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FOREWORD

As part of the United States atmospheric nuclear weaponstesting program between 1946 and 1958, 23 nuclear
devices were detonated at the Bikini Atoll and 43 nuclear devices were detonated at the Enewetak Atoll. A 1954
nuclear weapons test on the Bikini Atoll, test shot code named Castle Bravo, produced a nuclear yield much
higher than anticipated. Thelevels and dispersionof the radioactive fallout from Castle Bravo weresignificantly
greater than originally expected. This resulted in radioactive fallout on the inhabited atolls of Rongelap and
Utrik. The Rongelap and Utrik people were evacuated from their contaminated atolls 48 and 72 hours,
respectively, after the Castle Bravo test shot. The original population directly exposed to the fallout from Castle

Bravo consisted of 241 individuals and 12 fetuses. Absorbed doseestimates for the exposed population were in
the order of 0.11 to 1.9 Gray (11 to 190 Rad) to the whole body and from 1.9 to 200 Gray (190 to 20,000 Rad)
to the thyroid.

 

Public Law 99-239 mandated that the Government of the United States would “continue to provide special
medical care and logistical supportto...the remaining population of the Rongelap and Utrik who were exposed

to radiation resulting from the 1954 Bravo test." The Department of Energy (DOE), through its contract with

the Brookhaven National Laboratory Medical Department, implements this congressional mandate.

The present DOE Marshall Islands medical surveillance program consists of two field missions per year. The
purpose of the program is to provide medical care and treatment for radiologically related problems for those
Marshallese who were exposed to fallout from the 1954 Castle Bravo test. As of December 1991, the originally
exposed population consisted of 159 individuals. The medical surveillance program offers, on a voluntary
participation basis, an annual physical examination to these individuals, as well as annual physical examinations

to a comparison/control unexposed population.

The medical surveillance procedure includes a complete annual physical examination, which is based on the
criteria established by the American Cancer Society. Typical medical missions included specialists in
gastroenterology, hematology, obstetrics/gynecology, endocrinology, oncology, radiology, cardiology, nephrology,
pulmonology, and rheumatology.

This, the 16th report of the Marshall Islands Medical Program, disseminates information concerning the medical
status of the 253 Marshallese exposed to the fallout from the 1954 Castle Bravo test shot.

Paul J.Seligmaé,M.D., M.P.H.
Director Deputy Assistant Secretary
Office of International for Health Studies

Health Studies

 

 



 

EXECUTIVE SUMMARY

Introduction

Asa result of the radiation exposure of individuals on the Marshall Islandsatolls of Rongelap and Utrik shortly
after test shot Castle Bravo, the United States began providing surveillance and health care associated with
radiation related diseases to those individuals exposed. This responsibility was codified into law by Public Law
95-134 (1977) and Public Law 99-239 (1986). The distribution of the initially exposed group was as follows: 64
persons on Rongelap, plus 3 fetuses; 18 persons on Ailingnae, plus 1 fetus; and 159 persons on Utirik, plus 8

fetuses. In later years, the Ailingnae have been combined into the Rongelap population. The Department of

Energy’s (DOE) Office of Environment, Safety and Healthis responsible for ensuring that the Marshallese who
were exposed to radiation during Castle Bravo in 1954 receive medical care and treatment for any injury,illness,
or condition that may be the result, directly or indirectly, from their exposure to the fallout from Castle Bravo.
For the last 37 years, the Brookhaven National Laboratory (BNL), under contract to DOE, has provided the
required health care and surveillance for this program. In addition to conducting surveillance of the exposed
Marshallese group, BNL has been monitoring a cohort of unexposed Marshallese. The individuals in this cohort
were selected to mirror the age, sex, etc., distribution of the exposed group. Currently, there are approximately

154 of the exposed population and 115 of the unexposed population being monitored. This report discusses the
medicai care provided and the medical findings for the years 1988-1991.

Procedure

In the spring andfall of each year, the BNL medical team visits the islands of Mejatto, Utrik, Ebeye, and Majuro
to provide medical surveillance to the exposed and unexposed cohorts. The medical team is composed of BNL
personnel, DOE Headquarters personnel, staff of the Marshallese Government Health Services, and volunteer

physicians from various universities and government andprivate institutions in the United States. The medical
team travels from island to island on a DOEleased vessel. The vessel has examinationfacilities and is capable
of doing basic laboratory work. Blood samples for more complex tests, such as Thyroid Stimulating Hormone
tests, are frozen and taken to BNL. The following examinations are performed during the medicalvisits:

A. A cancer-related examination as defined by the American Cancer Society;

o A review of systems and a complete medical examination;

o Pelvic examinations with Papanicolaou smears;

o Stool testing for occult blood;

o A mammogram for females;

0. A flexible sigmoidoscopy for females and males; and

o Advice on decreasing risk factors and on self-detection of lesions

B. An annual thyroid examination and thyroid function testing;

C. Serum prolactin testing looking for pituitary tumors;

D. Annual blood counts to include platelets; and

E. Evaluation for paraneoplastic evidence of neoplasms.



Medical Findings

During the last 4 years, 95 percent of the exposed population from Rongelap, 98 percent of the exposed

population from Utrik, and 90 percent of the comparison population have been examinedat least once. Those
persons notresiding in the Marshall Islands are seen by a physician in their locality.

After 37 years, there is little difference between the longevity curves of the Rongelap group, the Utirik group,
and the unexposed cohort population. Each of the deaths (4 exposed and 10 nonexposed) that have occurred
during the report period is discussed later in the report. The Marshallese population has a high incidence of
diabetes, and it appears that one of the deaths of the exposed population andfive of the deaths of the unexposed
population were diabetes related.

There is a mild, but relatively consistent depression of neutrophil, lymphocyte, and platelet concentrations in the

blood of the exposed population. This depression appears to be of no clinical significance. Thyroid
hypofunction, either clinical or biochemical, has been documented as a consequence of radiation exposurein 14
exposed Rongelapindividuals. During this reporting period, one exposed person was diagnosedas having a basal
cell carcinoma. Previously, one other exposed person had been diagnosed as having basal cell carcinoma.
During this reporting period, a thyroid nodule was identified in an individual who was one of those who was in
utero at the time of the exposure. Upon pathologic review, the nodule was diagnosed as occult papillary
carcinoma.



DEDICATION

This report is dedicated to Dr. Brown M. Dobyns, M.D., Ph.D. Dr. Dobynsfirst volunteered to serve

as thyroid surgeon and consultant to the Marshall Islands Medical Program in 1969. He subsequently

participated in ten medical missions to the Marshall Islands. Dr. Dobyns’ compassion, skill, respect for
Marshallese customs, and personal involvement with the welfare of our Marshallese patients tempered the

emotional and physical duress of undergoing thyroid surgery at a major U.S. medical center where the number

of hospital employees alone far exceeded the population of their home island. His concern and graciousness

were amplified in the warmth and courtesy ofthe staff of Cleveland Metropolitan General Hospital, particularly
that of the Surgical Service.

