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This report concerns the medical follow-up survey

of 82 Marshallese people two years after exposure to

fall-out radiation. On Rongelap island, 64 people and,

on Ailingnae, 18 people were exposed to the radiation
on March 1, 1954, after an experimental detonationof
a nuclear device some 100 miles away. Initia] and
follow-up studies on these people six months and one
year after exposure have been reported. The following
is a brief summary of previous findings, which can be
found in detail in the previous reports.’

Background

During the first 24 to 48 hours after exposure, about
two-thirds of the persons in the Rongelap group ex-
perienced anorexia and nausea, and a few vomited and
had diarrhea. At this time manyalso experienced itch-
ing and burning of the skin and a few complained of
lachrimation and burning of the eyes. After this, the
people remained symptom-free except for symptoms
associated with skin lesions resulting from beta irradia-
tions of the skin, beginning about two weeksafter the
accident. The effects of the irradiation can best be
summarized according to the mode of irradiation
under three headings: (1) penetrating irradiation,
(2) skin irradiation, and (3) internal irradiation.
Penetrating Irradiation—The Rongelap people re-

ceived an estimated whole-body dose of 175 r and the
Ailingnae people 69 r of gamma radiation. Depression
of peripheral blood elements occurred as follows in
the Rongelap people: Lymphocyte levels fel] prompt-
ly and by the third day were 55% of control values and
in the children 25% of control values. These cells re-
mained at this level, with only slight recovery by six
months. At one year, there was further recovery, but
thev werestill below control levels. Neutrophil levels
fluctuated considerably during the first few weeks. but
they fell gradually to a low of about 50% of control
values by the sixth week after exposure. Recovery was
slow. At six months, counts were still below control
levels, but by one year they had returned to the level
found in the control population. Platelet levels fell to
about 30% of the contro] values by the fourth week.
By six months, the levels were still depressed to 70%
of contro] levels, and at one year the mean platelet
count wasstill below that in the contro] population,
but it was slightly higher than at the six-month survey.
The depression of blood elementsin the Ailingnae group
was similar to that in the Rongelap group except
that it was less marked. Changes in the hematocrit
had not been remarkable in either of the two groups.
 

From the Medical Department, Brookhaven Nationa] Lab-
oratory (Dr. Conard}, Naval Medical Research Institute,
Bethesda, Md. (Lieutenants Huggins and Richards), and
Walter Reed Army Hospital, Washington, D. C. (Colonel
Lowrey).

* Detonation of a nuclear device in 1954 resulted
in the exposure of 82 people to fall-out radiation

consisting of a whole-body dose of gamma radia-
tion, beta radiation to the skin from radioactive-ma-
terial in contact with the surface, and internal radia-
tion from radionuclides absorbed from food and
drink. Gastrointestinal symptoms occurred during the
first 24 to 48 hours after exposure and then sub-
sided. Irritation .of skin and conjunctiva was seen
during the same period. No subsequent abnormalities
were seen in the eyes, but the skin manifested epila-
tion and spotty lesions beginning about two weeks
after the exposure. Residual skin lesions were found
in 15 subjects two years after the exposure. Hemato-
logical data show a progressive recovery from the
initial damage. The general health of the exposed
people was good, but the irradiated male children
showed a mean deficiency of 5.33 cm. in height
and 3.4 kg. in weight two years after the exposure.
No comparable effect was seen in the girls. The
quantitative data obtained from radiochemical anal-
ysis of the urine showed that these people are still
excreting cerium-144, praseodymium-144, and
strontium-90, but in amounts estimated to be well

below permissible levels.

 

Beta Irradiation of the Skin.—No accurate estimate
of the radiation dose to the skin could be made. Spotty
lesions of the skin and epilation began to develop
about two weeks after the exposure. The lesions oc-
curred Jargely on exposed parts of the bodythat were
not covered by clothing. Most of the lesions were
superficial and exhibited pigmentation anddry, scaly
desquamation and were associated with little pain.
Rapid healing and repigmentation followed. Some
lesions were deeper, exhibiting wet desquamation, and

were more painful, and a few became secondarilyin-
fected. Repigmentation gradually took place in most
lesions. and some of the healing lesions. particularly
on the back of the neck, developed pigmentation of a
gravish, dusky color and a thickening of the skin with

‘“orange-peel” appearance. By one year, however, this
type of pigmentation had greatly lessened. Deeper
lesions on the dorsum of the feet continued to show
lack of repigmentation, with scarring in some cases at
one year. Histopathological studies of the skin showed
changes consistent with radiation damage. Spotty
transepidermal damage with atrophy and flattening of
the rete pegs was a common finding, with areas of
relatively normal skin between. The dermis was much
less affected than the epidermis. Biopsies taken at six
months showed considerable improvement, but with
some persisting histopathological changes.
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Internal Irradiation.—Radiochemical analysis of nu-
merous urine samples from the exposed persons showed
some degree of internal absorption of radioactive ma-
terials, probably as a result of eating and drinking
contaminated food and water. Calculations of the body
burden of these materials, however, showed that the
concentration was too lowto cause anyserious effect.

