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N ODULES of the thyroid gland have been dis­
covered during the past three years in a num­

ber of people of Rongelap Island who had been 
accidentally exposed to radioactive fallout in 1954. 
The accident was the result of an unpredicted shift 
in winds after the experimental detonation of a 
large thermonuclear device at Bikini in the Marshall 
Islands, which caused radioactive fallout to be 
deposited on 4 inhabited Marshall Islands to the 
east. Inhabitants of Rongelap Atoll, about 100 miles 
away, received the largest amount of fallout. The 
somatic effects bf this radiation have been well doc­
umented in a number of medical reports and are 
summarized elsewhere.'· 2 

"This report concerns the recent development of 
thyroid abnormalities among the 82 people of Ron­
gelap Atoll who received the largest exposure to 
fallout radiation. Sixty-four of these people were on 
their home island when the detonation occurred. 
Eighteen others were fishing on the nearby atoll of 
Ailinginae. They saw the blinding flash of the deto­
nation in the early morning, followed by a white, 
snow-like fallo~t throughout that day. The people 
on Rongelap Island received the largest exposure: 
175 rads of whole-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
sumption of contaminated food and water. The 18 
people on Ailinginae received less than half the 
exposure of the other Rongelap people. Both groups 
were evacuated two days after the accident and 
lived in a temporary village on a southern island in 
the Marshall group until 1957, when the radioactive 
levels had subsided sufficiently on Rongelap to al-
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low their return. During the years after the acci­
dent, over 200 Rongelap people or their relatives 
who had not been exposed to fallout returned to 
live with the exposed people, and this group has 
formed an excellent comparison population. 

SUMMARY OF EARLY FINDINGS 

The whole-body dose of radiation received proved 
to be sublethal. Aside from widespread anorexia, 
nausea and a few cases of vomiting and diarrhea, 
along with irritation of the skin occurring during the 
first two days, the most notable effect of the exposure 
was depression of the blood-forming tissues. Although 
the peripheral leukocyte counts were reduced to 
about one half to one third of the normal levels and 
the platelets to about one third to one eighth of the 
normal values during the first five or six weeks, nei­
ther infection nor bleeding clearly related to radia­
tion effects (except possibly menorrhagia in a few 
women) was observed. Recovery of peripheral blood 
elements was nearly complete by one year but lagged 
thereafter; the mean levels remained slightly below 
those of the comparison population through ten years 
post exposure. However, the survey at eleven years 
showed levels of peripheral blood elements that ap­
peared to be about the same in the exposed as in the 
unexposed people. 

Radiation lesions ("beta burns") of the skin and 
spotty epilation of the head were widespread, bei,.:in­
ning about two weeks after exposure. The most com­
mon sites for the burns were the head, neck, axill,1, 
antecubital fossae and dorsa of the feet. Most of the 
lesions were superficial and healed without grossly 
visible sequelae. However, some of the lesions were 
deeper and resulted in pigment changes and scarring 
that have persisted. The hair in all cases regrew in six 
months and was normal in color and texhtrf'. 

Absorption of radionuclides in the fallout from 
inhalation and from consumption of contaminated 
food and water was detected by radiochemical anal­
yses of urine. The highest body burdens occurred 
during the first two days on the Island before they 
were evacuated, when they were exposed to an envi-
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ronment highly contaminated with radioactive ma­
terial. The radioisotopes of strontium, barium and 
iodine, along with some of the rare earths, were ab­
sorbed in greatest amount. Probably, only isotopes of 
iCJdine exceeded the accepted permissible levels. No 
acute effects of exposure from the internally absorbed 
wdionuclides were observed. Since their return to 
Rongelap in 1957 the people have been exposed to 
low levels of certain residual radionuclides - namely, 
Cs137

, znss (this is an induced radioelement) and 
Si-90. Body burdens appear to have reached equilib­
rium with the environmental levels of these ele­
ments, and are well below the accepted permissible 
range. 

LATER FINDINGS 

Evaluation of the general health status, illnesses, 
mortality, fertility and aging over the eleven years 
since exposure has revealed no significant differ­
ences between the exposed and the unexposed pop­
ulations that could be attributed directly to radia­
tion. The slight lag in recovery of peripheral blood 
elements has not affected their resistance to disease 
and immunologic competence. Although the birth 
rate has been about the same in the exposed and 
unexposed groups there was <ll1 apparent increase in 
miscarriages and stillbirths in the exposed women 
as compared with the unexposed women over the 
four years after exposure (41 per cent, or 13 of 32 
pregnancies in the exposed, as compared with 16 
per cent, or 8 of 49 pregnancies in the unexposed 
women over a compa'rable period). A few congenital 
abnormalities have been observed in babies born to 
exposed women, but no correlation with radiation 
seems possible at present. Slit-lamp observations 
have failed to reveal radiation-induced opacities of 
the lens. Studies of growth and development3 com­
paring 42 exposed with 75 unexposed children have 
revealed a slight retardation of growth in the boys 
exposed at one to five years of age, most marked in 
those exposed at twelve and eighteen months of 
age. The possibility that radiation was a causative 
factor will be discussed later. 

