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Preface

The medical examinations of the Marshall
Islanders accidentally exposed to radioactive fall-
out in 1954 have now covered a span of 20 veam.
A 5-year period has elapsed since findinp have
been presented in full, and this report includes de-
tails of this period as well as a summaty of the data
for the entire 20 yearn Some background i&orma-
tion is presented tit.

The Marshall Islands were chosen aa an atomic
bomb proving ground at the time of Operation
Crossroads at Bikini in 1946 and were subse-
quently used for numerous tests at both Bikini and
Eniwetok until the moratorium was declared in
1958. These islands were chosen because of their
isolated location in the vast, nearly empty ocean
area of ?vlicronesia j ust north of the equator, east
of the Caroline Mantis, and northwest of the Gil-
bert Islands, about halfway between the Hawaiian
Islands and Australia. The Marshall Islands com-
prise 34 islands and atolls spread over some 180,000
square miles of ocean. Each atoll consists of a low-
Iying chain of sandy, palm covered islands con-
nected by a reef surrounding and protecting a cen-
tral blue-green lagoon. Habitable land area is sur-
prisingly small - only about 70 square miles in the
entire Marshall Islands. The climate is tropical, and
the trade winds blow much of the year. The atolls
involved in the 1954 accident are located in the
northern MarshalIs: RongeIap and Ailingnae
about 100 nautical miles east of Bikini, Rongerik
about 135 miles east of Bikini, and Utirik 275
miles east of Bikini.

During the past century the Marshallese people
have been governed by four countries. Germany
purchased the Marshall Islands from Spain in
1886 and governed them until 1917, when Japan
took over under a League of Nations mandate;
Japan declared ownership in “1933 when she ‘broke
horn the League of Nations. The United States
liberated the Marshalls in 1944, during World
War II, and was given authority under a United
Nations man&tc to adminimer the scattered islands
of Micronesia as the Trust Territory of the Pacific
Islands; this was done first by the U.S. Navy and
later by the Department of the Interior.

The early explorers and traders found the is-
lands inhabited by friendly, gentle, primitive
people, living in thatched huts, fishing from out-
rigger canoet, and subsisting entirely from the
10CZIen “
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nment. The increasing encroachment
of civilizau via traders, missionaries, and gov-

erning authorities has changed their way of iife.
The missionaries brought religion, clothing, and
changed customs. A dollar economy baaed on
copra production and employment by local gov-
ernments has tended ~adually to supplant the en-
vironmental subsistence.

Sanitary conditions and health care in the Mar-
shalls had been primitive, with treatment of the
sick ollen involving a large element of superstition
and magic, and apparently did not improve under
Japanese rule. During World War II the Mar-
shallese were forced to live on low calorie die~
with inadequate medical care. When the U.S. was
made trustee in 1947, the .Navy, under the aus-
pices of its Bureau of Medicine and Surge~, un-
dertook a comprehensive medical survey of island
populations in the Trust Territory including the
Marshall Islands, using one of its vessels, the USS
Whiibqy.~ The sutvey showed that unsanitary con-
ditions with regard to flies, garbage disposal, arid
excretory habiu made for mukipie intestinal para-
sitic infestations and diseases. A high percentage of
the people had positive Kahn tests, associated with
yaws, and widespread treatment with penicillin
proved extremely effective. Diseases of the eyes
and skin, acute and chronic respiratory diseases,
and vitamin deficiencies were especially common.
No malari~ filariasis, yellow fever, or cholera
was seen. Subsequent health care in the Trust Ter-
ritory was hampered by lack of trained medical
personnel and poor transportation to the outer
islands. This was the status when our special med-
ical examinations began.

Some of the events over the years in the Mar-
shall Islands that are relevant to the medical sur-
veys are liited in Appendix 1.