Analysis of urine samples six months after exposure
showed that there was only barely detectable radio-
activity remaining in some cases.
These studies revealed that, other than the occur-

rence of skin lesions, loss of hair, and early symptoms,
there had been no other symptomsor disease processes
encountered that could be attributed to radiation
effects. There had been no deaths. The diseases en-
countered had been no more severe or frequent than
in the nonirradiated population. This was true even
during the period when the greatest depression of the
peripheral blood elements occurred. It was difficult to
evaluate the effects on fertility. A number of appar-
ently normal babies had been born, however. and
further pregnancies had occurred. Ophthalmoscopic
examinations and slit-lamp observations were made
initially and at one vear after the exposure. No opacity
of the lens or other eve changes were found that could
be attributed to radiation.

Present Findings

The present survey two years after exposure in-

cluded examination of the exposed Marshallese (64
Rongelap and 1S Ailingnae people, along with 10
babies born to these people since the event) and, in
addition, a control group of 57 unexposed Marshall-
ese from Rita village on Majuro who were previously
examined at the time of the six-month survey. In addi-
tion, contro] data on blood from another group of 127
unexposed Marshallese from Majuro, obtained at the
time of the initial survey, was also used for comparison
of hematological findings.

History During Interval andClinical Findings.—Both
the control and exposed groups had been in good
general health during the previous 12 months. An
epidemic of chickenpox, with no reported complica-
tions, involved a large percentage of both populations
in the interim between the one-vear and two-yearex-
aminations. One case of uncomplicated measles oc-
curred in the Rongelap group during the vear. In this
period. five childbirths were reported among the
Rongelap people and one in the control group. These
infants have developed normally and are free of any
apparent abnormalities. Five Rongelap women and
three women in the control group currently have un-
complicated pregnancies. One child and an adult in.
the exposed group wereseriously ill during the past
year and, recently after this survey (May 13, 1956),
one death, which will be discussed below, occurred
among the Rongelap people.

Physical examination revealed that the people of
both the exposed and control groups appeared to be
generally in good health and with good nutritional
status. Clinical abnormalities were not unusual and
were about equally distributed between the two
groups. With the exception of the residua of skin
lesions, none of the findings in the exposed groups
could be attributed to the effects of irradiation. A 77-
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vear-old man gave a history of paresis of the right
upper andleft lower extremities of nine months’ dura-
tion, with gradual improvementin strength and func-
tion during the previous few months. Clinical] findings
substantiated a diagnosis of cerebrovascular accident.
An l]-yvear-old boy had been hospitalized about a year
previously with acute rheumatic carditis and cardiac
decompensation. (This disease, though uncommon,
does occur in the Marshal] Islands.) The diagnosis of
rheumatic heart disease with mitra] stenosis and in-
sufficiency was substantiated, and, at the time of ex-
amination, the boy was fully active without evidence
of decompensation.
On May18, 1956, a 46-vear-old Rongelap man died

suddenly after an illness of about une hour. The pa-
tient had been quite well until] his present illness,
except for two short illnesses, which occurred a year
ago and four months previously, and were character-
ized by pyrexia (102-104 F [38.9-40 C]) headaches
and bodyaches, general malaise, and a slight cough.
In addition, he had complained occasionally of vague
abdominal pain, but there were no associated physical
findings present. Previous physical examinations had
given essentially negative results except for hyper-
tension (blood pressure 148/104 mm. Hg), which was
present on the first examination. a few days after the
radiation exposure occurred (2 years previously ). The
condition no doubt antedated the exposure. The pres-
ent illness was characterized by acute onset of dyspnea.
and the patient ccmplained of abdominal pain. He
died before he could be brought to the hospital.
Autopsy and microscopic examination of tissues re-
vealed myocardial hypertrophy (left side) and peri-
cordial effusion with pulmonary and hepatic congestion;
benign nephrosclerosis; and coronary artery arteri-
osclerosis. A diagnosis of hypertensive heart disease
with congestive failure seemed justified. There was no
apparent causal relationship with radiation effects,
particularly since hypertension was undoubtedly pres-
ent at the time of the radiation exposure.
Growth and Development: Growth and develop-

ment, based on height and weight changes, were com-
pared in nine males, between the ages of 3 and 15
years, and in nine females, between the ages of 5 and