CO:'\SIDERATION OF THE RADIATION DOSE 

TO THE THYROID GLAND 

Calculation of the dose to the thyroid gland from 
radioactive iodine requires knowledge of its uptake 
by the gland, its half-life in the gland, the size of 
the gland and the relative proportion of the several 
radioisotopes of iodine. Unfortunately, in the 
present situation few data of a direct nature are 
available. The relative• distribution of radioiodines 
in fallout is well known. In addition to !"11 , the 
isotopes of l1 33, !1 35 and to a lesser extent !1 32 con­
tributed significantly to the thyroid dose. The only 
data available are radiochemical analyses of pooled 
urine samples t;1ken fifteen days and longer after 
the fallout. Three separate estimates of the dose to 
the thyroid glands of adult Rongelap people from 

radioiodines have been made: 150 rads (from direct 
measurements of urinary ! 131 )•; 100 rads (by indirect 
measurements using animals - pigs removed from 
Rongelap and ~larshallese urinary-excretion 
data)~; and 160 rnds (based on recent recalculations 
of early data).6 The last recalc:ulations6 were based 
on analysis of pooled urine samples mainly from 
adult Rongelap people taken fifteen days after deto­
nation; an estimate of the one-day thyroid content of 
I 13 1 was 11.2 microcuries (5.6 to 2.2.4 microcuries) 
assuming that 0.1 per cent (0.05 to 0.2 per c;ent) of 
the maximum thyroid burden was excreted in the 
urine on the fifteenth day. The dose· of 160 rads to 
the adult thyroid gland was calculated from oral 
intake and inlrnlation of the· various iodine isotopes, 
considering their fission yield, the average energy 
deposited in the thyroid gland per disintegration 
and the time of absorption. The dose to the thyroid 
glands of children three to four years old was then 
calculated by means of these factors with considera­
tion of pulmonary function ;me! the thyroid size7 

of a child that age. \\Tater was regarded as the main 
source of iodine ingestion, ,111cl since water was being 
rationed at the time of the fallout, it was assumed that 
the children drank the same amount of water as <ldults 
and therefore had the same thyroid burden of radio­
iodines. Because of the small size of the gland the beta 
dose of radiation to the gland was substantially larger. 
The total estimated dose from the various iodine iso­
topes to the child's ghmd was about 1000 rads, with a 
minimum of about 700 rads and a maximum of 1400 
rads. The glands received an additional 175 rads 
from external gamma radiation. Details of these calcu­
lations have been given by James and Gofman.6 

Though the skin overlying the thyroid gland was 
frequently the site of "beta burns" it is not believed 
that the deposits of radioactive materials in this area 
added significantly to the thyroid dose since most of 
the beta irradiations were of insufficient energies to 
have penetrated to the depth of the gland. 

ABNORl\IALITIES OF THE THYROID GLAND 

Physical examinations have al ways included care­
ful inspection of the thyroid region in both exposed 
and unexposed comparison groups. In addition, 
detenninations of the level of protein-bound iodine 
and cholesterol in serum have been carried out at 
various intervals since 1959 in some persons. Until 
1963 no thyroid abnormality was detected in either 
the exposed or the comparison population, except 
for 1 case of asymptomatic diffuse thyroid enlarge­
ment seen in an unexposed woman. The average 
level of serum protein-bound iodine was found to 
be elevated in both the exposed and comparison 
populations. It is believed that this is a racial char­
acteristic:, and that the increase is partly due to an 
increased level of the iodoprotein frnction of serum.• 
i\'o significant differences were noted between the 
me,m .. protein-bound iodine and cholesterol levels in 



the exposed as compared with the unexposed popu­
lation. Determinations of basal metabo)ic rate were 
not done owing to difficulties of carrying out the 
procedures under field conditions. Dietary iodine 
has apparently been adequate. In 28 cases the mean 
twenty-four-hour urinary iodine excretion W<lS 105 
microgm. (range, 19.5 to 279 microgm.). 

In 1963, nine years after the accident, a twelve­
year-old girl in the exposed group was found to 
have a nodule of the thyroid gland. In 1964, 2 ad­
ditional cases with thyroid nodules were found in 
exposed girls thirteen and fourteen years old. In 
March, 1965, 3 additional cases in exposed people 
were noted ii~ boys thirteen and eighteen years of 
age and in the first adult, a forty-one-year-old 
woman. In September, 1965, a further examination 
W<ls carried out, and .5 addition,d exposed people 
with nodules varying in size from 2 to 8 mm. were 
found. One of these was a fo1"ty-five-year-old woman 
in the group t~al received only <lll estimated 69 
rads. In addition, there were 5 people in whom the 
thyroid gland appeared to be roughened or minimal 
nodularitv was considered likely. These cases are 
not included in Table 1 because of the minimal 
nature of the physical findings. Table 1 lists the 
cases with thyroid abnormalities. Table 2 shows the 
incidence of thyroid disease in the more heavily 
exposed group of 55 living Rongelap people as a 
function of age. The l case in the less exposed 
group of 16 is not included. Not including the 5 
recent cases witb minimal changes, the incidence of 
thyroid abnormalities (nodules in addition to liy­
poth~·roidism) was highest in the children exposed 
at less than ten years of age (55 per cent of this group). 
The greater incidence in females (8 of 16) than in 
males (5 of 13) exposed is in line with the greater in­
cidence of thyroid abnormalities usually noted in the 
female. 

