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FOREWORD

 As part of the United States atmospheric nuclear weaponstesting program between 1946 an 1958, 23 nuclear

devices were detonated at the Bikini Atoll and 43 nuclear devices were detonated at the Enewa@tak Atoll. A 1954

nuclear weapons test on the Bikini Atoll, test shot code named Castle Bravo, produced a nficlear yield much

higher than anticipated. The levels and dispersion of the radioactive fallout from Castle Brav
greater than originally expected. This resulted in radioactive fallout on the inhabited atolls
Utrik. The Rongelap and Utrik people were evacuated from their contaminated atolls
respectively, after the Castle Bravo test shot. The original population directly exposed to the f

Bravo consisted of 241 individuals and 12 fetuses. Absorbed dose estimates for the exposed p
the order of 0.11 to 1.9 Gray (11 to 190 Rad) to the whole body and from 1.9 to 200 Gray (1

to the thyroid.
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Public Law 99-239 mandated that the Government of the United States would "continue provide special

medical care and logistical support to...the remaining population of the Rongelap and Utrik who were exposed
to radiation resulting from the 1954 Bravo test.". The Department of Energy (DOE), througlf its contract with
the Brookhaven National Laboratory Medical Department, implements this congressional mgndate.

The present DOE Marshall Islands medical surveillance program consists of two field missi
purpose of the program is to provide medical care and treatment for radiologically related p
Marshallese who were exposed to fallout from the 1954 Castle Bravo test. As of December 1
exposed population consisted of 159 individuals. The medical surveillance program offer:
participation basis, an annual physical examination to these individuals, as well as annual phyg
to a comparison/control unexposed population.

The medical surveillance procedure includes a complete annual physical examination, which
criteria established by the American Cancer Society. Typical medical missions inclu
gastroenterology, hematology, obstetrics/gynecology, endocrinology, oncology, radiology, card
pulmonology, and rheumatology.

This, the 16th report of the Marshall Islands Medical Program, disseminates information conce
status of the 253 Marshallese exposed to the fallout from the 1954 Castle Bravo test shot.
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Asa result of the radiation exposure of individuals on the Marshall Islands atolls of Rongelap agd 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 lav by Public Law
95-134 (1977) and Public Law 99-239 (1986). The distribution ofthe initially exposed group wall as follows: 64
persons on Rongelap, plus 3 fetuses; 18 persons on Ailingnae, plus 1 fetus; and 159 persons oft Utirik, plus 8
fetuses. In later years, the Ailingnae have been combinedinto the Rongelap population. ThefDepartment of
Energy’s (DOE)Office of Environment, Safety and Health is responsible for ensuring that the Mfarshallese who

. were exposed to radiation during Castle Bravo in 1954 receive medical care and treatmentfor 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, hfs provided the
required health care and surveillance for this program. In addition to conducting surveillancefof the exposed
Marshallese group, BNL has been monitoring a cohort of unexposed Marshallese. The individuags in this cohort
were selected to mirror the age, sex, etc., distribution of the exposed group. Currently, there ard approximately
154 of the exposed population and 115 of the unexposed population being monitored. This rep i
medical 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, Ebqye, 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 Serviceq and volunteer
physicians from various universities and governmentandprivate institutions in the United State§. The medical
team travels from island to island on a DOE leased vessel. The vessel has examination facilitie@ and is capable
of doing basic laboratory work. Blood samples for more complex tests, such as Thyroid Stimulfting Hormone
tests, are frozen and taken to BNL. The following examinations are performed during the mefiicalvisits:

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

oA 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;

o flexible sigmoidoscopy for females and males; and

o Advice on decreasing risk factors and on self-detection oflesions.

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 t

   
  

 

persons not residing 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
and the unexposed cohort population. Each of the deaths (4 exposed and 10 nonexposed) that ha
during the report period is discussed later in the report. The Marshallese population has a high igcidence of

blood of the exposed population. This depression appears to be of no clinical significance
hypofunction, either clinical or biochemical, has been documented as a consequenceofradiation e

During this reporting period, a thyroid nodule was identified in an individual who was one of those Who wasin
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 volurteered to serve

as thyroid surgeon and consultant to the Marshall Islands Medical Program in 1969. 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 patient¢ tempered the
emotional and physical duress of undergoing thyroid surgery at a major U.S. medical center whfre the number
of hospital employees alone far exceeded the population of their home island. His concern agd graciousness
were amplified in the warmth and courtesy of the staff of Cleveland Metropolitan General Hospffal, particularly
that of the Surgical Service.

