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• Thyroid function was evaluated in the Marshallese who were accidentat. 
ly exposed to fallout-containing radioiodine Isotopes In 1954. Measurements 
of thyrotrophin (TSH, thyroid-stimulating hormone) levels and free thyroxine 
(T,) index (FT,I) have revealed that, among 86 persons exposed on Rongelap 
and Ailingnae atolls, 14 have shown evidence of thyroid hypofunction. This 
was first noted in some Individuals about ten years after exposure. Only two 
of these showed clinical evidence of hypothyroidism. The most marked TSH 
elevations were noted In nine parsons exposed when younger than 6 years, 
with estimated doses to the thyroid from 390 to 2, 100 rad. Most of this group 
subsequently had surgery for remova1 of thyroid nodules. The remaining five 
cases have been noted more recently among 36 surviving adults exposed at 
an older age who showed no other detectable thyroid abnormalities. This 
group had received ~limated thyroid doses ranging from 135 to 335 rad and 
showed modest elevation of serum TSH levels (6 to 9 µU/ml) and a slightly 
subnormal FT,I. No abnormalities were found In persons on Ulirik who 
received substantially less radiation, and hypothyroidism was present In less 
than 1% of the control, unexposed Marshallese. The high prevalence of a 
thyroid hypofunction in these persons indic~les that this condition, as well as 
thyroid nodularity, can ba a delayed complication of exposure to early fallout 
from a nuclear explosion. The fact that a significant fraction of the radiation 
to the thyroid was from short-lived radiolodine Isotopes ('"'I, •»1, ml), as 
opposed to 0311, may account for the severity of the thyroid damage. 

(JAMA 1982;247:1571·1575) 

THE CIRCUMSTANCES surround
ing the accidental exposure of 250 
Marshallese people to fallout after 
the detonation of an approximately 
15-megaton thermonuclear device at 
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Bikini Atoll in 1954 have been sum
marized previously.'·' Because radioac
tive isotopes of iodine were present in 
the fallout, a careful survey of ·these 
persons for potential thyroid abnor
malities has been performed on a 
regular basis since that time. Thyroi
dal complications were first recog
nized about ten years after exposure, 
when both primary hypothyroidism 
and thyroid nodules were discov
ered.'"' Benign and malignant thyroid 
tumors are an expected complication 
of thyroid radiation, particularly in 
young people .... Obvious clinical hypo
thyroidism was deteded in two of the 
children about ten years after expo-

. sure, and it was thought initially that 

these were the only two persons so 
affected.1

·• With current laboratory 
techniques, it has been possible, both 
retrospectively and prospectively, to 
evaluate others of the exposed group 
for thyroid dysfunction.,, The present 
report summarizes the results of 
these studies, which indicate that, in 
addition to neoplasia, hypothyroidism 
is a complication that has occurred in 
a significant fraction of this popula- . 
-tion. 

METHODS 

Several types of thyroid !unction testing 
were performed during the annual or 
semiannual .. ;sits of the Brookhaven 
National Laboratory (Upton, NY) medical 
team to the Marshall Islands. Most or 
these tests have been of a prospective 
nature, and a limited number were retro
specfr;e. 

Retrospective Analyses 

Fortunately, some unused samples or 
plasma obtained for thyroxine (T,) mea
surements as long ago as 1963 had been 
presel'\."ed in a frozen state at Brookhaven 
National Laboratory. These samples were 
analyzed using the following tests: plasma 
T., thyroxine-binding globulin index 
('l'BGI, a normalized triiodothyronine [T,] 
charcoal uptake), and plasma thyrotro
phin (TSH, thyroid-stimulating hor
mone).'"'" While the stability of TSH under 
these circumstances is not kiiown, one 
sample from 1963 had a TSH concentra
tion of 500 µ.U/mL, suggesting that such 
measurements are reasonable. The free 
thyroxine index (FT.I) was the product of 
the T. and TBG I. The normal ranges for 
these determinations in the US population 
are as follows: plasma T., 5 to 10.2 µg of T, 
per deciliter; TBGI, 0.85 to 1.10 units; FT.I, 
4.7 to 9.7 units~ and plasma TSH, less than 
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1 to 6 µU/mL. Antithyroid microsome and 
antithyroglobulin antibodiH were mea
sured using commercial kits. 

