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MEDICAL SURVEY OF THE PEOPLE OF RONGELAP AND UTIRIK ISLANDS
ELEVEN AND TWELVE YEARS AFTER EXPOSURE TO FALLOUT RADIATION
(MARCH 1965 AND MARCH 1966)

Introduction

The results of a medical survey of the people of
Rongelap in the Marshall Islands, carried out in
March 1965 and March 1966, 11 and 12 years
after the accident, are presented in this report.
These people had been accidently exposed to fali-
out radiation following a detonation of a high
yield thermonuclear device during experiments at
Bikini in the Pacific Proving Grounds in March
1954. An unpredicted shift in winds caused a
deposition of significant amounts of fallout on four
inhabited Marshall Islands to the east of Bikini
(see Figure 1) and also on 23 Japanese fishermen
aboard their fishing vessel, the Lucky Dragon. Of
the inhabitants of the island of Rongelap, 105
nautical miles away from the detonation, 64 re-
ceived the largest fallout exposure: an estimated
dose of 175 rads of whole-body gamma radiation,
contamination of the skin sufficient to result in
beta burns, and slight internal absorption of radio-
active materials through inhalation and ingestion.
Another 18 Rongelap people away on a nearby
island (Ailingnae), where less fallout occurred, re-
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Figure 1. Map of fallout area,
Marshall Islands, March 1, 1954.
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ceived only an external gamma dose of about 69
rads. There were 28 American servicemen on the
island of Rongerik further to the east who received
about the same amount of radiation as did the
Rongelap people on Ailingnae. Lastly, 157 Mar-
shallese on Utirik Island, about 200 miles further
east, received an estimated 14 rads of whole-body
radiation. The fallout was not visible on this island
and no skin effects developed.

The exposed people were evacuated from these
islands by plane and ship about 2 days after the
accident and taken to Kwajalein Naval Base
about 150 miles to the south, where they re-
ceived extensive examinations for the following 3
months. During this period vigorous efforts were
necessary to decontaminate the skin completely

(see Figure 2).

In view of the generally negative findings on the
American servicemen, they were later returned to
their duty stations. The Utirik people were also al-
lowed to return to their home island, where radio-
active contamination was slight enough to allow
safe habitation. Because Rongelap Atoll was con-
sidered to be too highly contaminated, a tempo-

J6-74%4 "

Figure 2. Marshallese bathing in lagoon at Kwajalein in
March 1954 to decontaminate skin and hair after fallout
contamination.
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rary village was constructed for the Rongelap
people (including the 18 from Ailingnae) on
Majuro Atoll several hundred miles to the south,
where they lived for the following 3% years and
were examined at yearly intervals by a special
medical team. In July 1957, after careful evalu-
ation of radioactive contamination, Rongelap
Island was considered safe for habitation. A new
village was constructed, and the Rongelap people
were moved there by Navy ship. The annual med-
ical surveys have since been carried out on Ronge-
lap Island.

A group of more than 100 Rongelap people,
who were relatives of the exposed people but had
been away from the island at the time of the acci-
dent, moved back with the Rongelap people to
their home island and have served as an ideal
comparison population for the studies. The num-
ber has since increased to >>200. Following the
initial survey of the Utirik people on Kwajalein in
1954, repeat surveys have been carried out on
these people about every 3 years, including the 12-
year survey. In addition, during the past survey, as
in the previous surveys, a visit was made to Kwaja-
lein and Majuro Atolls for examination of a num-
ber of Rongelap people now residing at these
atolls, and also groups of children who represent
parts of the control group used for the growth and
development studies of the exposed children.

The accumulation of data from these surveys is
becoming increasingly voluminous. Since condi-
tions have not been favorable for performance of
extensive statistical analyses or use of electronic
computing procedures to store and manipulate the
data, the annual survey reports published by this
Laboratory are made as complete as possible. This
report, therefore, includes a considerable amount
of raw data, much of it in appendices, so that

others may have an opportunity to make further
calculations if desired.

Table 1 lists exposure data on the various popu-
lations involved in the fallout. In the following
summary, except where data are broken down into
more detail, the exposed group includes the people
exposed on Rongelap and on Ailingnae (subject
Nos. 1 to 86).

