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Inhabitants of several a to l l s  i n  the Marshall Islvrds were accidsntly 

exposed to  fal lout  radiati-on following a detonatiorz of a high yield thenno- 

~uclear 'device  during e q e r h e n t s  a t  Bil;irzi i n  the Pacific proving Grounds 

. in  March 1954,' An unpredicted s h i f t  i n  winds caused deposition of signif- 

icaot muts of fallout.  on ?our inhabited a to l l s  to t5e  east: .of Btkiri 

(see Figure 1) and also on 23. Japanese fishemen .=board the i r  f i s h b g  vessel, 

the Lucky Dragon. Sixty-four inhabitants of the i s l v d  or' KongeLap, 10.5 

nautical miles away f r o m  the detonation, received the largest  fa l lout  ex- 

posure (an estimated dose of 175 rads of whole-body p-a radiation, con- 

tamination of the skia sufficient to  resul t  in beta bums, 2nd intzrnal 

absorption of radioactive naterials through inhalation and ingestion), 

Another 18 Rongelap people, fishing. on a nearby a to l l  (Ailingnae), where 

less  failout. occurred, suffersd lesser effedts (receiviag ul gsrma 

dosi bf about 69 .rads). There were 28 American semicanen on the i s l a d  of 

Rongerik.further to the east  who received about tho, sane e-xposure as did 

the Rongelap people on Ailingnae. Lastly, 157 Marshallese on Utirik Lsland, 

about 200.miles further east, received an estimated 14 rads of kirole-body 

radiation, These islanders were a l l  evacuated to the Naval Base a t  Kwajaleia, 

to  the south, by two days after the accident, where they received medical ex- 

aminations for  the following two months, The Utirik people showed few i f  

any effects and were returned to  their  home island, The America service- 

men, who showed only s l ight  effects, were.later returned to  duty. The 

Rongelap people showed the greatest effects and lived temporarily on an 

island to the south. In  1957 Rongelap was considered radiologiczlly'safe., 

and they were moved back to a n e w  village there. A group of nore than 200 

Rongelap people who were relatives of exposed people, bu t  had b ~ e n  away 

from the island a t  the time of the accident, moved back with the exposed 



. . .  
people t o  the i r  home island a d  have served as an idea l  comparison popula- 

" 

. . 
t ipn for.  the studies, ' Medical exaninations have been carried out on eqese. ': , '  . 

, 

populatLons f o r  the  past .22 years. 

. . . . 
The most serious acute e f fec t s  of the exposure were due to  penetrzt-. . 

, . 
. . . . 

ing g a m a  radiation, These included t ransient  anorexia, nausea and vciait-. . .  . 

izg, a d .  significant: dapression of the peripheral, blood e l a s r , t s  i n  zany . ' .  . . 
. .  . 

i . . . 

members of the higher exposure Rongelap grou?. The hematologjcal depres-- .  : 
- 

.. . 
..:_ . ' ,  . 

. .. . . 
sion ( t o  about half  noriual level  by s i x  weeks) was not suf f ic ien t  to  pro-:. 

. .  . 

.. . . . . 
duce de f in i t e  c l i n i ca l  signs and required no specif ic .  therapy, ~ l o o d  ' .  

. 
level's returned t o  near noraal by one year, Contamination of the skin 

. . . . 

i n  the Rongelap. group resulted in widespread beta burns and, epi'lation, 
. . 

These lesions healed and ha i r  regrew normally within several mont.hs, 

Radiochemical urine analyses revealed tha t  measurable amounts of 
9 '  < . ... - . 

radionuclides were absorbed Fnternally f r &  ingestion of' coritpnin'ated - - - . ~  .. . 
2 .' -,. . i. b.. . .. . . ...;.. 

food and water and from inhalation (see Table 1). It i s  noteworthy tha t  ' . ,  

no acute ef fec t s  due t o  t h i s  ineernal exposure were seen, i n  vie?? of the  

l a t e  thyroid e f fec t s  from radioiodine absorption to  be ,described.below. 
I 

Follow-up =aninations have revealed, except f o r  one f a t a l  case of 

leukemia and extensive thyroid lesions; only a few findings that might 
. .. 