Prospective Studies 

Plasma T., TBGI, and TSH levels were 
evaluated regularly in persons who had 
had thyroid surgery and who were reeeiv
ing levothyroxine sodium replacement 
therapy. In persons ·not operated on, pro
phylactic levothyro.xine sodium replace
ment was discontinued for a period of two 
to four months. and baseline thyroid func
tion studies. a th}TOtrophin-releasing hor
mone (TRH, protirelin) stimulation test 
(500 µg or protirelin intravenously [IV] 
followed by a plasma TSH measurement 
20 minute-9 later), and, in some ~rsons. a 
TSH stimulation test (10 units of boviM 
th}'TOtrophin given intramuscularly [nl) 
followed b:; a plasma T. measurement U 
hours laur) were ~normed. 

Thyroid Dosimetry 

Rongehp and Ailingnae are about 100 
nautical miles east of the detonation site 
on Bikini, and fallout began on these two· 
islands four to six hours after the explo
sion. Utirik is 175 miles further east, and 
the fallout appeared there 22 hours after 
the detonation. The Marshallese were evac~ 
uated Crom these three islands about 48 
hours after the fallout first appeared. The 
dose to the th}Toid of the Rongelap people 
was estimated from the "'I in a pooled. 
urine sample collected 15 days after the 
exposure.12 The amount of "'I in the thy-

. roid of these subjects on the first day of 
. · fallout was estimated to be 11.2 µCi (5.6 to 
• 22.4 µCi), assuming that 0.1 % (range, 

0.053 to 0.2%) of the maximum thyroidal 
m1 was excreted in the ·urine on the 15th 
day." The quantities of shorter-lived 
iodine isotopes ("'I half-life [t1h1 2.5 
hours; "'I t'h, 21 hours; and "'I t1h, 6.7 
hours), which are produced in the initial 
fission process, could not be measured. 'The 
dose to the thyroid from these isotopes 
was calculated to be as much as three 
times that received from "'I." 

The thyroid dose to the Rongelap adult 
(including external 7 radiation) was esti
mated to be 335 rad (220 to 450 rad) (Table 
1). Because of the smaller size of the 

. thyroid gland in children, the dose due to a 
given quantity of thyroid radioiodine was 
larger than in adults." A 3-year-old child 
was thought to have received a thyroid 
dose of 700 to 1,400 rad, and a I-year-old, 
2,000 or more rad. In addition to the 
variables of gland siz.e, arid the prevalence 
of short-lived isotopes of iodine, a major 
uncertainty is in the quantity of radioac
tive iodine ingested by different individu
als from contaminated food and water 
during the two days before their evacua
tion. All subjects received total-body irra-

Table 1.-Thyroidal RadiatiorJ Dose Estimates and Thyroid Nodularity, 
Exposed and Control Marshalle.se Population, 1979 

No. of Subject• Haying Age at 
Exposure, 
yr (1954) 

Eatlmal..t Thyroid Surgary for Benign or 
n 

Rongelap (whole-body 7 doS&, 175 rad) 
<10 22(3)• 

~ 10-18 

>18 
' . 

12 

33 
Ailingna& (wholMody T dose. 69 rad) 

.<10 7(Q" 

Do9e, Rad Malignant Thyroid Nodule• 

330-2,100 
. 335·810 

353 

275-450 

17 

2 --
5 

2 

.... tCJ.18 190 0 

:>18 . "'·. -· .11 .. --:~: . . 135 .. 3 

Utirilc (whole-body 7 do,.e, 14 rad) 
<10 . . ; 64(6)• ··6().90 2 

3 

8 

.. 
10-18 

. ._ 

>18 

Unexposed 
.<10 

tG-18 

>18 

21 

- 79 

... 212 

60 

337 

,. 

... 
.. 30-60 

30 . : 
. .- .. -· 

8 

5 
9 

"Numbers in pare<>thes.., indicate p~s exposed in utero. 

diation from external Sources th:?.t ranged 
from 14 rad on Utirik to 175 rad on 
Rongelap (Table 1). These estimates of -r 
exposure have been thought to be reason· 
ably accurate, since the obser.-ed hemato
logic depression in the Rongelap ~ople 
was in general agreement with what 
would have been predicted.'" 

