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Introduction

This report updates, for 1980 through 1982,
theresults of continuing medical surveillance of
a Marshallese population accidentally exposed
to radioactive fallout in March 1954. It is the
sixty-fifth in a series of publications from the
Medical Department, Brookhaven National
Laboratory, concerning the effects of that expo-
sure, all publications being listed in the Refer-
ence section beginning on page 16. Many of
these publications include details of the acute
effects suffered by the Marshallese and the
radiologic assessments at the time of, and sub-
sequent to, the fallout, with the most recent
summary being Dr. Robert Conard’s 26-year
review.'A recounting of those events is there-
fore not included in this report.

The originally exposed Marshallese popula-
tion comprised 64 persons on Rongelap Atoll
who each received, on the average, an estimated
190 rads of absorbed external gamma radiation,
18 on Ailingnae Atoll who received 110 rads,
and 159 on Utirik who received 11 rads (see
Appendix I for the derivation of these new dose
estimates). There were, in addition, 3 persons in
utero on Rongelap, 1 person in utero on Ailing-
nae, and 8* persons in utero on Utirik who are
considered exposed. Under the Brookhaven
National Laboratory program, the recipients of
primary medical care include exposed and com-
parison populations as well as a rather large
number of additional beneficiaries who are seen
on a humanitarian basis of practical need and
resource availability. In recent years, about
1400 people have been seen annually. This
report, however, deals with four clearly defined
groups: the remaining individuals who were
exposed to radioactive fallout on Rongelap,
Ailingnae, and Utirik in 1954 (including those
in utero), and a comparison population of indi-
viduals from Rongelap who were unexposed.
The number of persons now in each exposure
category are 51, 12, 116, and 137, respectively.

The unexposed comparison group, which was
individually matched by age and sex against
the.combined Rongelap and Ailingnae groups
in 1957,2 has varied in composition over the
years as some individuals have voluntarily
withdrawn or been lost to followup and others

*This number includes two previously unidentified persons
confirmed in 1982 as being exposed in utero.
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have been added. There has been, in addition,
the expected natural mortality. Despite these
factors, chi-square values based on contingency
table analysis currently reveal no statistically
significant differences between the age, sex,
and age-sex distributions of the combined
Rongelap-Ailingnae group and the comparison
population. Statistical analysis also shows an
equivalent but fortuitous similarity between the
Utirik and comparison groups.

Scope of the Medical Program

Participation in the Brookhaven National
Laboratory medical program is voluntary for
both exposed and unexposed Marshallese. The
program itself, however, which Brookhaven
National Laboratory is under contract to the
Department of Energy to carry out, is currently
mandated by Public Law 95-134. Its expressed
purpose is to provide “care and treatment” of
radiation-related disease in the exposed popula-
tion. No such etiologic distinction is made in
actual medical practice, however. There is, of
course, particular attention paid to thyroid neo-
plasia, as over the years that is one disease
category clearly associated with the high radia-
tion exposure of some of the Marshallese. In
addition, surveillance for possibly radiation-
related disease is undertaken because the
exposed population must be considered at
increased risk for such disorders. For example,
when a prolactinoma was diagnosed in an
exposed woman in 1981, sera from virtually all
exposed persons were tested for the presence of
hyperprolactinemia (see below). This extra
dimension in medical surveillance does not
detract from primary care coverage. Itisthrough
the provision of comprehensive medical cover-
age that unpredicted effects of radiation expo-
sure can be effectively disclosed.

Thus the medical program continues to
address a wide variety of health matters.
Updating of children’s immunizations is a regu-
lar part of the medical team visits to Rongelap
and Utirik. This is done in conjunction with a
public health nurse from the Republic of the
Marshall Islands Health Services. An intesti-
nal helminth control program begun in 1978
was continued through 1982. Clinical care of
diabetic patients now includes routine determi-
nations of hemoglobin Aiclevels. An attempt at
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diabetes education, which has included distri-
bution of a brochure on diabetic care that was
translated into Marshallese for patients, is an
ongoing process, as diabetes is a serious medi-
cal problem in the Republic of the Marshall
Islands. A survey for folic acid and vitamin Bi2
deficiencies has been completed. Dental care
has been redirected toward preventive dentis-
try; repairs and restorations are now the main
thrust rather than extractions which can be
managed by local personnel. A major effort has
been directed at the inclusion of a wide variety
of specialists and subspecialists as participants
on the medical teams. Participants have been

chosen from excellent medical centers through-

out the United States. These physicians not
only perform the required routine physical
examinations; they greatly increase the diag-
nostic and therapeutic capabilities of the team
in handling unusual or difficult problems. Their
services are also offered to the Republic of the
Marshall Islands Health Services as time per-
mits. The specialties and subspecialties utilized
in 1980-1982 are listed below:
Dentistry (adult and pediatric)
Endocrinology
Family Practice
Hematology
Internal Medicine (including Fellows
in Rheumatology and Pulmonary
Medicine)
Nuclear Medicine
Obstetrics and Gynecology
Oncology
Ophthalmology
Pediatric Cardiology
Pediatrics
Surgery
Tropical Medicine and Parasitology
For the 3-year period covered by this report,
medical surveys have been conducted semian-
nually. The “Spring Survey” offers complete
medical examinations to all exposed individu-
als, the comparison population, and all persons
15 years of age or older residing on Rongelap
and Utirik Atolls. In addition, a daily sick callis
available to anyone in the younger age group.
At the population centers of Ebeye and Majuro,
complete examinations are available to all
exposed persons and to members of the compar-

ison up. The “Fall Survey” permits exami-
natiompersons missed in the spring and
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followup of medical problems. It also enables
and facilitates pediatric/dental coverage.
Complete examinations are offered to all indi-
viduals under 15 years of age residing on Ron-
gelap and Utirik Atolls, and a sick call serviceis
available daily to all others. At Ebeye and
Majuro, examinations are offered to children of
the exposed and comparison populations. Fol-
lowup care for people with chronic medical
problems such as diabetes and hypertensionisa
focus of both major surveys as well as the perio-
dic visits of our physician-in-residence (see
below).

