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TIWROID’NODUL13S ‘AS A LATE EFFECT
OF EXPOSURE TO FALLOUT “

R. A. CONARD: W. W. SUTOW: &P. COLCOCK:

B. M. DOBYNS: D. E. PAGLIAS
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(,\,ll,>.t,-t Ivc (Jlltlul . l“lIc cx~hmtrc tk currcd Itia 19:,4 WIICII JII unlpr~xllt,lcd dIIlt 111wIsIdC ~ ,I18WJ dcj.~$lll,m

of fJlluu[ un scvcrll klJrslI.111 l.l~ntfs c2st 0[ Ihkiul. slxly-fmu people VXclvcd 17’,r.llkofgmllld raCJl-

atlollwhich proved to k sub-lethal but tcsukd us early nausea and vomItLI)g dnd Slgniflcant rlcpCC-$slon

of blcodelcmcntr.EXFOSUICoftheskm resultedm ““betabums”’aurJcpllation.3111Jtl.crcWJSslgnlflcant
inttinalabsorptmnoffissionfiompesfromconcamumccdfoodandwater.The mostscrmusmtcrnal

exposurewas from radio: odmcs ( ’31 I, 132I, 1331, 1=1). It ~a, ~s(,matcdtha~m addmcm toticgamma

radlatlon the adult thyroid gland rcccivcd160 rads from radmiodincs and the yuuns chlidren, bc.muse of

thclt consldffably smaller glmds, an estimated 700-1400 rads. Rccovcryofblood clcmems to nearly

nmmal and lICIIIIIX of skin Icsom with regrowth of hair w= complete by one year. Thesefindqs have
hcc.n fuliy d+KumcII[cd. TIIC must impimnnt kttc radiation effect has been II)Cdcvclopmcnt of thymld

a!mortnalaltcs. ., II ICC I,JI::I J 101:11 uf :!0 CJSG h~vc liIus (,u lwcn ttclcctcd. 17 In Childrcl$ cxfxmxi m icw

Illnll 10 yc.lrl Ill J};c (!IU$ of 111.lt ~rultp) :llul :1 Ill adtllls. “1lIyrt>ld wlcficry ml 11 c1811drc!t .Irtd :1 3dUlts

rcvc~lcd:11.uall hod hcIIIsn SJCIUJIIMLUUS IUMIUICScxccpt for a IIIIXCXI pap!llory And folllcularCJtClllUrIIa in
a W-year-IJldwcunan. The bcltign nodules were sunti.x co those assrrcmcd with mdknc dcfLc Icncy, but

such dcficlcncy was not apparent m the Marshallese who live Iargcly on scafoal. HOWCVCJ.mostpatho-

logistscouldnordistu-+ynshdcfmitcradiationeffectsintbcnoduics. Growth and dcvclopmcnt remrdatlon

in tome of the cxpscd children M now clc.wly rcfmcd to rhyro!d dcflcicnc y. Two boyswtththegreatest
growth retardation devclopd pronouncedhypothyroidismwithatrophyofchcirthyroidglands.Trearment
of!heexposedgroupw~ththyroidhmmone appearstobe cnhancmggrowthinthechildrenandreduced
noduleformationina fewca-. Hopefullysuch treatment will also reduce (he risk for development of
thyroidcancersincethisgroupundoubtedlyhasa higherr~k forsuchmalignancy.Resultsofa medical

$urveyofthae peoplecarriedoutinMarch 1969arealsopesented.

During the past 5 years thyroid abnormality ies have developed in a
Marshallese population who were accidentally exposed to radioactive fallout
in 1954. The accident occurred when a thermonuclear device was detonated
at Bikini in the Pacific /roving Grounds. The yield was larger than
expected and since the fircbitll touched the ground, a large amount of
incinerated coral and debris was mixed with the radioactive cloud. An
unexpected shift in winds occurred high aloft and instead of the cloud
going in a northerly direccion over the open sea, it veered to the ease
dropping radioactive fallout on several inhabited islands. The fallout
exposure of the Marshallese people was different in mny respects from
the exposure of the people of Hiroshima and NagasakL to the effects of
the atom bomb detonated over Japan. In Japan the injuries were produced
by direct irradiation from gamma rays and neutrons, and from physical
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i

injuries from blasts and burns. Psychic trauma, malnourishment, and
disease complicated their radiation injuries. Little or no fallout was

involved. In contrast the radiation exposure of the Marshallese people

was all due to the fallout with no physical trauma or thermal burns and

little or no psychic trauma.