Dr. Dobyns recently retired from his position in the Department of Surgery, Case Western Reserve
University, where heis currently Emeritus Professor of Surgery. Oneof his undertakings since retirement has

been the publication of a comprehensive review of approximately eighty thyroid surgeries performed on the

Marshallese during his involvement with the Brookhaven medical program (Dobyns and Hyrmer, 1991).
Although our thyroid surgeries are now performedat the Clinical Center, the National Institutes of Health, we
know that Dr. Dobynswill continue to extend to us the benefits of his medical wisdom and, occasionally, the

pleasure of his company.
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INTRODUCTION

This is the 16th report of the Marshall Islands

Medical Program prepared by Brookhaven

National Laboratory (BNL). The purpose of

these publications is to disseminate information

concerning the medical status of 253 Marshallese

exposed to fallout radiation in 1954. In so doing,

the medical program is fulfilling a commitment
incumbentonall health care organizations; i.c., to
disclose in a timely fashion unique medical

information relevant to the public health. Details
of the BRAVO thermonuclear accident that
caused the exposure have been published, and a
1955 article in the Joumail of the American
Medical Association describing the acute medical
effects in the exposed population remains a
definitive and relevant description of events
(Cronkite et al., 1955).

Participation in the Marshall Islands Medical

Program by the exposed Marshallese is voluntary.

Throughout the 36 years of this program, each
participating exposedindividual’s relevant medical

findings, laboratory data, and disease morbidity

and mortality have been published in the
Brookhaven reports in a manner preserving

patient confidentiality. Also, in each report, there
has been an attempt to interpret these findings
and to infer the role of radiation exposure in their
development. But an equally important aspect of
the reports has been presentation of the actual
data so that readers can apply their own analyses

to questions pertaining to the medical

consequencesof the Marshallese exposure.

EXPOSURE GROUPS

The exposed Marshallese population originally
was comprised of 64 persons on Rongelap Atoll
whoeach received an estimated 190 cGy of whole-
body external gammaradiation, 18 on Ailingnae
Atoll (Sifo island) who each received 110 cGy, and
159 on Utirik Atoll who each received 11 cGy. In
addition, there were 12 women who were pregnant
at the time of the accident (3 on Rongelap, 1 on
Ailingnae, and 8 on Utirik), each of whom
received whole-body doses equivalent to others in
the sameatoll, The twelve individuals exposed in
utero became a part of the exposed population
after birth. Because of radioiodines in the fallout,
the thyroid gland received an exposure that was

¥

much greater than the whole-body dose, the
magnitude of which was a function of age at the
time of exposure (Lessard et al. 1985). In
December 1991, the number of surviving exposed
persons was: Rongelap - 48, Ailingnae - 11, and
Utirik - 100. For most purposesin this report the
Rongelap and Ailingnae groups are treated as one
and referred to as the Rongelap group, because
those persons exposedto fallout on Ailingnae were
Rongelap inhabitants temporarily residing on this
nearbyatoll.

The Marshall Islands Medical Program also
examines a comparison group that dates from 1957
when 86 unexposed people from Rongelap were
selected. The makeup of the group approximated,
in age and gender, that of the exposed Rongelap
population (Conard et al., 1958). In December
1991, 56 persons remained in this group. From
1962 to 1978 additional persons were added as a
second comparison group in order to supplement
and replace persons lost from the original group.
This group was also matched by age and genderto
the exposed population and was similar to the 1982
Rongelap and Utirik exposed groups. In December
1991, the total population of the two comparison
groups was 115. As in previous reports, it is the
expanded unexposed population that is used in this
report for comparisons of year-to-year medical
events and for causes of death; this provides
baseline prevalences of disease in the community
from which unexpected consequencesofthe fallout
exposure can be identified. They are also used to
comparesurvival rates of the exposed population to
the unexposed population.

THE MARSHALL ISLANDS
MEDICAL PROGRAM

Policies:

The mandate of the program, as formulated by
the U.S. Congress most recently in 1980 (PL 96-205, .
Sec. 106 (a)), specifies "...a program of medical care
and treatment....for any injury, illness, or condition
which may be the result directly or indirectly of
such nuclear weapons testing program.”
Subsequently, in 1985, the Compact of Free
Association between the U.S. and the Republic of
the Marshall Islands provided for radiation injury
compensation to be managed by the Marshallese
themselves. However, a subsidiary agreement, in

 



 

response to a request from the Republic of the
Marshall Islands, has permitted the Brookhaven
medical program to continue to supplementlocal
health care for the exposed persons, stating *..the
President....shall continue to provide special
medical care and logistical support thereto for the
remaining 174 members of the population of
Rongelap and Utirik who were exposed to
radiation resulting from the 1954 United States
thermonuclear "Bravo" test, pursuant to Public
Laws 95-134 and 96-205."

The Marshall Islands Medical Program is a
clinical program which exists for the benefit of the
radiation-exposed Marshallese. It is a program of
radiation-related disease surveillance consisting of
periodic examination and treatment of disease.
Additionally, clinical investigations have been
carried out by the program over the years, the
intent being to identify present or future threats to
the health of the exposed Marshallese, hopefully
in time to prevent or limit morbidity and
mortality. For example, based on the medical
program’s early findings of numerous thyroid
nodules in the exposed population, thyroxine
suppression was initiated for the Rongelap people
in 1965 so that thyroid nodules/carcinoma might
be prevented. It is possible that this prophylaxis
has met with some success. This will be discussed
in detail below.

The Marshall Islands Medical Program is
distinct from the Marshallese Government Health
Services, which is a national program of health
care which encompasses two hospitals and a
network of clinics scattered over some 20 atolls.
This network serves the entire population of the
Marshall Islands, which numbers over 45,000,
whereas the U.S.-funded medical program is
directed to assist only those individuais who were
exposed to fallout radiation from the BRAVO
accident.

The Marshall ,Islands Medical Program
provides medical aag¢,twice yearly to the exposed
and comparison pagniations by visiting the islands
where most now regide, namely Mejatto, Utirik,
Ebeye, Majuro, and, prior to 1985, Rongelap.

Any exposed person who has medical findings
suggesting a malignant neoplasm, or other
radiation related disease, is referred to secondary
or tertiary medical facilities for definitive
evaluation and therapy. Those persons with
problems that can be effectively managed in
Majuro are referred to the Marshallese Health

Services. Those requiring a more extensive
evaluation are referred to hospitals in Honoluluor,
for the special cases of thyroid andpituitary lesions,
the National Institutes of Health in Bethesda,
Maryland. Individuals needing referral for non-
radiation related problems are referred to the
Marshallese Health Service where immediate

treatmentis initiated. .

During the process of providing medical
surveillance to the exposed Marshallese, the
physicians of the medical program come into
contact with children and other family members of
the exposed, as well as other inhabitants of the
islands. It has been the policy of the Departmentof
Energy to support the medical program in its efforts
to provide medical consultations by the medical
specialists on the mission to these individuals on the
basis of humanitarian need and as resources permit.
In addition, services of the Brookhaven medical
team andits facilities are offered to the Ebeye and
Majuro hospitals. On mostvisits lectures by team
physicians are arranged and patients referred from
the hospitals are evaluated.