Summary of Past Findings

Reports have been published on the medical
findings of surveys made at the following times
after exposure: initial examination,' 6 months,*
1 year,® 2 years,* 3 years,’ 4 years,® 5 and 6 years,’
7 years,* 8 years,” and 9 and 10 years.'* Appendix
1 gives a more complete list of reports, including
outside publications, on the results of medical sur-
veys of the Marshallese exposed to fallout and in-
cludes a section on the radiation ecological studies
of these Islands published largely by the Univer-
sity of Washington group. The following is a brief
summary of the medical findings previously
reported.

During the first 24 to 48 hr after exposure, about
% of the people exposed on Rongelap Island ex-
perienced anorexia and nausea. A few vomited
and had diarrhea, many also experienced itching
and burning of the skin, and a few complained of
lacrimation and burning of the eyes. None of these
symptoms was noted in the Utirik people (14-rad
group). Following this, the people remained
asymptomatic until about 2 weeks after the acci-
dent, when cutaneous lesions and loss of hair de-
veloped, due largely to beta irradiation of the skin.
It was apparent when the people were first ex-
amined, a few days after exposure, that the lym-

Table 1

Summary of Fallout Effects -

Estimated gamma

Group* Composition Fallout observed dose (rads) Extent of skin lesions
Rongelap 64 Marshallese Heavy (snowlike) 17 Extensive
Ailingnae 18 Marshallese Moderate (mistlike) 69 Less extensive
Rongerik 28 Americans Moderate (mistlike) 78 Slight
Ultirik 157 Marshallese None 14 No skin lesions or epilation

*Also exposed were 23 Japanese fishermen who received a sublethal dose.
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phocytes were considerably depressed and that sig-
nificant doses of radiation had probably been re-
ceived. In addition to the whole-body dose of radi-
ation and the beta irradiation of the skin, radio-
chemical analvses of the urine showed that mea-
surable amounts of radioactive material had also
been absorbed internally. The effects of the radia-
tion can best be summarized under three headings
according to the mode of exposure: penetrating ir-
radiatiom, skin irradiation, and internal irradiation.

PENETRATING RADIATION

One of the earliest findings indicative of a sig-
nificant exposure in these people was lowering of
levels of leukocytes and platelets of the peripheral
blood. This was most marked in the 64 people on
Rongelap who had received 175 rads, and was less
marked in the other groups receiving less expo-
sure. The hemopoietic depression was roughly pro-
portional to the dose of radiation received. Even
in the 157 Utirik people who received only an esti-
mated 14 rads, it was possible to distinguish slight
platelet depression in the group as a whole. The
smaller group on Ailingnae and Rongerik showed
peripheral blood levels between those of the high
and low exposure groups. The chronological
records of blood findings on the group exposed on
Rongelap are presented in Figures 49, 50, 56, and
65 and Appendix 8, and on the Ailingnae and
Utirik groups in Appendices 9 and 10.

Lymphopenia of about half the level of the com-
parison Marshallese population was evident when
the people exposed on Rongelap-were first exam-
ined on their arrival at Kwajalein 3 days after ex-
posure (see Figures 49, 50, and 65). In children
<5 vears of age the lymphocytes dropped to 25%
of the levels in the comparison children, but
showed a slight rise during the following weeks.
The lymphocyte level showed a slight increase by
| vear. In the following year mean counts ap-
proached the levels of the comparison population
but remained slightly below (see Figures 50 and
63).

Neutrophil levels fluctuated considerably during
the first month; possibly this was related to the
prevalence of beta burns of the skin during that
period. Neutrophil depression became evident by
3 and 6 weeks post exposure (see Figures 49 and
63), with levels reaching about half that of the
comparison population in the adults and slightly

5008287

lower in the children <5 years of age. This degree
of neutropenia was insufficient to result in any ap-
parent increased infectious processes, and, indeed,
it was noted that neutrophilic leukocytosis was
possible in people showing casual infections at this
time. Neutrophil levels recovered more rapidly
than lymphocyte levels and reached near control
levels by 1 year. Subsequent annual surveys have
revealed that recovery does not appear to have
been complete, particularly in younger and older
age groups, during the 10-year period.

