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THYROID NODULES AS A LATE SEQUELA OF RADIOACTIVE FALLOUT• 

In a Marshall Island Population Exposed in 1954 

R .. \. Co,\;.\ RI>. ~1.n .. -:· J E. R.\1.1. :\l.D.,:j: 1'1l.D .. ,\'.\:ll \\. \\'_ Si J()\\. \l.D.~ 

l'l'TO:\, 1.0:\(, ISi .·\"-'D, :\E\\ YORh 

NODULES of the tlivroid gland han· been dis­
covered during the past three \ears in ;1 11um­

her of people of Hongelap Island \\'ho had been 
accidental!\' exposed to radioactive fallout in rn.54. 
The .accident ,,.a, tl1c result of an unpredicted shift 
in winds after the experimental detonation of a 
large thernwn11clear device at Bikini in the \!arshall 
Islands, \\'hich caused radioactive fallout to be 
der»sited on 4 inhabited \larshall Islands to the 
eas, Inhabitants of Hongclap Atoll, about 100 miles 
away, recein·d the largest ;unon11t of fallout. The 
somatic effects of this radiation have heen \\'ell doc­
umented in a numlwr of medical reports and are 
summarized c I se,,· Jwrc. '·" 

This report concerns the recent development of 
thyroid abnormalities among the 82 people of Hon­
gelap Atoll \\'ho received the largest exposure to 
fallout radiation. Sixty-four of these people were on 
the;r home island \\'hen the detonation occ111Tl'd. 
Eigi1tee11 othe1s were fishing on the nearby ;1toll of 
Ailinginae. They saw the blinding flash of the deto­
nation in the early morning, followed h~· a white, 
snow-like fallout throu.1..d1out that da~'. The people 
on Hongelap Island received the largest exposure: 
175 rads of \\'hole-body gamma radiation, thousands 
of rads to the skin (largely beta) from deposit of 
fallout material on the body and significant amounts 
of radionuclides absorbed by inhalation and con­
su111ptio11 of contaminated food and water. The 18 
People on Aili11gi11ae received less than half the 
exposure of the other Hongelap people. Hoth groups 
Were e\·ac11ated two da\'s after the accident and 
li\'ed in a temporary viJl,;ge on a southern island in 
the ~larslwll group until 19:57, when the radioactive 
le\'els had subsided sufficiently on Hongelap to al-

*From \lnlic;il Re,(.'.11 < h ( :er1u·1. Brool...li;1n·11 ~;1tio11.d l .;1horaton. 
Rt•..,c:.;1n h ... 11ppo1 tc:d In lht" l "11i1ed St.it<·, .\10111i< E11<·1.~\ ( :11111-

rni ... ,io11 ;uul the., J"ll\I Tc_·1ritOI\ ol the Pou iii< hl;111d .... 
7 '~n1io1 '< ic1111 .... 1. \kdi< .ii Rc:-.c.:.tt< h ( :l'IHt't, lhook'1.1\e11 '.'\;uio11.d 

l..c11.H·;1101~. l·p1011, '."\t·\,. \'orl... 

:;:.Dirl«tor ol in1r;1mur~1I 1t.•se,u-d1. 'alional Jt1,tilull· o( :\r1hri1is and 
~fttaholil lli'it'.l~l',, '.\~1tional I n,tillllt''.'i ol I k;1ltli, Be1 ltt·,d.1, \laq 1.md. 

~.-hs1xi;11e pedi.1trici.111. \fl'dital l>cpanm<·nt. l'ni\t·r;.,il\ of Tcxo1~­
~f. n. :\11cl<T,<ITI Ho,pual ;111d Tumor l11~1i1u1c, Hou,1011. Texa;., 

low their ret11rn. D11ring th<' ,·ears after the a('l'i­
dent, over ::200 Hongelap people or th<'ir rclati\'('S 
who had 11ot liee11 exposed to fallo11t rct11nwcl to 
li\'l• with the <'Xposed peopl(', and this t!ro11p has 
fornwd a11 excelle11t cornparison pop11latio11. 

SU:\t:\IAHY OF EAHLY Ft'.\'DI'.\'CS 

The whole-hod\' dose of radiation recein·d pro\'ed 
to lw s11hlethal. Aside· frolll ,,·idespread a11on·-.ia. 
nausea a11d a fe\\' <:<!St's of ,·omiting a11d diarrhea. 
along \\'ith irritation of the ski11 occurrin'..'. d11ri11g th<' 
first two days, the most notable effect of th<' cxposllr<' 
was depression of the blood-forming ti>stws .. -\ltl1011gh 
the peripheral le11koc,·tc cn1111ts were red11cC'd to 
about one half to OIH' third of the 11or111al lc\'l·b and 
the platelets to aho11t 011c third to 011c· cit!hth of th<' 
11ormal \·al11es d11ring the fi1»t fiH· or si-. \\Tl'ks, 1wi­
ther infection nor bleeding clear!,· rcL1ted to radia­
tion effects (except pos>ibly mc•norrhat!ia in a few 
wrn11e11) \\';Is observed. Hecm er\ of p<'riphcral blood 
elements \\'as 11early complete hy one ,-ear h11t lagged 
thereafter; the mea11 levels rem;ti11ed slighth- below 
those of the compariso11 population thro11gh ten \ears 
post expos me. However, the s11n l'\' at ele\·e11 ~·ears 

showed levels of peripheral blood elements that ap­
pean·d to he aho11t the same in the expo>cd as i11 the 
unexposed people. 

Hacliation lesions ("beta b11rns") of the skin <ll1cl 
spott~· epilation of the head \\'ere \\'ides pre ad, begi 11-
ning about t\\'o weeks after expos11r('. Th<' most co111-
mon sites for the hums \\'C'IT the head. neck, a:-;illa, 
antecubital fossa<' and dorsa of the feet. \lost of th<' 
lesions \\'ere snp<'rficial and healed without gross!~ 
visible sequelac. I lo\\'l'\'C'I', some of the lesions \\'c•n· 
deeper and resulted in pig11]('11t changes and scarring 
that ha,·e persisted. The hair in all cases rcgre\\' in si.-..: 
months and w;ts normal in color and kxtuw. 

Absorption of radionuclidt·s in the fallout from 
inhalation and from t·ons11mption of contan1i11alt'd 
food and \\'ater was detected ll\· radioche1nical anal­
yses of urine. The high<'st body llllrdens Ol'l'HJTed 
during the first two da~·s on the Island h<'fore the\ 
were e\·acuated, when tlH'\ \\'ere exposed to an cnvi-
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rnnment hi,ghly contaminated with radioacti\·e ma­
terial. The radioisotopes of strontium, barium and 
iodine, along with some of tlw rare earths, were ali­
sorlied in t'.rl'atest amount. Probably, only isotopes of 
i!Jdine e.'\LTeded the accepted permissii>ll' len·ls. :\o 
acute dfl·l'ts of exposure from the internally absorbed 
r<1dior111clicles were obsen·ed. Since their return to 
Hongelap in HJ.'57 the pl'Ople have been exposed to 
lo\\' le\·els of eertain residual r;tdim11tclides - ria111ely, 
Cs'"', Zn6

' (this is an indun·d r;tdioelernent) and 
Sr'"'. Body lrnnlens appear to ha\·e reached equilib­
rium \\'ith the em·ironmental le\·t·ls of these Ple­
ments, and ;tf'l' \\'ell helow the accepted pl'rrni~sible 
ran.l!e. 