The medical direction of the Marshall Islands
Medical Program and the organization of the
medical missions to the Marshall Islands are
centered at Brookhaven National Laboratory. The
staff of the program includes a physician-director,
an administrator, and a medical associate at the
Laboratory, and a Marshallese laboratory technician
on Ebeye. Atthe time of the missions a variety of
physicians are chosen for the medical team, They
are skilled volunteers, primarily selected from the
staff of university-affiliated or government hospitals,
and often with past experience with the program.
Direct managementof thyroid disease at the time of
medical examination is in the hands of the
endocrinologist on the medical team. Dr. Jacob
Robbins, Chief of the Endocrinology Section,
Genetics and Biochemistry Branch, National
Institutes of Health, Bethesda, MD.provides overall
management of the thyroid disease facet of the
medical program. Raytheon Services Nevada, Inc.,
Honolulu, Hawaii, under contract to DOE,provides

excellent logistical support to the Department of
Energy. The Marshall Islands government, provides
on request, nurses, translators, and other health
care workers for each mission.

In the interim between the two medical missions
the exposed population has access to the
Marshallese health care system. To expedite
exchange of medical information, with the

 

 

 
 



permission of the examinees, copies of all
examination and laboratory data from the
Brookhaven program are forwarded to the
Marshall Islands Health Service hospitals on
Ebeye and Majuro and to the 177 Health Care
Program, a special program set up for persons
from the radiation-affected atolls, with

administrative offices at the Majuro hospital. In
addition, copies of the examinations and
laboratory data are given to the examinees
themselves.

The Marshall Islands Medical Program, as a
satellite clinic of the Clinical Research Center,

Brookhaven National Laboratory, is accredited by
the Joint Commission on Accreditation of
Healthcare Organizations, a nationwide

organization that sets standards of performance
for institutions dispensing medical care and
monitors compliance with those standards. By
voluntarily participating in the accreditation
process, the Brookhaven National Laboratory

Marshall Islands Medical Program receives a
valuable and impartial external review of its
policies and procedures, as well as an assessment
of the adequacy of the services it provides.
Laboratory and radiological services, medical
records, patient satisfaction, pharmaceutical
services, and clinical competence of physicians are
among the many items reviewed by the Joint
Commission.

Procedures:

The exposed population, which in December
1991 numbered 159, must be considered at

increased risk for malignant disease as a late
complication of radiation exposure. Therefore,
the medical program has in place a cancer-
oriented annual health evaluation. The
examination follows the guidelines of the
American Cancer Society and includes a medical
history, complete physical examination, advice on
decreasing the risk factors for cancer, advice on
self-detection of lesions, annual pelvic

examinations and Papanicolaou smears, blood

count, urinalysis, stool testing for occult blood,
annual mammography (offered to all exposed
women andto all unexposed womenforty years of
age or older), and flexible sigmoidoscopy (every
three years for personsfifty years of age or older).

Every two years ophthalmologists are included
on the medical team andslit-lamp examinations

are provided. A wide selection of reading glasses
and glasses for aphakic individuals are included on
each mission. These glasses, of great practical value
to the island populations, have for years been kindly

provided free of charge by New Eyes for the Needy
(P.O. Box 332, Short Hills, NJ).

It is known, because of earlier medical program

observations, that the exposed are at increased risk
for certain endocrine problems. Therefore,. they
receive annual thyroid function blood tests and
thyroid examinationsby a specialist in endocrinology
or thyroid surgery. Needle biopsies of thyroid
nodules were performed onselected patients in an
effort to avoid surgery and the subsequent loss of
normal thyroid tissue. Other serologic tests are
performed ona regular basis in an attempt at early
detection of malignant nonthyroidal lesions. These
include serum protein electrophoresis, calcium,
prolactin, alpha-fetoprotein levels on persons known
to have hepatitis B surface antigenemia, and
thyroglobulin determinations on those whose thyroid

surgery specimens suggested a malignant lesion.
There is also ongoing monitoring for clinical
evidence of immune competence, for exposed
persons may be at increased risk for infectious
disease or unusual manifestations thereof.
Specialized tests on the comparison population were
referred as clinically indicated.

Medical examinations and services performed
during this four-year reporting period were
conducted primarily aboard the Liktanur ITI, owned
by U.S. Oceanography, San Diego, CA, and the G.

 

W. Pierce, a vessel owned by Tracor Marine, Ft.

Lauderdale, FL. These ships were chartered by the
U.S. Department of Energy for the purpose of
supporting several of the Department of Energy-
sponsored Marshall Islands programs, of which the
medical program is but one. Somepatients were
examinedin the island dispensaries on Mejatto and
Utirik, and home visits were arranged for the
elderly who preferred not to be moved aboard the
ship.

Clinical laboratory services for the missions were
performed by several Brookhaven National
Laboratory technicians with support from personnel
of the Health Services of the Republic of the
Marshall Islands. Routine hematology testing was
performed on a J.T. Baker 5000 electronic counter

and, beginning in the fall of 1989, on the Serono

Baker 9000 RX automatic 8-parametercell counter.

Leukocytedifferentials and platelet counts were part

of each evaluation. Clinical chemistry tests were  



performed on Eastman Kodak EktaChem DT60,
DTSC or DTE analyzers. These analyzers
provide a wide variety of basic chemistry tests with
a small amount of disposable waste. Urinalysis
included a dip-stick examination and, when
indicated, microscopic analysis. Stool exams were
performed on physicians’ request for identification
of parasites and occult blood, although the

physicians routinely perform a test for occult
blood at the time of examination.

Roentgenographicservices were provided using
a dedicated mammography unit and a standard x-
ray unit manufactured by the Bennett
Corporation, Long Island, NY. X-ray

interpretation was done at the time of
examination. However, if no radiologist was part
of the medical team,the x-rayfilms were returned

to Brookhaven National Laboratory and then
referred to a consultant radiologist, Dr. R. Naylor,

at the University of Vermont.
A portable, battery powered,

electrocardiograph machine was available.
Electrocardiogram interpretation was done at the
time of examination, with a copy often being given
to the patient. All electrocardiograms were
subsequently returned to Brookhaven National
Laboratory and then referred to a consultant
cardiologist (Dr. M. Zema) at Brookhaven
Memorial Hospital on Long Island, NY, for

definitive analysis.
In recent years an ultrasound machine

(Hewlett Packard Sonos 100) has been available
on the ship for assessment of such diverse items
as abdominal pain, hematuria, gestational age, and
cardiac disease. It is used only when radiologist
or subspecialist physician with expertise in
ultrasound examination is part of the team.
Ultrasound has been available to confirm findings
on physical examination of the thyroid but this
requires special planning and an investigator
experiencedin thyroid ultrasound. It was not used
to screen for subclinical thyroid nodularity.

Sera collected during the routine physical
examinations were analyzed at the time of patient
examination, as clinically indicated. The
remainder was frozen for further testing upon
return to Brookhaven National Laboratory. The
latter tests were performed at the Brookhaven
Clinical Laboratory or referred to university and
commercial laboratories. Among the referral
laboratories were: Hazelton Washington, Inc.,

Vienna, VA, for hormone assays; Michael Reese

Hospital and Medical Center (Dr. A.B Schneider,

Division of Endocrinology and Metabolism),

Chicago, IL for thyroglobulin analysis; MetPath,

Teterboro, NJ; Smith Kline Beecham (Accupath),
Honolulu, HI; and Smith Kline Bio-Science, King of

Prussia, PA. Pathologists’ Laboratories, Inc. in

Aiea, HI, was the primary source for Papanicolaou
smear and cytology interpretations.

