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llenign thyroid nodures were removed from three teen­
age r:onr,e:lap girls ten years after exposure from fallout. 
(fhe thyroid dose received was estim2ted ;it about 1,000 
rads, largely from radioiodines absorbed.) No thyroid 
nodules \':et.:: deh:dcd in 75 unexposed children. Other 
possible residual n:;ct!2!ion effects nokd in the BG ex· 
posed P.c~i~elapesc were 2s follows: slight retardatio;i of 
statoral crowth and bor.~ maturation in boys exposed at 
less than 5 years of age; greater incidence of miscc.1-
riag .. ~ in exposed women during tfr: first four ye~rs; in· 
comprc; ' reco\•ery of some of the peripheral blood cle­
ments; 2::d increased nevus· like lesic.: :~ i;1 areas of previ­
ous bc!<i r2diation burn:; of the skin. General health and 
mortality has been about th~ same as in the comparison 
popuUi·•n. No definite: radi?.tion cj;.,•::'ts on birth rate, 
aging, leukemia, m<:ligne;ncy, or gcnotyjle h;we been noted. 

Ten years have pns'·cd since the people of the 
Marshnli islands were accidentally exposed to 

fallout radic.Lion'; complete reports have been pub­
lished covering findings of the r.nnunl medicd 
surveys.2 The accident occurred l\farch 1, 1954, 
following th,_ detonation of a high-yield nuclc:tr 
device during experiments at BiJ,ini in the Pacific 
proving grounds, when an unpredicted shift in 
winds caused deposition of significant amounts of 
fallout on four inhabited atolls to the east. The 
Table shows the groups of people involved, the 
number in each group, and the extent of the fallout 
and expo ;urc. 

The present report summari%(;S the medical 
findings over a ten-year period of the 82 peopls 
of Hongelap Island who were exposed. The initial 

Summary of Fallout Effects 

Estimated 
G<tmma 

r~uout Dose Extent of 
Group• Composition Observed (Had>) Skin Lesions 

Roneel•P 64 Matshallese He~vy 175 fxtensivc 
(snow· like) 

Atlingnae 18 Marsltallcsc Moderate 6'.J Less ex:ten5ive 

28 American~ 
(mist-like) 

Roneerik Moderate 78 Slieht 

Utirik 157 Marshallese 
(misl·likc) 

None 14 No skin lesions 
or epilation 

do::ls.o exposed were 23 Japanese fishermen who rece1vL·d a sublethal 
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findings are only briefly reviewed, greater emphasis 
being placed on the findings of more recent follow­
up examinations. A group of relatives, away from 
the island at the time of foe accident, returned 
with the exposed grou1J to their home idand a11d 
have served as a comparison population. 

Initial Finc.l;;1~s 
During ihc first 24 to 48 hours aLout two thirds 

of the Rn,1zclap people e:qK·rienced anorexia and 
nausea, :1 f'w vomited and L,d diarrhe;,, and many 
compl:tine(i of irriU'ltion of the skin and eyes. 
These symptc·;-, :~., however, subsided within a few 
days. 

Deprc.~sio;·1 of lymphocytes and neutrophils to 
about half and the pl:d elets to about one third the 
levels of the unexposed population occurred duriug 
the first six weeks foll-owing exposure, followed 
by gradual but imomplete recovery. The dqJrcs­
sion of blood elements was insufficient to result 
in infections or bleedi11g, and the r~•c; ·,._!ion dose 
that they h1:d sustained fortunately P~" . :d to be 
sublethal. No specific tlH~mpy was 1wc. · ry. A 
slight loss in weight was frJt(~d in more ·ibn half 
of the people during the fast six weeks, but the 
possible eff cci.:': of change of environment could 
not be ruled (1ut. 

Beta radiation burns of the skin and epilation of 
the scalp were widespr(:ad, particularly in the 
more heavily exposed group. Most of the lesions 
were superficial but srJine showed deeper ulcera­
tion. Most of them healed within a few weeks 
with only slight residual changes and regrowth of 
hair was ccir,plete by six months. 
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Internal absorption of raclionudicles, ]nrgcly 
from eating an<l drinking contaminated food and 
water, ancl to a lesser extent from inhal::i.tion of 
fallout, .resulted in detectable radioactivity in 
urine samples. However, dtuing the first few cbys 
when the body burdens were highest the maximum 
permissible concentrations were exceeded only 
for fl"Sr and the radioisotopes of iodirw. The do:;e 
to the thyroid glands of the adults from the radio­
iodines absorbed wa.s estimated : c; be about 150 
to l 60 rads. 