LATER Fl;\;Dl;\;GS 

E\;tluation of the general healtl1 status, illnesses, 
mortality, fr·rtilit~· and aging O\'er the eic\·en years 
since exposure has revealed no significant differ­
e11ces het\\'een the exposed and the unexposed pop­
ulations th<tt could he attributed directly to radia­
tion. The slight fag in rl'cO\·ery of peripheral hlood 
clements has not affi.·ctecl their resist;t11ce to disease 
a11d immunologic l'OlllJWtence . .-\ltlwugh till' birth 
rate has been about the same in the exposed and 
llllt'.'\posecl gro11ps there was an apparent incre;tSl' in 
111i~L«L1Ti<tges and stillbirths in the t'.'\posed \\'Olllt'n 
as t·o111part'cl with the 1111exposed \\'Olllt'll on·r the 
fo11r years after exposure (-II per cent, or J:1 of 3:2 
pre.g11a11cie~ in the exposed, as l'Olllpared \\·ith Hi 
per cent, or S of -W pregn;1ncies in thl' lllll''\post·d 
\\'omen o\·er a comparable period). :\ ft•\\' congenital 
ahnorm,tlitit" l1a\·l' hee11 ohsened in habit•;, hom to 
t•xposl'd ,,·011wn. hut no correlation \\'ith radiation 
st•e111s possible at prl'sent. Slit-lamp olise1'\'atio11s 
ha\'l' failed to re\'l',tl radiatio11-i11d11ced opacitit's of 
the lt'ns. Studit·;, of t'.rnwth and de\·clop1nent" colll­
paring .42 t·:..posed \\'ith 75 unnposed children han· 
rt'\Taled a ~li\!ht retardation of .\!n>\\·th in the ho~ s 
exposed ;1t 011t· to fi\ l' \·ears of age, 1nost 111arked in 
tlH>st· e:..p11;,t·d at t\\·eln· and l'i\!hll't·n 1nonths of 
<lgt•. Tli<' pos,ifiilil\ that radiatio11 ,, .. 1., a t-.111s.ttin· 
fal'lor "ill lw di;.t·us.sl'd later. 

Co-.;s11>EJL\TIO'.\' OF Tin: R\DL\TIO:'\ DosE 
TO TllE T1nno10 C1..\'.\'D 

Calculation of the close to till' thHoid gland fro111 
raclioacti\e iodine rl'q11ires kllowlt'dgc of it.' uptake 
ll\ tlil' dancL ib half-lift' in the \!Lllld, till' sizl' ot 
the gland ;mcl the reLiti\'l' proportion of thl' "'' nal 
radioisotopes of iodine. l'nfort11natel\·, in till' 
prese11t situation fe,\· data of a direct nature are 
a\·ailahlc. The relati,-e distribution of raclioiodines 
in fallout is well kno\\'n. In addition to !'". the 
isotopes of !""', p:i.; and to a les-,cr extent I"'" l't>11-
tributed si.\!nificanth· to the th\Toicl clmt•. The onh 
d,1ta :1,·aiL1hlt' are raclioclll'lllic.il an:d\ st·s of poolt·d 
11ri1w '<lllljlic.' taken fiftt•t•11 da,-, a11d i<>lll.'.t'r .dtl'r 
tlit· L1llo11t Tl1rt't' ;.epar<tk esti111<lt<'' ol tlw d<"t' to 
tlit· tll\rnid L'.Linds 11f e1cl11lt Hrn1L'.<'lap Jlt'<>Jll" 110111 

radioiodi11es have been made: I.SO rads (Imm di:t·et 
rneas11re111ents of minary !"11 )•; IOO rads (by indireet 
nll'as1ire111ents using animals - pigs removed frorn 
Hongelap and \larshallese urinary-excretion 
dataf'; and ](-)() rads (liased on recent recalculation~ 
of earlv data)." The last ree;tleulations" \\·erl' based 
on analysis of pooled urine samples mainly from 
adult Ho11gelap people taken fifteen days <tfter deto­
nation; an estimate of the one-day thyroid content of 
I"" \\';ts 11.2 rnicrncuries (.'),() to :22...f 111icroe1n<t•s) 
assuming that 0.1 per cent (0.0.'5 to 0.2 per cent of 
the maximum thyroid burden was excreted in the 
mine 011 the fifteenth day. The dose of ]()() rads to 
the adult th~Toid gland \\'as c<tlculated from oral 
intake and inhalation of the various iodine isotopes, 
eonsidering their fission )·ield, the a\·era.gc energy 
deposited in the thyroid gland per disintegration 
and the tirm· of absorption. The dose to the th~roicl 

glands of children three to four years old \\'as then 
calculated by means of these factors \\·ith considr·ra­
tion of pulmonary fnnction a11d the th\Toid '.1.e' 
of a child that age. \Vater was regarded as the n1ain 
source of iodine in.gl'stion, and since \\'ater \\'as being 
rationed at the time of the Ltllont, it \\'as ;tssurned that 
the children drank the sa!lle alllount of \\·at er as adults 
and theret<>n' had the sallle thyroid lrnrdt·n of r;tdio­
iodines. Bl'cause of the s111all size of tht· .dancl the liet;t 
dose of radi;1tio11 to the gland \\'as suh'<tantiall~ lar~er. 
The total estilllated dose frolll the \·ario1rs iodine iso­
topes to the child's ghnd \\·as ahout ]()()()rads,\\ 1''1 ;t 
111ini11111111 of ahont 100 r;1ds ;md a ma.\inwn1 of I 1lO 

rads. The \!lands rt·t·ei\·ed ;t11 ,1clclitional 175 r,1ds 
from external gamm<t radiation. Details of these calcn­
L1tio11s ha\'l' been given Ii\ .Llllll'S and Coflll;t11.'; 

Tho1rgh the skin m·erki11g the thHoid gland \\'as 
frcq11enth till' site of "i>eta hums" it is 11ot helie\·ed 
that the deposits of radioadin· 111att•ri,tls i11 this area 
added si,gnifieantl\ to thl' tll\ roid dose since 111ost of 
the Iida irwdiations \\'l'l'l' of i11sulficie11t cnergit·s to 
h;l\·e penl'lratecl to thl' depth of the gland. 