RESULTS 
Normal Values for Thyroid Function 
Tests in the Marshallese Population 

The plasma TSH concentration in 
the control Marshallese population is 
presented in Table 2. In 115 unex
posed persons who were clinically 
euthyroid, 11 subjects had a plasma 
TSH concentration greater than 3 
µU/mL. Only one of these was greater 
than 6 µU/mL. This person was a 
59-year-old woman (subject No. 982) 
whose plasma TSH concentrations 
over the past five years have ranged 
between 6 and 7 µU/mL, and whose 
most recent plasma T. level was 6.4 
µg/dL; TBGI. 0.76 units; and FT.I, 4.9 
units. Antimicrosomal and antith)To
globulin antibodies were not detected. 
Evaluation of samples obtained from 
99 Utirik subjects exposed to low 
levels of radiation showed that a 
similar fraction (12%) had plasma 
TSH concentrations in excess of 3 
µU/mL, but none was greater than 6 
µU/mL. On the basis of these data, a 
value of 6 µU/mL or greater was 
considered abnormal in the Marshall
ese population. In 12 unexposed, 
euthyroid Marshallese, protirelin in
fusion studies were performed. The 
plasma TSH 20 minutes after IV 

Table 2.-Ptasma TSH Concentrations 
in the Marshallese Population• 

TSH. TSH 
level level 

.n >3pU/mL ~6J<U/mL 

Control 
unexposed t 15 11 1 

Ulirik 
exposed 99 12 0 

•samples obtained between 1975 and 1979. 
TSH indicates thyrotrophin (lhyroid·stimulating 
hormone). 

infusion of 500 µg of protirelin was 
10.8±4.7 µU/mL (SD) higher than 
the basal level. Ten euthyroid unex
posed Marshallese were given 10 units 
of thyrotrophin Ii\I and their plasma 
T. levels were measured 24 hours 
later. The mean initial plasma T, 
concentration in this group of ten 
subjects was 6.0±1.7 µg/dL, and the 
mean T. increment after introduction 
of thyrotrophin was 4.2±1.3 µg/dL. 

Thyroid Function After 
Thyroid Surgery 

In the last column of Table 1 are 
shown the numbers of subjects who 
have had thyroid surgery (usually 
subtotal thyroidectomy) for benign or 
malignant thyroid nodules. During 
the period 1972 to 1974, plasma TSH 
concentration was greater than 6 µ.U/ 
mL (range, 6.2 to 460 µU/mL) in 11 of 
20 Rongelap persons who had surgery 
despite the prescribed levothyroxine 
sodium replacement. The number of 
subjects in whom the residual thyroid · 
function was inadequate was higher 
than expected. This suggested that 
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Table 3.-Tesls of Thyroid Function.in Exposed Marshallese Wilh Evidl!'nce of Thyroid Dysfunction• 

Subr.et No./ Estlm•led Age ill Age T. TBGI, FT.I, TSH, 

.Age at Expoawe, Thyroid Surgery for Hypothyroid!.,.. ,.g/c!L Units Uni ta 11U/mL 

Y1'/S.X Dose, Rad Thyroid Nodule•, yr Recognized, yrt (S-10.2); (0.85-1.10)* (4.7·9.7)t (<6)~ 

311/M 1,050-2, 100 ... 10 2 . .5§ 0.95§ 2.4§ e9i 

511/M t,OS0-2, 100 ... 10 0.4 0.71 0.3 500 

3311 IF t,OS0-2, 100 13 . 13 8.3 0.82 e.a 22 

651 HF 1,050-2, 100 13 13 1.9• . . . ... ... 
212/F 700-1,400 13 12 6.5 ·o.84 5.5 22 

6914/F 700-1,400 15 14 1.4 0.64 0.9. 410 

1915/M 390-780 19 14 5.7 1.01 5.8 a 

83/in uteto >175 20 20 3.3 0.98 3.2 7 
(::.6-mo gestation), /M 

"Belore thyroid aurg..y or lraalm'9nt for clinical hypothyroidism. 
fUsually corrHponda 10 lhe e•rliest abnormal plasma thyrotrophin measurement. · 
i95'lb confidence inten.al. T. indicates thyroxine; TBGI, thyroxine-binding globulin index: FT.I, free thyroxm index; TSH, thyrotrophin {thyroiO-slimulatino 

hormone). 
§Plasma obtain41d in 1977, ... hen levothyroxine sodium thMapy had been disconti,,.,ed by the patient. 
RThyroxine iodin9 (T,1) (normal range, 3.0 to 6.4 ,.gtdL). 
iMother had an estimal9CI thyroidal dose of 425 rad. 