The first examinations in 1954 tier the fallout
were conducted by an emergency medical team,
requested by the Atomic Energy Commission,
directed by Dr. E.P. Cronkite and composed
largely of Navy medical personnel whose service
experience proved extremely helpful for this field-
type operation. Resurveys were conducted at 6
months under Dr. V.P. Bond and at 12 months
under Dr. Cronkite. In 1956 the survqm were
placed under the direction of the author at Brook-
haven National Laboratory. Since then the surveys
have been conducted in conjunction with the De-
partment of Health SeMces of the Trust Territory
and with the participation of medical specialists
horn the Armed Forces and t%om medical centers

...
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!3qxued Mamhailac at Kwajaiein immediately
afler evacuation, March 1954.
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Part of decontamination procedures at Kwajalein, March 1954.

Initial medical examinations at Kwajalcin, March 1954.

Ejet Wlage, where Rongclap pcopie lived for 3 years.

Typical Rongelap house, 1954.

Ma@rwidcncs a@qtlarewdl giIlstodcpardng RongcLap tiiatds. 1!
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in the United States, including endocrinologists,
cardiologists, hematologists, internists, surgeons,
ophthalmologists, and parasitologists (see Appen-
dix 2). The varietv of specialists indicates the diver-
sity of the examinations conducted over the years.

The BNL group has been fortunate in main-
taining a clcae liaison with the Atomic Bomb Cas-
ualty Commission in Japan, and several physicians
formerly associated with it have participated in
our surveys We have also had a close relationship
with the people studying the Japanese fishermen
exposed to the Bravo fallout; in 1964 exchange
visits were arranged for Dr. Kumatori and the au-
thor to attend surveys both of these fishermen and
of the Marshallese.

In May 1954, upon completion of the initial ex-
aminations (conducted at Kwajalein), the 82
Rongelap people, because of the contamination of
their home isiands, were moved to lMajuro Atoll,
and they were examined there in September 1954
and in March 1955, 1956, and 1957. They re-
turned to Rongelap, to live in a newly built vil-
lage, in July 1957, after radiological surveys had
shown the island to be safe for habitation. The 157
Utirik people were taken home after the initial ex-
aminations, since their island was only slightly
contaminated and was considered safe for habita-
tion. The 28 military personnel exposed on Ron-
gerik Atoll were taken to Tripler Army Hospital for
further examinations.

Following the initial acute effects of radiation
on the Rongelap people, the examinations over
the next 9 years revealed few significant findings.
An increase in miscarriages and stillbirths among
the exposed women during the lirst 5 years was
thought to be related to radiation exposure, but
general health and d~casc incidence in the exposed
people were about the same as in the unexposed
Rongelap people who had returned from other is-
lands and served as a comparison population. Dur-
ing thi3 uneventfid period, suggestions were made
for reducing the scope or frequency of the surveys,
but these were never seriously considered since it
was realiacd that little is known about the late cf-
fmts of radiation on humans and effects might still
appear. In 1963 the unexpected apearance of
growth retardation in some children and of thyroid
abnortnalhia fully justified this reasoning. In 1972
a case of fatal acute myelogenous leukemia devel-
oped in a 19-year-old exposed Rongelap boy,
indicating the need for additional sutweillance.
The surveys therefore were expanded to include
a hematological check in the exposed Rongelap

people every 6 months. At that time also diffi-
culties were encountered in maintaining a strict
thyroid treatment program in the exposed Ron-
gelap people, with potential serious results, par-
ticularly in the people who had had thyroid sur-
gery. The decision was therefore made to place
a resident physician in the Marshall Islands to keep
check on the treatment program and assist the
Trust Territoty in general health care of the
Rongelap and Utirik people.