Persons with identified problems clearly
unrelated to radiation exposure and beyond the
capabilities of the medical team are referred to
the Republic of the Marshall Islands Health
Services. Radiation-related illnesses, possibly
radiation-related illnesses, and medical evalua-
tions which could conceivably lead to the diag-
nosis of a radiation-related or possibly rad-
iation-related illness are handled through
medical channels established with the help of
the Department of Energy Pacific Area Support
Office in Honolulu.

In the early 1970s, some Bikini families
resettled Bikini Island. The peak population
during this period was about 140. Because of the
remoteness of Bikini and the apprehensions of
the settlers, the medical team was authorized to
extend its Rongelap/Utirik surveys to provide
sick call visits to Bikini. These settlers were
againrelocated to Kili and Ejit (Majuro)in 1978.
Attherequest of the Department of the Interior,
following this relocation, these Bikinians have
been seen twice a year during the Majuro visits.

An attempt to provide medical coverage
between the semiannual medical team visits has
been continued. A Brookhaven National Labora-
tory physician is stationed on Kwajalein, and
office hours and laboratory services are main-
tained on Ebeye, to which the physician com-
mutes daily. In addition to providing primary
medical care for persons holding a Brookhaven
National Laboratory identification card on
Ebeye, the physician undertakes periodic visits
to Rongelap and Utirik. Such visits must be per-
formed within limits set by available transporta-
tion to these remote atolls. A Brookhaven
National Laboratory nurse and/or technician,
both Marshallese, accompany the physician. A
Brookhaven National Laboratory technician



/administrator stationed at Kwajalein in 1978
returned to the United States in 1981. He was
replaced by the Marshallese laboratory techni-
cian who had completed a clinical laboratory
training course in. Honolulu under the auspices of
Brookhaven National Laboratory. Other Mar-
shallese medical and paramedical personnel who
are included on the semiannual medical trips are
provided by the Republic of the Marshall Islands.
They are listed among the team participants on
pages v-ix.

In 1981-82 five reports on matters pertinent to
public health were submitted to the Minister of
Health, Republic of the Marshall Islands. These
reports were based on data collected during the

. course of the semiannual medical trips. The top-
ics included the prevalence of anemia, toxo-
plasmosis, hyperuricemia, yaws (an analysis of
serologic tests), and clinical findings of a pedi-
atric trip. This is an ongoing project. Sharing of
such data obtained from the populations we
serve may benefit the Marshallese people as a
whole.

Laboratory Support

Most medical activities and all laboratory
services of the Brookhaven National Labora-
tory medical surveys are conducted aboard a
chartered U.S. Oceanography vessel, Liktanur
II. Exceptions include the examinations per-
formed in Brookhaven National Laboratory
facilities on Ebeye and pediatric examinations
at Rongelap and Utirik which, forreasons of the
children’s safety, are carried outin dispensaries
on.shore.

Laboratory support during the medical trips
is provided by four technicians. Routine five-
parameter blood counts are performed on a J.T.
Baker 500A electronic particle counter and sizer.
Leukocyte differentials and phase contrast pla-
telet counts are done concurrently. A battery of
clinical tests (including serum creatinine, glu-
cose, amylase, uric acid, and liver function
tests) are carried out on a Beckman spectropho-
tometer with commercially available reagent
kits. Serum sodium and potassium measure-
ments are made on a Beckman Instruments
Electrolyte 2 system. Urinalysis (dipstick and
microscopic), stool examinations (for occult
blood and parasites), and bacteriologic cultures
(aerobic and anaerobic) with antibiotic sensitiv-
ity testing are available. Hemoglobin A,
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determinations, glucose-6-phosphate dehydro-
genase testing, and erythrocyte sedimentation
rates are also provided. Serum is routinely
separated and frozen for thyroid function tests
and other studies which must be sent to com-
mercial or university laboratories. Fingerstick
techniques are used on young children when-
ever possible. An x-ray machine is available for
most commonly required roentgenograms.
Electrocardiograms are also available.
Referral laboratories for studies mentioned in
this report include: BioScience Laboratories in
Honolulu (special chemistries, serologic tests),
Pathologists Laboratories, Inc. (Papanicolaou
smear readings), the Endocrinology Laboratory
at Brigham and Women’s Hospital, Boston (thy-
roid function tests and prolactin assays), Proto-
zoal Diseases Branch, Centers for Disease Con-
trol, Atlanta (toxoplasma serologies), Division of
Endocrinology and Metabolism, Reese Hospital
and Medical Center, Chicago (thyroglobulin lev-
els), Hematology Laboratory at the University of
California, San Francisco (erythropoietin assays),
Parasitology Laboratory of the National
Hansen’s Disease Center, Carville (ova and par-
asite identifications), and the Hematology
Laboratory, University of Louisville School of
Medicine (folic acid and vitamin B;z assays).