Follow-Up 

Health 8tatus.-Medical evaluation of the health 
status of the exposed people tJver the years since 
the accident has revealed about the same incidence 
of illness and disease as noted in the unexposed 

·population with certain exceptions noted below. 
General health and nutrition have continued to be 
satisfactory and comparable to the unexposed 
comparison population. Annual hematologic fol­
low-up studies revealed that the levels of white 
blood cells and platelets of the p~ripheral blood 
in the exposed group iiever quite reached the levels 
of the unexpc•scd comparison population (Fig 1). 

Mortality and Aging.-There were ten deaths in 
1.h8 exposed population over the ten-year period; 
t!1is represents a mortality rate w~:.ir that observed 
fo1 the other Mc.rshallese people. A recent study 
in which certain criteria of agir.g were put on a 
numerical basis did not reveal any differences in 
age scores between the expos. r] and uncxpo,;cd 
groups.2 

Fertility, Miscarriages, Stillbirths, and Genetic 
Effects.- Effects on fertility were not apparent 
~.s judged by com;)ari~;oa of the birth rates for the 
expos~~a and unexposed populations. Possibly re­
lated to radiation exposure was the fact that dur­
ing the first four years after exposure an increase 
in miscarriages and stillbirths was noted in the 

. exposed women, 41 % of the births (13 in 32 
births) in this group terminated in nonviable ofI­
sp1iug compared with 21 % (8 in 38 births) in the 
unexposed women. No specific genetic studies have 
been carried out, but no difference in incidence 
of abnomrnlities :in children of exposed compared 
with those of unexposed women has been observed. 

Growth and Development Studies.-Anthropome­
tric ex<tminations of the 42 exposed and 75 unex­
posed chilc.lren have been conducted over the past 
five years. Using nonparametric statistical meth­
ods, comparisons of weight, stature, and bone age 
(the latter detennined from roentgenograms of 
the wrist and knee) were made between exposed 
and unexposed children of the same age groups. 
Boys exposed at 1 to 5 years of age showed re­
tardation of statural growth as well as bone age. 
This was most marked in those boys exposed at 
12 to 18 months of age. The average skeletal 
maturation in the exposed boys was about seven 
months hehin<l their unexposed peers. Though 
weight gain also appeared slightly retarded in this 
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2. Gross pi~ture of sectior.ill thyroid gl~nr.J showing 
nodules in 14-ycar·olu Mar~i,~llese girl. 

group, it was not statistically signific:-tnt. The e 
posed girts sLowed no significnnt difle,·cnces cor 
pared with unexposed gil'ls. The slight retardatic 
of growth noted in tL:! boys suggests that radiatil 
may be a cau:;al foci.01', although po:;sible mech 
nisms are not clear. Tb2 dose to tht. bones from i: 
ternally ahso::bed isotu;Jcs is believed to have bee 
too small to have affoc: ;:d bone grov:Lh. These fin 
ings are being publio.1 -,d in detail Ly Sutow et a 

Development of Tl. ,-oid Nodules.--.'J'hyroid no 
ules were detected ~,, three girls ni:-ie and tt 
years aHer exposure; two girls were 13 and o: 
was 14 yearn of age at the time of detection. The 
gir!s \":::re fri the higher cbse group in which thr 
were 2U children ( < 18 ye ~·.rs of age); 17 of the 
were girls, \'Tith 6 girls in the 10 to 15 year rar.~ 
Of 75 un~>xJ'ifed comparison childrc;, J7 were gi 
and 21 of tile girls were in the age range of 10 
15 years. No thyroid nodule.:; were noted in tl 
latter group. No lymph ncde involvement \\ 
grossly evident. The individuals wer:' hospitaliz 
and two h:::d comp] ·-te fayroiclectmnies and l 
third a part:i::l thyro;rl:~ctorny. Grossly, the glar 
had a ccbbk ,lone ['.ppeanince with nrn1t ijile he 
nodules and were at first thought to 1: · i,,·J1gna 
Sections of 1.bc: tissue:; WL;i"e reviewed Lv a numl 
of p~lthologi::;!.~., ::11 of wL-:,m agreed th;t. the nr 
ules were not. nnlignanl and rcscm1bled in mi: 
respects adenomatoid goiter se:u1 \\ i, Ji iodine , 
ficiency, with its characteristic regenerative rat" 
than neoplastic p1o]iferation. It should be no· 
that goiters :<n.: rare in the ?viarskdl islcnds si: 
no :iodine deficiency exists (Fig '.2 and 3). 