AllNOR\L\l.ITIES OF TllE T!IYHOID CL..\:\'D 

I'll\ sical t'\;t111inatio11s ha\·c alw;t\ s incl lid eel c;tre­
flll i1.1spl'ctio11 of the th\'l'oid rt·.1.;ion. in both t·'\posed 
;1J1d l!nexposcd con1pari.'<JJI .\!ro11ps. I 11 addition, 
detenninations of thl' ll'\'l'I of protei11-lio11lld iodine 
alld cholestl'rol in sertllll ha\'l' lice11 carried out at 
\·arious ir1t('I'\'als since ]t).'59 i11 SOllH' per-,011s. l 111til 
196:3 no tll\-roid abnonn,tlit} \\'as clctectecl in cit'·er 
the exposed or the co111pariso11 population, e.'\C•·pt 
for I case of asympton1atic diffuse th\·roicl enlarge­
ment seen in an unexpo-,ecl \\'Oman. The a\'erage 
lc\'l='I of sern!ll protein-hound iodine \\'as found to 
he ele\'atcd in botl1 the exposed and comparison 
populations. It is helit·\·ecl that this is a racial char­
acteristic, ;111d tl1;1t thl' inut·ast· is partly d11c to an 
i11tTl'a.st·d lt·\t·I of tlic iodoprotl'i11 fraction of st·n1111.' 
'\o 'ig11ifil'a11t dillt·wiwt·' ,,.l'l'l' 11ott-d lwh\ t•t•11 tlic 
111t·a11 protl'i11-ho1111d iodi11t' a11d d1olt·stcro! It•\ cl· "' 
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•' 
the exposed <IS compared "·ith the unexposed pop11-
]atio11. Determinations of basal lllt't.1bolic rate "·<·r" 
not done owinj!; to difficulties of carr~·in.!!; 011t th<' 
procedures under field conditions. i)ietar~· iocli11<' 
has apparently been acleq11;1!t'. In :28 c;1ses tlic llll'<lll 
f\\'l'llty-four-hour uri11ary iodine excrdio11 wa~ IO.') 

rni··rogm. (ra11ge, rn .. '5 to 27~) 111icrog111.). 
111 1963, 11ine ~·cars after the acciclc11t, a hn·ln·­

vear-old girl in the exposed group was fo11ncl to 
i1ave a nodule of the th~Toid gl.tnd. In UJ()-!, 2 ad­
ditional cases with thyroid nodules were f'onnd i11 
exposed girls thirteen and fourteen years old. In 
March, H.l6.5, 3 additional cases in expost'd people 
were noted in boys thirteen and eighteen ye;lr~ or 

a!(t:> and in the first ;idult, a forty-one-year-old 
wonwn. In September, H)Ci.5, a fortlwr examination 
w;1· carried out, and .') additional exposed peopll' 
with nodules varying in size from :2 to 8 n1111. \\'l'rl' 
found. One of these \\'as a fort~·-fivt'-~'t'ilr-old woman 
in the group that reeeived only ;111 estimated mJ 
rnds. In addition, thert' were .5 1wople in who111 the 
thyroid gland appeared to he ro11ghened or 111ini111al 
nodularity was considered likely. These l'<ISt'S are 
not included in Table I because of the 111ini111al 
nature of the physie;d findings. Table I lists the 
ca~es with thyroid abnormalities. Table 2 shows tlw 
inc .dence of thyroid .disease in the mort• hea,·il~ 
exposed group of ,55 li\'ing Hongelap people as a 
function of age. The I case in the less exposed 
!!TOllp of 16 is not included. :\ot including the".') 
recent cases with mininrnl changes, the ineident'l' of 
thyroid abnormalities (nodules in addition to h~ -
pothyroiclism) was highest in the children exposed 
at less than ten years of age (.5.5 pt>r cent of this group). 
The greater incidence in females (8 of Hi) than in 
males (5 of 13) exposed is in line "'ith tht' grt'ater in­
ci«l'llt'e of thyroid abnormalities usually noted in the 
female. 

Tlie first () patients h:1\·l' lieen hospitalizl'd and 
han· 1111Cll'rgrn1c s11rgn'. Thl'sl' casl'S art' bril'fl\ 
'it1111111ariz<·d lielo\\'. Their rl'spn11SL' to the radi:1tiC1n 
\\·as similar !Cl th;1! 011tlined al1<>,.t., iu1d only spl'L"ifil· 
diffrre11L'L'S ;trl' nnt<·d herl'. .,, 

CASE HEPOHTS 
i"' 

< "' " !'.l-n·;1r-old .\L11·,h;ille'e girl. 11as :1 """' 
nld \dl<'rl (·,J1t~,t~I 10 r;.1dio;Hti\"t.' L1llt111t. lh·1: n·"ipnnse 11·, 11ti~ 
1.1di;11ic>11 "·'' 1q>il'al of lhl' group. (Jit1icalh-, she has rl'· 
111;1i11ed_,·111hnc>.id 1hro11gl><1111 thl' p<'rind of nhscr\';llirn1 (in 
t~r~,/ the clt1;ln1<·rol "''" 1:1;, mg .. and in l\Hi-l the prntl'it1-
ho1111d iodi1u .. · ,,·;1s tj.H n1icrog1H. per JOO 1111.). 

111 ~b11 It. l 1Hi:I, she was 101111<! 111 ha1T a '.!-nn. 11ome11-
dcr. lin11 t1<>Cl11k of the kf1 lohe of the th\Toid ~lai1d. 111 
.\11g11,1. I \lti-1. " total thnc>idectrn111 "''" pcrformecl. with 
di"<'l'lio11 oi' the ;1111erirn· n11np;irtn1t·n1 of 1hc ntTL !Ii \\·;is 

.11 first 1h1111ght from the fro~en sectio11 1ha1 the 11od11ks 
\\TIT m;di_gna111.) (;ro"I'" Ill<' ~l;r11d' showed m·uhiple nod-
11lt·.., ,,j1'1 <"\'.\tic and hc11101Th<q,!.i<· ;1n.·~1s 1Fig. I). ·rhe ~land 
\H·igilt'd I~· .t.!rn. The pal hologi<·al di.1g1111sis \\'a'.\ 11dt•110111a1oid 

c:oil<'r 1'11e nrinoscopi<al ;opp<'ill'illH l' 11·as reported :" fol· 
l1n,·,: 

.\t11011c: thl' nocl11lar fon11ati1111s ... there an· aden11-
111;1111id ;10d1des. with and wi1h11u1 regeneration and hl:;11. 
orrl1;1.~t·. and aclt•no1na'.\, so1nc <·onsistin~ of \·ery pale. 
"'"""1 1il';ir <ells. :\un1crrnis papillan· formations presc11t 
~1n· '\0111t·,,·'1~ll al.1n11i11g. Ho,,·c,·cr. nn c,·idc1Kl.'. of' 111alig-
1i;1111 chan)!.l' is found. I 11 some places the illlranmlular 
1 Ii~ roid 1 j,sllt' j, arr;111g-c:d in lozcn~<:-~hapcd 111'1,SC\ ;1sso­

<i•11ed "·ith '11111ewhat at\ pica! <ells. 

lhe ll'<Ol<'r\' from llw oper;11ion 11·;rs t111en·11tf11I exn·pr 
tor •• 1ra11,itc>n episode or l11pop;11·ath1Toid tcta111·. a11d till' 
1i;1lil't1I i' ht·it1)!. 1re;t1ed wi1h k·1·01hn11xit1<'. 11.:1 mg. per d;11. 

C: "' " a J.l-\c;r1·-11ld \la1·shalles<' girl. was l'Xl'osed 
Ill Ltll11111 ;11 :1 \Tars of ;ig-c ;ind showed a 1\'pic;il co11rsc. Sill' 
,,.a, ;rpp;in·111h cull11roid d11ri11g repeated cxamina1io11s ohe 
pr111ei11-l,.nrnd iodine hcing 7 .. 1 111i<rog111. in 1\1;">1' and KI 
111inog111. pt·1 I IHI 1111. in I \Hi·t. a11d t_lw < holesternl hcing I :!l'I 
mg. per I IHI ml. in I \1:1\I). 