Table 4.-Thyroid Function in Exposed, Unoperated·on Marshallese With Evidence of Mild Thyroid Dysfunction 

. lnctem-t 
TSH,.,.U/rnL 

·Subject No./ EaUmaled As;e T,, TBGI, FT.I, AtterTSH, 20 min 
Age at Expo9"re, Thyroid Recoilnlzed, 1&G/dL Units Units 

. 
l'D of T,/dL Baul ·After TRH 

yr/Sex Dose, Rad yr• (S..10.2Jt (0.BS-1.10)t (4.Nl.7)t (4.2 ± 1.3) (SE) (<6.0). (B.4-18.2)t 

32/3/M 700-1,400 29 5.1 0.89 4.5 . . . 8.7,7.3 ... 
4138/M 335 58 5.4 

.. 
0.82 . 4.4 ~ 

0.9 8.0,7.0 25 .. : ·-· . ..:.--.. ~ .. . .. ··- - ·-
711271F 335 St 4.1 t.04 4.3 ... 8.5,7.0 35 -- -.~· . - _- .. •· 78137/F . 335 - .. 63 4.5 0.89 4.0 0.8 . ._6.t,8.B 88 - .. ·- -....... •' .• .. · ... ... • . ..;·--
34l451F ·335 69 4.8 0.80 3.8 0.2 8.3,8.3 48 

. 18/39/M .. 135 . :::'-~~.:::._: 62 4.2 . . 1.00 '4.2 · .. o. ·.::-:~::-·i..;.·t ·.a.4.e.s 
• .. . - . 

24 

•usually corrttSponds to the date or earliest abnormal plasma thyrotrophin (TSH) (>6 ,.u1ml) mauwernent. 
f95% confidence inteNal or the response in euthyroid Marahallese. T~ Indicates thyroxine: TBGI, thyroxine-binding globulin index; FT), free thyroxine Ind ax; 

TRH, thyrotrophin-releasing hormone (protirelin); TSH, thyrotrophin (thyroid-stimulating hormone). 

thyroid dysfunction might be a more 
common problem in these persons 
than was appreciated initially and led 
to the broader studies described here-
after. 

Retrospective Analyses of Thyroid 
Function in Frozen Serum Samples 

A limited number of frozen plasma 
samples were available ·that ·were 

. obtained before surgery. Until 1968, 
the· determination of T. levels was 
dependent on the protein-bound io
dine (PBI). Since the Marshallese 
people have an increased plasma con
tent of an as yet poorly characterized 
iodoprotein, the PBI determinations 
gave a falsely high level of T,, possi.: 
bly mas1<lng hypothyroidism." Hypo
thyroidism in subjects No. 3 and 5 
(Table 3) was first suspected ten 
years after exposure, when these chil
dren showed growth retardation and 
delayed skeletal maturation. It was 
not until more specific methods for T, 
and TSH quantitation were used that 
the clinical diagnosis was confirmed 
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by chemical measurements (Table 3). 
The TSH level was 500 µ.U/mL and 
the FT.I was markedly depressed in a 
plasma sample from subject No. 5 
obtained in 1963. Subject No. 3 was 
already receiving levothyroxine re
placement at the time of the first 
sample (still available), but a thyrox
ine iodine (T,I) of o.8 µg/dL was found 
in 1965 (normal range, 3.0 to 6.4 
_µg/dL). Neither subject had had thy
roid surgery. The results in Table 3 
show that the plasma TSH level )Vas 
unequivocally elevated in three other 
subjects (No. 2, 33", and 69). In these 
individuals, hypothyroidism was not 
apparent. In subject No. 69, the plas
ma FT.I was markedly depressed, and 
it was low normal in subject No. 2. 
The reason for the apparent discrep
ancy between the FT.I of 6.8 units and 
the serum TSH concentration of 22 
µU/mL in subject No. 33 is unclear. 
Prophylactic levothyroxine treatment 
had already been begun in the Ronge
lap population in 1965, and this plas
ma sample was obtained in 1966. 