Quality control/quality assurance is an important
focus of the medical program. Accreditation by the
Joint Commission on Accreditation of Healthcare

Organizations is one manifestation of this. In the
laboratory quality control and quality assurance
involves routine calibration, maintenance and

monitoring of all instrumentation. Daily tri-level
analysis of reference materials is performed on the
hematology analyzer. The chemistry analyzer is
calibrated prior to each mission, andbi-level quality
control samples are run on all analyses.
Approximately 10 percent of all chemistry tests
performed in the field are re-analyzed at
Brookhaven National Laboratory to compare with
and to confirm the earlier results all of which
proved to be within acceptable tolerance. When
necessary, laboratory instrumentation is inspected
and repaired by company service representatives.

Other instrumentation, such as

sphygmomanometers, electrocardiograph machines,
doppler units, are periodically calibrated and have
routine preventative maintenance performed at
Brookhaven National Laboratory between missions.

Other quality assurance methods include the use
of questionnaires given to patients. These
questionnaires, translated into Marshallese, with the
responses being interpreted at the present time by
Mr.Alfred Capelle, Director of the Marshall Islands
Alele Museum in the Republic of the Marshall

Islands in Majuro, solicit criticism and advice for
improving the medical program’s operation. One
important quality assurance mechanism is the
involvementofvolunteer physicians from around the
United States, for this rotation through the program
of new medical eyes and ears keeps the medical
program attuned to neweror better approaches to

diagnosis and management. In addition to
information obtained by personal interaction during
the missions, ideas for bettering the program are
requested via a questionnaire distributed to all
professional personnel at the end of cach mission.
Finally, the results of these and other mechanisms
of quality assurance are reviewed by the
Brookhaven National Laboratory Clinical Research



Center Quality Assurance and Care Committee.
Also included in that review are items such as the
appropriateness of the use ofanti-infective agents.
A certified medical records consultant randomly
reviews approximately 20 percent of our records
for accuracy and completeness.

Staff:

The Marshall Islands Medical Program is
deeply indebted to the many outstanding
physicians who, despite the inevitable personal
inconvenience, participated in the medical team
visits of 1988-1991. It is fair to say that they are
the heart of the program. Drawn from excellent
medical centers through the United States and
from private practices, these physicians provide
the program with a wide range of up-to-date
clinical experience and perspective that contribute
to better patient care. The physicians and other
medical team personnel involved in the 1988-1991
missions are listed in Appendix A. The clinical
role of team physicians is the delivery of primary
and subspecialty care. By selecting subspecialists
who remain active in general medicine for this
role, the medical program benefits from in-depth
knowledge of their specialty. The following
medical specialties and subspecialties were
represented in 1988-1991:

Internal Medicine
Pediatrics
Cardiology
Rheumatology
Radiology
Gastroenterology
Hematology
Endocrinology
Surgery
Ophthalmology
Obstetrics/Gynecology
Pulmonary Medicine
Emergency Medicine
Oncology

MEDICAL FINDINGS

Patient Participation:

The participation of many excellent medical
specialists undoubtedly has been a major factor in
the acceptance of the Marshall Islands Medical
Program by the population it serves, for utilization
of the program is entirely voluntary. The percentof
personsin the exposed and Comparison groups who
appear for examination remains high. For the
current reporting period the annual acceptance rates
(corrected for nonavailability) were:

1988 1989 1990 1991
Rongelap 86% 82% 88% 85%
Utirik 84% 91% 85% 87%
Comparison 68% 62% 65% 60%

The percent of the eligible population examined
on at least one occasion during the last four-year
period was:

Rongelap 95%
Utirik 98%

Comparison 90%

These figures do not include several persons
residing outside the Marshall Islands. Most exposed
persons in this category have medical examinations
arranged through a local physician by the
Department of Energy or the Marshall Islands
Medical Program.

The acceptance rate for mammography among
eligible women was 100%. For sigmoidoscopy,
about 75% of age-eligible persons elected to
undergo this procedure on a regular basis.

Overall Survival:

After 37 years there continues to be litle
difference between the survival curves of either the
high-exposure Rongelap group or the low exposure
Utirik group and the age- and gender-matched
unexposed Rongelap population selected in 1957
(Fig. 1). Estimates of the survival distribution by
the actuarial life table method were analyzed by the
Mantel-Cox and Breslow statistics for testing the
equality of the survival curves. The “p” values for
the two tests were 0.66 and 0.82, respectively, for
the Rongelap and Comparison group, and 0.43 and

 



0.40 for the Utirik and Comparison group,
indicating nostatistically significant differences.

Causes of Recent Mortality:
The number of deaths occurring in 1988

through 1991 is as follows: Rongelap - 1: Utirik -
3: expanded Comparison group- 10 (see p. 1 for
the description of this group). The clinical events
surrounding the deaths are described below.
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Fig.1: Percent survivors of the different exposure groups

since 1954. The numberof persons initially in each
group is shown in parentheses.

Rongelap:
Subject No. 1. Advanced complications of

diabetes mellitus were the cause of death in
December 1991 of this 58-year-old man. He had
been referred to the Straub Clinic in Honolulu a
month earlier for a scheduled colonoscopy
because of a history of colonic adenomatous
polyps. At that time no evidence of malignant
disease was uncovered, and chronic renal failure
was felt to explain the anemia, abnormal mental
status, and neuropathy that had been developing
in recent years.

Utirik:

Subject No. 2. The death certificate of this 54-
year-old woman lists "sepsis" and “diabetic
gangrene/cellulitis (left) foot" as her cause of
death in April 1991. She had diabetes mellitus
with retinopathy and probably nephropathy, and
she was last seen by the medical team in March
1990. At that time she had a guaiac-positive stool

felt to be due to hemorrhoids. Her mammogram
was “negative” and her Papanicolaou smear was
normal, An alpha-fetoprotein level was normal (she
was known to be hepatitis B surface antigen-
positive), and a chest x-ray showed only pectus

excavatum.

Subject No. 3. This 52-year-old man,a cigarette
smoker, died in 1990; death certificate cause of
death: malignant lymphoma with marked gastric
involvement. When last seen by the Brookhaven
medical team (April 1989) the patient had
borderline hypertension requiring no therapy. No
lymphadenopathy or splenomegaly was noted. He
had symptomsconsistent with esophageal reflux, for
which he was given antacids. His blood count,
urinalysis, stool guaiac and electrocardiogram were
normal. A chest x-ray had been normal in 1988,
and a flexible sigmoidoscopy was normal in 1987.
His serum was known to be positive for hepatitis B
surface antigen, but the alpha-fetoprotein level was
normal in 1988 (2.5 ng/ml). The death certificate
diagnosis was made onclinical grounds. No tissue
diagnosis was possible. The patient died while
departing Majuro to have an evaluation in Honolulu
for his dysphagia and weightloss.