The medical findings on the Marshallese have
‘been published in numerous BNL reports and
journal articles.2-23

Some problems have been encountered in carry-
ing out the medical surveys in the islands. Carefid
planning is required for all necessary equipment
and supplies to be on hand at the remote location,
and procedures must be adapted to field condi-
tions with proper electronic support. Some tech-
nical procedures such as staining of blood smears
and cell cultures present problems under tropical,
humid conditions. Providing adequate transpot-t&
tion has been a major difficulty. While the lNaw
linmiahed LST’s and amphibious planes, problems
were minimal, but for most of the surveys we have
had to rely on cargo ships chartered by the Trust
Territory, and these have sometimes proved unre-
liable in meeting schedules or hazardous because
of faulty life-saving devices and inadequate navi-
gational equipment. Once the survey team was
lost at sea for more than a day trying to find an is-
land, and twice ships ran aground on reefk. Sxrtail-
boat travel in rough waters was hazardous; the
trip fmm ship to shore was sometimes in outrigger
canoes and might result in wet passengers and
baggage. To overcome these problems, an LC U
was recently acquired for carrying out the .\EC-
sponaored radiological and medical surveys in the
Marshall khllds.

Other problems included the following: The
language barrier hampered communication with

. the people, even though a limited number of re-
liable English-speaking people were usually avail-
able. The lack of adequate vital statistics resulted
in uncertainty in the exact age of many of the
people; and medical records were poorly kept,
particularly in the outer islands (e.g., the health
aide would ofien give the cause of death as “too
old”). It was difficult to obtain consent for an au-
topsy, even at district medical centers, because of
tiilinq against mutilation of the body afier death.
Some of the subjects thought that drawing blood
made them feel weak; and some questioned the

v



Pcople returning to Rongclap ( 1957) after 3 years at Majuro.
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Trust Territory cargo v-l carxying personnel
and supplies for medical suxweys, 1966.

Rebuilt village on Rongelap to whti people returned in 1957.
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Tnsst Tcmitory cargo vesselon mcfaftrr dcpartum kom Rongclap
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Suppo m Navy amphibious planes during the early
annual “nations facilitated visits to the outer islands.

Moving equipment ashore. In recent years this task has
been facilitated by the acquisition of a jeep and a tractor.
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need for continued examinations when no signifi-
cant findings were reported. In spite of such prob-
[ems, the people have alwavs been friendly, and,
except on one occasion (a case of political inter-
ference, described below), have generally cooper-
ated in the examinations. Psychological reaction
to the fallout has been reflected at various times in
fears regarding fertility, a beiief that &h poisoning
was due to radioacuvity rather than to the poison-
ous nature of the fish, feelings of weakness attrib-
uted to radiation, and fear of thyroid cancer and
leukemia (following the death of the Rongelap boy).

A major concern for the past 5 years has been
local political interference and questions concer-
ningthe medical examinations. The Trust Terr-
itory now has a Congress of Micronesia (not con-
nected with the U.S. administration), which has

appointed a Special Committee to investigate the
heaith status of the Rongelap and Utirik people.
Utiounded accusations were made by certain local
politicians that the United States deliberately ex-
posed the people to fallout so that they could be
used as “guinea pigs” to study the eff~ and that
the medical team was concealing deaths from
radiation and was not reporting all of its findings.
In March 1972 the sunwy was interrupted by the
politicians and had to be aborted at Rongdap.
Aiienvards the Congress of Micronesia appointed
medical obsenmrs to accompany the team on a sur-
vey in September 1972. Two prominent physicians
horn Japan (Drs. H. Ezaki and T. Kumatori), one
&om England (Dr. E.IL Pochin), and one from the
U.S. Public Health Setice ( Dr. W. Cole) accom-
panied the team and participated in the examinat-
ions. Their report to the Congress of Micronesia
was most favorable and has done much to quiet the
political accusations. The Special Committee on
Rongelap and Utirik published a lengthy repro+
of its investigations, including the report of the ob-
semem, and this also has helped bring about a more
f%tmable attitude to the me&cal examinations.