PRIVACY ACT MATERIAL REMOVED 

The first 6 patients have been hospitalized and 
have undergone surgery. These cases are briefly 
summarized below. Their response to the radiation 
was similar to that outlined above, and only specific 
differences are noted here. 

CASE REPORTS 

CASE I ' , a 14-vear-old ;\larshallese girl, was 3 years 
old when exposed to radioacti,·e fallout. Her response to this 
radiation \\'as typical of the ).,'TOup. Clinically, she has re­
mained euthyroid throughout the period of obser\'ation (in 
1957 the cholesterol \\'as 1:15 mg'., and in 1964 the protein­
bound iodine was 6.8 microgm. per I 00 ml.). 

Jn J\larch, 1963, she was found to have a 2-cm. nonten­
der, firm nodule of the left lobe of the thyroid gland. In 
August, 1964, a total thyroidectom~· was performed, with 
dissection of the anterior compartment of the neck. (It was 
at first thought from the frozen section that the nodules 
were mali~'Tlant.) Grossh', the glands showed multiple nod­
ules with cystic and hemorrhagic areas (Fig. 1 ). The gland 
weighed I'.! gm. The pathological diagnosis was adenomatoid 
goiter. The microscopical appearance 1vas reported as fol­
lows: 

Among the nodular formations there are adeno-
maroid nodules, with and without regeneraiion and· hem· 
orrhage, and adenomas, some consisting of very pale, 
almost clear cells. Numerous papillary formations present 
are somewhat alarming. However, no evidence of malig­
nant change is found. In some places the imranodular 
thyroid tissue is arranged in lozenge-shaped masses asso­
ciated with somewhat atypical cells. 

The recovery from the operation was uneventful except 
for a transitory episode of hypoparathyroid tetany, and the 
patient is being treated with lernthyroxine, O.:I ml{. per day. 

CASE 2. a 14-year-old ~larshallese girl, was exposed 
to fallout -at 3 years of age and showed a typical course. She 
was apparently euthyroid during repeated examinations (the 
protein-bound iodine being 7.4 micro){m. in 1958 and 8.1 
minof.(m. per I 00 ml. in I ~J64, and the cholesterol bein){ 128 
ITT){. per I 00 ml. in 1959). 

In March, 1964, a firm, nontender nodule, 1.5 cm. in 
diameter, was discovered in the left lobe of the thyroid 
gland. In August, 1964, a total thyroidectomy was per-

TABLE !. Tltyroid Abnormalitin in Exposed Marsha/Iese.• 

PA Tl EST PRUE.NT AcE AT Sr..x DAT!. DIAGNOSIS TR:F.ATMF.ST 

Ace EXPOSURE ABNORMALITY 

NOTE.0 ,,, )'r. 

14 3 F 3/63 Adenomatoid thyroid nodule< Complote thyroidectomy (1964) 
14 3 F 3/64 Adenomatoid thvroid nodules Complete thyroidectomy & parathv-

roidectomy (1964) 
15 4 F 3/64 Adenomacoid thvroid nod"-iles Partial thyroidectomy (1964) 
18 7 1\1 3/65 Adenomatoid thvroid nodules Partial thyroideclomy (1965) 
12 l M 3/65 Adenomatoid th;·roid nodules Partial thyroidectomy (1965i 
41 30 F 3/65 Papillary & follicular thyroid Thyroidectomy-sur.~ical & with 

carcinoma radioiodine (1965) 
17 6 F 9/65 3-mm. nodule of left lobe l.e,·oth\'roxine, o.:~ m~./da ... · 
14 3 F 9/65 2-mm. nodule of ri<:ht lower Jobe Le\·oth~·roxine, o.:~ mg./da~· 
19 8 F 9/65 6-8-mm., smooth nodule of left lower pole Levo1hyroxine. o.:l m~.;day 
40 29 /\1 9/65 2-mm. nodule of ri~ht lower pole l.e,·ochyroxine. ti.~~ n1~./da~· 
45 34 F 9/65 5-mm. nodule a1 midline Le\·oth\TOxine, 11.:~ m~./d;1\' 

12 I 1\( 3/65 Hypothyroidism protein·hound iodin"" l.e\'oth;TOXine, O.:J JTI~./da}· 
< 2 micro.~m./100 ml. (Mar. 1965); 
marked retardation of growth. 

12 1\t 3/65 Hypothyroidism protein.bound iodine Le,·01hyroxine. o.:~ mg-./d;1y 

< 2 microa:m./100 ml. (Mar. 1965); 
marked retardation of ~rowth. 

•ooes noc include 5 pacicnts believed 10 ha"·e mtnima1 th~·roid irregulariries (2 were I :?-rr. old girls, 1 a 26-yr.--old woman, & 2 men 31 & 37 yr. of ~~e): no 
1h"·ro1d nodules detecced in 200 une.'<posed Rongelap people. 
tExposed to only 69 r of whole-body radiaoon (~ee 1ex1). 