Early platelet counts showed less fluctuation than
other blood counts and fairly consistently showed
increasing depression, reaching levels of about 30%
that of the comparison population by the 4th
week. A spurt of recovery to about 75% of com-
parison levels occurred during the foilowing few
weeks, which was followed by slower recovery
but with mean levels never reaching higher than
90 to 95% that of the comparison population dur-
ing the 10 years post exposure (see Figures 56 and
65).

Erythroporetic depression has not been a consist-
ent finding as with the leukocytes and thrombo-
cytes. Slight depression of red blood counts,
hematocrits, and hemoglobin has been noted at
times. Bone marrow smears taken at 6 months
showed no gross abnormalities. Smears taken at 8,
9, and 10 years showed an alteration in the
myeloid-erythroid ratio manifested by an in-
creased number of red cell precursors. Depression
of peripheral blood elements in the Ailingnae and
Rongerik groups was not so pronounced as in the
Rongelap group. However, a slight lag in com-
plete recovery in the Ailingnae peripheral blood
count has also been noted. The persistent depres-
sion of peripheral blood elements in the exposed
people makes it appear likely that there is slight
residual bone marrow damage.

A general anemic tendency has been evident in
both exposed and unexposed Marshallese. Price-
Jones curves, on the average, showed a slight
microcytic tendency. Serum iron levels have been
generally normal, and the cause of this anemic
tendency has been undetermined.

Reticulocyte counts have been about the same in
the exposed as in the unexposed people.

Clinical findings, except for radiation-induced
lesions of the skin, patchy epilation, and early
gastrointestinal symptoms, revealed no clear-cut
disease processes or symptoms which could be re-
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lated directly to radiation effects during the first
few years post exposure. No prophylactic or spe-
cific therapy for radiation effects was ever con-
sidered necessary or given. Epidemics of chicken
pox and measles that occurred during the first
year showed no greater incidence or severity in the
exposed than in the unexposed Marshalles people.

During the first months post exposure about %
of the exposed people exhibited loss of weight of sev-
eral pounds. This may possibly have been related
to their radiation exposure, although it was diffi-
cult to rule out possible effects due to change of
environment.

At 3 years post exposure the immune response to
primary and secondary tetanus antitoxin was
tested and found not to be significantly different in
the exposed compared with the unexposed popu-
lations.

There were 10 deaths in the exposed popula-
tions over the 10-year period (see Table 6). Of
these, 2 deaths were recorded as due to malignan-
cies. The 10 deaths that have occurred in the ex-
posed population represent a mortality rate of 12.2
per 1000 population per annum, compared with
8.3 for the Marshall Islands as a whole (1960).
The somewhat higher death rate in the exposed
group is partly offset by the higher proportion of
older people; those >>65 years of age were origi-
nally 20% in the exposed group and only 7% in the
unexposed group.

Growth and development studies on the children
(height, weight, anthropometric measurements,
and radiographic studies for bone age) have re-
vealed slight retardation in growth and develop-
ment in the boys exposed on Rongelap who were
<12 years of age at the time of exposure, particu-
larly those 12 to 18 months of age at exposure.
Only slight immaturity was noted in the female
children of this group. In studies of children born
of exposed parent(s), it was noted that males
showed a slight growth retardation and slightly
lower levels of peripheral blood elements com-
pared with male children of unexposed parents;
however, this latter finding has not been evident
since 1963. The slight growth difference does not
appear to justify a conclusion that there is an as-
sociation with exposure of the parent.

It was difficult to evaluate the effects on fertility.
However, a review of the birth rate of the exposed
groups over the past 10 years seems to indicate no
noticeable effects of their exposure on fertility. The
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50 births represent a rate of 61 per 1000 popula-
tion per annum compared with 37.3 for the Mar-
shall Islands (1957). She incidence of miscarriages
and stillbirths in these exposed women was about
twice that in the unexposed women during the
first 4 years after exposure, but no difference has
been noted since then (see Table 8).

A cardiovascular survey of the adults (1959)° showed
no outstanding differences between the exposed -
and unexposed groups. The Marshallese people
appeared to have less hypertension on the whole
than is noted in people in the continental United
States.