Table I shows the island groups involved. The 64 Marshallese on

Rongelctp acol[ received the heaviest exposure and it is this group that
has shown the major radiation effects. Effects in this group along with
the 18 Rongelap people who were on Allingnae island at the time will be

presented here.

I

TABLE I

ISIAND CROUPS AFFECTED
a-
:,..
S
.-
.3:

Estimated gamma
Croup* Composition Fallout observed dosc(rads)

*Altiu t.xposud were 23 Jupttneue ilrnl~tirllwnahourd thtilr vetinel

the “Lucky Drngon” who rcculved a sublcttwtl dose.
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EIG.1. Map offaltout mrea, MarshsU Islands. Match 1954.
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Flgurc 1 shows a ro(Ish map of the fallout pattern involving these
islands. All nf the island groups were \,vacuated about 2 days after the

accident and taken to a naval base to the south where cxtcnsivc medical
examinations and personnel dccontam]nacion were ~arried out over a 3

month pcr{od. At the end nf this timo tl)cAmerican scrvicc men had shown

few effects of their cxpo~urc to rad[ation and were recurncd to their
Stations. The Utirik I)coplc had shown little or no effect of their

exposure and wt. rc rettornt, d to their tslanrl. I[owevcr, Ronj;e~np island

was t<lu ct~nl amlnstt,d and LIIC I>c I1plc Iivcd in a tcmp,,rary villil~c In

n so(lrll{,rn~lt,,l1 (~1 rh!,Mllr!jlmlls for I ymr:,. In 1957 a ncw vllltij;c
w.Is bllilL .Ic Kc>nficl;lphy th<, U.S. Atomic ~ncr~y C<mmlssion. The 1CV121S

Of r(ldi.ltiol} 1111 111!, lH~&Ind at this Clmc were con~ldcrc(l ac~ei)tablu and

tlll~propl(! t-c’tllrtlcd.

Annual examinations by medical specialists from the United States
and medical personnel from the Trust Territory of the pacific Islands
have been conducted under the direction of Brookhaven National Laboratory.

Some 200 unexposed Rongclap people, away from the island at the time
of the accident, have moved back with their exposed relatives and serve
as a most satisfactory comparison population.

EARLY FINDINGS

The penetrating gamma radiation dose of 175 rads resulted in temporary
anorexia and nausea in the majority of the people with vomiting and
diarrhea In a few. Within a few days after exposure the lymphocyte counts
showed significant deprt..sion and soon reached levels that were one-half
or below that of the unexposed comparison populations. The neutrophil
counts became similarly depressed reaching a minim~ at about 6 weeks
post exposure. Platelet levels dropped to one-eighth to one-third normal
levels by 30 days. The exposure proved to be sublethal and there were
no infections or frank bleeding that could be related directly to
observed hcmatologic changes. No specific therapy was necessary or
given for their depression of blood CC1lS.

The deposit of fallout material on the exposed skin surfaces
of the people resulted in itching and burning sensations during the

first 2 days followed by a dcvclopmcnt of lesions of the skin at about
2 weeks post exposure. These so-called “beta burns” showed a sequence

of pigmentation, dcptgmcntation and rcpigmentation. About 907. of the
people had these burns but most of them were superficial in nature and
healed rapidly. About 157. of the people had deeper skin lesions which
have left some degree of scarring and pigment aberrations. Temporary
spotty epilation of the head was noted in most people. Though a few
benign moles have appeared in areas of severe burns, no evidence of any
malignant lesions of the skin has been apparent.