 

  

Dr. Dobyns recently retired from his position in the Department of Surgery, Case Western Reserve
University, where he is currently Emeritus Professor of Surgery. One of his undertakings sincefretirement has
been the publication of a comprehensive review of approximately eighty thyroid surgeries pegformed on the
Marshallese during his involvement with the Brookhaven medical program (Dobyns and Myrmer, 1991).
Although our thyroid surgeries are now performed at the Clinical Center, the National Institute of Health, we
know that Dr. Dobynswill continue to extend to us the benefits of his medical wisdom and, ofcasionally, 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
exposedto fallout radiation in 1954. In so doing,
the medical program is fulfilling a commitment
incumbenton all health care organizations; i.e., 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 Journal 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 exposed individual’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 exposurein 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
consequences of the Marshallese exposure.

EXPOSURE GROUPS

The exposed Marshallese population originally
was comprised of 64 persons on Rongelap Atoll
who each 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), cach 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 radioiodinesin 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 survi¥ing exposed
persons was: Rongelap - 48, Ailingnde - 11, and
Utirik - 100. For most purposes in th& report the
Rongelap and Ailingnae groups are trdated as one
and referred to as the Rongelap grohp, because
those persons exposedto fallout on Ailfngnae were
Rongelap inhabitants temporarily residing on this
nearbyatoll.

The Marshall Islands Medical Pybgram also
examines a comparison group that dates from 1957
when 86 unexposed people from Rogpelap were
selected. The makeup of the group approximated,
in age and gender, that of the exposefl Rongelap
population (Conard et al., 1958). Inj December
1991, 56 persons remained in this grdup. From
1962 to 1978 additional persons were [added as a
second comparison group in order to fupplement
and replace persons lost from the original group.
This group was also matched by age anli genderto
the exposed population and was similarko the 1982
Rongelap and Utirik exposed groups. In December
1991, the total population of the two fomparison
groups was 115. As in previous repors, it is the
expanded unexposed population thatis fused in this
report for comparisons of year-to-yefr medical
events and for causes of death; th provides
baseline prevalences of disease in the F-ommunity
from which unexpected consequences off the fallout
exposure can be identified. They are aso used to
compare survival rates of the exposed pq@pulation to
the unexposed population.

THE MARSHALL ISLANDS
MEDICAL PROGRA

Policies: .

The mandate of the program, as forfnulated by -
the U.S. Congress most recently in 1980
Sec. 106 (a)), specifies "...a program of
and treatment....for any injury, illness, of condition

such nuclear weapons testing §
Subsequently, in 1985, the Compact
Association between the U.S. and the F
the Marshall Islands provided for radiajion injury
compensation to be managed by the Marshallese
themselves. However, a subsidiary agrfement, 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 wasinitiated 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 individuals who were
exposed to fallout radiation from the BRAVO
accident.

The Marshall Islands Medical Program
provides medical care twice yearly to the exposed
and comparison populationsby visiting the islands

. where most now reside, namely Mejatto, Utirik,
Ebeye, Majuro, and, prior to 1985, Rongelap.

Any exposed person who has medicalfindings
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 4xtensive
evaluation are referred to hospitals in Hon
for the special cases of thyroid and pituita
the National Institutes of Health in
Maryland. Individuals needing referral fr non-

treatmentis initiated.
During the process of providing

surveillance to the exposed Marshaile

contact with children and other family me
the exposed, as well as other inhabitants
islands. It has been the policy of the Department of
Energy to support the medical program in it] efforts
to provide medical consultations by the [medical
specialists on the mission to these individualf on the
basis of humanitarian need and as resourcesfpermit.
In addition, services of the Brookhaven fnedical
team andits facilities are offered to the Ebftye and
Majuro hospitals. On mostvisits lectures y team
physicians are arranged and patients referrdd from
the hospitals are evaluated.

The medical direction of the Marshall

staff of university-affiliated or government hag
and often with past experience with the p

Robbins, Chief of the Endocrinology SS
Genetics and Biochemistry Branch, Ng

medical program. Raytheon Services Nevad§
Honolulu, Hawaii, under contract to DOE, p

excellent logistical support to the Depart

care workers for each mission.
In the interim between the two medical

the exposed population has access
Marshallese health care system. To expedite
exchange of medical information, wit

 



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 reaging glasses

for certain endocrine problems. Thegefore, they
receive annual thyroid function blood
thyroid examinationsby a specialist in engi
or thyroid surgery. Needle biopsies] of thyroid
nodules were performed on selected pd@fients in an
effort to avoid surgery and the subseqgentloss of
normal thyroid tissue. Other serologic tests are
performed on a regular basis in an attefpt at early

detection of malignant nonthyroidal lesfons. These
include serum protein electrophoresf, calcium,
prolactin, alpha-fetoprotein levels on pegsons known
to have hepatitis B surface antigefemia, and
thyroglobulin determinations on those whose thyroid
Surgery specimens suggested a maligpant lesion.
There is also ongoing monitoring ffor clinical
evidence of immune competence, fbr exposed
persons may be at increased risk far infectious
disease or unusual manifestations thereof.
Specialized tests on the comparison popplation were
referred as clinically indicated.