In \L11..-h. I \lfi I. a firm. nontt·nder nodule, 1 .. -, cm. in 
dialll<'t<'I. '""' di"'o\·ered in the !eh lobe of the th\Toid 
gLrncl. In .\ug11st, l\Hi~. " total thvroidt•ctom1· was )l('r-

TABLE I. Th_vroid Abnormalitrn in Expo.red .\farshallrsr. • 

flATIF.ST PRUENT Act: AT Sr.x 0ATt: 01,r,~~I~ T•U:-\T\fl"ST 

AGF. Ex1·o~no: :\RNflkMIAl.lT\" 

S1tTt:n ,.,. "'· 
14 3 F 3/(,J Arll'nomatoi<I thyroid nodull"'.' Cmnpl<•t•• th1·roiclcctonw (1964 l 
14 3 F 3/64 Aclt·nomotlnicl thyroid nod11ll"'' Complclc lh\Toidcctmn\' & paraltH-

roidrctomy (1964) 
15 4 F 3/64 Adrnornatoid lhvroid nocl•,J("s Partial th\'roidct·to1m· ( 1 964) 
18 7 :'>! 3.'65 ·' Adenom;uoid th\'roi<l nodules Partial ttwroide<·tom1· (I 965) 
12 1 ~f 3/65 Adcnoma1uid th\·roid nocl11lc• Partial th\-roidl'ctom~· (1965i 
41 30 F 3/65 Papillar\' & follicular thnoid Thyroidcctomy-surgical & wilh 

carcinoma radioiodine (1965) 
17 6 F 9/65 3-mm. nodule of lef1 lo~ Lenlthyroxint-, 0.3 1ng-. day 
14 3 F 9/65 2-mm. nodule of ri11;ht lower lobe Le1·01h~..-n~inc, 11.:i mi.:. dn 
19 8 F 9/65 6-8-mm., smooth nodule of lef1 lower pole Le1·othyroxine, 11.:1 mi.:.:da1· 
40 29 }.! 9/65 2-mm. nodule of right lower pole l.ernthyroxine, 0.3 mi.: .. da,· 
45 34 F 9/65 5-mm. nodule at midline l.e,·othyroxine, 0.3 mi.:. da' 
12 1 }.f 3/65 Hypothyroidism protein-bound iodin<' Lemthyroxinc, 0.3 mi.:. da,· 

< 2 microl{m./100 ml.· (:'>lar. 1965); 
marked retardation of l(rowth. 

12 ~I 3/65 H vpoth yroidism protd n-bound · iod in~ l.evo1h~·roxine, o.:i mg. da1· 