Internal absorption of radioactive material occurred in the
Rongelap people as a result of their living in a contaminated environment
for the 2 days before their evacuation. They absorbed fission products
in the food and water that they consumed. Radiochemical urine analyses
revealed the presence of various radioisotopes, chief of which were
strontium and iodine (See Table II). The dose to the thyroid gland from
radioiodlnes is discussed in a later section. Except for the thyroid
gland the dose to the bone and other organs appeared to have been minimal
with no acute effects noted. By 6 months the urinary excretions indicated
greatly reduced body burdens. When tha people were returned to Rongelap

m.-. ~.- . . .. .-.-, . . . . . . . .‘-,. .. ..- --.’ -, ----- ... ___ . . . . . . ... ,.-
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TABLE II

ESTIMATED BODY BURDEN OF RONCELAP PEOPLE

AT TIY.E OF FALLOfJT

IsOtocle Activity (#Ci)

89Sr
14tlEa

1.6-2.2

0.34- 2.7
Ra~e Earths 0.12
13’I(ln thyroid gland) 6.4-11.2
103RU

65ca
0-0.013
0-0.019

Fissile Material 0.0.16(wgm)

in 1957 a slight residual radioactive contamination of the island resulted
in the accumulation lJf dctcctablc but low body burdens of 137Cs, 65Zn and

aoSr. No cffcct$ from these isotopes have bc~n observed.

I

LATER FIXDIRCS

Several later findings, prior to the development of thyroid
abnorrmlitics , have been noted, some of which may have been related
to their radiation exposure. During the 15 years since the accident
the exposed people have remained generally in good health (except for
thyroid related abnormalities) with no greater incidence of illness
or degenerative diseases than that seen in the unexposed populations
examined. Though the death rate has been somewhat higher in the exposed
people there has been no definite correlation of cause of death with
radiaticn exposure. A somewhat greater percentage of older people in
the exposed group partly accounts for this discrepancy. Quantification
of a number of recognized aging parameters in order to arrive at

“biological age score” have failed to reveal any evidence for premature
aging in the exposed as compared with the unexposed people of the same age.

No leukemia has been seen. The occurrence 0[ 3 CQSCS of cancer in
the exposed group (1 of the Lilyroiclgland and 2 of the female ~:cnital
tract) presents a l~l~hcr lncidencc in the exposed group, buc due to the
small numbers of people involved, final decision on this point must
await the results of future observation~.

Based on birth rates, fertility has been about the same in thv
exposed as conqmrcd with the unexposed population. l{owevcr about twice
the number of miscarriages and stillbirths occurred In thu exposed women
during the first 4 years after r.xposurc. Fetal fibnormalities dld not

aPPC~r ~.orc num~rous in the cxpwiod BWUP! though no specific gont%l$
studl{.s have been carri~d out. A pcrxis-tlfig low lcvei o~ chrt)mosomal
aberrations of the type induced by radiation have been noted z 10 years
post exposure. Frequent silt iamp observations reveal no increase in
opacities of the lens characteristic of radiation exposure.

DEVELOPMENT OF THYROID ABNORMALITIES

Before discussirig development of thyroid abnormalities a few words
should bc said concerning tile calculations of the dose to the thyroid.

Table 11 shows the estimates of the various isotopes that were present
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lIj Lllc lIc\);tiL, c>XLrJl)olJ1tLd h,lck Lo u.ls 1 b.lsc.d OH radk~]chi:mical tlrlnc

al)Jlvse% . It can b{, noted thilt the larl~,,~ CXp O:.llrCW.l S tl) Lilc thy KOid

};lilild trom radloioclincs. [n addltl~)rl t~~ th<: {]oSC ,mParL.,d by L3LL, the

shorter- 1ived 1sotopes LJ~I,lJJI, a,ld 1.5[ ,,L50 contributed ,ub~tantially

to tllc [inst. Absorpt Lon ,lf the~c lodLnc .,;otopes was both from Inhalation

as tll~ radioactive C1O(1U ~)tssscclover and trom, drlnk]ng contaminated water

and eating contam]n~tcd [t~od. Based on rad lochemical urine analyses

beglnnlng at 15 day. after exposure Lt was cstirnatcd that about il.z KCi
of 1311 was accumulated In the thyroid gland at the time of the fallout.

The adult thyroid was estlmatcd to have received about 16(J rads from the
radioiodlnes Ln addLtion to 175 rads from whole body gamma irradiation.

The dose to the much smaller glands of children was estimated to be
considerably higher; in children lCSS than 4 years of age the range

was . +Cimaced to be 700-14W cads.

,\nnuAi examination> “nave dLways .nciuded care~ul chyrold cvaluacl~n.
.1,2:. Until 5 years ago chc exposed people were consic!crcc! co have normal

thyro LJ function with no obvious evidence of any thyroid a,bnormal icy.