Subject No. 4. This 80-year-old woman died on
Utirik in 1988; in recent years she had become
severely incapacitated with shortness of breath and
arthritis of the shoulder. A medical team
cardiologist diagnosed mitral regurgitation
(secondary to ruptured chordae tendineae) and mild
aortic stenosis/insufficiency. She was on digoxin
and hydralazine for this. The joint problem, which
was due to a shoulder injury at an early age and
subsequent degenerative changes, was handled with
acetaminophen. Her blood count when seen in
March 1988 was normal except for a mild anemia
(hemoglobin: 10.1 g/dl), present since 1984
(hemoglobin: 10.6 g/dl). Serum creatinine was
normal in 1987, as was a Papanicolaou smear.
Because of restricted mobility her medical exams
were done in her home. She was unchanged
clinically when last seen in September 1988. The
cause of death is unknown.

Comparison population:

Subject No. 5. This 67-year-old man died on
Ebeye in 1988. When last examined by the
Brookhaven team (1985) his medical problems
included marked obesity and chronic renal failure of

 



unknown cause. There was no diabetes, and his

urinary sediment showed red cells, casts and
protein. The serum creatinine was 3.4 mg/dl. He
had chronic venous insufficiency in the legs and a
left hydrocele. A serologic test for filaria was
negative. There was also a mild macrocytosis; a
serum B12 level was low normal. The cause of
death is not knowa.

Subject No. 6. This 69-year-old man died on
Ebeye in 1989. His medical problems in March
1988 included diabetes (status post leg
amputation) with chronic renal failure, severe
neuropathy, and eye infection from recent cataract
extraction, for which he was referred. He was

moderately anemic with a Hb of 9.6 g/dl. The
cause of death is unknown.

Subject No. 7. This 42-year-old man died on
Majuro in 1989. He had diabetes, extremely
carious teeth, a cataract, and a disabling
arthrogryposis. When last seen in 1989 his only
medication was glyburide. His blood count and
serum creatinine were normal. Hewas referred
for cataract surgery. The death certificate lists
overwhelming sepsis and severe pneumonia as the
cause of death.

Subject No. 8. This 89-year-old woman died
on Ebeye in 1990. No important medical
problems were noted when patient was last seen
in March 1988. She had severe kyphosis,
cataracts, and perhaps a mild dementia, but in
general annual examinations indicate she was
usually in quite good health. Her blood count was
normal and a Papanicolaou smear was Class I in
1988. Medications included only acetaminophen
and a skin antifungal agent. The cause of deathis
unknown,

Subject No. 9. This 76-year-old woman died
on Ebeye on December 31, 1987. The death
certificate diagnoses were cardiac failure and
bronchitis. At the time of her last complete
medical examination by the Brookhaven team she
had a moderately severe anemia (hemoglobin
level: 8.8 g/dl) and recent weight loss. The mean
corpuscular volume was 98 fl. and there was some
hypersegmentation. A serum B12 level was
somewhat low (170 pg/ml), but the urine
methylmalonic acid level was normal at 0.8 ug/mg

creatinine. Nevertheless, she was started on
intramuscular B12. Mammography was normal and
her Papanicolaou smear was class I. When seen
several months later in follow-up, she felt well. A
flexible sigmoidoscopy was normal. It may be
relevant that her husband had died recently, andit
is possible that he had advanced tuberculosis.

Subject No. 10. This 59-year-old man died on

Ebeye in 1990. He had advanced diabetes mellitus
with nephropathy, retinopathy, and neuropathy.
Whenlast seen in March 1990 his creatinine was
12.4 mg/dl and the hemoglobin level was 10.4 g/dl.
A HbAic level was 6.8%, only slightly elevated.
Flexible sigmoidoscopy was negative in 1987, and a
chest x-ray at that time showed noactive disease.
He was being followed by the Diabetic Clinic on
Ebeye. His deathcertificate listed renal failure due
to diabetic nephropathy as the cause of death.

Subject No. 11. This 61-year-old man, a former
heavy smoker, died on Majuro in 1989. He was
known to have chronic renal insufficiency thought to
be due to diabetes. He was referred in 1987 for
evaluation of this problem. An_ ultrasound
examination by the Brookhaven team revealed no
calculi or hydronephrosis; renal size appeared
normal. He had gout, and the renal disease could
have represented uric acid nephropathy. There was
a suggestion of pleural effusions on chest x-ray in
1988 when he was referred for further evaluation.
Whennext seen by the medical team in March 1989
he had lost much weight and a hilar mass was noted
on chest x-ray. He was referred for evaluation.
Carcinomaof the lung was indicated on his death
certificate.

Subject No. 12. This 73-year-old woman had
breast cancer diagnosed in 1985 after a breast
nodule was detected during het annual medical
program physical examination. A mastectomy was
done that year. She died in 1991. Whenlast seen
by the medical team (March 1989) there was no
evidence of metastatic disease, and the cause of
death is unknown.

Subject No. 13. This 64-year-old woman died on
Ebeye in 1988. Her last complete Brookhaven
examination was in 1986, when her problems
included insulin-dependentdiabetes mellitus, urinary
tract infection, and abnormal liver function tests.
When repeated, the latter showed only a minimally



elevated alkaline phosphatase. A flexible
sigmoidoscopy and mammography were negative,
blood count was normal, and Papanicolaou smear
was class I. She had carcinoma of the
endometrium in 1979 which was effectively treated
by total abdominal hysterectomy. Septicemia and
nonketotic hyperosmolar diabetic coma werelisted
on her death certificate as the causes of death.

Subject No. 14. This 54-year-old woman died
on Ebeye in 1990. When last seen by the
Brookhaven team in October 1989 she was taking
glyburide for diabetes mellitus and had a fasting
glucose of 208 mg/dl and a HbAIclevel of 7.4%
(mildly elevated). A blood count was normal.
Other problems considered earlier were bilateral
cataracts, fibrocystic disease of breasts with
negative mammogram in May 1989, negative
Papanicolaou smear in 1988, and normalflexible
sigmoidoscopy in 1987. The cause of death is
unknown.

Laboratory Findings:

Hematology
A teview of “blood counts" (average

concentrations of formed blood elements) of the
different exposure groups during the four-year
reporting period does not reveal any systematic
differences among groups. In 1989 and 1990 there
was a significant increase in mean platelet count
in Utirik exposed women as compared to the
unexposed population (Table 1). Figure 2 is a
continuation graph in which hematologic data of
the two exposed groupscollected since 1956 are
portrayedin relation to the expanded Comparison
group. Table I gives the mean values (+ /- SD)
from which Fig. 2 is derived. The individual
counts are given in Appendix B.

It is apparent from scanning the four graphs in
Fig. 2 that there ism mild butrelatively consistent
depression, genedéilly ‘aot statistically significant
different, over moat‘efthe 37 post-exposure years,
of neutrophil, lymphocyte, and platelet
concentrations (the latter in males only) in the
Rongelap/Ailingnae group. This depression
appears to be of no clinical significance. These
consistently slightly lower values for all three
formed blood elements over such a long period in
the Rongelap group suggests the possibility of
radiation related mild impairment of
hematopoiesis. However, there is no evidence of

impaired leukocytosis in response to infection.

Therefore, these differences may reflect a shift in

cell compartmentalization (e.g. margination).