Since several weeks of thyroid thera
py are required to suppress TSH to 
normal levels, a normal plasma FT.I 
such as found in subject No. 33 in the 
presence of an elevated TSH level 
probably indicates that levothyroxine 
treatment had not been maintained 
regularly over the previous months. 
In two other persons (No.19 and 83), 
plasma TSH concentrations v.·ere 
above the upper limits of normal, bot 
no other samples were available to 
confirm these borderline· elevations. 
The low (No. 19) or subnormal (No. 
83) FTJ is consistent with the diagno
sis of modest thyroid dysfunction. 

Results of Prospective Evaluations 

Determinations of TSH levels have 
been performed on two or more occa
sions in plasma samples from 36 
persons who were on Rongelap or 
Ailingnae during the fallout and wha 
have ·not had thyroid surgery. Pro
phylactic levothyroxine administra
tion had been discontinued at least 
two months previously. In six: per--
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sons, the plasma TSH level was 6 
µU/mL or greater on two separate 
occasions (Table 4). In all, the plasma 
FT.I was subnormal, though not 
extremely low. Four of the six were 
evaluated for thyroid gland reserve 
by administration of exogenous thy
rotrophin, and all had a subnormal 
increment in plasma T •. In five, proti
relin infusion tests were performed. 
The plasma TSH level at 20 minutes 
was in excess of the upper limits of 
normal observed in euthyroid Mar-

. shallese in all consistent with the 
modest elevation in basal TSH levels. 
Before surgery for removal of a thy
roid nodule in 1976, one other subject 
with a calculated thyroid dose of 425 
rad had basal plasma TSH concentra
tions of 5.1 and 4.9 µU/mL. and the 
plasma TSH level after protirelin 
administration was 36 µU/mL at 20 
minutes and 48 µU/mL at 40 minute9, 
suggesting early thyroid dysfunction. 
The increment in plasma T. concen
trat.ion 24 hours after. thyrotrophin 
administration was 0.8 µg/dL, and 
the FT.I was 5.6 units. 

Because most of the subjects in 
Table 4 were between the age9 of 50 
and 69 years, evaluation of plas
ma TSH levels in 53 unexposed Mar
shallese between the ages of 50 and 70 
years was performed. In only one 
person, subject No. 982, mentioned 
previously, was the TSH level greater 

· . than or equal to 6 µU/mL. Ninety 
percent of the plasma TSH concentra
tions were less than 3 µU/mL in 
the older group, as in the entire Mar
shallese control population sample. 
Titers of antimicrosomal and antithy
roglobulin antibodies were normal in 
plasma from exposed subjects. 

COMMENT· 

The association of radiation expo
sure to the thyroid gland with the 
subsequent development of thyroid 
nodules is well recognized.''·" The 
appearance of hypothyroidism after 
accidental exposure to radioactive 
iodines contained in fallout has not 
been reported previously except in 
this Marshallese population. Studies 
by Rallison et at•• did not show an 
increased namber of cases of overt 
hypothyroidism in children exposed 
to low levels of fa1lout in Utah. Most 
previous studies of the effects of 
radioiodine on human thyroid func
tion have consisted of evaluations of 

the risk.of hypothyroidism developing 
after \rarious quantities of sodium 
iodide I 131 administered deliberate
ly for the treatment of hyperthyroid
ism." Such treatment generally re
sults in thyroidal doses in excess or 
5,000 rad. Based on these studies, it 
has been estimated that four to five 
cases of primary hypothyroidism per 
10' persons per rad per year would 
appear from thyroidal exposure to ml 
greater than 2,500 rad.1u• 

: The results presented in Tables 3 
and 4 are of considerable interest in 
light of the aforementioned estimate. 
Nine of the subjects listed in Tables 3 
and 4 who had moderate to severe 
thyroid hypofunction were all young 
at the time of radiation exposure and, 
therefore, received the highest dose of 
radiation as· a consequence of the 

