3.87 , 7.38
S.96 4.28
5.50 ~ 6.8 I .:
6.95 5.56
6.56 3.s0

10,16 2.95
2,36 2.42
5.44 4.88
9.67 4.84
5.27 6.t32
6.25 6.25
5.47 3.39
3.83 11.32
4.89 6.60
2.98 S.42
2.91 6.01
4.92 5.59

5.35 5.28
(597) (=2.50) (=2.16) (=1.92)

o
0,61
0
0,s2
0.31
0.22
0.30
0.05
0.11
0.78
0,13
0.13
0.38
0.48
0.49
0.36
0
0.45

0.26

1.73 0 39 442 11.8
0.35 0 37 436 11.5
0.30 0.10 40 461 12.8
1,63 0 36 410 11.2
().24 () 35 11,5
1.01 0 37 11.4
0.13 0.13 40 12.8
2.47 0.16 39 480 12.4
0.55 0.11 39 460 12.1
1.33 0 36 450 12.4
0.60 0.05 38 465 12.8 7.6
0.56 0.11 40 476 13.2
0.31 0 37 449 11.8
1,00 0.13 36 493 12.8
0.67 0 36 480 12.4
0,19 0 37 402 11.5
0.32 0 42 541 12.4
0.24 0 37 430 11.2
0,18 0,09 38 454 10.9
0.68 0.10 35 12.1
0.22 0 40 15.2

0.70 0.04 37.8 458 12.2
(*2.7) (A31) (=0.9)



APPENDIX4

Individual WBC, Basophll,and Alkaline Phosphatasc Determinations, 1962

Subject WBc AR. % ho./~ Subject WBC A.P. % Baso./4OOO
No. X1(3-3 % Neg. cell count ,. No. Xloa % Neg. cell count

1
2
3
4

5

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
26
27
28
29
30
32
33
34
35
36
37
39
40
41
42
43
44
45
46
47
48
49
50
52
53
54
55
57
58
59

6.8
5.4
9.0
6.4
8.8
7.4
6.5
7.5
7.3
6.0
4.5
5.8
6.6
—
7.5
5.2

:::
9.1
9.2
6.8
5.3

10.1
5.4
7.6
6.2
6.1
6.9
7.1
8.0
6.6
5.4
9.9
5.0
7.7
4.9
6.7
4.4
5.9
7.4
5.8
4.2
3.9
6.3
7.0
6.4
7,6
9.7
8.0
5.2
4.9
5.1
5.3
8.8

86
34
34

-75
91
89
71
72
89
85
92
81
91
58
89
93

;;
85
84
80
83
17
78
80
92
83
90
86
76
67
86
92
88
86
64
64
85
91

5
76
90
90
82
81
73
61
45
90
64
78
91
87
85

1.70 “:
0.60
0.95
0.80
1.25 ““
1.08 ‘

0s0
t.os
0.58
0.53
1.23
0.73
0,43
0.58
0.88
0.53
0.60
0.78
0.S8

0,75
0,68
0.68
0.83
1.10
0.70
1.1s
0.70
0,85
0.88
0.40
0.55
0.58
0.60
0,60
0.70
0.53
0.48
0.95
0.53
0.53
0.78
0.93
1.23
0.95
0.88
0.s3
0.83
1.18
1.00
0.70

63
64
65
66
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

;;
92
93
94
95
96
97
98

100
101
102
103
104
105
106
107
108
109
110
111
112
113
115
117
118
119

8.2
7.6
5.1
5.8
7.3
6.4
4.2
5.3
5.5
7.7
5.7
5,5

13.3
7.9
5.9
5.8
5.7
8.7
9.1
5.2
6.9
S.6
7.8

10.9
8.4
9.2
6.9
8.7
6.5

10.9
9,8
8.9
8.8
8.7
7.2

10.8
9.1

18.1
8.7

11.4
9.4

10.6
10.3
12.7
12.7
9.5
8.5
9.3
8.0
6.7

10.5
9.9
9.8

16.7

93
78
53
67
20
62
96
85
60
63
72
82
94
91
93
61
89
60
78
83
0

81
68
98
90
93
92
75
38
17
20
22
—
88
90
98
97
93
98
74
97
71
24
95
98
84
28
29
11
48
80
85
90
91

o.7a
0.48
0.55
0.50
0.78
0.83
1.28
0.90
0.58
0.63
0.73
0.70
0,90
0.60
0.78
0,78
0.60
0.95
0.50
0.75
0.68
0,85
0.45
0.63
0.65
0.53
0.53
1.08
0.48
0.68
0.75
0.63
0.68
0.45
0.60
0.68
0.43
0.55
0.50
0.58
0.78
0.70
0.53
0.83
0.58
0.75
d.53
0.78
0.75
0.83
0.68
1.05
0.90
0.80