Hematologic changes in Japanese atomic bomb
survivors have been recently reviewed (Finch and
Finch, 1988). An early decline in leukocyte counts
was detected from 1947 through 1956, but this
occurred in both exposed and unexposed groups,
and therefore was not an effect of radiation.
Indeed, “no clearly established exposure differences

have been uncovered except in the case of the
leukemias” (Blaisdell and Amamoto, 1966).
Therefore, a sustained depression in leukocyte

counts, such as seen in the Rongelap group, was not
detected among the exposed Japanese. With regard
to leukocyte margination, no evidence of a radiation
dose-effect in the exposed Japanese was apparent
when exercise-induced leukocytosis was quantified
(Belsky et al., 1972).

In general, radiation has been found to alter
leukocyte function in humans only minimally, if at
all, and, when dysfunction has been detected, it has

been of no clinical importance. The most recent
clinical study to confirm this was carried out on
Japanese atomic bomb survivors and included
phagocytic and bactericidal activities of neutrophils

(Sasagawaet al., 1990).
It was noted that for ten years after the atomic

bombings in Japan the leukocyte counts of persons
followed by the Atomic Bomb Casualty Commission

gradually decreased by about 35% in both the
exposed and unexposed populations (Blaisdell and
Amamoto, 1966). This trend was never completely

explained, but the decline was chiefly attributable to
a decrease in neutrophils. A slight trend in this
direction can be detected in total leukocyte counts
obtained on the Marshallese over a similar time
span. Using data from the unexposed Comparison
group, the mean total leukocyte concentration for
1954-1958 was 8,500/ul and for 1969-1974 it was
7,300/ul, a 14% decline. For 1985-1990 it has been

7,500/ul. A decrease in absolute lymphocyte

concentration, approximately 1,000/ul, occurred
simultaneously. This finding differs from that of the
Japanese, in whom it was the neutrophils that were
predominantly lowered. For the Marshallese,

minimal fluctuation was seen in neutrophil count for
the three periods. The reason for the apparent
decrease in lymphocyte concentration in both
exposed and unexposed Marshallese is unknown.
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TABLE 1: Hematologic parameters (mean +/- SD) for the different exposure groups

obtained at the time of annual examination for years 1988 through 1991.

 
—.—  

 

Comparison Rongelap Utirik

LEUKOCYTES
1988 7991 + 1946 (n=83) 81564 1732 (n=50) 80554 2264 (n=83)
1989 7511 + 2085 (n=76) 73634 2015(n=49) 78064 2237 (n=90)
1990 6762 + 1616 (n=71) 6865+ 1890 (n=52) 7093+ 2128 (n=83)
1991 6815 + 1724 (n=69) 6761+ 1852(n=49) 7115+ 1894 (n=86)

NEUTROPHILS
1988 4084+ 1312 4310 + 1304 4341+ 1605
1989 3984+ 1651 4133+ 1616 4342 + 1577
1990 3779 + 1414 4032 + 1742 4124 + 1724
1991 3510+ 1416 3599 + 1426 4023 + 1443

LYMPHOCYTES
1988 2916 + 1081 2993+ 889 2875 + 1047
1989 2587 + 863 2534+ 883 2463 + 1108
1990 2370 + 769 22354 774 2305+ 619
1991 2510+ 803 2426 + 972 2210+ 668

MONOCYTES
1988 343+ 235 327+ 200 321+ 208
1989 335+ 196 316+ 198 308+ 239
1990 315+ 180 297+ 201 350 213
1991 281+ 160 306+ 213 333 + 200

EOSINOPHILS
1988 490+ 519 327+ 200 459+ 807
1989 438+ 422 415+ 484 370+ 467
1990 St 228 3154 394 285+ 228
1991 442+ 467 306 + 333 448+ 372

BASOPHILS
1988 544 70 41+ 87 464 77
1989 47+ 69 45+ 60 56+ 68
1990 41+ 58 45+ 72 45+ 59
1991 64+ 70 424 54 54+ 69

PLATELETS, MEN
1988 277 + 74(n=35) 266 +t 57(n=18) 296 + 67(n=39)
1989 292+ 71(n=30) 275+ 55(n=20) 322+ 64(n=41)
1990 243 + 46(n=33) 239 + 56(n=23) 2644 45(n=37)
1991 2514 63(n=29) 235 + 51(n=21) 284+ 57(n=36)
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TABLE1 (cont'd)

PLATELETS, WOMEN
1988 318 + 84(n=47)
1989 312 + 68(n=45)
1990 272+ 44(n=44)
1991 280 + 55(n=39)

HEMOGLOBIN, MEN
1988 15.14 12
1989 14.7+ 16
1990 148+ 15
1991 149+ 13

HEMOGLOBIN, WOMEN
1988 13.44 1.0
1989 13.4+ 10
1990 13.24 1.0
1991 13.0+ 1.0

319 + 87(n=28) 356 + 100(n=44)
300 + 71(n=28) 352+ 83(n=47)*
272 + 55(n=29) 322+ 58(n=46)*
296 + 71(n=27) 336 + 79(n=46)

146+ 11 15.14 12
143+ 13 15.34 14
14.0+ 14 15.44 14
14.34 13 15.4+ 1.6

13.2+ 1.0 129+ 13
133+ 0.9 13.0+ 13
13.14 11 129+ 13
12.8+ 14 12.84 12
 

* Significantly different (p <0.05) from the Comparison Group

Hypothyroidism:
Thyroid hypofunction, either clinical or

biochemical, has been documented as a
consequence of radiation exposure in fourteen
Rongelap individuals (Larsen et al., 1982). In
1983 another exposed person was diagnosed as
being biochemically hypothyroid based on results
of routine thyroid function testing (Adamsetal.,
1988). The patient was an asymptomatic 34-year-
old man who had no abnormality on physicai
examination of the thyroid. Treatment with
synthroid was started in 1984. This represented
the first case of spontaneous hypothyroidism
diagnosed in the Utirik population. He was 1
year of age at the time of exposure, and, being
from Utirik, no thyroxine suppression had been
subsequently prescribed. An estimate of his total
thyroid radiation dose was 561 cGy(internal =
550 cGy; external = 11 cGy). Clinical follow-up
of this patient since 1987 has revealed the
following. At the patient’s request thyroid
function tests were repeated by physicians of the
Health Services of the Marshall Islands while he
presumably was not taking thyroxine. However,
we do not know the assay methodology or
whether the patient in fact, discontinued his
thyroxine. The results were found to be normal.

The conclusion of those physicians was that he was
euthyroid and that the decrease in thyroid function
noted by the Brookhaven medical program
represented self-limited hypothyroidism due to
thyroiditis. However, there was no evidence of a
preceding hyperthyroid state.

Furthermore, his thyroid function studies over
the years were:

Thyroxine TSH*
1973 48

1977 3.7 3.7

1979 6.3 73

1980 5.4

1981 4.7 3.8

1983 4.7 11.4

1984 3.3

1985 75

1986 5.8 4.2

1987 2.1

Thyroxine TSH*
1988 3.7 6.2

1989 3.3

1990 3.0
1991 0.6 42

*Normal ranges: Total thyroxine - 4.5-12.5
ug/ml; Thyroid stimulating hormone (TSH)- 0.43-

3.8 ulU/ml.
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Thus, this patient’s thyroid function tests have
been on the low side of normal and occasionally

overtly low for many years. Transient
hypothyroidism persisting for many years has been
reported with chronic autoimmune thyroiditis
(Takasuet al., 1992). However, the Utirik patient

had no. detectable antithyroglobulin or
antimicrosomal antibodies. While the role of
radiation exposure in producing this patient’s
illness is not certain, an argument can be made
for relating the two. Further observation may
documentthe true nature of the thyroid hormone
fluctuations in this patient. Since an increase in
risk of hypothyroidism might be attributed to
radiation exposures as low as 20 cGy (Maxonet
al., 1977), the patient clearly was at risk for
developing the disorder.