·small size of the thyroid gland. The 
thyroid hypofunction in the older 

. subjects with lower exposure (Table 
4) was less pronounced. but the plas
ma TSH concentrations are consist
ently greater than those found in the 
control Marshallese population, and 
the FT.rvalues are all reduced. Using 
the same TSH assay as employed in 
these studies, a plasma TSH level of 6 
µU/mL maintained for six hours by 
protirelin infusion results in substan
tial thyroid gland stimulation in nor
mal · persons." Further evidence of 
decreased. thyroid reserve in the 
exposed Marshallese is the decreased 
response to thyrotrophin and en
hanced protirelin responsiveness. 
These abnormal plasma TSH concen
trations are not found in a compara
bly aged, euthyroid, unexposed popu
lation, indicating that this is not a 
manifestation of age alone. No indi
vidual in ·either group had elevated 
titers of antithyroid microsome or 
antithyroglobulin antibodies. The es
timated dose to the thyroid in the 
subjects· in Table 4 was about one 
third of that of the subjects listed in 
Table 3, with the exception of patient 
No. 32. 

Virtually all of the persons found to 
have evidence of thyroid hypofunc
tion were on Rongelap at the time of 
fallout exposure. None of the Utirik 
population and only one of those on 
Ailingnae (No. 16) was affected. If the 
risk of hypothyroidism associated 
with 111I therapy for hyperthyroidism 
(four to five cases per IC>6 persons per 
rad per year) is used to calculate the 

expected number of hypothyroid sub
jects 25 years after exposure only in 
those 22 subjects who were younger 
than 10 years of age at the time of 
exposure (mean estimated thyroid 
dose, approximately 1,200 rad), only 
three such cases would be expected. 
The !act that seven subjects were 
alre~dy hypothyroid ~ithin 14 years 
of exposure indicates that the preva
lence of this complication is consider
ably higher than predicted. In the 
surviving Rongelap and Ailingnae 

·subjects who have not had thyroid 
surgery {n =36), only two cases of 
hypothyroidism would be expected, 
assuming an average dose or 400 rad. 
Five such persons were observed. 

The major reason for this apparent 
discrepancy may derive from tha type 
oC radiation received by the Mar
shallese. Perhaps only_ one third of 
the thyroid dose in the Rongelap and 
Ailingnae subjects was due to "'I. the 
remainder being derived from the 

. shorter-lived isotopes '9', ml, and '"I. 
There are reasonably good data ·to 
suggest that radiation from 1111 is only 
one fourth to one tenth as effective as 
an equivalent ·dose of x-irradiation in. 
producing thyroid damage O\lting to 
the higher dose rate achieved with 
the latter.1

•.20 However, the short-lived 
isotope u11 is as effecth·e in destroy
ing thyroid tissue as is x-irradiation, 
and the same may be true of "'I and 
m1.".l0 Hence, the use of figures from 
data on thyroid radiation effects due 
to m1 will give a considerably lower 

·estimate for hypothlToidism than 
would be expected for the Marshall
ese subjects, ov.;ng to the significant 
contribution from short-lived, more 
biologically effective· isotopes of io
dine. 

The following calculation shows the 
potential importance of the short· 
lived isotopes of iodine to the esti
mates of thyroidal dose. It is given as 
an example only and should not be 
used as a revised dose calculation for 
this population. If the total dose to 
the thyroid due to internal deposition 
of radioiodines were three times that 
due to m1 and 1"1, mI and m1 are 
assumed to be roughly seven times 
(range, four to ten times) more 
destructive per rad than l>IJ,".lll a " 111I 
equivalent" dose to the thyroid can be 
derived. For example, a person receiv
ing a total dose to the thyroid or 900 
rad would sustain 300 rad from ''.'I. 
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iit approximately 4,200 rad (600 rad 
x 7) in "'I equivalents from short
lived iodine isotopes. Such a "correc
tion" could well make the high preva
lence of hypothyroidism in the 
e:q>osed Marshallese more in keeping 
with the expectations from the expe
rience with therapeutic mi. 

Several other factors may be con
tributing to the fact that the preva
lence of hypothyroidism in this popu
lation is greater than is observed 
after m1 e::-..-posure. The estimates of 
thyroid exposure. particularly that 
due to the short-lived isotopes of 
iodine, is only approximate for the 
reasons already discussed and could 
have been underestimated. A reevalu
ation of these calculations is current
ly under way at Brookhaven National 
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