Numerous serum proccin bound iodine determinations had been done and aLi

appeared to be in the normal range for these people. We lacer discovered

that Marshallese people in general have high levels of iodoprotein
which may have masked an earlier hypothyroid tendency.[3] Dietary and
urinary iodine excretion were within the nortil range. Serum cholesterol

levels had been normal.

Ten years after fallout exposure nodular changes were noted in a
12 year old exposed glri. Since that time increasing numbers of cases of

nodulari~y oi che thyroid gland have developed in the exposed people.

At the present time there have been 21 cases of thyroid abnormalities,
19 w~tll nodules and 2 ocher cases w~ch a~rophy of the gland with c!evelop-

ment of marked hypothyruidlsm. Only 1 of these cases with a nodular
thyroid was in the lesser exposed Ailingnae group. Thirty-eight percenc
of the more heavily exposed group have displayed thyroid abnormalities.

This includes one new case chat was discovered in March 1969. A notable
fact is that 90% of the children exposed at less than 10 years of age

have developed such abnormalities. Table III shows the distribution of
thyroid cases in the populations under study. Of the 19 children in the
175 rad group exposed ac less than 10 years of age, only 2 have failed
to show clearcut abnormality. It is noteworthy that no thyroid

abnnrmslitics have been noted in children that rcccived lesser
exposure, i.e. :he 6 children in the Aillngnae group, the 54 children

in the Utirik group and the 48 unexposed children in the same age range.

OnLy 4 cases of abnormalities have been noted in the adults, 1 of these
occurring in the lesser exposed group. It should be noted that a Low

incidence of thyroid enlargement doea appear in older people (greater
than 50 years of age) of the Utlrik and unexposed population (See

Table 111).

The thyroids of 12 children and 2 adults have been subjecced tc
surgical exploration and the nodules removed. On surgical exposure,
the thyro~d gland was seen in most csscs to be multinodular as shown in

Fig.. 2. Note the varied size of the nodules from several millimeters
to severaL centimeters, some being cytstic, and some hemorrhagic. The
microscopic diagnosis in all but one case was adenomacous goiter. Fig.
3 shows the microscopic appearance with the wide variation in size of
follicles closely resembling adenonatous goiter seen with iodine deficiency.

Some pathologists claim to see radiation induced changes in the thyroid

glands but others do not. Fig. 4 shows the microscopic appearance of the
mixed papillary and follicular carcinoma with localized metastasis in a

z
i

I

!

,,\

... ... ,. .,,--- 4--,. . ., -------- . . . -., , . . .. . ,.- _ . . . .. . . .. .. . .

i
t

1



,c-’-”=~==-==-’-- “ - “-- - ‘ ““ “-”- -
.. . . . ..- -. .- ,. -.. . . .

330 CON ARD etaL

TABLE iII

THYROID ABNORMALITIES
IN F.4RS!IALLESE POPULATIONS

Nc. ?res - Estima:ed
ently in Ganma Thyroid 7.
r;r<~,ll, Dc>(,(f(rads) Dow!(I*,rads) Abnnr~llLtien

!

4

h’
f.

\. ..Age at
=Ilrc —

iu
“II)

.:10
1(J

-10

.10

,iU
.10

m

!{oll~l: Iflp

Allln}:l!ae
Utirik

Cuntrols

Rungelap
Al Iingnac
Ut!rik
Controls

I

1?>
IJ9

14

Cl

1oo-”t/I(J(~

2.75->5(J

55-11(J

o

‘){) .

(J.f)

u.fJ

0.0

I 3&

3
59

133

175
69
14

0

16(I
55
15

0

8.8
12.5
3.4
2.3

I e-.
v.” .
. .

pj.

i“

*I!1 csti!notin~ tt]c chyrold doses to the ALILngnae and Utlrik exposed
Sroup, it was as~umcd that such doses were proportional to the thyroid
dose of the Rongclap exposed group, based on relacive wholu body gamma

I

dose received.
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lymph node in a 41 year old wmnnn. The histological examinations of the
thyroids showed that in the children the tissues surrounding the nodules
was usually abnormal while the thyroid tissue surrounding the nodular

areas in the two adult cases was relatively normal.