Other laboratory results:

Appendix B also includes results of other tests
that are performed on manyorall of the exposed
persons. Several of these tests have been used to
screen for occult malignant disease. Although
there is no general marker for malignancy, the
clinical justification for, and the results of, those
tests are described here.

Serum protein electrophoresis

Multiple myelomais one of the hematological
malignancies that has been determined to be
inducible by radiation (Cuzick, 1981). This
interpretation is strengthened by findings in
Japanese atomic bomb survivors, although the
effect of radiation was not detectable until about
20 years after exposure (Ichimaru et al., 1982).
The production of a monoclonal protein
detectable by serum electrophoresis often
precedes by years the otherclinical manifestations
of multiple myeloma. Although the risk of
myelomais small, serum protein electrophoresis
is performed on the exposed Marshallese about
every three years in order to detect the early
appearance of a monoclonal protein. If a
monoclonal spike were to be found in a patient’s
serum, it would not necessarily indicate the
presence of myeloma. Conversely, the absence of
such a spike does not rule out myeloma.
Nevertheless, it is used as a screening test, and no

monoclonal proteins were detected during the
1989 serum testing of the Marshallese sera.

In common with many populations in tropical

regions, the Marshallese have relatively high

globulin levels. This increase is polyclonal, and the
cause is unknown.

Serum calcium

An endocrinological disorder that has been
thought to be associated with both external and
internal 1317 radiation is hyperparathyroidism
(Cohen,et al., 1990; Rosen et al., 1984). A dose-
dependent increase in the incidence of
hyperparathyroidism has also been reported in
Japanese atomic bomb survivors (Fujiwara et al.,
1990). In all three cited studies, parathyroid
adenomas werepresent in most patients. Some of
the exposed Marshallese received large radiation
doses to the parathyroid gland, as well as high
external doses. Furthermore, the susceptibility of
Marshallese to this effect of radiation is unknown.
Therefore, serum calcium levels are checked every
three years. No elevated levels were detected
during the 1989 survey.

Serum alpha-fetoprotein

Thereis a high risk of hepatocellular carcinoma
in persons who remain persistently positive for
hepatitis B surface antigen. The last Brookhaven
medical program report discussed this disease in
relation to the exposed Marshallese, for the
prevalence of serologic evidence of hepatitis B
infection in the Marshall Islands is very high
(Adams et al., 1986). In some instances it is
possible to identify hepatocellular carcinoma at an
early stage by testing serum for alpha-fetoprotein.
This might permit identification of the tumor at a
stage when it is still resectable. Therefore, all

exposed and unexposed persons who are known to
the medical program to be seropositive for hepatitis
B surface antigen have alpha-fetoprotein levels
performed annually.

Erythrocyte macrocytosis

The many causes of macrocytosis include several
premalignant and malignant hematologic diseases.
Therefore, erythrocyte size is checked annually.
During the four years covered by this report no
unexplained or irreversible macrocytosis was
detected in the exposed population. Those elevated
levels that were found appear to have been due to
nutritional deficiencies (either folic acid or vitamin
B12) or chronically excessive ingestion of alcohol.
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Serum prolactin
Two pituitary tumors have been identified in the

exposed Marshallese (Adams et al. 1984).
Because other exposed persons might develop
these benign neoplastic lesions, prolactin levels are
performed every two years. Although serum
prolactin elevation is not found in all pituitary
tumors, it is by far the most common hormonal
abnormality and therefore is used as the screening
test for the exposed population. No new or
unexplained elevations were detected for the
present reporting period, but one elderly Utirik
woman still has the slightly elevated level
mentioned in a previous Brookhaven report
(Adamset al., 1985). A CT scan of the patient’s
sella turcica in 1990 revealed no tumor.

Neoplasms:

Skin cancers
One basal cell carcinoma of the face was

diagnosed in an exposed Rongelap woman in 1986
(Adamset al., 1988). A second person, also in
the Rongelap exposed group, had a basalcell
carcinoma removed in 1991. The development of
two skin cancers some thirty years post-exposure
in a population not considered susceptible to such
lesions raises the possibility that there is some
relation to their 1954 beta radiation exposure.
The specific clinical situations are described
below.

Subject No. 1. This 56-year-old Rongelap man
was 18 years of age at the time of his exposure to
fallout from BRAVO. He washedoff the debris
within several hours after the fallout ceased. He
sustainedfirst-degree burns to his right antecubital
fossa and both feet. These became apparent
several weeks after exposure and lasted for several
weeks. He also experienced typical nail
discoloration. One year later on reexamination
healing was complete. Subsequent skin
examinations were unremarkable until April 1991
when a 1.5 cm lesion with a necrotic center was
noted on his left scapula. An excisional biopsy
was performed andthefinal pathological diagnosis
was basal cell carcinoma. The tumor extended to
all lines of excision. Therefore, definitive
treatment consisted of a reexcision a few months
later. Subsequent examinations have revealed no
evidence of recurrence.

Subject No. 2. This 70-year-old Rongelap woman
was 38 years of age at the time of exposure. She
was felt to be one of two patients most heavily
exposed to external beta radiation. She did not
wash off the fallout debris for a full 24 hours.
Within a few days skin lesions developed. The

burns, most first degree, eventually included the
neck, neckline, left hand and wrist, left cheek,
forehead, thorax and groin, lasting another few

weeks. There was some hair loss. One year later
the skin had essentially healed, except that there
was persistent beta-burn scarring on the left side of
the neck noted up to 1960. Followup skin
examinations were benign until April 1986 when two
skin lesions were noted: a 4 mm papule in the right
supraorbital area and a7 mm nodule anterior to the
right ear. Excisional biopsies revealed both to be
basal cell carcinomas. Reexamination up to 1992
has revealed no evidence of recurrence.

Skin cancer in dark-skinned races has generally
been considered to be rare. Studies in a black
population suggest that skin cancer occurs at the
site of old burns or other scars, chronic ulceration
and infection (Oettlé, A.G.; Databo-Brown, D.D.;

and Fleming I.D.et al.). These cancers are usually
squamous cell carcinomas and are invasive and
aggressive (Amonette, R.A. and Kaplan, KJ., and

Fleming I.D. et al.). Basal cell carcinomas, when
they do occur, are located in sun-exposed areas, as
they are in Caucasians. That there is a relative
increase in incidence of skin cancerin black albinos
or those of mixed race when compared to pure
Blacks (Oettlé, A.G. and Burns, J.E.) suggests that
melanin is a protective factor. Other ethnic groups
have not been extensively studied.