.be related t o  radiat ion exposure, and space does not permit a discussion 

o f  these her$&. The above findings have been reported i n  numerous pub- 

. l ica t ions  (1-5) and presented i n  d e t a i l  i n  a twenty-yezr review (6). 

~ h ~ r o i d  Dosimetry 

The f a l l ou t  produced several possible sources of radiat ion e-uposure 

to  the thyroid g l a . d , i n  addition to the g m a  radiatfon. Iodine isotopes 

1 L.,' In  addition t o  annual exaninations the people have been seen on a quar ter ly  

basis by our resident physicians i n  the islands, D r s ,  K, mudsen and iC. Kotrady, 



TABLE 1 
. . . , 

Activity . Activity 

at day 1 at dey 82 

R a r e  eart" r  group 

1 3 1 ~  (in thyroid gland) 

Fissile m a t e r i a l  0 - 0.016 ('Gg) 0.0 



a re  prodcced i n  r e l a t i v e l y  high y ie lds  by the f i s s i o n  process, Some a re  

too short- l ived to  be of consequence, but iodine 131, 132, 133, and 135 

a r e  s u f f i c i e n t l y  long-lived t o  have been present a t  the time the f a l l o u t  

cloud err ived a t  the inhabited a t o l l s .  Thyroid les ions  were not  expected, 

on the $as i s  of e a r l i e r  estimates of thyroid do-se from in te rna l  absorption 

or' radioiodines. I n  1964, when thyroid nodules f i r s t  beg-an t o  appear, 

thyroid doses were reevaluated by James (7).  ca lcu la t ions  of the thyroid 

dosage from radioiodines GnfortunatOly had t o  be based m the 131~ content 

of a s ing le  pooled u r ine  sample from Rongelap people col lected a t  15 days 

post  exposure. The shorter- l ived isotopes of iodine del ivered 2 t o  3 

times the estimated dose del ivered by 131~ alone.. The importance of these 

shorter- l ived,  more energe t ic  isotopes must be kept i n  mind i n  assessing 

the  dose-response re la t ionship  f o r  thyroid e f f ec t s .  The dose t o  the thy- 

r o i d ' o f a  Rongelap adul t ,  including gamma dose, was calculated t o  be about 

335 rads (220-450 rads) and t o  t h a t  of a 3-year-old Rongelap chi ld  as  700- 

1400 rads. The l a rge r  doses i n  the chi ldren were due mainly t o  the  smaller  

s i z e s  of t h e i r  thyroids. The thyroid doses i n  the  l e s s e r  exposed popula- 

t ions  were extrapolated from those of the Rongelap group on the bas i s  of 

the  r a t i o  of gamma doses. Individual  ch i ldren ' s  doses were calculated by 

using a l i n e a r  re la t ionship  between the  estimated thyroid s i z e  and re, ~ r e s s -  

ion l i n e s  drawn f o r  the three exposed populations. 

Early Thyroid Effects  

Beginning several  years  a f t e r  exposure i t  was noted t h a t  5 of 19 chi ld-  

ren exposed a t  < 10 years  of age showed re ta rda t ion  of growth, Examinations 

during t h i s  ,ear ly period did not  reveal  any recognizable thyroid abnormal- 

i t i e s ,  and the protein bound.iodine (PBI) l eve l s  i n  these chi ldren as well  

as i n  a l l  Marshallese were i n  the normal t o  high normal range. Two boys 

became pa r t i cu la r ly  stunted i n  growth (8). They had been exposed a t  one 



ysa r  of age, and they gradually developed atrophy of the  a v o i d  glznd. 

and s i s s  of m;r:cedeza. 