An arthritis survey (1959)" showed no great differ-
ences between the exposed and the unexposed
people, and about the same incidence as is seen in
American populations.

Ophthalmological surveys showed no remarkable
differences between the exposed and unexposed
groups except possibly a slightly greater number of
cases of pterygia, pingueculae, and corneal scars
in the exposed groups. It is not known whether .
these findings are of any significance in relation to
their radiation exposure. Slit-lamp observations
showed no opacities of the lens characteristic of
radiation exposure. As a whole, visual and accom-
modation levels in the Marshallese appeared to be
above the average in the U.S. population.

Dental surveys’ showed no significant differences
in caries rate between exposed and unexposed
groups. However, the incidence and severity of
peridontal disease was slightly greater in the ex-
posed group. It is not known whether or not this
finding is related to radiation effects. The poor
oral hygiene generally observed in the Marshallese
had its usual results, namely, high caries rate in
teen-age children, severe peridontal lesions in
adults (heavy calculus and loss of alveolar bone),
and edentulous mouths in the aged. Radiation ex-
posure did not appear to have affected developing
dentition in the exposed children.

Aging studies were done in which various param-
eters usually associated with aging were measured
or estimated on a 0 to 4 4+ scale (skin looseness,
elasticity, and senile changes; graying of the hair
and balding; accommodation, visual acuity, and
arcus senilis; hearing; cardiovascular changes in-
cluding blood pressure and degrees of peripheral
and retinal arteriosclerosis; neuromuscular func-
ton; and hand strength). Comparison of these
measurements in exposed and unexposed individ-
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uals of the same age groups showed no apparent
differences. A biological age score was calculated
for individuals and groups by use of an average
percentage score. Life shortening effects of radiation
have not been apparent. As noted, the mortality
rate was about the same in the exposed as in the
unexposed people.

Development of thyrod pathology was noted in 1963
when a teen-age exposed girl was found to havea
nodule of the thyroid gland. In 1964, two addi-
tional teen-age girls were found to have nodules.
These cases were operated upon, and the nodules
were found to be benign adenomatoid goiters.
These abnormalities are believed to be the result
of exposure of the thyroid to radioiodines from the
fallout and to the gamma radiation. The dose to
the child’s thyroid was estimated as between 700
and 1400 rads from radioiodines and an additional
175 rads from gamma radiation for the group ex-
posed to 173 rads. No nodules were detected in
the unexposed children. '

Two cases of cancer have developed in the ex-
posed group. The first appeared at 5 years post ex-
posure, too soon, it is believed, to have been radia-
tion induced. The second occurred at 8 years post
exposure.

Leukemia surveys including physical findings,
studies of leukocyte counts and morphology, alka-
line phosphatase staining, and basophil counts of
4000 white cells showed no evidence of leukemia
or leukemic tendency. One child in the irradiated
group has had slightly elevated basophil counts but

_no other positive findings. The cardiovascular and
arthnitis surveys, as well as the general results of the
physical examinations, have not shown any ap-
parent increased incidence of degenerative diseases in
the exposed people. No radiation-induced cataracts
have been observed in any of the exposed people.

Genetic effects have not been specifically studied
because of the small number of people involved.
No apparent radiation-induced genetic changes
have been detected on routine physical examina-

tions in the first-generation children of exposed -

parents, with the possible exception of suggestive
evidence of increased miscarriages and stillbirths
in the exposed women.

BETA IRRADIATION OF THE:SKIN

It was impossible to get an accurate estimate of
the radiation dose to the skin. Beta burns of the

5

skin and epilation appeared about 2 weeks after
exposure, largely on parts of the body not covered
by clothing. About 90% of the people exposed
on Rongelap had these burns, and a smaller
number developed spotty epilation of the scalp.
Most of the lesions were superficial; they exhibited
pigmentation and dry, scaly desquamation, and
were associated with itching and burning sensa-
tions. Rapid healing and repigmentation followed.
Some lesions were deeper, showed wet desquama-
tion, and were more painful. A few burns became
secondarily infected and had to be treated with
antibiotics. Repigmentation of the lesions gradu-
ally took place in most instances, and the skin ap-
peared normal within a few weeks. However, in
about 15% of the people, deeper lesions, particu-
larly on the dorsum of the feet, continued to show
lack of repigmentation with varying degrees of
scarring and atrophy of the skin. At 10 years these
conditions were still evident in a number of cases.
During the past several years an increased number
of pigmented maculae and moles have been noted
in previously irradiated areas of the skin, but these
have appeared to be quite benign.