19 years, from the exposed and control groups. Un-
fortunately, contro] data were only available from
the six-month and the present survey for compuriscn,
and the numbers were limited due to the inability to
locate some of the previously matched control chil-
dren. The irradiated male children, compared to
matched controls at both six months and two years,
showed a mean deficiency of 2.1 in. (5.33 cm.) in

height and 6.5 Ib. (2.9 kg.) at six months after ex-
posure and 7.2 Ib. (3.4 kg.) at two years. There was
no real difference in the female children. Even though
slight differences were noted between the irradiated
and control male children, it is not possible to attach
any significance to these differences because of the
small number of children involved and uncertainties
concerning the racial homogeneity of the two popula-
tions. Greulich and co-workers,” in surveys of Japanese
children who survived the atomic bombings at Hiro-
shima and Nagasaki, noted retardation of grcwth and
development in the exposed male children, when com-
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pared with unexposed Japanese children, whereas
there waslittle difference between the female children
of the two groups.

Residual Radiation Lesions of the Skin.—Residual
lesions were present in 15 of the Rongelap people,
and only one residual lesion was observed among the
18 Ailingnae people. The latter group was exposed to
considerably less fall-out, and they had developed
much milderlesions.

 
Fig. 1,—Photograph showing superficial lesion due to beta

radiation of back of the neck in a 15-year-old girl about six
weeks after exposure. Note areas at sides of neck that have
desquamated as contrasted to the center region, which shows
hyperpigmented thickening of skin, which gradually desqua-
mated also.

The majority of all lesions showed improvement.
Almost all of the early superficial lesions were com-
pletely healed at this time. without anv appurent re-
sidual changes. Figure 1 shows an early superficial
lesion of the neck, and figure 2 shows the completely
healed appearance of this lesion at the time of this
study. Lesions that showed dusky, gray hyperpigmenta-
tion during the first year after exposure ( mostly on the
back of the neck} showed less hyperpigmentation, and
in most cases there had developed a more normal
mahoganycolor. All residual depigmented lesions con-
tinued to show varying degrees of repigmentation, and
in some cases repigmentation was complete. The le-
sions showing the most residual change were those in
three cases of lesions of the dorsumof the feet and one
lesion of the ear. These lesions showed varying amounts
of scarring and atrophyof the skin, with some ad-
herence of the skin to the subcutaneoustissues (fig.
3 and 4). The center of the ear lesion was fixed to the
underlying cartilage. Even in these lesions, however,
there was no evidence of degradation or breakdown
of the tissues, and in no case was surgical repair con-
sidered necessary at the time of this study. Although
it was believed possible that these lesions might not
respond well after trauma, all biopsy lesions healed
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per primam. There was no evidence that the intense
sunlight to which these people are exposed had ad-
versely affected any of the Jesions. There appeared to
be no evidence of any change which would suggest
malignancy.

Biopsy specimens were taken from 15 residual] le-
sions. Comparison was made with control biopsy
specimens taken from the neck, the antecubital fossa,
and the dorsum of the foot from nonexposed Mar-
shallese. Specially stained sections from earlier biopsy
specimens were not yet available at the time of writ-
ing. A detailed description of comparative changes in
the present sections with earlier sections. however,
will be made the subject of a future report.
The following changes were noted in the two-year

postexposure biopsysections: 1, No neoplastic lesions
were present. 2. No epidermal cellular alterations sug-
gestive of a precancerous lesion were seen. 3. In some
sections, acanthosis, absence of pigment in the basal
layer, and atrophy and benign dyskeratosis were noted
occasionally in the stratum spmosum of the epidermis.
4. The papillary layer of the dermis frequently showed
distinct degenerative alterations in the collagen, char-
acterized usually by homogenization of the collagen
and what appeared to be an alteration in the distri-
bution of mucopolysaccharide when compared with
contro] sections. Occasionally mucin was seen in areas
of degeneration in the dermis. 5. Capillary dilatation
was noted in the dermis and, in one patient, in the
hypodermis. Medial degeneration in an artery was
noted in one patient. 6. The biopsy specimen from a
single patient showed increase in heavy dense bands

 
Fig, 2.—-Photograph in same patient as figure 1 two years

after exposure showing complete healing of lesion.

of collagen in both the papillary and reticular layers
of the dermis. Most of these changes were consistent
with late radiation changes in the skin previously
reported.