Medical examinations and serviceg performed
during this four-year reporting ppriod were
conducted primarily aboard the Liktanyr IT], owned
by U.S. Oceanography, San Diego, CA] and the G.
W. Pierce, a vessel owned by TracorfMarine, Ft.

Lauderdale, FL. These ships were chagtered by the
U.S. Department of Energy for the] purpose of
supporting several of the Departmeng of Energy-
sponsored Marshall Islands programs, bf which the
medical program is but one. Some patients were
examinedin the island dispensaries onfMejatto 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 Brookhavqn National
Laboratory technicians with support fr@m personnel
of the Health Services of the Reppblic of the
Marshall Islands. Routine hematology testing was
performed on a J.T. Baker 5000 electgonic counter
and, beginning in the fall of 1989, o@ the Serono
Baker 9000 RX automatic 8-parametegcell counter.
Leukocyte differentials and platelet counts were part
of each evaluation. Clinical chemistfy 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.

Roentgenographic services were provided using
a dedicated mammographyunit and a standardx-
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-ray films 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 abdominalpain, hematuria,gestational age, and
cardiac disease. It is used only whena 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 Schneier,
Division of Endocrinology and Metaboli
Chicago, IL for thyroglobulin analysis; Met   

  

  

 

   

  

  

   
    

   

  

Honolulu, HI; and Smith Kline Bio-Science, Ki

Prussia, PA. Pathologists’ Laboratories, In

involves routine calibration, maintenance fand
monitoring of all instrumentation. Daily tri-

hematology analyzer. The chemistry analyzqr is
calibrated prior to each mission, and bi-level q
control samples are run on all analpses.

performed in the field are re-analyze
Brookhaven National Laboratory to compare

and to confirm the earlier results all of

proved to be within acceptable tolerance.

as

Other quality assurance methodsinclude t
of questionnaires given to patients.
questionnaires, translated into Marshallese, wi
responses being interpreted at the present ti

important quality assurance mechanism i
involvementof volunteer physicians from arou
United States, for this rotation through the pr

program attuned to neweror better approaclfes to

diagnosis and management. In additioh to
information obtained by personal interaction during
the missions, ideas for bettering the program are
requested via a questionnaire distributed

Finally, the results of these and other mech
of quality assurance are reviewed byg 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 useof anti-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 personnelinvolved 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

(corrected for nonavailability) were:

1988 1989 1990

Rongelap 86% 82% 88%
Utirik 84% 91% 85%

Comparison 68% 62% 65%  
The percent of the eligible population efamined

on at least one occasion during the last fpur-year
period was:

Rongelap 95%

Utirik 98%

Comparison 90%  These figures do not include severalf persons
residing outside the MarshallIslands. Mosifexposed
personsin this category have medical examinations
arranged through a local physician [by the
Department of Energy or the Marshal§ Islands
Medical Program.

The acceptance rate for mammography among

eligible women was 100%. For sigmofdoscopy,
about 75% of age-eligible persons elfcted to
undergo this procedure on a regular basi

  

 

  

 

Overall Survival:

After 37 years there continues to
difference between the survival curves of dither the _

high-exposure Rongelap group or the low—exposure
Utirik group and the age- and gendergmatched
unexposed Rongelap population selected in 1957
(Fig. 1). Estimates of the survival distripution by
the actuarial life table method were analyaed by the
Mantel-Cox and Breslow statistics for t@sting the
equality of the survival curves. The “p" Jalues for
the two tests were 0.66 and 0.82, respectively, for
the Rongelap and Comparison group, ang 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 1991is as follows: Rongelap - 1: Utirik -
3: expanded Comparison group - 10 (see p. 1 for
the description of this group). Theclinical events
surrounding the deaths are described below.
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Fig. 1: Percent survivors of the different exposure groups
since 1954. The numberofpersonsinitially 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 renalfailure

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

normal. An alpha-fetoprotein level was no
was known to be hepatitis B surface
positive), and a chest x-ray showed onlyj pectus
excavatum.