49
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Individual WBC;@ophil, and Alkaline Phosphatase Determinations, 1962. . . .

subject WC : y- A.P,~% Baso./4OOO Subject WBc A.P. % Baso./4OOO
No. - XIOa %Neg.-*’ cell count No. x 10-3 % Neg. cell count

120
122
123
124
12s
126
801
802
803
805
806
807
808
809
810
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
828
829
830
832
833
834
835
836
838
840
84 I
842
843
844
846
849
851
852
853
855
856
858
859
860

13!5
10.3
7s
9.9

12.3
.9.6
12.4
7.7

10.8
8.3
9.1
9.4

10.8
6.8
8.8

10.0
7.2
8.6
7.3
9.0

13,4
9.1
5.3
7.8
8.1
8.0
5.6
6.3
9.1
7.2
7.3
5.3
6.2
6.6
4.8
8.8

10.4
6.6
5.7
7.2
8.8
8.8
6.7
5.5
6.8
7.1

12.7
10.1
7.4
6.0

11.2
6.9
6.4
—

.-79 -&g
‘..86 ~:”-

76
,84
;6
66
91

,95

.;3 .
90 ‘,

,77
98,
89

,71

;:
89
94
81
83
65
90
98
96
66
88
89
75
90
87
73
83
61
86
90

2
70
77
77
80
88
28
30
89
88
77
86
42
94
30
82

100
93

0.55
0.50
0.73
0.98
0.55,
(’.75
0.40
0,65
0.58
0.58
0.73
0.70
0.55
0.35
0.73
0,83
0.78
0.70
0.75
0.65
0.75
0.50
0.60
0.85
0.75
0,73
0.55
0.78
0.70
0.73
0.58
0.38
0,70
0.83
0.78
0.63
0.98
0.50
0.68
0.73
0.73
0.90
0,75
0.75
0.85
0,70
0.50
0.75
0,48
0.45
0.60
0.68
0.58
0.60

862
863
864
865
866
867
868
869
870
875
878
879
881
882
883
884
885
886
887
888
889
891
892
893
894
895
896
897
898
900
901
902
903
904
905
906
908
911
912
913
914
915
916
917
919
921
922
923
924
926
928
929
930
932

6.2
7.6
7.8
4.9

10.0
8.0
4.9

10.6
8.9
7.3
4.9

14.2
6.3
7.4
6.0
7.3
7.8
8.9
6.1
5.6
4.5
6.4
7.0

10.5
10.5
8.6

11.0
8.1
7.2
—

11.6
12.1
11.3
9.8

11.5
13.1
6.2

10.7
9.6
5.6
6.5
5.2
7.4
5.6
6.1
9.1
5.6

15.4
8.0

13$1
5.4
5.5

10.9
6.9

94
96
98
91
81
90
84
87
66
79
97
82
88
91
91
87
88
78
84
88
83
85
84
28
39
62
26
84
92
82
80
23
89
47
81
85
84
60
54
87
80
76
74
90
93
69
94
84
91
96
75
96
84
98

0.50
0.53
0,83
0.75
0.68

—
0.75
0.50
0.78
0.63
0,58
0.83
0.70
0.75
0.78
0.68
0.75
0.63
0.58
0.68
0.50
0.53
0.55
0.78
0.58
0.63
0.63
0.78
0.85
0.75
0.70
0.68
0.50
0.90
0.50
0.53
0.58
0,63
0.48
0,58
0.53
0.75
0.63
0.68
0.63
0.75
0.68
0.80
0.63
0.68
0.63
0.75
0.55
0.70
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Individual WBC, BasophiI, and’’Alk#ine Phosphatase Determinations, 1962

Subject WBC A~P. % Baso./4~,. .’~~ -; Subject WBC A,P. % Baso./4OOO
No. x lo-J % Neg. cell count +~y~ No. x 10-$ % Neg. cell count

934
935
936
937
938
939
940
942
943
944
945
946
947
948
950
951
952

954
955
956
957
958
959
960
961
962
963
964
965
966
967
969
970
97 I
972

975
977
979
980
981
9g~

988
990

8.4
5.8
8.1

12.2
7.9
8.5
7.2
7.0
7.8
6.7

11.4
8.3

14.4
6.3

13.9
8.6
9.4

14.7
6.9
7.0
8.7

10.1
8.3

13.2
5.5
6.1
6.1
5.8
8,6
6.2
5.6
8.7
7.6
7,2
8.1
4.8
7.1
.5.5
—

9.9
5.1
7.6
8.4

65
81
97
95
96
84
73
90
95
96
39
94
28
76
88
92
81
91
48
73
78
85
84
81
96
98
96
87
92
90
86
96
95
93
93
92
91
75

z
90
91
88

0.63 :, -“ :<” 991
0.58$:,.’:”: ‘ 993
0.70 ‘;: -’-””:.”- 995
0.78 ~ 996
0.63 +,, 998.,“,,’6,.