Hematological Findings.—As in the past, the groups
were divided according to age and sex in order to
make appropriate comparisons of the various blcod
elements.



 

Vol. 164, No. 11

The divisions were as follows: leukocyte counts in
persons under 5 years of age (6 from Rongelap and
2 from Ailingnae) and in persons over 5 (58 from
Rongelap and 16 from Ailingnae); platelet counts in
males under 10 (9 from Rongelap and 2 from Ailing-
nae), in males over 10 (22 from Rongelap and 5 from
Ailingnae), and in all females (33 from Rongelap and
11 from Ailingnae); and hematocrits in males under 15
(12 frem Rongelap and 2 from Ailingnae), in males
over 15 (19 from Rongelap and 5 from Ailingnae}. and
in all females (33 from Rongelap and 11 from Ail-
ingnae).

In both the Rongelap and Ailingnae people, the
mean total leukocyte level and mean absolute neutro-
phil counts, as in the one-vear examinations, were equal
to the control mean levels in both the under-5 and
over-5 age groups (fig. 5). There were some people,
however, who had neutrophil counts slightly below
normal (10 with counts of 2,500 or below per cubic
millimeter in the exposed groups as compared with 2
in the control group). None of the people with these
lower counts had comparably low counts ut the one-
vear examination, however. which tends to make the

finding less significant. The meanlevel in the exposed
groups was brought up to the contro] level by the
presence of slight neutrophilia in some individuals.
The mean absolute lymphocyte level was slightly

increased over the one-year level. The mean level
was still, however, somewhat below the mean control
level (75-80%) in both age groups in the Rongelap
and Ailingnae people (fig. 5). In the exposed groups,
six people had lymphocyte counts of 1,500 or below

 
Fig. 3.—Photograph showing beta-radiation lesions of the

feet in 12-vear-old boy four weeks after exposure. There is a
weeping ulceration between first and second toes of right foot.
Note desquamation of both feet.

per cubic millimeter as compared to none in the con-
trol group. Five of the six had shown low counts also
at one year and before. The mean monocyte levels
in both exposed groups shewed an increase over the
one-year level and were about equal to the two-year
levels in the Rita controls but were somewhat below
those in the Majuro ccntrels.
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The mean eosinophil levels showed an increase over
the one-year level in both groups and were slightly
above the meanlevel of the Majuro controls, but, in
the Rongelap group, they were slightly belcw the
two-year levels in the Rita controls, A considerable
number of individuals in both the exposed and con-
trol groups showed eosinophilia. Since it was thought
that parasitic infestation might have been responsible,
stool examinations on 10 Rongelap people with high

 
Fig. 4.—Photograph in same patient as in figure 3 two years

after exposure showing that further repigmentation has oc-
curred. There is atrophy and scarring of skin with some ad-
herence to subcutaneous tissues at site of deepest lesion,
between first and second toes of right foot.

eosinophil counts were done, but no ova or parasites
were found. The eosinophilia might be due to trichi-
nosis or some obscure cause.
The mean platelet level in the Rongelap males

showed a slight increase over the one-vear level, but
in the females the mean level showed a slight de-
crease so that the mean of the combined groups was
about the same as at one vear (fig. 5). The less-ex-
posed Ailingnae group showed no increase in the
mean platelet level at two vears compared to that at
one year, except for the vounger males who showed
an increased level. In both exposed groups, the plate-
let levels were between 70 and 85% of the controls
(depending on which control group was used for
comparison). There were four individuals, all in the
Rongelap group, with platelet counts below 150,000
per cubic millimeter. (The lowest count was 68,000.)
Of the four, three had previously shown low counts.
Only one person in the control groups had a platelet
count of below 150,000 per cubic millimeter. The de-
lay in the return to normal of the lvmphocyte and
platelet levels is similar to that reported in follow-up
studies of Japanese casualties two years after the
atomic bombings.’ In both exposed groups the hema-
tocrit levels were not remarkably different from the
control levels.
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Special examination of blood smears from both ex-
posed and control groups, stained for alkaline phos-
phatase, have been carried out. No significant findings
in regard to a leukemic process were found, but this
examination yields good base-line data on these popu-
lations for future examinations. Differential counts on
4,000 white blood cells showed no cases in which the
proportion of basophils was increased.
Ophthalmic Examinations.—Ocular disorders were