PRIVACY ACT MATERIAL. REMOVED 
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• 
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TABLE 2. Thyroid Abnormalities in the Jo.lore Heavily Exposed J1arshalleu Group.• 

EXPOSURE No. NODULES HVPOTH"r'ROIDISM TOTAL ABNORMALITIES 

EXPOSED 
Ot C\M~ rt.KLE.'\'. I ,.\Cl_ ""· CH C,.\St:~ Pt.M:Ct.;..'IA(.L Ot C..\\t.\ Pnu:i-:'.'1.-u.t: 

rads OF (;ICOl'P 

0-5 13 5 38.5 2 15.4 7 53.8 
6-10 5 3 60.0 3 60.0 

11-15 5 0 0.0 0 0.0 
16-20 6 0 0.0 0 0.0 
> 20 26 2 7.7 2 7.7 

•5 cut"s with minimal thyroid abnormalities not included; 1 -45-yr.-old-woman in less exposed group in whom thyroid. nodule developed also not included. 

formed. The gland was multinodular, with nodules up to 
about I cm. in diameter, and weighed about 12 gm. The 
histopathological diagnosis was adenomatoid goiter. The 
hiswlogic description was as follows: 

The thyroid sections ... show multiple adenomatoid 
nodules of widely vary:ng pattern. J\lost of them contain 
papillary formations that make it necessary lo consider the 
possibility of carcinoma. Allhoug-h a fe"' microscopical 
fields on high-power examination appear bizarre it is be­
lieved that the overall pi~wre does not justify a diagnosi' 
of neoplastic disease. 

A state of persistent hypoparathyroidism followed the oper­
ation, necessitating the use of vitamin D, as well as thy­
roid-replacement therapv. 

CAS>. :1. , a 15-year-old girl, was exposed LO fallout <il 

the age of 4 with signs and symptoms typical of th :-;rnup. 
In March, IY64, at 14 years of age, she was found lO have a 
small, nontender thyroid nodule (2 or 3 mm. in size) in the 
isthmus. The right lobe, isthmus and medial half of the left 
lobe were removed. Many nodules were present, varying in 
size up to 5 mm. in diameter. The following was reported: 

The normal thvroid ~rchitecture is effaced br small 
nodules showing ~arying degrees of atrophy and. hyper­
plasia. Some nodules consist of microfollicular tissue, and 
some show luxuriant papillary growth, whereas others are 
colloid cysts "'ith flauened epithelium. There are foci of 
hemorrhage and calcification. Dense fibrous septums sepa­
rate nodules. The dia).(nosis was adenomawid goiter. 

Recovery was uneventful, and the patient is being treated 
with levothyroxine, O.:l mg. per day. 

C.\SE 4. . a I '.!-year-old boy, was exposed to fallo111 at 
I year of a).(e. During the ten-vear perio<l after exposure, he 
1,•as found to show a lag in growth, based on amhropomecnc 
studies and radiographic determination of bone age, so that 
he has continued I to I 1/2 years behind unexposed children 
of his age. He has had no obvious evidence of thyroid mal­
function. During the past several years 2 determinations of 
protein-bound iodine and I of cholesterol have been within 
the normal range. He has remained in ).(enerally good 
health. 

In .\larch, 1~165, he was found to have a :!-cm., nontender 
but firm, freely movable nodule in the right lobe of che 
th}Toid gland. No lymphadenopathv was palpated. He was 
taken to Brookhaven National Laboratory in June. Thy­
roid-function tests showed the following- results: serum io­
dine fractionation (by column chromato).(raphy") was 7.1 
microgm. total, 2.0 micro).(m. iodoprotein and 4.'.? microgm. 
per 100 1111. thyronine fraction (T, + T,): the cholesterol was 
167 mg. per I 00 ml., with 145 mg. in the esterified form·. 
thyroid autoantibodies (the tanned red-cell technic was used 
in all these deter·minations) indicated a titer under I: 16: the 
basal metabolic rate was -'.!3 per cent: a thyroid scan (Tc""..,) 
showed possible nodularity of the right lobe: studies of I'" 
uptake disclosed a level of 39 per cent at 6 hours. After 
TSH stimulation with I 0 L'S/' units daily for :1 days the 
11ptake showed a slight delTease, with no increase in the 

level of protein-bound iodine. Hematoloh>ic examination and 
x-ray study of the chest were considered to be within normal 
limits. 

The riglu lobe of the thyroid gland was removed at the 
New England Baptist Hospital and showed multiple nodules 
up to 1.2 cm. in diameter. The patholo),>ical diagnosis was 
adenomatous goiter. 

Recovery from surgery was uneventful, and in September, 
I Y65, treatment with levothyroxine was instituted. 

CASE 5. .., an 18-year-old l\!arshallese boy, was ex-
posed to rallout at the age of 7. Since recovery from the 
acute effects of radiation he has been in generally good health, 
and thought to be euthyroid (in 1958 the protein-bound 
iodine was 7.0 microgm. per I 00 ml.). ·Compared with un­
exposed boys of the same a).(e, however, he had shown a 
slig-IH de,g-ree of retardation in growth based on anthropometric 
and bone-a).(e studies. 