< 2 micro11m./lOO ml. ('.\lar. 1965);' 
marked retardation nf 11:1:qwth. 

~~~~~~~~~~~~~~~~~~~~--~~~~~--~~~~~~~L~~~-~ ...---1--
·~!I not indude 5 pa1ient1 he-lieved 10 havf' minimal th~·roid irre~ularitif",.; (2. wrrr I :!-yr. old '.irl'.'. 1 ·a 2h-yr.-old womom, lf.;/,_Al,..f"n '.\1 & '.)7 rr. of aR4""L nu 
lh~·roid nodules drtC'Cled in 200 unt"xposcd Ronl(dap p<"oplr. 
fEllpoM"d 10 only 69 r of wholC"·hody radiation (~ t('x(). 

! ' 
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TARLE 2. Thyroid :lbnormalitirs in thr ,\lnrr llrnl'i/1• l:\pn.rtrf .\farshallrsr Grnup. • 

E, .. cr.i.no: 

'''"' 
0-) 

h-10 
11-1 '> 
16-20 
> ~() 

No. 
Ext·1•!H-:11 

13 
5 
5 
6 

~6 

5 
3 
0 
0 
2 

:\00111.•:~ 

l'UICt'\1.\1.t 

38.5 
60.0 

0.0 
0.0 
7.7 

·'''· 

2 

·--·----------. 
)Jn•flTlf\'N.lflftl*'M 

l"HUl'"'°"f\f,f 

I S.·I 7 
3 
0 
0 
2 

IU l.Nftl I' 

53.1! 
60.0 

0.0 
0.0 
7.7 

·~ 1·a:i.t· .. "'i1h minimal 1h,roid ahnormaliiir~ not indud<"d; I 45-yr.-old-\o\·oinan in Ir ..... rxpo"rd ~roup in whom th,roid noclulr:- drvrlop~·d al~ not indudrd. 

lortlll·cl. The gland was 11111hi!1odular, wirh nodules up 10 
ahou1 I nn. in diame1er, and weighed ahout I'.! gm. The 
hi,1opa1hologir;1l di;1gnosis was aclcnorn;11oid goiter. The 
hi,1ologi1 dl''<Tip1ion was as follows: 

Thl' lh\Toicl ser1ior1.s . .show n111hiplc adeno111a1<>id 
111><luk' ol \\·ickh- ,·arying J"lllcrn. :'.losl of lhem n1111ain 
papillan furm;11ions 1ha1 111;1ke i1 nec·e,s;ff)' 10 n>11sicler 1hc 
1111"ihilil\· of c;1nino111;1. Ahhough a few mic.:nisl'opical 
hc·lds on high-pown cxamina1ion appear hizarrc i1 is hc­
lie1·l'cl 1ha1 the m·erall pin11re docs 1101 justifv a diagnosis 
ol lll'OJ>la,lil' disease. 

.-\ st;llc of pt·rsislcnt hypopara1hyrniclis111 followed the opcr­
a1ion. nt·1·cssi1a1ing the use of vi1;1min D, as well as lln·­
roid-rq1l;1<t'ment 1herapy. 

(: l.'t :I a I :"1-vc;ir-olcl girl, was t·xposed lo fallo111 at 
lhl' a).!l' ol ·I wi1h signs and s~·mp1<1111s 11vical i1f 1h :-:rnup. 
111 ~Lird1. 1!11>·1. al 1-1 \'ears ol ;1i.:c. she was found ID h;1n· a 
"11:111. 11011ll't1dl'r 111\Toi'ci 11od11k 'c'.! or :1 111111. in sin') in 1ht­
i,1h1111is. Thl' righ1 iohe, isd111111s and ml'dial half or the It-fl 
111111· \\l'IT rc·111111·ccl. ~lanr 11od11lcs were prescnr, \'al'\·ing in 
'i1c 11p 111 ,-, nun. in di:1111e1er. The folloll'ing wa' 1·eponl'd: 

Th" 11ormal I hnoid ;ird1i1c«111 re is effaced In s111:1ll 
1111d11il's sholl'ing 1·al'\·ing clq~rees of ;11rophy a11ci' hypl'r­
Jlfa,ia. Som(' nodules consisr of 111irrofollin1lar 1iss11c, ;111cl 
some ,Jin\\· lux11rian1 p:1pillan· gro\\'lh. 1d1ert•;1s others an· 
1oll11id < "" "·i1h flat1e11ecl epi1hcliu111. There arc foci of 
lte111onha.t.:l' and rakiliration. Dense lilir1111s scpt11111s 'l'pa­
r;111· n11d11lt·,, The diagnosis \\';1s adc110111;11oid goi1er. 

Rt"nlltT\ \\';ts unen·111ful. ;111d 1he palil'nl is heing tre:11ed 
"·i1h ln·o1ll\ roxinc, O.:I mg. per dav. 

(: ,,. ·I. a I '.!-n·ar-old hoy, was expost·d lo falloul :11 
1c·;11 ol :1.t.:l'. During 1he 1e11-year period afr<:>r exposure. he· 

\\;1, l1111nd 10 show a l;1g in growth, h;1sccl on an1hropome1ri1 
'""lies and radio).(r;1phi1 de1en11ina1io11 or hone age, so 1ha1 
h1· ha' 1onri1111t·d I to J 1/, years hehincl u11exposcd diildren 
or hi, agt·. He h;1s had no oh\'io11s e,·idence or 1hvn1id mal­
l 111111i1111. D11ri11g rite pasr Sl'\'eral years :.! ckierm(natio'n' ol 
111111('i11-ho11ncl iodine and I of cholcsrt·rol hal'e bt·en wi1hi11 
rl1t· 1111r111:tl range. I le has rl'111ainl'd in gencrallr good 
h1":drl1. 

l 11 ~lard1. I !lti;"1. hl' \\'as found ro ha1c a :.!-c 111., nonlt•ndl'r 
1>111 lrnn. lrl'(:h· 111<J1·ahil' 11od11le in d1t· righl lolil' of rill' 
rl1n11id .t.:land . . '\11 lyn1phade11opalhl' wa' palJlalccl. I le was 
1akl'11 111 Br1111kh;1\'l'll i\'a1ion:tl l.:tl1or:111111· i11 J11ne. 'l'll\-
111id-1"11ncri11n re~h ~Jiowecl Ilic follo\\i11.~ resuhs: .o.;er.11n1 10-
di11t· fr~1nion;11ion (by n>lt1r11n chro111;1ID~raph~·~) wa.o.; 7.1 
11ti< ro.t.:nl. 101;d. ~.O rnirro~tH. iodoprn1ein ;111d ·I.~ ruicrog.1n 
f'l'I 11111 ml. lll\Tllllillt' franio11 er,+ T,>: rhc ( holesrerol w;1, 
lrii 111g. i'"r Joo 1111., ll'ilh J.1;-, mg. i11 rh" c·,rerilil'd li1n11. 
rl11111id .1111oa111ihoclics (rite 1:11111cd rccl-rell 1echnit· 1qs """' 
i11.:tll 1heS<· dell'r111ina1io11.,) indica1ed a 1i1n under l:lli; rite· 
ha>:tl llll'laholic rare \\';IS -:!:I per <Tnt: ;1 1hn·oid scan (Tc'"'·") 
slu"' "'' l'""ihl" noel 11lari1 r or r he 1·i.!.:l11 lohc: s111dics of I"" 
11p1;1kt' di'li<"l'd a Jen·J or :1!1 J>l'I' Cl"lll ;11 fi hours . .-\Jll'r 
I'S! I '1i111ul:t1i11n "·i1h JO CS/' 11ni1.' daih IC1r :1 cl:1Y.s Ilic· 

11pL1kt· ,Ji1n,ed ;1 slig·hr de< re;1st.', wi1l1 rH• i1HTt·as<.' ; .. rhl' 

Jcyd of p1·01t·in-ho1111d il>dine. 1 lemarologic ex;11nin;11ion a11d 
x-r;1\ stwil· of the chest were n111sickrt·d 10 he wi1hin norm;tl 
Ii mils. . 

The righ1 Johe of thl' 1hyroid gland \\';1s n·mm·ed al the 
:'\t·w England Baplisl llospi1al and showed muhiple nod11lcs 
up w I.'.! nn. in dia1111:1er. The pa1hol11."i«al diagnosis was 
ade11or11ato1J\ ~oirt .. ·r. · 

){ccm·cn· from s11 rgen· was 1111en·111 fu I, and in Sc p1emher, 
I !lti:i, I rl'al men I wilh lcvo1 hyroxine was ins1it11tecl. 

(:,\Sf: :.. '·• an I X-\'ea1·-0Jd :\la1·shallesl' ho\', was ex-
posed 10 f~1fJ(;i11 al the :1ge of i. Sim·e re<"o\'ery from tl·c 
an11t• effects of radiation he has ht·cn in generally good heahi1, 
and 1lm11gl11 111 ht· l'llthyroid (in l\t:-,8 1hc proteii1-houml 
iodine was i.O minogm. pt•r 100 1111.). Compared with un­
exposed hoys of rhe s:1111e age. howen·r. he had shown ;i 

slighl deg1·n· of n·tanl:11ion in gro\\'th hasl'd on an1hn1pomctric 
and hota·-age s111clics. 

In '.\lard1, l!lti:i, a lirm nodule, 1.:1 nn. in diamclt•r, was 
no1ecl in 1hc lower rigl11 pole of the gland. l le \\'as taken to 
l\rookh;1n·n :'\a1ional 1.ahoral!ln· 1<11· srud\' and laler 10 the 
:'\cw En).(land Baptist Hospital f;1r surgcn< Thyroid work-up 
showed lhl' f111lowi11g d;11a: iodine franiona1io11 of serum 
indi«ated a 101al iodine of (},;, minog111., iodoprolein of I :I 
111in11g111. and 1hyr1111i11e (r, +'I) of·!.'.! minogm. per J 1<11 
1111.: 1hn11id a11wa111ihodies were uncle~ I: Iii: 1hc d10lcs1crol 
was I io 111g. pn I 00 ml., ,,·i1 h I ·H mg. in 1he es1nilicd 