about as common in the exposed as in the control
population. All Jens opacities and cataracts could be
classified as congenital, presenile, or senile. There were
no opacities that resembled those due to effects of
radiation. It is not known whether or not the whole-
body dose of 175 r of gammaradiation received by
the Rongelap people may result in opacities of the
lens at a later date. The incidence of cataracts and
other ocular disorders observed in the Rongelap and
control people is consistent with that which might
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Fig. 3.-Graph showing effect of whole-bodyradiation (175 r)
on blood elements in Rongelap people.

be expected when their racial background and the
climatic conditions under which they live are taken
into consideration.

Analysis for Internal Radioisotopes

Radiochemical analysis of 57 liters of chemically
treated pooled urine from Roneglap people showed
that the precipitate contained radioactive strontium
(Sr°’) in the amount of 64 =4 disintegrations per
minute, with a like amount of radioactive yttrium

(Y*"). The greatest activity, present in the amount of
700 +10 disintegrations per minute, was identified as
due to radioactive cerium (Ce'*') and radioactive
praseodymium (Pr'**). Earlier studies had shown that
the average 24-hour urine output of the Marshallese
was 580 ml. Thus the 57 liters represented about 100
*4-hour samples, which gave the following values in
disintegrations per minute per 24-hour sample: Sr°°,
0.6 and Ce'* and Pr'**, 7.0. These values are estimated
to be well below the maximum permissible body bur-
dens of these isotopes and when biological and physi-
cal half lives are taken into consideration agree fairly
well with the original estimates of body burden two
years ago.
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Radiochemical analysis of bone samples taken from
the Marshallese man who died revealed Sr*° in the
amount of 1.6 +0.06 disintegrations per minute per
gram of ash, which is well below the accepted toler-
ance limit and is in the range of activity for this iso-
tope found in the bones of Americans. Examination
of roentgenograms of femurs of exposed children re-
vealed no bone defects from possible deposits of
radionuclides.

Summary

The medical survey of the Rongelap people two
years after exposure to fall-out radiation shows that
the people appear to have been generally in a good
state of health and nutrition and are making satis-
factory recovery from their radiation exposure. Serious
Ulness had occurred in two individuals, but neither
of these illnesses nor clinical findings in other indi-
viduals can be attributed to radiation effects. One
death, which was due to hypertensive heart disease,
occurred in May, 1956, in a 46-year-old Rongelap
man, The cause of death could not be correlated with
radiation effects. Previous examinations show that the
disease was undoubtedly present at the time of ex-
posure to fall-out radiation.
There is evidence of continued improvement of

hemopoiesis. The mean lymphocyte count, which was
slightly increased over the one-year levels, wasstill
found to be slightly below the mean control count.
The mean platelet level is about the same as that
found at one year after exposure and is still slightly
below the control level. The mean neutrophil count,
as at one year after exposure, was up to the control
level. Evidence from the Marshallese experience indi-
cates that the lowered levels of these blood elements
have not lowered the resistance of the people to dis-
ease, and the present levels are not considered to
represent a serious condition.

Residual changes in the skin from the beta irradia-
tion continue to show improvement. Pigment abbera-
tions are still evident in 15 cases, and, in 4 of these,
there is also scarring with some adherence of the skin
to the subcutaneoustissue. There is, however, no gross
evidence of tissue breakdown or malignant change
in any of these lesions, and surgical repair is not con-
sidered necessaryat the time of this study. Histologi-
cal examination of skin biopsy specimens from sites
of radiation lesions show residual effects of radiation
damage but no evidence of premalignant or malignant
changes. Ophthalmological survey reveals that there
are no radiation-induced lens opacities and that the
incidence of ocular lesions is similar in exposed and
control populations.
The radiochemical analysis of the urine of the Ron-

gelap people shows measurable activity which is
largely due to radioactive cerium (Ce '**) and praseo-
dymium (Pr '**), with onlyslight activity due to radio-
active strontium (Sr°°). The body burden of these
isotopes is estimated to be well below the permissible
levels. Examination of bone specimens taken from the
patient who died shows no radiation that can definite-
Iv be associated with fall-out deposition in the bones.
Studies of roentgenograms of the femurs of the ex-
posed children show no evidence of any bone defects
from possible deposits of radionuclides.
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