In !\larch, 1965, a firm nodule, 1.5 cm. in diameter, was 
noted in the lower right pole of the gland. He was taken to 
Brookhaven National Laboratory for study and later lo the 
New England Baptist Hospital for surgery. Thyroid work-up 
showed the following data: iodine fractionation of serum 
indicated a total iodine of 6.5 microgm., iodoprotein of 1.3 
microgm. and thyronine (T, + T.J of 4.2 microgm. per 100 
ml.: thvroid autoantibodies were under I: 16: the cholesterol 
was 17'<l mg. per I 00 ml., with 144 mg. in the esterified 
form: the basal metabolic rare· was -12 per cent: a thyroid 
scan (Tc'"'") showed a ''cold" nodule in the lower right lobe: 
studies of [132 uptake revealed 40 per cent uptake in 6 
hours, with :l'.!.5 per cent urinary excretion al that time. 
After TSH, I 0 L'S/' units daily for '.l days, the uptake at 6 
hours was :l:l.7 per cent, with a urinary excretion of 18.5 
per cent. The protein-bound iodine at chat time was about 
the same as before TSH stimulation. Films of the chest and 
an electrocardiogram were normal. Hemacolo).(ic studies were 
not remarkable. 

The ri!'ht lobe of the thyroid gland containin).( multiple 
nodules was remo\'ed. The nodules \'aried in size up to I 
cm. and were pale gray co deep red, firm and pulpy and 
semicystic. The diagnosis was adenomatous goiter. 

CAst: 6. . a 41-year-old l\larshallese woman, was ex-
posed to fallout ac :lO years of age. Since recovery from ra­
diation she has remained in relatively good health, with no 
serious illnesses or injuries. She has had 9 children, 4 of 
them born since the fallout exposure. She has apparently 
remained eud1yroid. The protein-bound iodine in March, 
1965, was I 0.0 microgm. (high normal for the Marshallese), 
and the serum cholesterol in 1958 was 249 mg. per- I 00 ml. 

In March, 1965, a 1-crn. nodule, hard but not lender, was 
found in the right lower pole of the thyroid gbnd. No lym­
phadenopathy was detectable. She was taken to Brookhaven 
l\ational Laboratory for study and later to the New England 
Baptist Hospital for surgery. Thyroid work-up revealed the 
following values: on serum iodine fractionation the total 
iodine was 8.5 microgm., the iodoprotein fraction 4.5 mi­
Cro).(m., the thyronine fraction (T, + T,) '.l.4 microgm., and 
the protein-bound iodine 7.5 microgm. per I 00 ml.; the 
serum cholesterol was 2:l!l mg. per I 00 ml. (in the esterified 
form, 18'.{ mg.): the basal metabo_lic rate was -'.!7 per cent: 

PRIVACY .4CT MATERIAL REMOVED 



thyroid autoantibodies were present in a titer under I: 16. A 
thyroid scan showed a large "cold" nodule replacing the 
lower pole of the right lobe of the gl;rnd. X-ray examination 
of the chest and bones gave no evidence of metastatic le­
sions. A study of thyroid uptake with 1'31 showed a 6-hour 
value of 22.3 per cent, with urinary excretion of 33 per 
cent.· After treatment with TSH, I 0 units daily for 3 days, 
thvroid uptake had increased to 33 per cent, and the pro­
tein-bound iodine was 8.0 microgm. per 100 ml. Hemato­
lof.,riC studies were not contributory. 

A subtotal thyroidectomy, leaving a small portion of .the 
left lobe, was carried out. It was reported that 2 nodules, 
each approximately I cm. in diameter, were present, and the 
pathologica~ diai-,rnosis was "mixed papillary and follicular 
carcinoma of right lobe, with blood-vessel invasion and me­
tastasis to I lymph node and normal right parathvroid 
gland: (the left lobe of the thyroid gland shows no significant 
changes)." 

Recovery from the operation was uneventful. The patient 
was then i-,riven I 0 units of TSH daily for :~ days. and on the 
4th day, 30 me. of 1131 to destroy the remaining thyroid 
tissue. The subsequent course has been uneventful, and 
treatment with levorhyroxine was started in August, 1965. 

Gross Appearance of the Thyroid Glands 

In all 5 children operated upon (Cases 1-5) the 
multinodular character of the glands was not;\ble at 
surgery although on prior clinical examination, the 
nodules had appeared to be solitary. The nodules 
varied in size from l mm. to several centimeters, in 
consistence from fl uctuant to relatively hard and in 
color from pale gray to pink to red; cyst fomrntion 
was present in many, and some had hemorrhagic 
areas. Figure 1 shows the gross appearance at oper­
ation in Case l. In the patient with ca~cinoma (Case 
6) the gland did not show the same degree of nodu­
larity, except for the presence of 2 firm, yellow nod­
ules about 1 cm. in diameter (Fig. 2). 

Microscopical Appearance 

The microscopical appearance of all the benign 
nodular glands was characteristic of adenomatoid 
goiter and v;tried mainly in the degree of change. 
The architecture of the gland was dismpted by the 
nodules of widely varying sizes, some cont;\ining 
microfollicular elements with and without colloid; 
others were atrophic, some contained large cysts 
with colloid, some with hemorrhage, and still others 
showed extensi\'e proliferation of the epithelial lay­
ers with marked infolding, giving an "arboreal" 
appearnnce. Figure 1 indicates some of the changes. 

The tumor in Case 6 showing papillary and follic­
ular carcinoma, with inv;tsion of blood vessels and 
a lymph node, is demonstrated in Figure 2. 