Medical Findings
OVERALL MORTALITY

The age- and sex-matched comparison popu-
lation of 86 Marshallese® selected in 1957 has
been used in the construction of survival curves.
Although 38 of these persons are no longer seen
for annual medical examinations (26 are
deceased), their status has been made available
to the medical team through personal acquain-
tances of the individuals. Figure 1 shows the
survival of the exposed and unexposed popula-
tions through 1982. Note that data collection on
the comparison group began in 1957 rather than
1954. Use of the tests of Mantel® and Breslow*
revealed no statistically significant difference
between the survival curves of each of the
exposed groups and the comparison group.

RECENT MORTALITY

The following 10 deaths have been recorded
since the 26-year reportlz
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Figure 1. Percent survivors of the different exposure groups since 1954.
The curves are based on the total original populations, including those in utero.

Rongelap no physician was in attendance. Other medical

NONE problems had included post-polio paralysis since

childhood and bilateral congenitally dislocated

Ailingnae hips.

SusJect No. 51. This 51-year-old woman
had severe chronic obstructive pulmonary dis-
ease with marked emphysematous changes on
chest x ray and evidence of cor pulmonale on her
electrocardiogram. Chronic bronchitis and
emphysema had been persistent at least since
1974, She expired at Majuro Hospital.

Utirik

SuBJecT No. 2241. This 56-year-old woman
died at Straub Clinic and Hospital (Honolulu)
with septicemia resulting from diabetes (known
for at least 6 years) and a recent above-the-knee
amputation stump that had become infected
after surgery at Ebeye Hospital.

Susdect No. 2161. This 56-year-old woman
died on Ailinglapalap Atoll after a two-month
illness characterized by abdominal pain and
jaundice. The cause of the illness is unknown as
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SusJecT No. 2120. Insulin-requiring dia-
betes and severe neuropathy were the major
problems of this 70-year-old man when last
examined in 1982. He was being followed at
Majuro Hospital where he died later that year.

Comparison

SuBJECT No.982.. This 61-year-old lady had
a history of moderate hypertension under
treatment for at least 15 years. In 1980 shehad a
paralytic stroke complicated by pneumonia and
was referred to the Ebeye Hospital. She died in
April 1981,

SuBJecT No. 849. This 62-year-old man had
diabetes treated with insulin. Severe peripheral
vascular disease had led to bilateral leg ampu-
tations in 1972 and 1977. No other significant
problems were detected on his last examination
in 1980. He died in 1981.



SusJecT No. 889. This 55-year-old woman
had ductal carcinoma of the breast with positive
axillary nodes diagnosed in 1980. She was
treated at Straub Clinic and Hospital and
returned to Ebeye to be placed on chemother-
apy, but expired late in 1980.

SusJecT No. 1554. Diabetes and senility
were the clinical problems of this 62-year-old
woman who died in 1981 on Ebeye.

SusJdecT No. 1571. Neurologic abnormali-
ties detected on the 1982 examination led to the
diagnosis of a spinal cord tumor (astrocytoma)
in this 28-year-old woman. She died at Tripler
Army Hospital following surgery for the tumor
in 1982,

SusJECT No. 945. This 57-year-old woman
had severe pulmonary disease (FEV1 = 0.5) and
a history of cough and dyspnea for many years.
She died in 1982 after being admitted to Ebeye
Hospital with increasing cough and chest pain.
Tuberculosis had not been confirmed in earlier
evaluations, and the cause of the lung disease
was not ascertained.

HEMATOLOGY

No hematologic malignancies were diagnosed
in 1980-1982. Mean neutrophil counts (Figure
2a) in the Rongelap and Ailingnae groups
remain, as in most years, slightly lower than
control values. Lymphocyte counts (Figure 2b)
are low only in the small Ailingnae group,
although mean Rongelap values were below
control levels during the early years of surveil-
lance. Platelet counts (Figure 2c and d) are cur-
rently near control levels, although in retro-
spect one can argue that it may have taken
about 20 years for this to occur in the Rongelap
group. Hematocrit values have always been
within a few percent of control levels and are not
shown.

There have been few statistically significant
differences in blood counts between exposed
and unexposed groups on a year-to-year basis.
The relative constancy of the differences over
many years, however, raises the possibility of
long-term constraints on hematopoiesis in the

. Rongelap and Ailingnae groups.

The following table is an analysis of group
differences in the blood cell counts of Figure 2.
The entries are p values for tests of trend of
blood cell counts over time,5 the counts of the
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exposed groups being less than the comparison
group in all instances.

Rongelap vs Ailingnae vs
Comparison Comparison

Neutrophils 0.04 0.04
Lymphocytes NS 0.004
Platelets (females) 0.04 NS
Platelets (males) 0.04 NS

NS = not significant

The nonparametric test used in this analysis
is one of low sensitivity, and a more detailed
analysis is in preparation. In particular, the
effects of mortality on trend will beinvestigated.

Although there could have been inherently
different counts among the groups irrespective
of radiation exposure, the significance of the
latter is suggested by the observation that three
cell lines reflect the same trend. The possibility
that there may be such a long-term depression
of hematopoietic elements stands in contrast to
data from other sources. Occasional differences
in blood counts have been noted between
radiation-exposed and control populations in
Japan, but the differences “were small and too
irregular with respect to age, sex, and time of
exposure to be attributed conclusively to radia-
tion exposure.”6 Quantitative recovery of hema-
topoietic tissue from acute radiation injury is
often complete within 2-3 months.” There is no
reason to infer clinical significance from the
present findings; the variations, on both a
group and an individual basis, are minor, and
there is no evidence so far of increased suscepti-

- bility to infection in exposed persons.