I n  1965 thyroxine a a l y s i s  by ion  exchange colmn.shok-ed t h a t  s=t 

o.f ti-te.children d id  indeed have low serum t h y r o d e  levels .  Control.  

s tudies  on norsa l  Marshall2se revealed t h a t  m a n y  of then 'nsd wusuzlly 

high i dopro te iz t  . levels,  sfnich had led t o  a f a l s e  ktsqrr , rzt , ion ol th+ 

PSI d2;er;rination (9). T t  then became apparent t h a t  low thyzo-s (T4) , 

l eve l s  in, some of the  chi ldren  had probably been masked by hi* l e v e l s  

of iodoprotein, 

Tne Develoment of Thyroid Les io~ i s  

Evidence. f o r  r e t a rda t ion  of growth r e l a t e d  t o  thyroid iajuly -as 

soon followed by discovery of a thyroid nodule i n  a 12-year-old girl iit 

1963, 9 years a f t e r  exposure, Subsequent'l,~ t?aere w a s  con t inukg  devetop- 

menC of thyroid nodules i n  the  Rongelap,uld Ailingnae populations a d  :%: 

nore recent ly  i n  the  l e a s t  exposed Utirilc population, A t  p resent  40 of 

243 exposed >farshallese (16.5%) a r e  af fec ted  ( r a t i o  of females to =les 

affected i s  2:1), ~ a b l e . 2  shows the numbers of benign and = l i s a n t  

tumors ia t he  d i f f e r e n t  groups with estimated average thyroid dose zud 

C comparison of those exposed a t  Q 10 and > 10 years  of age, mere zppeus 

t o  be a dose r e l a t e d  response, with the  g r e a t e s t  incidents of mars in 

the Rongelap chi ldren  (75%). Tnyroid surgery has  been performed on 31 

2. 
exposed 2Iarshallese and 3 unexposedv. The thyroid glands of z o s t  of the  

exposed Rongelap people undergoing surgery contained mul t ip le  nodules o r  

areas of adenornatous change. Often those with only oae p ~ l p = b l e  nodule 
t 

proved t o  have mul t ip le  nodules. Microscopic exanination shoezd t h z t  

2 
' h y r o i d  surgery was done by D r s .  D.M. Dobyns, Case Western ?.e,eserve U n i ~ e r s i t y ,  

'E. ~ o l c o c k ,  Lehey Clin ic ,  and L.C. Broadus, U , S .  Navy. 



THYROID TUMORS I N  MARSHALLESE (1976) 

(Cases/or iginal  number i n  group) 

31 199 1.6 1/199 0.5 201313 6.4 Unexposed 

CHILDREN (Age d l 0  a t  exposure) ADULTS (Age > I 0  a t  exposure) 

GROUP 

Rongclap 

A i  1 ingnae 

U t i r i k  

A 1  1 

--- 

Thyroid Dose Total  
Average Tumors ..... % Cancer ..... 1 

379 6/45 13 

135 41 12 33 

3 0 9/99 9 .1  

139 191156 12.2 

Thyroid Dose Total  
Average Tu~mors..... % Cancer..... % 

3/45 6.7 

2/99 2.0 

51144 3.5 

1010 181 23 78 

382 . 216 3 3 

83 1/58 1 .7  

3 17 21/87 24 

1/23 4.3 

1/58 1.7 

2/87 2.3 



many of the  l e s ions  were surrounded by a capsule =d, mli'rce t h e  renainder  

of the  gland, had d i s t i n c t  t l i s to log ica l  pa t t e rns  r>_ngh= f ron  microfolLicular  

t o  f e t a l ,  s o l i d ,  o r  embryonal types, a d  aany shove& 5 n o i r h a g i c  o r  degentra- 

t i v e  changes ( 6 ) .  Adenomatous' ch&ges'xqctre not  unl ike  t6ose seen i n  chronic  
. . .  . .  . 

iodino deficiency,  except t h a t  n o s t  of the  g o i t e r s  .22r2 s n a l l e r  i n  t h e  

Mzrshallese. Many of the g l a d s  were found to.. cent.- a i n u t e  les ions ,  scme 

composed of s o l i d  c e l l  masses, which, although c o n s i d a r ~ d  benign, ware corn- 

posed of dec re t e  a reas  .of a typ ica l  c e l l s  suggestive of malignznt.potentia1. 