Thyroid Abnormality in Boys Showing Retarded Growth 

Two twelve-year-old boys. and who 
had been exposed at fifteen and eighteen months of 
age respectively, have had the greatest retardation 
of growth and development. (Fig. 3) has 
shown no change in bone ri1aturation since 1961 
and at present has a bone age of that of a three­
year-old child. The bone age of has showed 
continuing slow growth and in 1965 was five and <l 

PRIVACY ACT MATERIAL REMOVED 
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F1<:l!RE I. Bf!lig11 Ade1111111at11id Tlii·roid ,\'od11/r.1i1111 Fu11r/ee11-Yeur-

Ofd (;/rf 

Th,. gros.1 -'/'ecimm of' the sectiu11e;f gf1111d (A) i11dirnle.1 tile 1wd11f11r 
rh11mrler. The microsco/Jimf serti1111 (B) .</11111'.1 wide p11ri11tio11.1 i11 fof­
lirle .\ius (origi11al nut{!.1t~/walw11 XI-I): .wuu· ntt• nnall a11d atroph1L 
1111d others 11re f11rge and ".\'.<lie. The 11od11fe 11/ the 11/'/"r right .1/111m1 

liy/1n/1lmi11. u>ith /m/1illury i11/i1/di11g of e/1ithrli11111. 

h,tlf years. Both these boys in 1965 have the height 
of normal seven-year-old ~larshallese 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 be euthyroid. They now 
have definite signs of hypothyroidism, with nonpal­
p<1ble thyroid glands, and Achilles reflexes with the 
typical sluggish return. These boys do not appear to 
show mental retardation. TSH levels (in March, 
1965) were elevated in both boys (more than 120 
and 119 millimicrogm. per milliliter), corroborating 
the impression of primary hypothyroidism.* Other 
exposed male children in the ret;\rded group (but 

'··\\"e arf' i11cleht(!d to Dr. \\"illi;.1111 Odell, at the ~;11io11al lns1itt1tt."S 
of I le.11th. for r~1rr~·i11g: out the TSI I deu;rmi11;11io1ts. 
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F1<;nu. '.! .• lli.tt•d l'fl/1illarr r111rl Follirular Crori11r111w iu 11 Forlv-1111e-rmr-Old Exj1111erl it'r11//flll . Slum•i11t;" .llfllig11n11/ ,\'11rluh iu l'arl 
11/ !hr• Exu11·rl <:laud(:\), nu .frm 11/ Follirulflr Cf111rrr (H), ,\/elflllfllir l111•wi1111(C)11/ fl Blood T'e.uel !Elmtir S!ru11) flllti l111•(/\ir11111/ n l.rmph 

.Vorlr (D). 

less retarded than these patients) have levels of 
protein-hound iodine tlwt have remained normal. 
However, it is significant tlwt recent TSH deter­
minations showed slightb' elevated levels in 2 of 
the less ret.ircled children. Two of the boys 
•llld with thyroid nodules were in the group 
with retardation of growth and development. It is 
interesting in these latter cases that, though the 
levels of protein-bound iodine were normal, l had <I 

slightly elevated TSH level (9.6 millimicrogm. per 
milliliter), and both showed almost no response to 
TSH stimulation. The possible co1Telation of growth 
retardation with thyroid irradiation will be dis­
cussed later. 

After extensive discussion, it was decided to in­
stitute treatment with levothyroxine in the more 
he;lVily exposed group, whi<:h was done in Septem­
ber, 1965. 
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Fl<.l"HE ~L ,\lflrl.-n/ r:nrw//i Uf'lrtrdfl//fll/ rnul lly/mt/1_,rfllrfi,111 111 " 
iio1· F.t/m"·r/ lo ffllln11/ 11/ J:1g/1/1•r11 ,\1011//:., o/ lg'" 

F/1,, ltd/1'1" /}(J_l 'fo11tli11.!.!. hnul1' him j, /11, l1rull1rr. u•/10 i, o \"f'fll y11111/..:,l'r. 

DISCUSSION 

Adenomas and t:aJl(:ers of the thyroid gland can 
be produt:ed in laboratory animals by a variety of 
agents or regimens that interfere with the ability of 
the gland to synthesize thyroid horlllone. Iodine 
deficienc~"" agents that chemically inhibit thyroxine 
synthesis such as thiouracil,"1

• 1• x-irrndiation of the 
gland, 1s-i 7 and irrndi;ttion of the gland with I"",'"·'" 
have all heen shown to produce both benign .llld 
malignant neoplasms. Furthermore, subtotal th~-roi­

dectom~ in the rat has been reported to cause ;tde­
rwma formation in the remaining th,·roicl tissue two 
,·ears later."·'' All these procedures produce hy­
pothyroidism of varying degree, which serves as a11 
effel-tive stimulant to the secretion of TSH Ii~ the 
pituitary gland. Under the inHuence of TSH the 
th~Toid gland first undergoes diffuse hyperplasia and 
hypertrophy and finally adenoma formation. In the 
cases of iodine deficient:y and partial thyroiclectomy, 
it is probable that no drug or carcinogenic agent is 
invoh-ecl; also, the incidence of careinomas after 
the.~e tre;ttments is relatively low. The incidence of 
th~·roid c;trcinoma after a combination of ;t c;trcino­
genic agent (such ;ts radiation or acety];uninoHu-

orene) and a11' fador that causes hypothyroidism is 
much higher."' Radiation by either x-rays or 1131 is 
p;trticularly effective since it simultaneously a<.:ts as 
a carcinogen and, b~· impairing the functional ca­
pacit~· of the gland, also induces TSH secretion and 
thyroid stimulation. 