MARKERS OF POSSIBLE
SUBCLINICAL NEOPLASIA

A variety of tests have been performed as a
part of surveillance efforts to detect neoplastic
or paraneoplastic processes which might remain
subclinical for extended periods. In 1981, 400-
cell leukocyte differentials were done to look for
changes in low frequency cells, particularly
monocytes and basophils (Table 1). Macrocyto-
sis and polycythemia are routinely evaluated
when clinically indicated, and grouped values
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Figure 2. Mean blood cell counts of the different exposure groups (age 5 years or more) expressed as percent of
control, beginning two years after exposure. Values for both sexes are grouped for neutrophils and lymphocytes.
Detailed annual observations on Utirik blood cell counts were not begun until 1973. Leukocyte differentials or
platelet counts were not obtained for six and five annual examinations, respectively, although for graphing
purposes the 100% line has not been broken at those years.
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Table 1
Grouped values (+ SD) of hematologic data obtained from persons who had 400-cell leukocyte differen-
tial counts in 1981. Using analysis of variance and t-tests, no significant differences were found among

the exposure groups or between exposed groups and the comparison population.

Mean
Exposure Corpuscular Hemoglobin
Group (n) Monocytes/ul Basophils/ul Volume (fl) (g/dl)
Rongelap (46) 3541139 9.3+21 91.7+5 14.2+1.6
Ailingnae (13) 338+166 7.7+17 90.445 13.9+1.2
Utirik (108) 375167 11.6+20 88.9+5 14.2+1.7
Comparison (103) 386177 10.8+21 90.0+5 14.2+1.4

for mean corpuscular volume and hemoglobin
level, also from 1981, are shown in the same
table, In 1982 the following special tests were
performed: serum erythropoietin assays were
obtained on many individuals, including all
those with elevated or high-normal hemoglobin
levels, using a sensitive radioimmunoassay,
and serum calcium and serum protein levels, as
well as serum protein electrophoresis, were done
on all exposed individuals. The results are dis-
cussed below.

Monocytes. The normal monocyte concen-
tration in peripheral blood is approximately
300/ul with an upper limit of normal of about
800/ ul.g Values above this could be 1) occasion-
ally normal; 2) the result of statistical variabil-
ity inherent in a differential count; 3) due to.a
variety of infectious and granulomatous dis-
eases; and 4) an accompaniment of amalignant
process, including preleukemia. Mean values
were similar in all exposure groups. Using
analysis of variance and t-tests, significant dif-
ferences were not found among the four expo-
sure groups or between exposed groups and the
comparison population. Four persons from
Utirik and two from the comparison population
had counts exceeding 800/ul. All but one (a per-
son from Utirik who has not presented for reex-
amination) were normal when retested.

. Basophils. Thesecellsnormally numberless

than 200/ul, with amean of 40/ul. Basophilia is
often seen in the various myeloproliferative
syndromes. There were no statistically signifi-
cant differegces among the exposure groups.
The highestwrecorded, 120/u], was in the

unexposed popul®tion.
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Mean Corpuscular Volume (MCV). An in-
crease in the size of erythrocytes is most often
due to alcoholism or a deficiency of folic acid or
vitamin Bis. It can also be seen with aplastic
anemia, sideroblastic anemia, preleukemia, and
occasionally with solid tumors. There were no
statistically significant differences in MCV
among the exposure groups. The upper limit of
normal for the MCV is about 100 fl. In 1981 one
person from Rongelap, a 70-year-old woman,
exceeded this (MCV of 102 fl). Her serum Bi2
level was found to be low (108 pg/ml), although
intrinsicfactor antibodies were absent. She was
started on parenteral vitamin Bis.

Hemoglobin. There were no statistically
significant differences in mean hemoglobin level
among the exposure groups. The upper limits of
normal in Marshallese have been found to be
approximately 17.7 g/dl for men and 15.7 g/dl
for women. These are identical to values found
in a normal U.S. population.9 Polycythemia is
seen most often in heavy smokers, but it can
also occur with the myeloproliferative syn-
dromes and certain solid tumors, particularly
those of renal or hepatic origin. Polycythemia
vera, amyeloproliferative disorder,‘ characteris-
tically has a depressed level of serum erythro-
poietin. No low levels were found in any person
tested. High erythropoietin levels are character-
istic of the polycythemias due to solid tumors.
No high levels were found in any nonanemic
individual. .
~ Serum Calcium. Hypercalcemia (serum cal-
cium > 10.5 mg/dl) can be caused by, among
other things, parathyroid adenomas and many
malignant diseases, usually metastatic tumors.



There is increasing evidence of an association
of parathyroid adenomas and hyperparathy-
roidism with radiation exposure to the head and
neck regions.10 Two persons from Utirik and
one of the comparison population had mildly
elevated serum calcium levels 0£10.9-11.2 mg/dl.
These are to be rechecked when the individuals
appear for reexamination.

There were no low serum albumin levels
which could have resulted in the masking of
hypercalcemia. ]

Serum Protein Electrophoresis. Monoclonal
increases in serum globulins can occasionally
be benign, but they are also seen in association
with myeloma, lymphoma, and solid tumors.
No monoclonal spikes were found on serum pro-
tein electrophoresis. A decrease in gamma glob-
ulin is a frequent finding in the lymphoprolifer-
ative disorders. The normal range for gamma
globulin is from 0.50 to 1.40 g/dl. The lowest
value found in the Marshallese was 1.20 g/dl.
There were no significant differences in mean
gamma globulin values among the exposure
groups (Table 2).