During the recent survey of the Marshallese people in March 1969,

it was found that 3 of the cases with nodules who had been exposed at

less than 10 years of age had not shown satisfactory response to treat-
ment. In fact 1 case showed a recurrence of a nodule that had previously
disappcarcti in spltc of the [act chat this :;ubjcct had supposedly beep
,jn t!l;:ro:d :rcatmcnt. s[~c, conplalncd of a lump in her thro~’i whc,n shv
.;wallowc,d. Onc new casu of nodularlLy 0[ tile thyroid gland was found

in it 34 year old woman. These cases will be returned to Brookhavcn

National Laboratory in the near future for evaluation and posslblc surgery.

CORRELATION OF THYROID FINDINCS WITH RETARDATION OF GROWTH AND DEVELOPMENT
IN EXPOSED CHILDREN

Based on anthropometric measurements and bone age radiographic studies
it became apparent several years after exposure that some of the children,
partic,~lariy boys who had been exposed at less than 12 years of age
showed slight degrees of retardation of growth. This was particularly
marked in 2 boys who had been exposed at about 15 months of age who were

considerably shorter in stature than brothers who were a year younger.14~

. It has become increasingly clear that the retardation of growth noted
in some of the children is associated with thyroid injury bringing about

hypothyroidism. This was not detected in earlier years due to the fact

that the iodoprotein levels, which, as pointed out, in the Marshallese

people results in higher than expected PBI levels which masked the true
hormone level. However more accurate thyroxine levels during the past
several years revealed that the 2 boys showing the greatest growth

retardation developed marked hypothyroidism, palpable atrophy of the

thyrcid gland, development of coarse facial features, dry skin and
sluggish Archilles reflex action and bone dysgenesis. High pituitary
TSH levels in these two individuals indicated primary hypothyroidism.

15,
1’
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su8JEcTse3 ANo ●5

~~,

THYROID
HORMONE

MEDIAN CURVE STARTEO -

UNEXPOSEO BOYS
@p

I

a!’
;5.0

. ● 3
>“

_&--4~=

: k I
12 Is

CHRONOLOGICAL AGE (YEARSI

FIG.5.Effect ofthyroid hormmethcrapy

on xheletal age development in two

moat retardedboy:.

I

?!01
Oi

SL:

c!

s e..

-. ;
-..

. . .-.

.----

.-

.-

~c-
:-.
[:
F,
Ce

s:
z:

—



-.
lAtA-sM-118/tI 333

Of (

.X1( LLCS

la r

969,
at
rcat -
v~ously

b-en
she

und
?

surgery.

ELO?FiE?iT

c studies
hildren,
e
arly
,0 were

~ger.~~]
)ted
; about

! fact

lese
: true

past

.hc
i
:ar>
.Slri.

:ormonetherapy

mt In two

Mnrc rUC1, nLly Scvcrnl Otilur cllildrcu with lu!+scr clrfireesof rccardatlon
of }:rowtll I)ad be); un co ,,how +{)mc Jc}; r-rc oi thyroid dciiciency prior to
sur~cry. Tlils w~s bnscd on lowered tl]yrnxint, LL.VC IS, incrcascd levels
oi TS1l, rcducccl Il[>takc ni radio lnrI1nc and poor response to TSI[ stimulation.

In VLCW oi the scrlousncss of the ahovc findings it was declried
several vcars .Igo to gtvc thyro; cl hormnn(. therapy to the cxpused people.
The rationale ior thi> therapy WJS to furnish normal levels OF cxo~enous

thyroid hormone thereby rcpres+Lng pituitary TSII Levels and removing
the gland from stimulation of th:ir hormone. Effcctivcncss of treatment
Ln regard to inhibiclon of growth of nodules is difficult t~ evaluate

in view of uncertainty of adherence to a strict treatment rcj; imcn in

some of th,: people. however the effect on growth and developmtenc of

the body appears to be encourdglng. The two boys who had showed hypo-
thyroidism and the greatest growth reSardaLion showed definite enhancement.