Two major bills have been initiated by the Con-
gress of Micronesia. One concerns payment of
travel and living expenses for any patient from
Rongelap and Utirik on our examination list who
needs hospitalization. This bill has been approved
by U.S. authorities and is being implemented.
The other concerns compensation for the Ronge-
lap people for ill effects of fallout exposure and
provides also for a payment to the Utirik people
and for special compensation to the parents of the
boy who died of leukemia. (See Appendix 1.) We
believe that the Rongeiap people are entitled to fur-

ther compensation for injuries received, although,
on the basis of the effects of their previous compen-
sation in 1965, the ultimate benefits are doubtful,
and another payment might push them fwther to-
ward the state of welfare and perpetuai dole. Dr.
WNiam Peck, the former Director of Health Ser-
vices in the Trust Territory, has put this situation
nicely: “To withhold further funds and thus
deepen the grievance, or increase the compensa-
tion and thereby the dolor of dependence - either
course of action seems only to compound their
original injury, and our dilemma!”

Further problems in the iMarshall Islands are
associated with the return of the former residents
to live on Bikini and Eniwetok, which were con-
taminated during the testing program. Numerous
rdologicai surveys have indicated that with cer-
tain restrictions these atolls can be habitable
again. Since a number of concrete homes have
been completed on Bikini, about 40 people have
returned, but they must be subsidized because i~
will be several years before the coconut arid other
mea bear hit. A number of people are expected
to return to Eniwetok to live in the near future.
The medical team as well as other radiological
safety personnel at BNL have been assigned the
teqxmsibility of personnel and environmental
monitoring to assure the radiological safety of the
returning people. Pemonnel monitoring and en-
vironmental surveys at Bikini were instituted a
few years ago, and only very low levels of inter-
nally absorbed radionuclides have been noted.
ERDA is sponsoring continuing surveys of these
atolls, being done by several institutions.

The medical surveys have been a rewarding ex-
perience for all the personnel who have partici-
pated. We have been fortunate in obtaining the
semices of talented specialists and technicians and
in having the continued staunch support and as-
sistance of many people at Brookhaven National
Laboratory, ERDA, and the Trust Territory, and
the authorities at Kwajalein, without which the
succcu of the surveys would not have been possi-
ble. The medical team has developed a deep
friendship for the Marshallese over the years. In
spite of the injuries and hardships resulting from
the 1954 accident, they have cooperated with us
even through the period of political disturbances.
With the improved political climate and attitude
toward the examination we look forward to contin-
uing these important and challenging missions and
to offering specialized health care to these Mamhall
Islanders in future yearn. R/i. Conard, iM.D.
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A TWENTY-YEARREVIEWOF MEDICALFINDINGSINA MARSHALLESE
POPULATIONACCIDENTALLYEXPOSEDTO RADIOACTIVEFAI.1OUT

1. Background

A. THE ACCIDENT

The testing of nuclear devices in the Marshall
Islands (see Hines25), beginning with Operation
Crossroads at Bikini in 1946 and ending with the
moratorium in 1958, did not result in significant
miiation exposure to personnel or fallout contam-
ination outside the test area except in one case.
On .Mareh 1, 1954, the detonation from a tower of
a thermonuclear device, Bravo, in the Castle Se-
ries of tests at Bikini resulted in a serious fallout
accident. The yield was about 17 megatons, con-
siderably greater than expected, and an unpre-
dicted shift in winds in the upper atmosphere
caused the radioactive cloud to drift over and de-
posit fdout on several inhabited atolls to the east:
Rongelap with 64 people, Ailingnae with 18
people, Rongenk with 28 American servicemen,
and Utirik with 157 people (see F@ure 1). AJap
anese fkhing vessel in the area, the Ltt+ Dragon,
with 23 fishermen aboard was also exposed (see
Appendix 3). The fallout is thought to have com-
menced at Rongelap about 4 to 6 hr after the det-
onation, at Rongerik about 7 hr after it, and at
Utirik about 22 hr af2er it. Its duration on the is-
lands is uncertain but has been eaamated as about
12 hr, the greater part of the fallout recurring early
in the period.z The estimated dose of gamma radia-
tion to the island populations is discussed in Sec-
tion II. A. The American servicemen on Rongerik
noted that the needle on a telemetering instru-
ment suddenly began rising and went off-scale in
30 rein, begiming about 6 to 7 hr after the deto-
nation. An alarm was radioed to the task force,
and a plane flying low confirmed that significant
Mlout had occurred.