Se,·eral aspects of radiation damage may be con­
sidered.· Cytoplasmic damage ma~' result in enough 
functional damage to result in cell death, or repair 
may occur if the damage is not too extensive. Injury 
to nuclear material nlily result in death of the t:ell if 
enough deoxynucleic acid (Dl\A) is altered so that 
the process of its transformation for synthesis of 
protein is seriously inhibited. Restoration of DNA 
may occur after these damaging effects, as has been 
so well studied after ultraviolet in-adiation in bacte­
ria." On the other h,rnd, D'.'\A that is not restored, 
ma:--· not affect cell function if that portion of the 
D'.\A is repressed and not undergoing transforma­
tion, but cell death ma~· occm after division. It is 
likeJ,· that th;tt the same process of division in cells 
carr:---i ng damaged DNA m;ty be a critical factor in 
carcinogenesis although the med1anism is obscure. 
Oll\·iously, any factor that stimubtes the th~Toid 

gland to cause cell division will accelerate this 
process. Hypothyroidism produced by radiation 
cLt1n;1ge to some of the thyroid cells will result in 
such stimulation. 

Increased sensitivity of children's thyroid glands 
to the development of neoplastic changes from 
radiation exposure has been amply demonstrated. A 
series of retrospective and prospective studies have 
clearly shown the causal relation of in-acliation of 
the thymic region in infants and the later develop-
111ent of thyroid cancer.'~· 2" In addition, the develop-
111e11t of adenoniatous lesions of the gland in chil­
dren fh·e to eleven years after treatment with 1131 for 
th,Totoxicosis has been reported.w·3" Doniad1'11 

points out that cell division in the growing th:--·roid 
gland of the child may be a factor in this increased 
sensitivity to' irradiation. On the average, .3 to -t cell 
divisions •tre assumed to occur as the infant gl;mcl 
grows from a size of about 1..5 gm. to a lll<lture li­
gm. gland. 7 It thus seems reasonable to consider the 
enhanced tumoro.genic effect of irradiation in chil­
dren to be due to the necessit~· for division of cells 
whose nuclei ha\'e previously been injured hy radi­
ation. The adult gland, on the other hand, would 
not lie as prone to such rndi<ttion effects, since cell 
di\'ision is not believed to occur normally i11 the 
mature '.!land (mitotic figures are usually not dis­
cernible).27·32 Any factor, therefore, that causes in­
creased .~ecretion of TS H and th~Toid hnw1vlasia 
will fa\'l>r the development of neoplasia in a pre­
viously irradiated th~Toid gland. Though the relation 
between adenomatous and malignant changes is not 
clear it is ap1mrent that the same situations predis­
pose to the development of both t~·pes of change. 

The occurrence of adenom.1toid nodules and l 
c;trcinoma of the gland in the !.larshallese who re-
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c:eived thyroid irradiation in 1954 seems to c:onfom1 
in a general way to. the concepts outlined abo~e. 
Radiation 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. Furthermore, 
there is no evidence that these people have been 
exposed to other factors that might cause pathologic 
changes in the gland: urinalyses indicate that the 
iodine intake is adequate, and no dietary goitro­
genic: factors have been implicated. In addition, the 
data in the present study show a much greater inci­
dence of thyroid disease in children than in adults 
in accord with the findings cited above. This greater 
sensitivity of infants may also be related to the rel­
ative magnitudes of the dose of radiation received, 
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 doses received during thymic irradiation. The 
apparently greater incidence of pathologic: changes 
in the glands of the Marshallese is not clear. It may 
be related to a greater dose of radiation received by 
the ~larshallese since the calculations for thyroid 
dose in these people is subject. as noted .1bove. to 
large uncertainties. 

There appears to be an increased incidence of 
thyroid carcinoma in inhabitants of Hiroshima and 
Nag,1saki exposed to radiation from the atomic-bomb 
explosions. The numbers are small, however, com­
prising 19 cases in a c01nbi1\ed exposed group of 
almost 15,000 individuals, as compared to 2 cases in 
slightly less than 5000 unexposed individuals.33 

These people were exposed to varying doses of 
external radiation to the thyroid gland but not to 
internal exposure from radioiodine. 

The growth retardation previously noted in some 
of the exposed children lrns been assumed to be 
due to the radiation, but the mechanism has not 
been known. 3 \Vith the recent development of frank 
hypothyroidism in 2 of the most retarded boys in 
the exposed group hypothyroidism seems the most 
likely cause. In 2 other retarded boys. md 
thyroid nodules have developed. However, Tt is in­
teresting that the exposed girls have shown very little 
retardation of growth and development although the 
nodules are more prevalent among them. Except for 
the 2 boys with hypothyroidism. the rest of the chil­
dren with growth retardation have shown nomrnl pro­
tein-bound iodine and cholesterol values. l\Iinimal 
hypothyroidism may have be.en missed and may be 
enoui.th to account for the growth retardation seen. The 
finding of high TSH levels in the 2 most retarded boys 
with hypothyroidism and slight elevation in 2 other 
retarded c:hildren strongly indicates primary hypothy­
roidism. The growth response of these children after 
thyroid feeding will offer an interesting therapeutic 
test of the hnJOthyroid etiology of the growth retar­
dation, 

The treatment of the exposed group with levothy­
roxine deserves some further comment. Bielschow­
sky"' and Astwood and Cassidy3• have reviewed the 
favorable effects of thyroid treatment of patients 
with nodules of the thyroid gland. The only experi­
mental evidence found directly applicable to the 
.\farshallese situation is a paper by Nichols et al.35 

and unpublished data by Codwin36 demonstrating a 
reduced incid.enc:e of I 131 -induced adenomas in rats 
treated with thyroid hormone. This form of treat­
ment, therefore, seems reasonable in the Marshal­
lese. 