l<1rm: 1hc has:tl mt·r:1holi1· r;11c was -I:! pt·r «cnt; a th~Toid 
sc:1n (Tc""") .sho\\'ed a '\·old" ·noduk in 1he lower rig·ht lobe; 
,1111lit·s or !'"" 11p1:1ke rcl'ealed ·Ill per ll'lll uptake in 6 
ho111·'· wirh :1:.!.;i per cenl urinan· l'Xl'l'etion a1 tha1 time. 
:\f1l'r TSH, Ill('.\'/' 1111i1s daily IC1r :I days. the uplakc ;11 6 
IH111rs was :1:1.i per ren1, with a urinar\' l'X<T<·tion of 18.5 
per rclll. The pro1l'in-ho11nd iodine al rhat 1iml' was about 
die same as hdore TSH s1im11la1io11. Films of lhl' chest and 
an cil'C1roeardio).(r;1111 were riormal. llcma1olo,"ir studies \\'l'l'C 
11111 remark;1hle. 

Thl' rigl11 Johe of th(' lhHoid gla11d to111ai11i11g rnuhiple 
11ocl11les w:1.\ rt'lllO\t•cl. The 11oduJe, varied in site 11p IO I 
nll. ;111d we1:e pak gra,· 10 cil't'p rl'd, firm and p11lpy and 
"il"lltic\·s1i<. 'f'ht· cli.aµ,11osi., w;is adl'nc~n1~ttou~ ~oitt•r. 

(:,.\SI·. ti. ~-.l ·I l-1 l'ar-olcl \f;.,-,hallesl' woman, was ex­
l'"'l'd lo Lill11u1 al :lit \'l':trs of ;l).(l'. Sinn· rel'O\'l'r\' rn1m r;1-
clia1io11 ·'"" J,;1, re111:1i11t'd in rt·l:11i1·el~· good hcahh, wi1h no 
snio11., illt1l'""s or i11j11ril's. She has had ~I d1ilclrc11, ·I of 
lhl'lll horn sill<(' '"" ralloul l'XJ><>Sllrl'. Sitt• has apparenrlr 
n·111;1int'cl 1·111l1n11id. The pr111l'ill-ho111ul iodin" in ,\Ian h, 
I !l1i:1. 11·;is 111.11 111inog111. (11i.~h 1111r111;tl lor I ht' \Lirshallt•S< I. 
;111cl lhl' sc·111111 d1oln1rrol i11 1 1 1.·,~ was '.!·1 11 mg. pl'r JOO tl'i. 

111 :'ll:t11l1~ 1111;,-,, ;1 l-1111. n11d1tlc, hard h111 1111111·11dcr,1\'aS 
1'0111id in 1lic ri~l11 lcnH'f" polt- of the 1lt~·H>id gbnd. '.\:o Jpn· 
ph:iri1'111>p;11I"· w;1.s rlc·l(•11;1hll'. Shi' 1,·;1s 1ak1'11 10 llrookh;l\'l'll 
:\;11i11nal L1h11ra1on· lor slnch and lail'I' 10 lhl' :'\t'w England 
l\;1p1is1 I lo.~11~i;tl lor """~en.· Th\Toicl 11;~11-.J .. -11p 11·\·t'alcd 1he_.' 
lolJoWing \·al11c.,: Oil St'l"llJJI indilll' frdC'·liol1~lfio11 fht' (Ol~i'J, 
iodine ,~·:is ~.:·> ~11it n-.~111.. du: iodopro1t·i;1 fr;1nio11 !l.:""t 111i· 
nogn1.. •·ht'- 1lino11i11" 1t·a<1io11 (I',+ 'I) :1 .. 1 !'11in11gn1., a11cl 
il11' pro1ci11-l1111111d i11di11l' i_,-, 111icr11g111. )'l'r' 1110 1111.; rite 
-'l'rt1111 d10Je,1crol 11";1.' ~:l!I mg. per 11111 1111. (ill riH· ysll'rifi"cl 
J'onll, 18:~ Ill~.}: Ifie..· /J;1~;if fllt'l;1hofir Liil' \\";l"i -':!.i pt..'1 tTI··; 
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PRIVACY ACT MATERIAL REMOVED 
IUDJOACTJVE F:\LLOl' 1-C:O:\..\RI> FT :\!.. I :19;, 

ihrroid auw;intibodies wae presellt in a titer ui1dcr I: I G. :\ 

111\•roid s<·an shmved a larp;e "cold" nodule replacin~ the 
JO;(er pole of the rif.(ht Johe of I he p;land. X-ray examination 
of the chest ai1d hones ga\'e no e1·idcnce of 111et;1static le­
sions. :\ s1 udy of thyroid uptake "·ith I'" showed a (i-hour 
\'aJuc or '.!'.?.:! pn cent, \\'ith urinar\' excretion of '.l'.l per 
cent Afic:r trea1111ent wi1h TSH. JO units daily for :1 cbys, 

11tn· •id uptake had i11nc;1sc:d tn :l:l per cent, and the pro­
iei.n •01111d incline was 1\.11 111icrng111. per I 00 ml. He111a10-
lo~< studies were 1101 n11111ihwnn. 

· . .\ s11litotal 1hyroideno111\', lea,·i11g a small portion of 1hc 
Jefl Johe, ,,·as carried 011L It "·as reported that 2 nodules, 
rach approximately I cm. in diameter, ll'erc present, and 1he 
pathological diagnosis \\';1s. "111i;o;ed papilla!·'· a1.1cl follicular 
carcinoma of nf.(ht lobe, \\'llh hlood:\'t~ssel 1m·asron and me-
1astasis to I l\'mph 11oclt· and normal rip;ht paralh)'niid 
~Janel: (the: lefi Johe: or the thnoid g-land shows no si~nificant 
~hangcs)." 

Rcco,·cn· rn1111 the operation "·as u11en~11tf11l. The patient 
•·as •lien gi,·en I() units or TSH daiJ,· for :l days, and on the 
~th 1;1y, :\0 me of f'"' to dcstrm the remainin!(' thyroid 

1isstK. The s11hs<"q11e111 co11rse l1<is been 11nc\·c11tf11l, and 
rreaune111 ll'ith lenithnoxine \\'<IS started in :\up;ust, 196:1. 

Gross Appearance of the Thyroid Glands 

In all .'5 children operated upon (Cases l-5) the 
multinodular character of the glands was notable at 
1urgery although on prior clinical examination, the 
nodules had appeared to be solitary. The nodules 
l'ari<'d in size from l mm. to severnl centimeters, in 
con• stence from fluctuant to relath·ely hard and in 
<'0101 from pale gray to pink to red; .cyst formation 
was present in many, and some had hemorrhagic: 
areas. Figure 1 shows the gross appearance at oper­
ation in Case 1. In the patient with carcinoma (Case 
6) the gland did not show the same degree of nodu­
larity, except for the presence of 2 firm, yellow nod­
ules about l cm. in diameter (Fig. 2). 

lrlicroscopical Appearance 

Tl l' microscopical appearance of all the benign 
nod11 lar glands was characteristic of adenomatoid 
~oiter and varied mainly in the degree of change. 
The architecture of the gland was disrnpted by the 
~odules of widely varying sizes, some containing 
:nicrofollicular elements with and without colloid; 
11thers were atrophic, some contained large cysts 
~·ith <:olloid, some with hemorrhage, and still others 
·howed extensive prolift•ration of the epithelial lay­
~rs with marked infolding, giving an "arboreal" 
'PPt· trance. Figure l indicates some of the changes. 

Tl1l' tumor in Case 6 showing papillary ;incl' follic­
·1lar carcinoma, with invasion of blood vessels and 
'lymph node, is demonstrated in figure 2. 

Thyroid Abnormality In Boys Showing Retarded Growth 

Two twelve-year-old boys (. ', who 
:rad been exposed at fifteen and eighteen months of 
'~e respectively, have had the greatest retardation 
,f growth and development. (Fig. 3) has 
·ho\\,, no change in hone mattlratfol1 since 1961 
:rid at present has a hone age of that of a three­
ear-old child. The bone age of A.B. has showed 
Qntinuing slow growth and in 1965 was five and a 

Fr<;nu. I. Hr11ii:t1 .-ld1•t10111t1/11id Thyroid .\'m/11/1•., i11 "F1111r/1•1·11-l'rnr-
Old ( ;;,./ ·, 

T/11· gm.,, ·'f•rri111r11 11/ tht 1rrtio11f•d-gl~111rT (A) i1u/imt1·., /hr 11od11ft1r 
dunorlrr. Tiu· mif'fo.'iro/11.ral s1·l'ti11n ( B) .\!Um.'.' widt :.wriation\ in jol­
/irlt· .\hrs ( tJJ"igiual "'"l·.!. 111J101lio11 .\' /-1 ): .H111i1· ""' \mall and 11/ropl11t'. 

""" 11/ltn., flrr lmw· r111d rr.1/ir. Thr 1111d11/1• 11/ tit,. 11/1/wr right .•lwu•.• 