The exposed people were evacuated by planes
and Navy ships within about two da~ and taken
to Kwajalein, 175 miles to the south. They were
tint examined by the medical group at the Naval
Dispensary there. Eight days ailer the accident a
medical team consisting of21 doctors and tech-
nicians, largely fmm the Navy, which had been re-
quested by the AEC, arrived at Kwajalein. For
two months the team took medical histories, did

repeated physical examinations including studies
and photographs of beta burns of the skin, made “
numerous hematoiogical tests, and monitored for
external and internally absorbed radioisotopes.
Complete removal of the radioactive contamina-
tion from the skin and hair required many cleans-
ing procedures; the coconut oil used on the hair
was particularly retentive. At the end of the ex-
amination period, most of the skin burns had
healed and, although significant hematoiogical de-
presion had occurred, no serious illnesses were
evident that could be related to radiation injury.
The Marshallese people were taken to a tent en-
campment on Ebeye Island for a stay of several
weeks. Since Utirik Atoll was ordy very slightly
contaminated from the fallout, it was considered
safe for habitation, and the Utirik people were re-
turned there with fhsh supplies, clothing, and live-
stock. Rongeiap Atoll was too contaminated to al-
low immediate return and its people (along with
the 18 from Ailingnae) were taken to a temporary
village built for them on Ejet Island in lMajuro
Atoll, where they lived for 3 years until their re-
turn to Rongelap. The American servicemen were
taken to TripIer Army Hospital for tirther exam-
inations and later returned to duty.

B. ANNUAL EXAMINATIONS

Medical examinations of the Rongelap people
were conducted at their temporary home on Ma-
juro in September of 1954 and in l~arch of 1955,
1956, and 1957. In 1954 an unexposed group of
Marshallese living at Majuro was chosen as a
comparison population for these examinations.
This group, however, was composed of people
Eom many of the Marshall Islands who were not
easily located for subsequent examinations. Unex-
posed Rongelap people gradually moved to Ejet
to live with their fellow islanders, and this group
increased further on the return to Rongelap. These
unexposed Rongclap people were included in the
examinations and have served as an excellent com-
parison population since they are blood relatives
of the exposed Rongelap people, match reasonably
well for age and sex, and live under the same en-
vironmental conditions (see Section III. A.).

1



Medical sumcy team, March 1970.

Medical survey team, March 1971.

Medical sw team, March 1972.
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Mc&cal survey team, September 1972.

. 7

Medical surveyteam, March 1973.

\

iv Medical survey team, March 1974.
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Bv 1957, radiological surveys indicated that, in
spite of slight lingering radioactivity, Rongelap
.+toll was safe for habitation. A completely new
village was constructed, and in July the Rongelap
people, more than doubled in number by the in-
flux of relatives, were taken thereon an LST with
all their personal belongings, bed mats, and live-
stock. Al% arrival ceremonies they happily settled
down to life in their new village. In March 1958
the survey was carried out for the limt time at
Rongelap; subsequent annual examinations have
been done mostly at Rongelap with supplementary
visits to other islands.

The Utirik people, after the initial examinat-
ions, were next examined on their home island in
1957. They have since been examined only about
once every 3 years because their fallout exposure
was minimal. The American se~icemen have not

been seen by our medical team since the initial

examinations.