IMMUNE STATUS

In 1957 the first of several tests for evaluating
the immune function of exposed Marshallese
was performed.2 The serologic responses to
primary.and secondary challenges of tetanus
toxoid were found not to be significantly differ-
ent between exposed and unexposed persons,
although the range of titers was great, the
number of persons tested was small, and the

primary response was somewhat lower in the
exposed. In 1959 complement fixation tests fora
battery of viral and rickettsial diseases (includ-
ing influenza, mumps, and adenovirus) were
performed. The Rongelap group had lower mean
titers than the comparison group for most of the
complement-fixing antibodies tested."’ No sig-
nificant differences were noted in serum protein
electrophoretic studies in 1957. In 1969, how-
ever, exposed persons had a mean gamma glob-
ulin level 18.3% below that of the comparison
group (p = 0.01).12 In 1974 this difference was
not noted.”® The gamma globulin levels mea-
sured in 1982, shown in Table 2, again reveal no
statistically significant differences among
exposure groups. Also included in Table 2 are
the mean 1982 lymphocyte counts; the Ailing-
nae values are, by t-test analysis, significant-
ly lower than that of the comparison group
(p < 0.05). :

Ophthalmologic examinations in 1981 re-
vealed the presence in several individuals of
lesions compatible with ocular toxoplasmosis.
Toxoplasma gondii is an intracellular proto-
zoan which is most commonly disseminated
among humans via cat feces or inadequately
cooked pork. It elicits both humoral and cellular
immune responses, and medical complications
are more commonly severe in those individuals
with a suppressed immune mechanism.* Be-
cause of the potential risk of toxoplasmosis to
exposed persons, a serologic survey for toxo-
plasma antibodies was performed on 517 Mar-
shallese sera collected at the time of the annual
examinations in 1982.

Table 2
Grouped values (+ SD) for serum gamma globulin and lymphocyte count, 1982. No statistically significant
difference between exposed and unexposed groups was found for gamma globulin, but lymphocytes were lower

(p <0.05) for the Ailingnae group (t-test).

Ronegelap Ailingnae Utirik Comparison
Gamma Globulin 1.91+041 1.81+0.24 1.98+0.45 1.961+0.48
g/dl* (n) (46) (93) (92)
Lymphocytes/ 2778+791 1983+653 28651904 27321793
ul (n) (47 (10) (93) (99)

*Normal range at Brookhaven National Laboratory — 0.50 to 1.40 g/dl.




Almost all individuals tested were over 15
years of age. Fluorescent immunoassays were
performed by the Parasitic Diseases Branch of
the Centers for Disease Control, Atlanta, Geor-
gia. The overall prevalence of positive titers was
93.6%, a finding to be expected on the basis of
investigations by others in tropical regions,
including Oceania.'””'®*A greater number of per-
sons with insignificant titers (<4) was found in
the Rongelap and Ailingnae groups (Table 3a).
Furthermore, the mean log titer (MLT) of the
combined Rongelap and Ailingnae groups was
significantly lower than those of the Utirik and

comparison groups (p <0.05). The MLTs of the
four groups were similar, however, when titers
<4 were excluded, suggesting that if infection
did occur there was little, if any, difference in
ability to mount an antibody response. Table 3b
shows that individuals living on Rongelap had
the lowest MLTs whether or not exposed per-
sons from Rongelap and Ailingnae were
included, although the difference is not statisti-
cally significant. It is possible, therefore, that
thelower mean toxoplasma antibody titer of the
Rongelap-Ailingnae exposure group was due to
a decreased opportunity for exposure to the

Table 3
Serum toxoplasma titers and chorioretinal scars.

a) Exposure Group

Rongelap and Ailingnae Utirik Comparison
MLT* 6.66+£3.72 8.29+2.49 7.811+2.49
(61)** 97 (100)
% <4 18.0% 3.1% 4.0%
MLT minus <4 8.12+2.19 8.55+2.03 8.14+1.95

b) Island of Residence

Ebeye Majuro Rongelap Utirik
MLT 7.69+2.51 8.11+3.34 7.22+3.23 8.481+2.56
(103) - (62 87 (172)
MLT minus 7.84+2.44 8.57+2.64 7.62+2.84 8.49+2.36
Rongelap and (69) (53) (71) (172)
- Ailingnae
Exposed
¢) Age Distribution
<10 yr 10-19 yr >19yr
Rongelap and 5.89+3.55 8.27+3.58 6.82+3.88
Ailingnae (28) (11) (22)
Utirik 8.361+3.00 7.86+1.83 8.36+1.82
(50) (14) (33)
Comparison 7.49%2.56 7.76+2.80 8.151+2.26
(39) (21) (40)
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Table 3 (Continued)
Serum toxoplasma titers and chorioretinal scars.

d) Retinal Lesions

Rongelap and Ailingnae Utirik Comparison
(51) (98) (86)
Number 1
% . 3.9 1.0 2.3
a) Compares exposure groups, including and excluding those persons with negative tests (titers <4).

b) Compares persons tested from the four islands visited by the medical team, including and excluding the

exposed from Rongelap and Ailingnae.

¢) Compares exposure groups according to age at the time of exposure.
d) Compares exposure groups according to prevalence of chorioretinal scars.

* Mean log titer.
Number of persons per group.

organism rather than to a deficient immune
response. Table 3¢ shows that the lowest MLTs
were present in Rongelap and Ailingnae per-
sons who were<10 years and >19 years of age at
the time of exposure. No apparent clinical con-
sequences can be related to radiation; retinal
lesions which may have been due to toxoplas-
mosis were similar among the four exposure
groups (Table 3d).