Fig. 5 shows the results of hormone treatment in these two boys on
development as evaulated by skeletal age. Fig. 6 shows the increased

growth and improved appearance of one of these boys following hormone
treatment.
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FIG.6. OnlcfK,boywithmmkedgrowth retardationandhypthyroidhm bdorethyroldhmmmu~t-
mcnt. andon;igbt$arrreboy6monduaft~ueatrrteotuar[ed.(No.3lnFlg.5).
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DISCUSSION

AS a result of the exoosure of the Marshallese geople to radioactive

fai iout L5 years ag.c the only late findings of significance have been

the de\,elopm,:nt of thyroid abnormalities with resultlng retardation of
growth and development in tne more heavily exPosed children. The lack

of devclo!>nent of nodules in the unexposed and lesser exposed populations
in the same age range clearly indicates the etiologlcal relationship of
the lesions tn radiat:on. The hlghc.r incidence 0[ nodult>s in the children
than in adults i,, probably related to the lar~cr dose of radiation rc-
ct,lvcd by th~.:r small~r klands. The hl~h Lncidence of these lesions Ln
this pupulatlon :s pcrhans a little surprising Ln view of the consideration
of the dose and dose rate from radioiodine exposure in a f.Illout 5ituati0m.
‘5,6; The fact that a large part of the dose was from short-lived radio-
~odines with faat dose rate may have been important. The development of
these thyroid abnormalities LS consistent with rcporcs in the liccraturc
on many animai studies and some human studies.~7,L3j Shelinc et al. ~9
have rcporccd the dcveluament of nodules in follow-up studies of children
for hyperchyroldism with radioiodinu and “ore rcccntly Pincus et al. ~10~

have rcpurtcd a high incldcncc of nodules in children who had been treated
with x-radiation of the neck Ln infancy.

The :nsldiuu.: unset o: thyrc,ld hypofunction and retardation of

grc~t”n in the .?f~rs’nallcsccb.1ldrcn was probably associated with the slow

10ss of fuocti,}n]nc :I,yroid CU!LS throuy.h lack of replacement due to

radiation impalrmel!t UC c~,lluiar rcol ication. Onc can speculate that

ies> Lnjurcd cells in the th~r<>ld probably rcspoudcd to the incrcused

TSli simulation Snd the picture of concomitant atrophy and hypcrplasiu

resulted in gross noduic format)on. In the 2 cases with complccc
Chyrold atropl]y, however, t!lcre must have been stlfficicnt radiation
dan~fic to prevent apprcciisbic responses to TSI1 stimulation.

No dnubt there is incr(,~lsedrisk nf conccr oi the thyroid in the
f.larchallcsc cliil,Jrcn and it i+ perhaps cltancc chat no stlch mal[~;nancics

havf: :fct hfccn (Ji.,co./ercc!.“NIv iiccraturc LS rcplctc wkth many rctrn~pcctive
2s ..,,31L .Te prospect L,.,c’ stud:c:+ .whicis show the late dcvelopr,cnt of cancer
of ~~1~ ti~yrr)!..j~T c!tildrun tl)at had been trcntcd with cervical irr.ndinticn
dur:n:; in[ancy and ~:arly childhood.~11-13] I!owc,vur, there in scanc cv~dcnce
as yet for the dcvclopmcnt of cancer of the thyroid followinq rndloiodinc
treatment. Incrcascd prevalence of cancer 01 the thyroid has been reported
in adults exposed to the atomic bomb in Hiroshima VIL] and other types of

radiation.r15 ~ It is of course not posslblc to prove the causal relation-
ship of irradiation in the case of cancer of the thyroid in the exposed
women reported here, but in view of low incidcncc of such lesions in the
Marshallese, this possibility must be seriously considered.

It is not known whether treatment with thyroid hormone will reduce
the risk of cancer of the thyroid in the human being. However. such

suppression has been reported to prevent the dcvclcpment of thyroid
modules in rats.{16j It is hoped that the honnonc treatment bcin$
~ivcn the Marshallese nmy ,:upprcss such ncoplasia from radiation.
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DISC LJ.SSION

M. AVARGV&: Were any foeto-ernbryonic effects observed among

the Rongelap group? I have in mind specific anomalies in children irradi-

ated and contaminated in utero.

R.A. COXARD: There were four children irradiated in utero, one In

the first trimester and theothcrs in the second and third. None of these

children have shown any abnormalities. Unfortunately the products of

miscarriages and the stillbirths were not available for examination by

medical personnel and therefore we do not know whether there were any

abnormalities among them. iV’e were unable, however, to detect any

differences on congenital anomalies between children born of exposed

parents and those born of unexposed parents.
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