 

and a flexible sigmoidoscopy was normalfin 1987.

arthritis of the shoulder.
cardiologist diagnosed mitral regurgitation
(secondary to ruptured chordae tendineae and mild

aortic stenosis/insufficiency. She was of digoxin
and hydralazine for this. The joint probl@m, which
was due to a shoulder injury at an early age and
subsequent degenerative changes, was harfiled with
acetaminophen. Her blood count whe seen in
March 1988 was normal except for a mild anemia
(hemoglobin: 10.1 g/dl), present sigice 1984
(hemoglobin: 10.6 g/dl). Serum creatfnine was
normal in 1987, as was a Papanicolaqu smear.
Because of restricted mobility her. medial exams
were done in her home. She was Wnchanged
clinically when last seen in September 1988. The
cause of death is unknown.

Comparison population:

Subject No. 5. This 67-year-old mai died on
Ebeye in 1988. When last examina] 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 venousinsufficiency 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 known.

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, He wasreferred
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
usuaily 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/dt) and recent weight loss. The mean
corpuscular volume was 98fl. 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

intramuscular B12. Mammography was
her Papanicolaou smear wasclass I.

relevant that her husband had died recegtly, andit
is possible that he had advanced tuberculosis.

Subject No. 10. This 59-year-old mdn died on
Ebeye in 1990. He had advanced diabetfs mellitus
with nephropathy, retinopathy, and neuropathy.
When last seen in March 1990 his creafinine was
12.4 mg/dl and the hemoglobin level wag 10.4 g/dl.
A HbAIc level was 6.8%, only slightly elevated.
Flexible sigmoidoscopy was negative in 9987, and a
chest x-ray at that time showed no actife disease.
He was being followed by the Diabetid Clinic on
Ebeye. His death certificate listed renal Failure due
to diabetic nephropathy as the cause of Heath.

Subject No. 11. This 61-year-old mag, a former
heavy smoker, died on Majuro in 198@ He was
known to have chronic renal insufficiencythoughtto
be due to diabetes. He was referred 1987 for
evaluation of this problem. An
examination by the Brookhaven team
calculi or hydronephrosis; renal siz
normal. He had gout, and the renal di

he had lost much weight and a hilar masf was noted
on chest x-ray. He was referred for fevaluation.
Carcinoma of the lung was indicated his death
certificate.

Subject No. 12. This 73-year-old woman had
breast cancer diagnosed in 1985 afta@r a breast
nodule was detected during her annial medical
program physical examination. A mast#ctomy was
done that year. She died in 1991. Whdn last seen
by the medical team (March 1989) thEre was no
evidence of metastatic disease, and tlfe cause of

death is unknown.

Subject No. 13. This 64-year-old woman died on
Ebeye in 1988. Her last complete
examination was in 1986, when hej problems
included insulin-dependentdiabetes mel§tus, urinary
tract infection, and abnormal liver fugction tests.
Whenrepeated, the latter showed only 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 waseffectively 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/di and a HbA\Ic level of 7.4%
(miidly 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 review 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
portrayed in relation to the expanded Comparison
group. Table | 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 graphsin
Fig. 2 that there is a mild but relatively consistent -

depression, generally not statistically significant
different, over most of the 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 noclinical 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
Therefore, these differences may reflect
cell compartmentalization (e.g. marginati

Hematologic changes in Japanese ato
survivors have been recently reviewed (
Finch, 1988). An early decline in leukoc
was detected from 1947 through 1956,
occurred in both exposed and unexpose
and therefore was not an effect of
Indeed,"no clearly established exposure d
have been uncovered except in the cage of the
leukemias” (Blaisdell and Amamotof 1966).
Therefore, a sustained depression in [eukocyte
counts, such as seen in the Rongelap grougl, was not
detected amongthe exposed Japanese. Wah regard
to leukocyte margination, no evidence of afradiation
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 humansonly mininfally, if at:
all, and, when dysfunction has been detecfed,it has

been of no clinical importance. The mst recent
clinical study to confirm this was carriqd out on
Japanese atomic bomb survivors and included
phagocytic and bactericidal activities of nfutrophils
(Sasagawa et al., 1990).

It was noted that for ten years after thf atomic
bombings in Japan the leukocyte counts @f persons
followed by the Atomic Bomb Casualty Cqmmission
gradually decreased by about 35% in both the
exposed and unexposed populations (Blaisdell and

obtained on the Marshallese over a simpi
span. Using data from the unexposed C
group, the mean total leukocyte concen
1954-1958 was 8,500/ul and for 1969-1
7,300/ul, a 14% decline. For 1985-1990 i

7,500/ul. A decrease in absolute |
concentration, approximately 1,000/ul,
simultaneously. This finding differs from
Japanese, in whom it was the neutrophil.
predominantly lowered. For the
minimalfluctuation was seen in neutroph
the three periods. The reason for th
decrease in lymphocyte concentratio
exposed and unexposed Marshallese is

74 it was

has been

phocyte
occurred

hat of the

that were

rshallese,

count for

apparent

in both

known.

 