hr/1n'f•ln1it1. witlt /H1/1iliflf!' i11/oldi11g of t/1it/1di11111. 

half years. Both these boys in HJ()5 ha\·e the height 
of normal seven-year-old Marshallese boys. Their 
dwarfism has been particularly marked in compari­
son with younger siblings who now are taller than 
they are (Fig. 3).3 During the past year in both 
cases the levels of protein-bound iodine have 
dropped below 2. microgm. per 100 ml. Before that 
time they had levels in the normal range, and they 
had been considered to he euthyroid. They now 
have definite signs of hypothyroidism, with nonpal­
pahle thyroid glands, and Achilles reflexes with the 
typical sluggish return. These boys do not appear to 
show mental retardation. TSH levels (in '.\larch, 
1965) were elevated in both boys (more than 120 
and 119 millimicrogm. per milliliter), corroborating 
the impression off primary hypothyroidism.* Other 
exposed ;"tnale children in the retarded group (but 

,,, /J • ..., .. 

•we art.' incfcrht...O to lk William Oclef(.1'.,., 'the !'\atiorial lnstitutn 
of Health, for tarr)·iirg· mn the TSH determinations. 
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slightl~· elt·\·ated TSll ll'vel (D.fi 111illi111ic:rog11J. •l'r 
111 i II i liter), and hoth showed al 111ost no response to 
TSI I stimulation. The possible l'Orrelation of growth 
retardation with thyro_ic) irradiation will be clis­
e11ssecl latl'r. . ' 

After c:xtensi've clisc11ssio11, it was deC!iclecl to in-
.,., ll' 
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DISCUSSION 

Adl'nomas and l'ancers of the th\Toid dam! can 
he produced in laboratory al!i111als i,,. a \·arit'ty of 
•~ents or r<'gi11H·11s that interfen· with the ability of 
lhe g:lalld to synthesize thvrnid hormone. Iodine 
deficiency," agents that cl1emicall~- inhibit th~Toxine 
•1·nthesis such as thiouracil,"'" x-irradiation of the 
~land,'" 17 al!d irradiation of the g:land \\·ith l"'', 1" 2" 

have all IH'cll shown to produce both bel!ign and 
~1alig11ant neoplasms. Furthen11ore, subtotal th~ roi­
ileet11111y in the rat ha.s bceu reported to cause ade­
'10111.1 formatiou in the rernaini11).( th\Toid tissue two 
•ears later."·'" All thest• procedures produce h~ -
;JOthyroidism of ,·ar~·ing degr<'e, \\·hich sern·s as a11 
.. ffeetivc stimul;u1t to the wcrdion of TSI I ll\· the 
;iituitar~· gland. Under the influence of TSll the 
:hyroid gland first undergoes diffuse ll\perplasia al!d 
!i)l>ertrophy <II HI fi Ila! ly adenoma fon.11atio11. 1 n the 
l<lSes of iodine defidt•ncy and partial thyroiclectom~', 
it is prolialile that no drug or cardnogellic agent is 
tnvolved; also, the illcidenn· of carciuomas after 
:hesl' treatrnel!ts is relati,·eh· low. The inciclel!n' of 
1hnoid carci norna after a c1»111bi nation of a carcino­
<enic agent (snd1 as radi;1tio11 or ;tccf\ la111i110/lu-

on·11e) and ;t11\ Lwlor tl1at c;111ses Ii~ potll\roidisrn is 
1n11ch higher.'" lbdiatio11 ll\ either x-rays or I"" is 
partic11L1rl~· dkdi\L· si11L·e it si11111lta1wo11sl\ acts <l' 

.1 carci1wge11 ;111d, ll\ i1npairing the f11lldio11al ca­
pacil' of tl1t· gland. also ind11ces TSH secretion and 
1l1noid sti1111!Ltti(lll. 

Se\'<•ral asp('dS of r;tdiation <L1111age may lie co11-
sid('rcd. C:Ytopla•;i11ic dan1;1,gc 111;1y result i11 e11011gh 
f1111ction;tl d;rnia.g<· to rt•s11lt i11 cl'll death, or repair 
Illa\ occur if the d.1mage is not too extc11sive. l11j11n 
to n1wle;1r lllall'rial 111a\ rC's11lt i11 death of the cell if 
t•11011gh dt·ox\·1111eleic acid (lY\'A) is altered so th.it 
the proe('SS of its tra11sformation for synthesis of 
protein is scrio11sl\ inhibited. Hestor;1tio11 of D..'\ . .\ 
111<1\ occ11r after tl1ese da1nagillg effects, as has heen 
so well studied aftl'r 11ltr;l\·iolet irradiatioll in bacte­
ria." On the other hand, D:\A tllilt is not restored. 
ma\ not affect cell fu11ction if that portion of the 
IY\:\ i'> rcpwsscd and not 11nder,goin,g tra11sfon11a­
tio11, hut cell deatl1 111a\· Ot'C11r after division. It i., 
like), tli.1t that the same process of division in cells 
carr~·ing damaged D:\ . .\ ma\ lie a critical factor ill 
carcinogenesis al tl1011gh the mechanism is ohsc11 re. 
Ohvio11.,J,, ;111\ factor tlwt stimulates the thyroid 
gland to cause cell division will aeeeler;ite thi., 
process. 1 lypotll\roidism produced by radiation 
da11wge to so111e of the thyroid cells will result in 
such stinll!lation. 

lncrcased sensiti,·ity of children's thyroid gLmds 
to the de\'elopmcnt of lleoplastic cl1anges from 
radiation expos 11 re has lie en amply demonstrated .. .\ 
series of retrnspedin· and prospecti\'e studies h;l\·e 
dearly shown the causal relatioll of irradiation of 
the tll\·1nk region in infants and the later den·lop­
ment of thyroid cancer.2'-2" In addition, the de\·elop­
llll'llt of adenomatous lesions of the gland in chil­
drcn fi\·e to eJe,·en ~·ears after treatment with I'"' for 
thyrotoxicosis has heen reported.2~·'"' Doniach'" 
points out that cell division in the growing thyroid 
gLmd of the child may he a factor in this increased 
sensiti\·it~· to irradiation. On the average, :3 to 4 cell 
di,·isions are assl!111cd to occur as the infant gland 
grows from a size of about 1.5 gm. to a mature I/­
gm. gland! It thus st•ems reasonable to consider the 
el!hanced tumorogenic effect of irradiation in chi 1-
dreu to he due to the necessity for di\'ision of cells 
\\'hose nuclei han• pre\'iousl~ been injured liy radi­
atioll. The adult gland, on the other hand, \\'ould 
not lie as prone to s11ch radiation effects, since ccll 
di\·ision is not belie,·ed to occur normal!~- in the 
111ature dal!d (mitotic figmes are usualk not dis­
ccrnilile).27·"2 An~· factor, therefore, that causes in­
creased secretion of TSll and thyroid hyperplasia 
will favor the den·lopment of neoplasia in a pre­
,·io11sly irradiated thyroid gland. Though the relation 
between adcnomatous and malignant changes is not 
dear it is apparent that the sanie situations predis­
pose to the de\'elopme11t of both types of chan,ge. 

The occ11rre11ce of adenonratoid nodule., and 
carci110111a of the ,gland ill tlw \larshallese who re-
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ecivecl thyroid irradiation in H.J.5-l seems to conform 
in a general way to the concepts outlined ahove. 