Seven cases  of cancer.  of - the gland have been found, 211 i n  f m a l e s ,  2 in t h e  
. . .  

' 

younger age group (see  Table 3 ) .  These tumors..were rel-atively w e l l  d i f f e ren -  

I t i a t e d ,  3 pap i l l a ry ,  1 f o l l i c u l a r ,  and 3 nixed t y p s ,  .Two were 2-3 a, 3 - 

about 1 cn :,and 2 between -5 and 1 an i n  s i z e  -and a l l  :?ere the  tlrnor of con- 
. .  . 

. . .  . 

cern on palpatiofi, Four had loca l ized  metas tas i s  o r  blood v e s s e l  invasion, 

The l a t e n t  per iods var ied  between I1 and 22 years. ?!ost . . .  of t h e  wmen in  

whom cancer was diagnosed had m i l t i p l e  pregnancies p r i o r  t o  development of 

t h e i r  tumors, More than 5 years  has  elapsed i n  f i v a  cases h i t h o u t  evidence I 
of progression of the  disease.  Three of the  cases or' thyroid cancer were 

i n  the U t i r i k  group, two occurring i n  the  pas t  year; Though h i z h l y  s i g n i f -  

i c a n t  s t a t i s t i c a l l y ,  t h i s  i s  a puzzling development, si,ncz- tile = m b e r , o f '  . 

benign tumors does not  appear t o  be increased i n  t h i s  wi th  none 
. . I 

appearing i n  the  high r i s k  group of 58 chi ldren aged LO a t  exposure, 
. . 

One of 4 Rongelap chi ldren  exposed i n  u tero ,  e-qossd at the end of t h e  

second t r imes ter ,  (175 r a d s ' o f  gvmna rad ia t ion  and zn unknown mount  of 

radioiodines from the mother), developed benign thyzoid nodules 20 years  

a f t e r  exposure. Though a nunber of cases  of m y x e d ~ a  have been reported 

i n  babies born of mothers t r ea t ed  with radioiodine,.  t5is i s  thought t o  be 



THYROID CANCER CASES I N  PIARSHALLESE EXPOSED TO FAL1,OUT ( a s  o f  S e p t .  1976) 

E s t i m a t e d  . AGE 
I s l a n d  Dose  ( r a d s )  A t  Deve lopment  L a t e n t  

O t l ~ c r  
T h y r o i d  

Y e a r s  
N 0 



the thytoid i s  ac t ive ly  functioning i n  the f e t u s ,  though. i t  i s  no t  pos- 

s ib l e .  to  ca lcu la te  the dose to  the gland of t h i s  pa r t i cu le r  boy. 1'- i s  

noteworthy t h a t  h i s  mother had a thyroid cancer removed durfng the  past  

6 months. The boy has not  shown any o ther  e f f e c t s  of h i s  & u t s ro  ex- 

posure. The o ther  3 subjects  exposed i n  utero have a??zarsd t o  be nornal. 

Latent Period 

Figure 3 ,  a plot .  of the time of development of thyroid ttrnors versus 

dose, ind ica tes  t h a t  thyroids t h a t  received lower doses developed t-mors 

l a t e r  th2n those receiving higher doses. This e f f e c t  on l a t e n t  period 

seems t o  be roughly dose dependent, Other s tudies  of rad ia t ion  induced 

cancers i n  people exposed as chi ldren have not  demonstrzted c lear -cut  

cor re la t ion  between radia t ion  and length of l a t e n t  period (11). Zovever, 

most of these s tudies  su f fe r  from uncertainty of exact dossge a d  insuf-  

f i c i e n t  spread of doses and of times when thyroid t m o r s  zc tua l ly  develop- 

ed. Some degree of dependence of l a t e n t  period on dos+ s e a s  reasonable, 