The immune response of the exposed Mar-
shallese will continue to receive attention
because impaired immune function may place
them at greater risk for infection and perhaps
for tumor development.!” Knowledge of any
such risk may have a direct bearing on medical
carein future years. An evaluation of tuberculin
and candida skin test responsiveness is cur-
rently under way. _

There has been no evidence to date of auto-
immune disorders. Rheumatoid arthritis has
yet to be diagnosed with certainty in exposed
persons. Two hundred fifty-seven persons (154
exposed and 103 unexposed) had serological
evaluation for the presence of rheumatoid factor
in 1981-82. The only positive test found wasin a
46-year-old Utirik man who had no evidence of
rheumatic or collagen-vascular disease. This
low prevalence of 0.4% contrasts with 5.2%
reported for Maorisin New Zealand ® and 4% to
40% reported for various age groupsin the U.S."?
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NONTHYROIDAL NEOPLASMS
IN EXPOSED PERSONS

Pituitary Tumor

A prolactinoma was diagnosed in 1981 and
confirmed at surgery in 1982 in a 29-year-old
Utirik woman (No. 2160X) with galactor-
rhea/amenorrhea. She had been exposed as an
infant, but, in contrast to others, she left Utirik
within 24 hours of the fallout and never returned
to the atoll. The hospital summary of her surgi-
cal admission at the National Institutes of
Health can be found in Appendix II. Retrospec-
tive assays of frozen sera saved on this patient
from previous years revealed equivalent prolac-
tin elevations as far back as 1975 (earlier sera
were not available for testing). A photomicro-
graph of the surgically removed tumoris shown
in Figure 3.

A nonfunctioning pituitary tumor had been
diagnosed in 1976 in a 35-year-old exposed Ron-
gelap woman and reported.' The finding of a
second clinically significant pituitary tumor in
a total of 241 persons originally exposed to fall-
out (not including those in utero) represents a
high incidence for these benign neoplasms. The
incidence of clinically apparent pituitary tumors
in the U.S. among persons under 45 years of age
approaches 1/100,000 population/ year.2° The
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Figure3. Withimmunofluorescéntstaining a dark cytoplasmic reaction product,indicated by the arrows, can be
seen localizing prolactin in cells of the pituitary adenoma diagnosed in an exposed Utirik woman (No. 2160X).
Prolactin-secreting cells have round-to-oval nuclei and distinct nucleoli (x800).

incidencerate in the exposed Marshallese, based
on a total of 4252 observation years, is 17.8 times
that recently reported from Olmsted County,
Minnesota.? In the same study, women between
the ages of 15 and 45 years had an incidence of
7.1/100,000 persons per year. The incidence rate
in exposed Marshallese women in the same age
group (which includes the two patients discussed

here) and based on 2176 observation yearsis 13.6
times the Olmsted County incidence.

The following table provides relative risks, p
values, and approximate confidence intervals
for women between 15 and 44 years of age and
for men and women combined who are less than
45 years of age, with Olmsted County used as the
referent population:

’

95%
Marshall Olmsted Relative Confidence
Islands County Risk Interval p Value
Women Incidence: 2 11
15-44 yr Person Yrs: 2176 163,096 13.6 (4, 42) 001
Tot.Pop. Incidence: 2 12
<45yr Person Yrs: 4252 454,472 178 (6,53) <0.001
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While no cases have been diagnosed in a com-
parison population of unexposed Marshallese,
the number of person years of observation is
small (698 person years for women 15-44 years of
age, 1527 person years for the total population
<45 years of age). This does not permit a
meaningful statistical analysis of pituitary tumor
incidence in the Marshall Islands. Nevertheless,
the absence of cases in the unexposed group does
tend to support the results of the statistical
analysis using data from Olmsted County.

Note that the observation years of the Mar- '

shallese cover the entire period from 1954
through 1982. No allowance is made in the inci-
dence data for any latent period in tumor induc-
tion because there is no available information
on what that might be. Nevertheless, it is clear
that both tumors were present 21-22 years after
exposure. ‘

The reason for the apparent increase in rela-
tive risk for pituitary tumors in the exposed
Marshallese, if not chance occurrence, is
unknown. There are no prior reports of pituitary
tumors being inducible by radiation in man,
although they can be produced by external
gamma radiation and apparently by bone-
seeking nuclides in experimental animals. %
No increase in pituitary neoplasms has been
noted among survivors of the atomic bombings
in Japan or among children who received cran-
ial irradiation.?*® While the development of two
pituitary tumorsin the relatively small population
of exposed Marshallese may be evidence that cer-
tain types of radiation can induce pituitary neo-
plasia in man, the link is not a strong one, being a
statistical phenomenon without a known biologi-
cal basis.

Conceivably, pituitary neoplasia may have
developed secondary to preexisting thyroid dis-
ease. Hyperplasia/adenoma formation of pitui-
tary cells can result from thyroid hypofunction,%'?7
and hypothyroidism is sometimes assoeciated
with hyperprolactinemia and/or gala\ctorrhea‘28
Thyroid hypofunction has been noted amon
16% of the exposed individuals from Rongelap.”
Hypothyroidism in general has not been asso-
ciated with pituitary tumors in man, however,
and the two Marshallese women were, for the
most part, clinically and biochemically euthy-
roid en tested in the years preceding the
pituiraz_\lmor diagnoses (see Table 4 for

exceptions)®
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Table 4
Serial thyroid-stimulating hormone* (TSH)
levels in two patients with pituitary tumors.