Numerous histopathological studies have been
made,’** and the changes found have been con-
sistent with radiation damage. At no time have
changes been observed either grossly or micro-
scopically indicative of malignant or premalignant
change. Spotty epilation on the heads was short
lived, regrowth of hair occurring about 3 months
after exposure and complete regrowth of normal

hair by 6 months. No further evidence of epilation

has been seen.

An interesting observation noted during the first
few months after exposure was the development of
bluish-brown pigmentation of milunar areas
of the fingernails and toenails in about 90% of the
people exposed on Rongelap. By 6 months this
pigmentation had disappeared, having grown out
with the nail. The cause of this phenomenon has
not been explained.

INTERNAL IRRADIATION

Radiochemical analyses of numerous urine sam-
ples of the exposed population showed internal
absorption of radioactive materials, probably
brought about largely through eating and drink-
ing contaminated food and water and to a lesser
extent through inhalation. During the first few
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days when the body levels were at their highest,
the maximum permissible concentrations were ap-
proached or slightly exceeded only in the case of
strontium-89 and the jsotopes of iodine. At that
time the concentrations were believed to be too
low to result in any serious effects. Body levels fell
rapidly, so that by 2 and 3 years post exposure
they were far below the accepted maximum per-
missible level; even by 6 months activity in the
urine was barely detectable.

In 1958 analyses of bone samples on one of the
men who died showed a body burden of 3.7 nCi
*Sr. Beginning in 1957, gamma spectroscopy by
use of a low-level counting chamber was added to
the techniques of radiochemical analysis. The re-
turn of the Rongelapese to their home island
{(which after careful survey was considered safe for
habitation, despite a persisting low level of radio-
active contamination) was reflected in a rise in
their body burdens and increased urinary excre-
tion of certain radionuclides. During the 4 years
after the original contaminating event, additional
weapons tests held in the area contributed slightly
to the fission products in the environment. Since
the diet includes a variety of imported foods, the
people may have been delayed in reaching equi-
librium with the environmental fission products.

Body burdens of gamma-emitting fission prod-
ucts (such as **"Cs and **Zn) were measured in a
whole-body counter and checked by radiochemi-
cal analysis of urine specimens. The levels of in-
ternal contamination per unit weight appeared to
be about the same for juveniles as for adults, male
and female. Wide variations in levels of contami-
nation were found, apparently due to differences
in diet, metabolism, and age.

Body burdens of *°Sr were estimated from uri-
nary excretion as determined by radiochemical
analyses. Both the external dose measurements on
Rongelap Island and the levels of radioactive iso-
topes in the food on the Island indicated that some
increase in '*"Cs, %Zn, and *°Sr body burdens was
to be expected when the people returned there in
1957. The '**Cs body burden in 1958 was about
0.68 uCi, about 60 times as great as in 1957, and
the urinary '**Cs level rose by a factor of 140; the
mean body burden for 1959 was 0.57 uCi. The
mean body burden of ®*Zn estimated from whole-
body counting data was, in 1958, after the return
to Rongelap, 0.36 uCi, 8 times as high as in 1957,
and 0.44 pCi in 1959. In 1961 the mean '3°Cs
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body burden was 0.67 uCi, which is slightly higher
than the mean value of a similar group obtained
in 1959; it was 300 times that of the medical team,
who were measured at the same time for compari-
son. It appeared at this time that the people were
approaching equilibrium with their environment.
The **Zn level dropped to 0.071 uCi in 1959. With
a larger detector and a longer counting time than
previously employed, it was possible to identify
and quantify *°Co for the first time in these people;
the mean level of **Co was about 11% of the ""Zn
level (7.6 nCi). A small amount of residual activity
was still present after the subtraction of **’K and
the above radionuclides from the total spectrum.
The mean level of urinary excretion of "*Sr was
7.2 pCi/l or 14% higher than measured in the
1959 medical survey. In 1962 the mean urinary
*°Sr level was 114 pCi/g Ca, giving an estimated
body burden of 12.0 nCi. Analysis of bones from
the deceased Rongelap woman (1962) gave an
estimated body burden of 11.4 nCi. These levels
represent about a 6-fold increase in *°Sr over the
1958 levels. The levels of *’Sr in 1962 and 1963
hovered around the 12.0-nCi level in adults and
about 22 nCi in children, about 5 and 10% respec-
tively of the maximum permissible level (for mem-
bers of the population at large).