s ince a higher dose causes grea ter  c e l l  des t ruc t ion  r e su l t ing  i n  graa ter  

thyroid hypofunction and thyroid stimulating hormone (TSEf), which i s  

thought t o  be an important f ac to r  i n  neoplasia induction, as discussed 

e a r l i e r  by D r .  Doniach. With lower doses more c e l l s  nziy go through nore 

c e l l  d iv is ions  before succumbing to  r ad ia t ion  e f f e c t s ,  whereas with higher  

dbses the c e l l s  may d i e  a t  t h e i r  f i r s t  mitosis.  

Effect  of Thyroxine Treatment 

I n  1965 a panel of thyroid s p e c i a l i s t s ,  a f t e r  revizuin= the f indings,  

recommended t h a t  the heavi ly exposed Rongelap group be plzced on rsplace- 

ment thyroxine f o r  l i f e  i n  order t o  block TSH secre t ion  b y  the p i tu i t a ry .  

Synthetic L-thyroxine ( S ~ t h r o i d )  has Seen used. Tvo y s a r s  2go the 

Ailingnae and i n  utero exposed groups were a l so  p12ced on this tr2ais;;lent. 



Those o: ihe  U i i r i k  people who developed thyroid tumors a r e  a l so  being 
' 

given t h ~ o x i n e .  It  was hoped t h a t  t h i s  suppressive therspy would i n h i b i t  

d e v e l o p a n t  of neoplasia ,  and t h a t  growth and d e v e l o p 2 n t  i n  the  hormone- 

d e f i c i e n r  &i ld ren  would be enhanced. It has been d i f f i c u l t  t o  maintain 

a s t r i c t l y  r egu la r  treatment regimen, but  the t r e a h e n t  has been of b e n e f i t  

iz e n h a c i ~ g  gzm-th a d  development i n  the  growth re te rded  chi ldren  and i n  

naintaie=rg a 2or;lal metzbolic s t a t e  i n  fhe operated cases. Figure 4 shows 

the kprooenen t  i n  growth and development i n  one of t h e  s tunted boys, shown 

s t a d i n g  beside h i s  younger brother.  

It is uncer ta in  whether o r  no t  the  t r e a m e n t  has  had any er 'fect in 

p r e v e n t k g  the  development of nodules i n  the  exposed Rongelz? people. Some 

tumors developed before therapy was h s t i t u t e d .  Siace then, however, 14 

people in this group who were on treatment have developed t h p o i d  tumors. 

~ d m i t t e d l ~  m a y  of  t h e  group were no t  always cons is ten t  in tdc ing  the i r .  

nzdica t ion ,  but  s m e  of  them were thought t o  be conscientious about it, 

I n  two cases nodules appeared t o  diminish on therapy. 

TI..yroid Function 

Tes ts  of thyroid funct ion were c a r r i e d  out  in t h e  e a r l i e r  yeers  by 

PBX analyses, l a t e r  by an improved method involving i o n  exchmge m d  more 

recent ly ,  by rz6ioim1unoassays f o r  T4, t r i iodothyronine (T3), TSH, thy- , 

roxine s ind ing  globul in (TBG) and thyroglobulin (TG). Since 1974 funct ion  

has  a l so  been t e s t e d  by T4 increment following exogenous TSH s t i n u l a i i o n  

and by eilBogenous TSd response t o  thyrotropin r e l e a s i r g  bornone (T3i-I)z.t 

It has c o t  been f e a s i b l e  t o  do thyroid scvls  i n  the  is lznds.  The r e s u l t s  

. . 

2 
Thyroid ~ ~ ~ 2 - e  s tud ies  were done by D r s .  J.E. Rall  a d  J. Robbins a t  N I H ,  

a d  by Dr. E.L. d tk ins  a t  BNL; RIA s tud ies ,  by D r .  P.S. L a r s e n , a t  Pe te r  Benr 

Brigham Hos?ital  a d  by D r s .  J. Robbhs,  M. Gershengorn, i.1. Izumi, a d  J.L. 