Case No. 1**

Case No. 2
1965 2.2
1967 1.0
1969 1.7
1972 110 <25
1973
1974 1.0
1975 59
1976 115t
1978 1.8 1.7
1979 03
1981 <25 < 2.5t

* Normal values are less than 5 uU/ml.

** Case No. 1 had a total thyroidectomy in 1969 for papillary
carcinoma, and the elevated TSH levels in 1972 and 1976
were obtained when thyroxin was discontinued prior to 131
scanning.

 Year pituitary tumor was diagnosed.

It should be noted that occult pituitary tumors
can be found in up to 27% of consecutive autop-
sies.®*® It is not clear, however, that such ubig-
uitous neoplasms are analogous to those which
produce clinical disease.

Prolactinoma Survey. The most common
pituitary tumor in humans is prolactinoma, its
chemical marker being hyperprolactinemi.':l.si2
In 1981-82 serum prolactin levels were obtained
on 174 of the 178 persons remaining in the
exposed population (four persons have not been
examined in several years). The prolactin
radioimmunoassays were performed in the
laboratory of Dr. P.R. Larsen, Peter Bent
Brigham Hospital. One persistent and unex-
plained elevation was found in an 82-year-old
woman in the Utirik group, who was 54 years of
age at the time of exposure to fallout. It may be
clinically pertinent that, although married, she
had no children. Skull x rays revealed a normal
sella turcica. Because 1) there was no clinical
evidence of a mass lesion, 2) she was of an
advanced age, and 3) the serum prolactin eleva-
tion was minimal (42 ng/ml, with the upper
range of normal for females in this population,
based on two standard deviations above the
mean, being 22 ng/ml), further evaluation was
not carried out. It is not certain, therefore, that



she has a pituitary tumor, or, if so, whether or
not it was the cause of her infertility.

Meningioma

A 43-year-old woman (No. 2249) exposed on
Utirik at age 15 had neurosurgery for a menin-
gioma in 1982. The histology was interpreted at
the, Armed Forces Institute of Pathology as
being “atypical” (Figure 4). A summary of her
initial hospitalization is presented in Appendix
II1.

Comment. Pituitary tumors are included
under benign neoplasms of endocrine glands in
the International Classification of Diseases (9th
Revision, 1979). Because of unique characteris-
tics related to anatomic placement, however,
they have been included among the primary
intracranial tumors in some studies.**** Clini-
cally and at autopsy, no increase in pituitary
adenomas has been found in Japanese atomic
bombing survivors,”*® children who received
x-irradiation of the scalp for T. ca,pitis,25 86
workers in industries involving radioactive
materials,?®*® or proton-exposed Macaca
mulatta.”® Nevertheless, all the cited studies
reported an excess of primary brain tumors,
including meningioma (although a correlation
with radiation exposure was not always found).
It is therefore premature to conclude that the
two pituitary tumors and the meningioma
diagnosed in exposed Marshallese have a com-
mon etiology because they are all intracranial.
Nevertheless, this particular disease category
clearly requires continued careful monitoring.
One primary central nervous system tumor has
occurred in the comparison population, an
astrocytoma of the spinal cord diagnosed in
1982 in a 28-year-old unexposed Rongelap
woman.

THYROID NEOPLASIA

Methods. The thyroid nodule statistics in
the 26-year report1 were based on a reassess-
ment of all thyroid resections from 1963 through
1981. The signal contribution to that reassess-
ment was provided by Dr. Donald Paglia (Uni-
versity of California, Los Angeles) who arranged
a histopathologic classification which con-
formed to that of the World Health Organiza-
tion.'! This led to greater unanimity in diagno-
sis than had previously existed. The medical
program is fortunate in having four eminent
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consultant pathologists involved in that review
who continue to evaluate prepared sections of
recent thyroid lesions,* and the World Health
Organization classification has been retained.

Each year the exposed and comparison popu-
lations receive careful neck examinations by an
endocrinologist or surgeon. Patients of all expo-
sure groups requiring thyroid surgery continue
to have their operations performed by Dr. Brown
Dobyns at Cleveland Metropolitan Hospital. A
comprehensive presurgery medical evaluation
is provided at the Hospital of the Medical
Research Center, Brookhaven National Lab-
oratory.

Clinical followup of patients who have had
surgery is carried out along the guidelines
recommended by Dr. Jacob Robbins, Chief,
Clinical Endocrinology Branch, the National
Institutes of Health. The procedures used, apart
from complete physical examinations provided
annually,include thyroid scans, tests of thyroid
function, and thyroglobulin determinations. Up
to the present no mortality can be attributed to
thyroid carcinoma in any of the operated per-
sons, nor is there any evidence of residual
malignant disease. There is, of course, the mor-
bidity associated with decreased thyroid func-
tion in persons who have had surgical removal
of large amounts of thyroid tissue, whether
benign or malignant. Thyroid hormone sup-
plementation (Synthroid) is routinely supplied
to those individuals.