It thus appears that body burdens of **Sr have
reached equilibrium with the environmental **Sr.
Little or none of the present body burden of the
exposed group can be considered residual from
their initial exposure, since little difference has
been noted between the body burdens in exposed
and unexposed populations living on Rongelap
Island. The possible relation of internal absorp-
tion of radioiodines initially in the fallout to the
recent development of thyroid nodules will be re-
ferred to later. No other effects of such exposure
have been detected.

, OTHER STUDIES

Studies of Genetically Inherited Characteristics: Blood
grouping studies in the Marshallese showed a rela-
tively high B gene frequency, a high N gene fre-
quency, an extremely high R' gene frequency, and
total absence of Kell and Diego factors.'' These
characteristics differ from those of Polynesians and
suggest relationship with Southeast Asians and
Indonesians. Haptoglobin studies showed the fre-
quency of the Hp' gene to be higher than in Euro-



pean populations thus far tested and consistent
with that of populations living near the equator.
The distribution of haptoglobin types showed the
population to be relatively homogeneous.'* Trans-
fernins in all sera were type CC, the common Euro-
pean type.'* 8-A4mino-iso-butyric acid urinary levels
showed the Marshallese to be the highest excreters
of this acid of any population thus far reported.'*'*
Levels in the exposed group were about the same
as in the unexposed group, and no correiation was
found with body burden level of radionuclides:
this indicates that there is probably no correlation
with radiation exposure. Hemoglobin types were con-
sidered normal (all had type AA,). Sickling tests
showed no sickling tendency in any of the people.
Glucose-6-phosphate dehydrogenase of the red cells ap-
peared to be normal in the Marshallese. Studies of
Gm phenotypes showed the Marshallese to have
100% Gm'**' and nearly 100% Gm'®*’. There was
a complete absence of Gm* and a high frequency
of Gm-like (Gm®)."* Serum studies for the Ag sys-
tem reveal that the Rongelapese compared with
other world populations have a high frequency of
C.deB. antiserum reactors and a low frequency of
New York antiserum reactors.'® Considerable cau-
tion must be exercised in evaluating the results of
these studies on genetically inherited character-
istics because of the small number of samples
tested. The data do seem to indicate relative
homogeneity of the population and closet kinship
with people of Southeast Asia. These data also
may be useful as a base line, should genetic
changes appear in later generations, possibly re-
lated to radiation exposure. Numerous blood cul-
tures for chromosome analysis have been taken on
past surveys. The results of these studies will be
presented in this report.

Other Laboratory Studies: Serum protein levels were
generally on the high side of normal; electropho-
retic patterns showed the increase in proteins was
largely due to an increase in the gamma globulin
fraction. The reason for this is not apparent. Nu-
merous chronic infections may be an explanation.

Sodium levels in the urine and food indicated
about the same consumption of NaCl as in Ameri-
cans. The generally lower incidence of hyperten-
sion in the Marshallese might be related to the fact
that the former native diet was probably lower in
salt content than the present more Westernized
diet.'” It will be interesting to see whether the inci-
dence of hvpertension will later increase.
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Serum cholesterol levels (1957, 1959) were some-
what lower in the exposed population than in the
comparison or Utirik populations but were in the
low normal range. No abnormally high or low
readings were noted.

Serum creatinine levels (1957) were in the normal
range with no abnormal levels noted.

Serum vitamin B,, concentrations (1958, 1959)
were generally significantly higher than American
levels. The possibility of contamination of the sam-
ples with bacteria producing vitamin B,, must be
considered, since myeloproliferative and liver dis-
eases were not seen.