4. Development of pigmented nevus-li'-<e lesions in area 
of neck previously involved with bet;:: radiation burns. 

Most pathologists consulted did not feel that ra­
diation could be implicated as the etiologic agent 
on the basis of the pathological findings alone, 

, ihough some collsidere<l the findings typical of the 
i lesions seen in children trl'ated medically with 

rndioactive iodine. However, the evidence is strong 
that the thyroid nodules in tlie Marshallese r,irls 
"'ere induced by radiation. Correlation of the thy­
roid .with :radiation exposure was substantiated by 
~1.atistical analysis which showed the difference in 
thyroid nodule- incidence between the exposed and 
the unexposed children to be significant at the 1 % 
b·el. Moreover, Sheline- ct aP and Lindsay and 
Chaikofi'.6 have reported the development of thy­
roiq nodules 5 to 11 years after treatment of chil­
dren with radioiodine for thyrotoxicosis. Lindsay 
and Chaikoff reported that the sections of the 
i:lands removed from the l\farshallese girls were 
similar to the glands of children who had been 
hi1·en '"'I therapy_ Based on a calculated dose of 
approximately L'50 rads' to the adult thyroids from 
i'-Otopes of iodine, it WeiS e:;Limated that the small­
er thyroid glands of the girls exposed at three to 
four years of age received a tot.al dose of the order 
of 1,000 rads (probable range was 700 to 1,400 
tiids). The fact that a part of the total dose to the 
thyroid (175 rads) was due to whole body gamma 
exposure (including the pituitary gland) may be 
of some significance. In the Marshallese girls the 
'lre..c;;s of puberty may have been a factor in the de-
1·dopment of the nodules. 

lilalignancy.-No cases of leukemia in either the 
~;;posed or unexposed Rongelapese have been de­
lt'ded. Two older exposed women died with a 
:hL!::nosis of caiwcr, one at 67 years of age from 
,,.aiian mali~nancy five yea rs after exposure, and 
the other <lied nt 60 years of age, eight years after 
~P0surc, probahly from cancer of the cervix. The 
liaguosis in the latter case was not confirmed by 
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autopsy or biopsy. One unexposed older woman 
died possibly of cancer of the cervix, but the di­
agnosis wns not confinned. The question of in­
creased incidence of malignancy in the irradiated 
Marshallcsc must be left open for the present. 

Beta Radiation Burns.-During the past several 
years an increased numbe:r of pigmented nevus­
Jike lesions have been oot\ecl in previously irradi­
ated areas of the skin Im these have appeared to 
be quite benign (see Fi, .f). Neither chronic radi­
ation dennatitis nor evidence of cancer of the skin 
has been noted. 

Internally Absorbed Jsotopes.-Radiochemical 
urine analyses and whole body spectrometric an­
alyses revealed that the f.'Jody burdens of radio­
isotopes in the exposed &ngelap people fell rapid­
ly, so that by two years ater exposure the levels 
were far below the st~d: maximum permissible 
levels. The return of the Rongelap people to their 
home island was associated with a rise of their 
body burdens of ' 3 'Cs and s•zn and 00Sr. How­
ever, by 1961 the whole body 'content of 137Cs ha~ 
apparently reached an eq'.lllibrium with the envi­
ronment at about 14.7 mpc: per kilogram of body 
weight and the 6 'Zn had flillllen to low values. The 
levels of 00Sr by 1964 showed a slight decline over 
previous levels to about 10: to 12 mµc for adults 
and 20 mµc for children (about 5% and 10% 
respectively of the maximum permissible level for 
members of the population at large). The possible 
relation of internal absorptir•n of radioiodines in 
the fallout initially to the ~cent development of 
thyroid noduLs was referrer.ill to before. No otheJ: 
effects of such exposure haw !teen det~cted. 

It should be noted that fr.1~ l1 ih year examina­
tion, currently in progress (Ii.:far.ch 19G5), has turned 
up three more cases of th}'rni-d 1wduk~s in exposed 
people, one in an adult. Thi~ i}·pc: and character 
of ihe nodules have not yet been determined. 

This investigation was supi-ted in part by the US Atomic 
Energy Commission and tl•c> Trust Territory of the Pacific Islands. 

Capt C. A. Broaddu3, MC, USN, performed the surgery. Sec­
tions of tissues were rc:viewed and A>por!cd on by S. Warren, Jl,1D, 
G. H. Klink, MD, C. J, Stshl, MD, 1'!. A Johnson,_ MD, and S. 
Lindsay, MD. Kieth Thompson g.rried out the du-square_ t.::~t, 
end Ralph James and John Gofman, MD, caku1aled the thyroid 
dose to the children. 
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