The implications of the present findings are two­
fold. In the first place, contrary to previous con­
cepts, the. quantity of radioisotopes of iodine in 
fallout of the close-in type associated with atomic­
bomb detonations must be regarded as a major long­
tem1 h;tzard. Secondly, the development of hypo­
thyroidism, of thyroid adenomatoid lesions and of a 
thyroid carc:inoma after doses of radioiodine that 
deliver 300 to 1400 rads to the gland makes caution in 
the use of radioiodine necessary 

SUMMARY AND CONCLUSIONS 

Pathologic changes in the thyroid gland were 
found in a number of l\farshallese people of Ronge­
lap Island who were acc:identally exposed to mdio­
ac:tive fallout in 1954. Definite thyroid nodules were 
noted in 11 people, minimal changes in 5 others, 
and hypothyroidism in 2. All but 1 case occurred in 
the more heavily exposed population (55 living of 
the original 64 persons), who received about 175 
rads of whole-body gamma radiation, burns of the 
skin from fallout products and internal absorption of 
fission products. One case with a nodule was noted 
in an adult woman in the smaller Rongelnp group 
(16 of the 18 are still alive) that had received less 
than half the exposure of the other group. In 200 
individuals of a control group not exposed no such 
thyroid abnonnalities were found. In the more 
heavily exposed group, thyroid abnormalities de­
veloped in 55 per cent of children exposed at less 
than ten years of age. Five d1ildren were found at 
surgery to have benign adenomatous goiters. The l 
adult P<ltient had a mixed papillary and follicular 
carcinoma, with localized metastasis. Two boys 
showed marked retardation of growth, apparently 
owing to primary hypothyroidism. 

The radiation etiology in these cases appears to 
be reasonably certain in view of the following facts: 
the thyroid glands received a substantial dose of 
radiation from radioiodines and external gamma 
radiation (adults about 300 rads, and children about 
700 to 1400 rads); and the incidence of thyroid ab­
normalities w;1s high in the exposed group and ab­
sent in an unexposed control population living on 
the same island. 

The present findings suggest that the seriousness 
of the internal haz,1rd associated with fallout, partic­
ularly from radioiodine, must be revised upward. 
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The high incidenc.:e ·of thyroid abnormality in the 
\!arshallese emphasiz'es the caution .witl~ which 
radi<ltion must be used clinically, particularly in 
c.:hildren. 

A resur\'ey of the Rongelap people was completed in 
~larch, l!lfifi, since this paper w;ts wrinen. The dald are not 
anal~·zed, and only a preliminary statement C"dn be made. 
There were 5 new cases of th1Toid nodules. all in children. 
The increase was possibly re.lated to inadequate thyroid­
hormone treatment in some cases. Howe\·er, some beneficial 
effect of the treatment was noted. since a nodule disap­
peared in I case, and there appears to ha\'e been increased 
gn1wth rate in some of the retarded children. It is planned 
to bring some of these patiems to the L'nited Swtes fot· 
further study and possibly surgery. The results of these 
latest studies will be the subject of a further comn11rniration. 

Surgery on Cases I through :i was performed by Captain 
C. A. Broaddus (MC). L'S1'. (Cnited States Na\·al Hospital, 
Cuam), and on Cases 4 through Ii b,· Dr. Bentle\ l'. Colrnck 
(Lt he\ Clinic). The p;1tl10logiGtl diagnoses were b~ Dr. ( ;_ 
H. Klinck (Armed Forces Institute of Pathology) in Cases I 
and 2, by Dr. H. A. Johnsop (Medical Department, Brook­
haven N;ttional Laboratory) in Case :i, and by Dr. W. A. 
Meissner (New Enl{h111d Deaconess Hospiwl). in Cases 4 
throul{h 6. 

We are indebted to Ors. S. Warren, .J. 11. Stanbury, B. I'. 
Cokock, C:. L. Dunham, \'. P. Bond, H. D. Bruner, L. K. 
Dahl. J. I::. Jesseph. H. I.. . .\tkins. E. D. Henle\· and A. 
Hicking for consuhation and ;1d\·ire. to Drs. C. H. Klinck. S. 
Lindsay. H. A. Johnson. \\'. A. ~leissner. C. J. SL1hl and I.. 
\'. Ackerman for pathological interpretation. LO 1111111erous 
111lter 1hyroid experts with whom we ha\'e been in corre­
sponde1Ke and to the L'nite<l States Atomic Energy Com­
mission and the Trust Teniw1·,· of the l'acitic Islands (De­
pan111e111 of Interior) for ;tssi.stam:e in carrying out the 
~larshallese sun·e)·s. 
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