0.55 ~~,., *oo~ .,”

0.78 - ‘;”:* ;
0,75 .; :,.,>
0.68 : ~ &
0.50 ““ ‘
0.58 ~--
0.63
0.68 .
0.60
0.73
0.60
0.63
0.78
0.60
0.68
0.70
0.85
0.60
0.53
0.”13
().53
b.bj
0.70
0.75
0.88
0.73
0.63
0.53
0.45
0.s0
0.65
0.78
0.73
0.58
0.68
0.45
0.78
0.98

1002 ““
1004
100s’
1006

~ 1007
1009
1010
1o11
1012
1014
1015
1017
1018
1019
1020
1021
1022
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043

7.4
8.(J

11.1
6.6
7.0
7.0

15.1
14.0
6.3
7.4
6.8
9.0

11.6
—

15.6
11.2
13.5
11.4
14.9
12.5

—
13.3
9.4
7.8

15.9
]?-J
11.5
15.3
9.0
—
9.7

12.9
8.7

11.1
9.3
7.6
6.6
9.1

10.5
7.0
5,5
8.4
5.1

92
63
92
97
93
93
12
59
91
88
91
8?
—
91
55
74
87
90
0

80
0

85
11
75
16
21
58
77
70
97
88
91
87
5C
41/
84
85
72
81
92
95
69
94

0.75
0.68
0.83
0.58
0.53
0.68
0.73
0.58
0,63
0.65
0.53
0.60
0.60

—
0.58
0.75
0.65
0.63
0.50
0.70
0.58
0.48
0.60
0.55
0.55
0.70
0.73
0.60
0.85
0.48
0.68
0.88
0.58
0.73
0.70
0.55
0.68
0.63
0.73
0.50
047s
9.50
0.58



APPENDIX S
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APPENDIX 6
—

Pathologic-AnatomicalDiagnoses ● on 78-yr-old Woman in Exposed Group (No. 56)

Main Diagnoses

Fracture of vertebral body L1. (No mention is made of [he sPinal cord”)
Fractures of the left 5th to 8th ribs.
Retroperitoneal hematoma.
Ecchymoses in the vicinity of the rib fractures.
Focal fibrosis of the myocardium.
Stasis and edema of the lung and liver.

Other Diagnoses

Patchy endocardial calcification of the heart.
Brown atrophy of the myocardium.
Generalized arteriosclerosis with

(a) atheroma[osis, in particular of coronary arteries and aorta,
(h) Moenckeberg’s media sclerosis,
(c) arteriolar hyalinosis in many organs.

Atelcctasis of the middle lobe of the right lung.
Patchy atelectasis,emphysema,focal fibrosis, and coniosis of the lungs,
Pleural adhesions on the right side,

Bronchitis, chronic, mucopurulen!. Bronchiectasis.
Atrophy of bronchial mucosa.
(Fat embolism of the lung?)
Atrophy, fibrosis, and s[asis of the spleen. Atrophy and fibrosis of lymph nodes.
(Hcmosidcrosis of Ihe spleen?) Atrophy of the thymus.
Lipomatosis of the bone marrow, par~icularlyin the vcrtcbrd body. with dccrcascd mass of blood-forming tiwuc.
Osteoporosis. Scoliosis of the vertebral column.
Arterio}osclcrotic scars in Ihc kidney (benign nephrosclcrosis).
Capsular fibrosis of the kidney.

Small kidney cysts.
Calcifications in [hc kidney. (Fat embolism of the kidney?)
Small papillary cys(adcnoma of the kidney.
Atrophy of [hc pelvic mucosa of the kidneys.
Atrophy and fibrosis of the ovaries.
Alrophy and fibrosis of the uterus,
Telangiectasis in [he uterus,
Brown atrophy of the liver.
( Hcmosidcrosis of [hc liver?)
Slight portal fibrosis of the Iivcr.
Subscrowrl fibrosis of the gall hlmhler.
Atrophy and slight fibrosis and Iipomatosis of the pancreas.
Pcritoncul adhesions bctwccn hcpa[ic flcxure of colon and the liver.
Atrophy and nodular hypcrplasiir of the iadrcnal glirnds,
Atrophy of lhc thyrmd glisml.
Srnull cysts of lhc thyroid gland.
A[rophy of the skin.
A{rophy of cpidcrmol appcm.iirgcs of the skin, Greyirrg of hair.
Epidcrmoid cyst of the skin.
Sweat gland cyst of the skin.
Ncvus pigmcntosus of the skin.
Elas[o\i\ of Ihc skin.
A[rophy of Ihc mammary glund.
Ostcoarthrosis ( nolcd for fingers),
Cornc~l opaci{ics.
Arcus scnllis.
[.0sS of teeth.

. —.. — --—. ... _____ .
*Summary prepared by Dr. Hans Cotlier.
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