. . 

indicated the f ollow&g: 1) P r i o r .  t o .  surgery.  some. subjects  .nodules 
. . ' .  . 

had &duced T4 levels.  2) Following surgery nearly a l l  p z t i e n t t ,  i n  s p i t e  

of attempted thyroxine therapy, exhibited reduced function on occasion, 

which showed t h a t  the remaining t i s sues  were not  capable of zmintaining 

a euthyroid s t a t e  and s t ressed  the h p o r t a n c e  of maintsining 2dequate 
" ..y. .--t .. .. J 

thermg.  3) Recently zibout 50% of ths,Rongelz:, people shoued 5ioch&czl 

, . hypothyroidism without c l i n i c a l  .evidence of thyroid disease,  z f inding  t h a t  

probably portends t rouble ahead. 

Risks f o r  Radiation-Induced k o r s  i n  Tne Marshallese 

The da ta  on the  Rongelap people i n  Table 4 ind ica te  tha t ,  on a r i s k  

per  rad bas is ,  the  incidences of benign and malignant thyroid les ions  a r e  

about the  same. f o r  them as  f o r  groups exposed t o  x o r  g-a r sd ia t ion ,  

except f o r  the higher r i s k  values f o r  the Ut i r ik  adults.  C l ln i ca l  ex- 

perience suggested t h a t  13'1 i s  l e s s  e f f ec t ive  than x-rays in 2roducing 

thyroid tumors. This may i n  p a r t  be due t o  dose r a t e  2nd the s o f t  b e t a  

rad ia t ion  of t h a t  isotope, much of which i s  wasted i n  the  co l lo id  of the  

l a rge r  f o l l i c l e s  not  reaching the f o l l i c u l a r  ce l l s .  The higher ener,T of 

132= 1331, 13SI1, 
the short- l ived isotopes of iodine (pa r t i cu la r ly  , , 

r e su l t ing  i n  higher dose r a t e  and more uniform exposure of the  thyroid,  

i s  thought t o  have been the irdportant f a c t o r  i n  increasing the  nmber  of 

13 
'thyroid abnormalities above t h a t  expected from similar doses f r m  

alone (12,13). This reasoning i s  supported by a number of a k a 1  experi-  

ments (14,15). 

Coxnents and Conclusions 

From the Marshallese experience i t  appears t h a t  the g rea tz r  propensity 

f o r  the  development of thyroid nodular i t ies  a f t e r  radioiodine exposure i n  

the children than i n  the adul t s  i s  r e l a t ed  not  only t o  the m a l l e r  s i z e  of 



'TABLE 4 

THYROID TUMOR RISK VS DOSE 

6 
(cas'es/lo 1radjy.r) 

Children Adults 

*Corrected f o r  c o n t r o l  incidence.  

(Age ,- 10 a t  exposure) 

Thyroid Dose 
Average BENIGN* CANCER 

379 16 6.4 

135 142 

30 8 .  . 26.4 

139 14 10.5 
, 

. . 

ages) 

Y r s .  of 
CROUP Follow-up 

. . . . . . . .  

, z':ze 22 

U t i r i k  

A l l  

16 
Rochester .17 : 

16 
Ann Arbor 17 : 

17 
UNSCEAR 17 : 

1 8  
ABCC 20 

(Age -.< 10 a t  exposure) 
. . .  . . .  . . . . . . . . .  

Thyroid Dose 
Average BENIGN* CANCER . 

. . . . .  . . .  . . 

1010 3 3 2.4 

382 4 0 

83 9.5 

317 24 3.5 

335 64 5.5 

2 0 2 4  2.2 : 

100 - 300 0.5 - 1.5 .  