Ionizing radiation from sources other than
sunlight is also known to be a risk factor in the
induction of skin cancer (Davis, M.M., et al;
Walther, R.R. et al.; and Myskowski, P.L. et al.).
Studies of children irradiated for ringworm (Shore,
R.E., et al.; and Ron, E., et al.) and other patients
irradiated for a variety of conditions (Davis, M. et
al.; Walther, R. et al.; and Myskowski, P. et al.)
show that radiation is associated with an increased
incidence of skin cancer, mostly basal cell tumors,

and generally occurring among Caucasians, but
occasionally in Blacks.

The skin cancer in the Rongelap woman (#2)
occurred in an area that was both sun-exposed and
previously injured by beta radiation. For the
Rongelap man (#1) neither sun nor beta radiation

would have been expected to converge on the
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subscapular area (unless he had been customarily
shirtless). However, two persons developing skin

cancer out of a radiation-exposed population of 82
(2.5%) is greater than expected if Black
population studies are used for comparison
(Fleming, I.D. et al.). Furthermore, there is a
suggestion of a temporal association, for the
cancers occurred 32 and 37 years after exposure.
Therefore, the possibility remains that radiation
exposure did contribute in a direct or indirect way
to the development of basal cell carcinomas in
these two patients.

Thyroid nodules

Only one thyroid nodule was diagnosedin the
exposed population from January 1988 through
December1991. That nodule occurred in a Utirik
man who had been in utero at the time of
exposure in 1954. The mother was in her third
trimester at the time of exposure, her whole-body
and thyroid-absorbed doses being estimated at 11
and 160 cGy, respectively. The patient’s estimated
dose was, therefore, 11 cGy whole-body and 99
cGy internally to the thyroid, for a total thyroid
dose of 110 cGy. This patient is the first of eight
Utirrik persons exposed in utero to develop a
thyroid nodule. (Two of four Rongelap persons
who were in utero at the time of exposure have
also had benign nodules removed). A thyroid
lobectomy was performed at the Clinical Center,
The National Institutes of Health. Histological
review of the surgical material was performed by
the four pathology consultants to the Marshall
Islands Medical Program (see p. 16). Selected
comments from their diagnoses are:

Consultant #1 - “Thyroid nodule of
histologically normal tissue which contains a tiny
focus of occult papillary carcinoma.”

Consultant #2 - “Adenomatous goiter in the
colloid stage."

Consultant #3 - "Nodule with fibrosis.... No

evidence of cancer."

Consultant #4 - "Tiny occult sclerosing
papillary carcinoma.”

A summary of this patient’s hospital case is
included in Appendix C. The patient was
returned home on thyroxine suppression.

Table 2 summarizes the thyroid nodule findings
in the exposed Marshallese through 1991. It
includes the nodule described in the preceding
paragraph, which is listed under the heading of
“Occult Papillary Carcinoma." The number and
types of nodules in the Comparison groupare also
listed in Table 2, although the U.S. Departmentof
Energy-sponsored program for surgical exploration
of palpated nodules in this group was concluded in
1985.

THYROID SURGERY FINDINGS,
1964 THROUGH1991

Introduction:
Thyroid nodules and hypofunction among the

exposed populations of Rongelap and, to a lesser
extent, Utirik are well documented consequences of
the BRAVO exposure. A recent reevaluation of
external and internal radiation exposures in those
populationsin all likelihood represents the definitive
quantitative analysis of organ and whole-body
radiation dose stemming from this catastrophe
(Lessard et al., 1985). The thyroid dose received
particularly close scrutiny because of early evidence
of extensive thyroid injury and because an important
mechanism of exposure was ingestion of a variety of
radioiodines, an occurrence without precedent and
therefore with unknown consequences.
A final interpretation of the effect of fallout

exposure on the thyroids of the exposed
Marshallese has not been possible because of the
protracted evolution of thyroid abnormalities
following radiation exposure. The incidence of
thyroid cancer has been reported to be elevated
more than 40 years after radiation exposure (Shore
et al., 1985; Schneider et al., 1978) and might
includea lifetime at risk. However, for the past six
years (1986 through 1991) only one new thyroid
nodule (nonmalignant) has been detected im the
exposed persons. Furthermore, there has been only
one new nodule diagnosed in the Rongelap groupin
the past ten years. (There have been two thyroid
surgeries for recurrent benign nodules in the
Rongelap group, but these are not included in the
statistics that follow). Although occasional nodules
will no doubt continue to be diagnosed, if for no
other reason than that thyroid nodule prevalence
increases naturally with aging,it is possible that the
recent dearth of cases represents a pause that is
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TABLE 2: Thyroid Nodules Diagnosed at Surgery through 1991

 

 

Adenomatous Adenomas Papillary Follicular Occult

nodules cancers cancers cancers

Rongelap (67)° 18 1 5 . -

Ailingnae (19) 4 1 : . 1

Utirik (167) 10 5 4 1° 6

Comparison (277)° 4 1 2 - 24
 

NOT INCLUDEDarethe following unoperated (and therefore unconfirmed) nodules: Rongelap--1: Ailingnae -
- 1: Utirik -- 1: Comparison -- 5.

INCLUDEDare all consensus diagnoses of a panel of consultant pathologists: two different lesions were

detected in one person from Rongelap, one from Ailingnae, and two from Utirik.

a Numberof persons (including those in utero) who were originally exposed.
b This numberincludesall persons who have been in the Comparison group since 1957. Some have not

been seen for many years; others were added as recently as 1976. No thyroid surgeries have been

performed on this group since 1985.
c Equally divided opinion in onecase;follicular carcinomavs. atypical adenoma.
d. Majority opinion in one case; occult papillary carcinomavs. follicular carcinoma. The samepatient had

lymphocytic thyroiditis.

characteristic of the type of thyroid injury 1) Therisk coefficient for thyroid nodules, adjusted
sustained by the Marshallese. Two alternative for their occurrence in the Comparison
explanations are 1) the “epidemic” of thyroid population, was 8.3 per 10° persons, per cGy, per
nodule formation is virtually over, and 2) the year.
recent decrease in nodule incidence is due to
random fluctuation and therefore temporary. 2) The risk coefficient for thyroid cancer was 1.5
Although time may tell which of the above per 10° persons, per cGy, per year.
explanations is correct, the respite in new cases
provides an opportunity to bring together 3) The contribution of '34I to the thyroid absorbed
information on thyroid nodules collected by the dose was relatively small, in the range of 10-
Marshall Islands Medical Program over almost 15%, the remainder being due to short-lived
three decades and to draw tentative conclusions radioiodines. Perhaps as a consequence, the
on several issues that may be relevant to radiation-induced risk for developing nodular
inadvertent radiation exposures elsewhere. disease in the exposed Marshallese appears

similar to that predicted if the total thyroid dose
Radiation risks to the thyroid: had been from external irradiation alone.

Oneaspect of radiation-induced thyroid injury
that has been repeatedly assessed is the dose of Since the above analysis includedall the nodules
radiation required to induce it. Data available up to the present, and since the Marshallese thyroid
from the Marshall Islands Medical Program have dose data have provided no insight into radiation-
been recently summarized (Robbins and Adams, induced risk of thyroid carcinoma that was not
1988), with the following conclusions: already available from other sources, no further

comment on dose-response and risk of thyroid

disease will be made in this summary.
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