Folic acid levels were found to be somewhat low
in the Rongelap population and probably re-
flected low dietary folic acid.

Serum protein-bound iodine levels have repeatedly
been shown to be generally slightly elevated. Evi-
dence for thyroid dysfunction has only recently
been noted in the people along with the recent de-
velopment of thyroid nodules. Thyroid studies will
be reviewed in detail in a later section.

Glucosuria and elevated blood sugar were found in a
number of Rongelap people. A relatively high in-
cidence of diabetes is prevalent in the Marshallese
people.

A survey for intestinal parasites (1958) showed
75% of the people to be infected with various
types.'® For the three major pathogens found, the
over-all infection rates were, for Entamoeba histo-
lytica, 18.2%; for hookworm, 5.5%, and for Trichur:s
trichwura, 34.3%.

Eosinophilia (>>5%) has consistently been noted
in about half the people. The fact that half the
cases with eosinophilia showed no helminthic in-
fections at all suggests that other factors besides
parasitic infections must be responsible. The eosin-
ophilia may be related to chronic fungus and other
infections, particularty of the skin.

Complement fixation studies for parainfluenza 1, 2,
and 3, respiratory syncitial, psittacosis, and Q
fever showed antibodies to all groups of viruses ex-
cept that for Asian influenza, which probably had
not yet seriously involved the people of the Mar-
shall Islands. The antibody titers appeared to be
somewhat lower in the exposed people.

Immunoelectrophoretic analysis showed neither a
paraproteinemia nor a typical picture of antibody-
deficiency-syndrome, but a high frequency of
increases of some of the immunoglobulins was
noted.




Blood volume studies with °'Cr-labeled sodium
chromate showed a significant reduction in red
cell mass and/or plasma volume. However, there
is some indication that Americans living in the
Islands for more than 1 year may also have slightly
lowered values. Tritiated water has been used to
establish the relationship of blood volume to lean
"body mass. Further studies on blood volume de-
terminations are presented later.

OTHER BACKGROUND INFORMATION

As mentioned in previous reports, several diffi-
culties were associated with carrying out the ex-
aminations as well as interpreting the findings.

1. The language barrier made examinations
difficult, since very little English is spoken by the
Marshallese. However, there were sufficient En-
glish-speaking Marshallese to assist the medical
team in most instances.

2. The lack of vital statistics or demographic
data on the Marshallese imposes a serious diffi-

culty in interpretation and evaluation of the medi-

cal data. Trust Territory officials are attempting
to improve registration of such data.

3. There is uncertainty on the part of some of
the Marshallese as to their exact ages, particularly

among the older group. This creates certain diffi-
culties in interpreting some of the studies to be out-
lined.

4. The conditions of field examinations naturally
limit the procedures and methods that can be used.

COMPARISON POPULATIONS

During the first 2 years, two separate groups of
Marshallese people were used for comparison,
each comparable in size with the exposed Ronge-
lap group and matched for age and sex. However,
both groups were found to be unstable, with a
large attrition rate over the 2 years, which made
them unsatisfactory. At the time of the 3-year sur-
vey, it was found that during the preceding 12
months the Rongelap population at Majuro Atoll
had doubled because of the influx of relatives who
had come back from other islands to live with
them. These people had been away from Rongelap
Atoll at the time of the accidental exposure. This
group matched reasonably well for age and sex
and was of comparable size. Since the return of
the people to Rongelap, however, this group has
about doubled in size. Table 2 shows the various
Marshallese populations that have been examined
since 1954.

Table 2

Marshallese Populations Examined Since 1954

Original number Number Frequency Subject
Group in group living (1966) of exams Nos.

Exposed

Rongelap* ' 67 38 Annual 1- 86

Allingnae** 19 15 Annual 1- 86

Utirik 157 133 3-1 vears 2101-2257
Unexposed

Rongelap 99 1681 ! Annual since 1957 801-1073

Rita 57 1955-1956 1000-1082

Majuro 115 1954 only 700- 800
Children Conceived Afier the Fallout

Of exposed parent(s) 631+ 60 Annual 87- 131

Of unexposed parents 104 Annual 801-1073

*Includes 3 in utero children.