Thyroid hormone supplementation for all
Rongelap-Ailingnae exposed, begun in 1965,
has been continued. The reason for its use was
to prevent the development of thyroid neopla-
sia. Thyroid nodules, however, have continued
to occur over the years of surveillance, and it is
not known if thyroid supplementation has
delayed or prevented their development. A recent
report suggests that such supplementation pro-
grams may be ineffective if begun more than a
few years after radiation exposure.42 There is,
however, another reason for continuing the cur-
rent program, one that is based on the observa-
tion of subclinical hypothgyroidism in a number
of Rongelap individuals.?”® This complication of
their radiation exposure was detected only

* Dr. L.V. Ackerman, Health Sciences Center, SUNY, Stony
Brook, NY; Dr. W.A. Meissner, New England Deaconess Hospi-
tal, Boston, MA; Dr. A L. Vickery, Massachusetts General Hospi-
tal, Boston, MA; Dr. L.B. Woolner, Mayo Clinic, Rochester, MN.
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Figure 4 Photomicrographs of a meningioma diagnosed in an exposed Utirik woman (No. 2249). (a) and (b)
represent low- and high-power views, respectively, of typical meningioma histology, whereas (¢) and (d) show
atypical areas with increased mitoses, nuclear pleomorphism, and hypercellularity. [Reviewed at the Armed
Forces Institute of Pathology, Washington, DC (Dr. J.A. Gutierrez).]



because thyroid-stimulating hormone levels
have been performed annually on that popula-
tion. (The Utirik population is currently tested
every two years: no cases of nonsurgical thyroid
hypofunction have been detected.) It is not
known if the incidence of biochemically detec-
table thyroid hypofunction is increasing among
the people of Rongelap, because 1) thyroid hor-
.mone replacement would have to be temporarily
discontinued for testing, and 2) treatment for
hypofunction would be the same supplementa-
tion they are currently receiving. It is not clear,
therefore, that they would derive any clinical
benefit from the information that might be
obtained.

There is a continuing problem with noncom-
pliance in taking Synthroid, even though the
medical program provides and distributes the
supplement. For 1980-1982 the average percent
of elevated TSH values in the Rongelap group
was 19% even though all persons in the group
are advised to take suppressive doses of Syn-
throid. This is clearly a minimum estimate of
noncompliance because many persons who are
to take thyroid supplementation are euthyroid.
Their noncompliance would therefore not be
reflected in the TSH level. In 1980, when 24%
had elevated TSH levels, another 18% with
normal TSH levels admitted to either irregular
compliance or none at all. This adds up to a 42%

minimum estimate for noncompliance in that
year. “Complete failure” to take prescribed med-
ication may occur in 25-50% of outpatients in the
U.s.®

Findings. One thyroid nodule was detected
in a 28-year-old woman of the comparison popu-
lation in 1981. Surgery proved it to be an ade-
noma. This nodule, as well as those detected in
1980, were included in the statistics of the 26-
year report.1

Five persons underwent surgery in 1982 for
suspected thyroid nodules. Significant pathol-
ogy, however, was found in only three. Two of
these were exposed persons from Rongelap (Nos.
36 and 65). They had adenomatous nodules
removed in 1969 and 1966, respectively. The
nodules detected in 1982 were also adenomatous
nodules. They are therefore notincluded as new
cases in the updated statistics. The other patient
(No. 942) was a 65-year-old woman in the com-
parison population; three of four pathology con-
sultants felt she had occult papillary carci-
noma, while the fourth felt the lesion to be
follicular carcinoma. An updated listing of all
surgically removed lesions in the four exposure
groups through 1982 is presented in Table 5.

A reassessment of abserbed radiation dose to
the thyroid has now been completed and a
summary of the results is presented in Appen-
dix I. Dr. Robert Conard and Mr. Edward Les-

Table 5
Thyroid lesions diagnosed at surgery through 1982.

Occult
Adenomatous Papillary
Nodules Adenomas Carcinomas Carcinomas
Rongelap (67)* 17 2 4 —
Ailingnae (19)* 4 — —_ 1
Utirik (167)* 10 2 3t 1
Comparison (227)** 3 1 ’ 2 aft

NOT INCLUDED are the following unoperated (and therefore unconfirmed) nodules: Rongelap-1; Ailingnae-1; Utirik- 1; comparison - 5.
INCLUDED are all consensus diagnoses of a panel of consultant pathologists; two different lesions were detected in one person each from

Rongelap, Ailingnae,'and Utirik.

* Number of persons (including those in utero) who were originally exposed.
** This number includes all persons who have been included in the comparison group since 1957. Some have not been seen for

many years; others have been added as recently as 1979.

Equally divided opinion in one case; follicular carcinoma vs atypical adenoma.
Divided opinion in one case; occult papillary carcinoma vs follicular carcinoma. The same patient had a lymphocytic thyroiditis.
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sard (Safety and Environmental Protection
Division, Brookhaven National Laboratory)
haveintegrated the total clinical experience col-
lected by the medical program relating thyroid
neoplasia to radiation exposure. It should be
noted that the unexposed population statistics
were supplied by Dr. Conard and used in their
calculations. Included are many individuals not
in the comparison population. For example,
“street surveys” for palpable thyroid lesions
were carried out on the islands of Wotje and
Likiep. From these and other unselected popula-
tions an approximate incidence of thyroid neo-
plasia for unexposed Marshallese has been
derived. Table 5, on the other hand, is restricted
to persons in the exposure groups defined at the
outset of this report.

INDIVIDUAL LABORATORY DATA

As in earlier Brookhaven National Labora-
tory reports on the findings of the Marshall
Islands medical program, a listing of individual
laboratory test results obtained at the time of
the annual examinations is provided in Appen-
dix IV. This computer-generated listing has
been the base fordata analysis as performed on
a VAX computer using BMDP statistical pro-
grams. The data presented were obtained at the
time of the annual medical examinations in
1981 and 1982. Laboratory work performed at
other times when clinically indicated is not
included in the computer listing. For example, if
a woman were found to have iron-deficiency
anemia at the time of an annual examination
and was treated with iron, her initial hemo-
globin level and not the recovery value would be
given in Appendix I'V. All test results, however,
are found in each person’s active medical file.
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