Hadiation appears to have been the cause of the 
thyroid abnormalities seen, since 200 natives of the 
same ethnic background and living under identical 
conditions showed no thyroid disease. Furthcrrnore, 
there is no evidence that these people have been 
t·xposecl to other factors that might cause pathologic 
chang:es in the gland: urinalyses indicate that the 
iodine intake is adequate, and 1w dietary goitro­
.l!enic factors have been jmplicated. In addition, the 
data in the present study show a much greater inci­
dence of thyroid disease in children than in aclulb 
in accord with the findings cited above. This greater 
sensitivity of infants may also he related to the rel­
ative 111ag:nit11des of the close of radiation recei,·ed, 
the infant gland probably receiving five to ten times 
the radiation dose that an average adult's gland 
received. The dose range of from 700 to 1400 rads 
delivered to the children's thyroid glands is similar 
to the closes received during thymic irradiation. The 
apparently greater inciclenc:t• of p;tthologic.: changes 
in the .!.!lands of the :\·larsh;tllese is not clear. It may 
he related to a greater dose of radiation received hy 
the \larshallese since the cal<:11l.1tions for thyroid 
dose in these people is snhjed, as noted above, to 
large 11ncert;1inties. 

There appears to he an i nt·reast·d incidence of 
thyroid carcinoma in inhabitants of Jliroshima and 
:\a.l.!asaki exposed to radiation from the atomic-bomb 
explosions. Tlw numbers arc small, however, com­
prising HJ eases in a comhinecl exposed group of 
alrnost 15,000 individuals, ilS con1pan:d to 2 cases in 
slight!~ less than .5000 une.\posed individ11als."" 
These people were exposed to varying closes of 
l'Xtcrnal radiation to the thyroid gland hut not to 
internal exposure from radioiodine. 

The growth reh1rclation previously noted in some 
of thl' exposed children has been ass11med to he 
due to the radiation, hut the mechanism has not 
l>t·en known." \\'ith the recent clcveloprnent of frank 
hypothyroidisnr in 2 of the most rl't•trdccl boys in 
the e.\posccl .l.!ronp hypothyroidism see1ns the rnost 
likely ca11se. In 2 other retarded boys ( 
thyroid nodules have clen•loped. However, it is iii­
terestirr,I! that the exposed girls have shown very little 
rd;1rdation of growth and development ;dthough the 
rrodules are n101T prevalent among them. Except for 
thl' 2 ho~·s with hypothyroiclisrn. the rest of the chil­
dre11 \\'itlr gro\\'th retardation have shown rrorrnal pro­
tei11-h1>1111d iodi11l' and cholesterol ,·,tlrres. l\lininral 
h\'p11th~-roidis111 111ay lra,·c heerr missed arrcl rrray ·1ie 
t•11011.1.!lr to ;tcc111111t for the growth rl'tardation seen. The 
finding of high TSI I Je,Tls irr thl' 2 most retarded ho~·s 
with l1~'(lothyroidis111 arrd slight elc\·ation in 2 other 
rl'tanlt·d childrerr strongly indicates primary hypothy­
rnidis111. The grnwth resporrsc of thl'se children after 
tl1\Toid feeclin.I! will ofli.·r an irrteresting theraperrtic 
test of thl' h~-poth~Toicl l'tiolog~· of ti 1e growth retar-· 
datill11. 

The treatment of the .exposed group with li·voth • 
rnxine deserves some f11rther comment. Bicl~dto~. 
sky2

" arrd :\stwt)()d and Cassidy3"' have review .. ) th . .,~- . ....( c 
favorable effects of ~.1yro1cl treatment of patienb 
with nodules of th~ thyroid gland. The only experi. 
mental eviclerrce found directly applicable to the 
:\larshalles~ situation is a paper by Nichols t:t nl."' 
and unpublished clat:~ hy C:odwin38 <lemonstrntini< 

11 
rcd11cccl incidence of I '"'-induced adenomas in rah 
treated with thyroid hormone. This form of trl'at­
ment, therefore, seems reasonable in the ~hrshal­
lese. 

The implications of the present findings arc tw0 • 

fold. In the first place, contrary to previous c:uu­
cepts, the quautity of radioisotopes of iodi11e in 
fallout of the elose-i11 type asso<:iate<l with atomie­
ho1nh detonations 111ust he regarded as a major Ion)(· 
term hazard. Secondly, the development of hypo· 
thyroiclis1n, of thyroid adenomatoid lesions and of 11 

thyroid car<:inoma after closes of radioiodine that 
deliH·r :Joo to l-100 rads to the gland makes caution in 
the use of raclioiodine necessary 

SlJ'.\1'.\tARY A;>;D Co:\'CLUSIONS 

Pathologic changes in the thyroid gland were 
found in a numhl·r of \larshallest• people of Rongt•· 
Jap Island who were accidentally exposed to r.tdio· 
active fallout in HJ.5-l. Definite thyroid nodules wem 
noted in 11 people, 111i11imal changes in 5 others, 
and h~·poth~Toiclism in 2. :\II hut I case ot·curn•d in 
the more hea,·ily expo.~ccl population (55 livirrg of 
the original fi-l persons). who received abn11t Ii.') 
rads of \\·llOle-l)()d~· gam111a radiation, burns of tlrl' 
skin frorn fallrnrt products and internal absorption of 
fission prod11ct.~. One case with a nodule was notl'd 
in an adult \\·orrian irr the smaller Hongelap gro11p 
(Hi of tlie IS are sti II al i\·l') that had received less 
than half the cxpos11re of the other group. In 200 
individu;tls of a control group not exposed no such 
thHoid alirtorrn,ditics were found. In the mori· 

h~avily exposed µ:rn11p, thyroid alrnormalitie' de· 
vel 01wd in 55 per ceut of children exposed at less 
than ten n·ars of a!!t'. Fi\'l' d1ildren were found ;ti 
surgery t<; h.1,·t.· he;1i.1!11 adcnoruatous goiters. The I 
adult patient had a mixed papillary and follic11!ilr 
carcinoma. "·ith lm·;tlizecl rnt'tastasis. Two boys 
showed rnarkecl retardation of growth, apparently 
owing to prirnar~· h~votlr~-roidis111. 

Tlie radiation etiolog,· in tlil'se cases appe;trS to 
lie rl'asonahh certain i·,; ,.il'W of tlie following fads: 
tire th~Toid .glands rt'LTi,·ed a sul>sta11tial d11>C of 
radiation from radioiodines a11d external g;trJllllil 
radiatio11 (;tdults about :300 rads. arrd children abotrl 
700 to 1-lOO rads); a11d. the inciclenee of thyroid ah­
normalitil's \\:a.S high in .the exposed group and ab· 
sent in an unexposed control popt1l(~\j<f1~· living 011 

the Silllre island. · • . · • 
The prt·sent. fi 11di ngs sug.l!est that the seriousness 

of the i 11terrral hazard associated with fallont, partiL;· 
11larly from radioiodirll'. 11111~;t lil' rc\"ised 11p\\·itn · 
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