**Inciudes 1 in utero child. ttLive births.

tIndividuals have been added since 1937 when this group was first available.
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Figure 3. Medical survey team, 1965 (upper picture) and 1966.
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Organization

THE 1965 SURVEY

The survey team consisted of 12 physicians and
technicians from the United States and 6 from the
Trust Territory (Figure 3). Examinations were
carried out on 71 Rongelap people in the exposed
group, 48 children of exposed parent(s), and 191
unexposed Rongelap people (adults and children)
comprising the comparison population. A Trust
Territory cargo ship was used to transport part of
the team and equipment between Rongelap and
Kwajalein. In addition, air support was furnished
by the Search and Rescue Detachment, U.S.
Navy, stationed at Kwajalein. The team lived
ashore at Rongelap Island during the period of the
examination. Two new air-conditioned trailers
were recently installed on Rongelap for examina-
tion purposes (see Figure 4). Smaller groups of
Rongelap people were also examined at Ebeye
(Kwajalein Atoll) and Majuro, with local hospital
facilities used for the examinations.

PR S D S SR

THE 1966 SURVEY

The 12-year medical survey was of a more lim-
ited scope than the previous one, with only the ex-
posed groups being examined. A total of 177 exam-
inations were carried out on 72 exposed Rongelap

" people and 105 exposed Utirik people. Personnel

and equipment were transported between islands
by a ship operated by a Marshall Island trading
company.

Prior to each survey, meetings were held with
the people to explain the survey procedures and
particularly to discuss why the thyroid cases need
hospitalization, surgery, and treatment. They seem
to have accepted the situation in regard to the thy-
roid lesions calmly, and there has been no expres-
sion of great concern:

In February 1966, the exposed people of Ronge-
lap received compassionate payment for effects of
fallout radiation. Each person received nearly
$11,000 and some an additional amount as inheri-
tance from those exposed people that had died.
They were quite happy about this, and on our ar-
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Figure 4. Newly installed air-conditioned trailer used for examinations at Rongelap.
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rival in March it was gratifying that most of the
people had put their money into savings accounts.
The Utirik people seemed quite disappointed in
not receiving any monetary compensation for their
fallout exposure. In a lengthy meeting held with
them on arrival of the team, the reason for this -
the lack of radiation effects - was carefully ex-
plained, and it is believed they accepted the situa-
tion in good grace, judging by their cooperation in
the examinations and cordiality to the medical
team.
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Findings

INTERVAL MEDICAL HISTORY

Table 3 shows the populations examined in
1965 and 1966. Table 4 shows the location of the
populations under study, and Table 5 shows the
percent distribution of the Rongelap population
by age and sex.

llinesses

During the past 2 years the Rongelap people
have been generally in good health, and their
nutritional status appears to have been satisfac-
tory. An epidemic, believed to have been Asiatic
influenza, with acute upper respiratory manifesta-
tions occurred in about half the population in the
spring of 1964. Another influenza-like epidemic of
similar proportions occurred in 1965. An outbreak
of diarrhea, cause unknown, involved a large seg- Figure 5. Rongelap girl with toys :
ment of the population during January and Feb- following annual party, 1966. g
ruary 1965. About 15 cases of chicken pox oc- S
curred in the spring of -1965. On Ebeye Island,
where about 100 Rongelap people live, an out-
break of conjunctivitis occurred during the year, Table 3
but this responded to topical antibiotic treatment.
Four children with varying degrees of paralysis,
following a poliomyelitis epedimic in 1963, were

Numbers of People Examined
During the 11- and 12-Year Surveys

treated and fitted with braces at Majuro. Surgery 1965 1966
was performed on four cataract cases and one fis- :

tula in ano. There were 3 deaths in the exposed Rongelaplz;nd Ailingnae exposed - adults 8 9
group and 3 in the gncxpos'ed people (see below). Rcfzgzla?p arz d Ailinghae exposed - children 4 +
The most outstanding finding since the previous (age 11 or 12 to 19) 23 03
report has been the increasing number of cases of Rongelap unexposed - adults (age >>19) 83 -
thyroid nodules. By July of 1966, 11 cases had Rongelap unexposed - children (age <{19) 108 -
been operated upon, the first 3 in 1964 at the Children bo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>