20 - 1000 I.. 3 ( a l i  



t h e i r  glznds ( r e su l t ing  i n  l a rge r  doses)' but p o s s i b l ~ l  a l so  to  the r ~ p i d  

growth 02 the gland from 1-2 grsms a t  b i r t h  t o  18 a t  a a t u r i t p .  o&-er 

f ac to r s  such as the s t r e s s  of puberty and frequency of p r e s m c y  Zay a l so  

have played a role.  

The lower incidence of thyroid cancer i n  the Rongslapese exposed as  

chi ldran than i n  those e,kposea as adul t s  i s  xorthy of czmiteni. czn 

pos tu la te  t h a t  the thyroid doses in the Rongelap chi ldren (700-1400 rads) 

were high enough to .cause  many c e l l s  t o  d i e  a t  mi tos is  because of l e t h a l  

daiage t o  the reproductive mechanism and thus t o  redcce the n d e r  of 

, c e l l s  a t  r i s k  f o r  malignant transformation. A t  lower doses, as ia the  

adul t  group, a g rea te r  number of c e l l s  would be spared f o r  malignant 

transformation. One would have to  assume tha t  i n  the  chi ldren 's  tbyroids 

the high dose e f f e c t  overrode the possible  enhancbg e f f e c t  of the growth 

f ac to r  f o r  cancer induction. The high incidence of benign t n p o i d  t m o r s  

i n  the children could be due t o  the increased c e l l  d e s t n c t i a n  w i t 3  g rea te r  

hypofunction and increased TSH stimulation of the  r d i n o ,  c e l l s  produc- 

ing many small nodules, With doses i n  a s t i l l  higher  r a g e  ( > 2000 rads?) 

one might expect such.extensive c e l l  des t ruc t ion  t o  r e s u l t  i n  hypothyroid- 

i s m  and, because of the  fewer surviving c e l l s  a t  r i s k ,  fever  m o r s ,  This 

i s  the s i tua t ion  i n  pa t i en t s  developing hypothyroidim years  a f t e r  radio- 

iodine treatment f o r  Grave' s disease.  Perhaps the  t-GO l~farshal lese boys 

who developed myxedema without thyroid nodules received doses in t h i s  higher  

range. 

It  i s  q u i t e  l i k e l y  tha t  the f i n a l  t a l l y  of thyroid t u o r s  i n  the 

Marshallese i s  incomplete a t  t h i s . t i m e  s ince new les ions  a r e  s t i l l  occur- . . 

ring. The mevl l a t e n t  period f o r  radiation-induced thyroid t m o r s  may be 

as long as 30 years (11). Furthermore, on the bas is  of the present da ta  



the r isk of developing radiation-induced thyroid neoplzsiz i s  probzbly . '  

underestimated, since surgical removal of potentially = a l i s z z t  t issues 

may hare occurred and the horkone treatment may have i - h i b i i ~ d  the de- 
. . 

velopne~t  of some tumors. Also, as pointed cut above, the trua cucino- 

genic potential of the exposure, particularly i n  the c;lilGr=n receiving 

the higher dose, may have been masked by excessive c e l l  des?xction, 

The recat: finding that subclinical thyroid deficiency I s  ?resent in  

some of the exposed people. t;ho have 'not shown any t h p o i d  zbnomalities 

also indicates that  the thyroid effects in the Marshdlese nzy not  yet  

be cumplately m a n i f e s t ,  and continued careful surveill2zxe of t h i s  

population i s  necessm.  



Neg . #8-142-58 

MARSHALL ISLANOS 

Figure 1: ' Map of fallout area, Marshall Islands, Xarch 1, 19%. 
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Figure 2: W k 3 i d  u p t k e  05 1.31~ (Z p e r  g r a )  versus Ge. (rrm Evacs et a1. (10). 



Neg . 19-1032-76 
BENION TUMORS * CANCER 

loo0 

YEARS AFTER WPOSURL 

Figure 3: Time of appearance of thyroid tuinors related to dose, 

Figure 4. Left: Subject No. 3 and his younger toother (No. 83) i n  1%3. 
Right: Same boys in  1973 after No. 3 had been given w o i d  hornone 
f o r  8 years. 
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