During recent years the Rongelap and Utirik

people have moved in large numbers to the dis-
&ict centers at Majuro and particularly Ebeye
(Kwajaiein Atoll), where many arc employed by
the Kwajalein Made Range. This had necessi-
tated examinations at Majuro and Ebeye in addi-
tion to their home islands. (Table 1 shows the
present geographical distribution of the people.)

The many studies that have been done on the
Marshallese are directly or indirectly related to
possible radiation effects. Often a single blood sam-
ple &awn for routine hematology has been used
for many tests. Multiple blood sampling has been
avoided whenever possible.

C. 1970-1974 SURVEYS

During the past 5 years a number of problems
have arisen: thyroid abnormalities continued to
develop in the exposed Rongelap people in spite of
hormone treatment; an exposed Rongelap boy

Ronqelap exposed
Rongelap unexpod
Utirikexposed

Total

died Eom leukemia that may or may not have
been related to radiation exposure; transportation
deteriorated; and political interference was started
which has been particuiariv frustrating and has
threatened to put a stop to the medical supervision
and care provided to the exposed people bv the
medical team.

In 1972, following the death horn leukemia, the
decision was made that more frequent hematologi-
cal examinations of the exposed people were
needed, and therefore such examinations were in-
stituted evety September in addition to the lhhrch
rummy.

Also in 1972, the decision was made to place a
resident physician in the .Marshall Islands. An in-
creasing number of exposed Rongelap people were
developing thyroid nodules, most of which required
surgical intervention, and many oft hem were not
adhering strictly to the thyroid treatment pro-
gram, which is considered extremely imporrant,
especially after surgery. A resident physician wouid
be able to monitor this program and, since the
Trust Terntoty was short on medical personnel,
could assist in general health care of the Rongelap
and Utirik people. The plan is for such a physician
to alterr+te between BNL and the Marshall Is-
lands every two years. The first one has just com-
pleted a 2-year term, and another is taking his
place soon.

Transportation has always been a major prob-
lem for the medical sumey teams. Air transporta-
tion to the Pacific improved greatly with the advent
of the jet plane, but travel by ship among the Mar-
shall Islands (several hundred miles between atolls
through rough seas) has remained difficult. The
travel problem has been magnified by the need for
the resident physician to visit Rongciap and Utirik
quarterly, and by the added responsibility of the
medical team, since 1971, for radiation monitoring
of Bikini and more recently of Eniwetok, since the
people displaced by the bomb testing program are

Table 1

Locatioa of Rongclap and Utirik People, 1974

Rongelap Utirik Majum Ebeye Btini other Total

31 5 24 6 66
37 14 65 7 8 131

+1 43 22 10 116

68 41 62 111 7 24 313

5u!blol
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being returned to these islands. It became appar-
ent that a special vessel was needed. and in 1973
the .AEC arranged for the Army to provide an
LCLi (landing craft utility) based and maintained
at Kwajalein (with AEC funding). This vessel,
though small and slow, has the distinct advantage
that it can be beached, so that ship-t~shore trans-
fer of equipment and personnel by small boat is
unnecessary. Three 30-fi air-conditioned trailers
have been placed on the tank deck, one equipped
as a “sleeper,” one containing a whole-body
counter (shadow-shield lead assembly and elec-
tronic equipment ), and one set up for clinical ex-
aminations with a doctor’s office, a small labora-
tory, and an x-ray facility. The LCU with these
trailers is now in full use and affords tremendous
improvements in the operations.

Examination facilities at Utirik consist of several
Butler-type buiidings left by a weather station
qoup. On Rongelap several examination trailers
have been installed so that the schoolhouse need
no longer be used. Examinations trailers have also
been installed on Ebeye and Majuro.

LMajor events in the Mamhall Islands related to
the surveys, including the political problems of the
past fw yearn, are summarized in Appendix 1.

Before and after each survey, village meetings
have always been held on Rongelap and Utirik to
inform the people of the objectives of the examina-
tions, the findings, and recommended treatments.
Because of the language barrier, the people did
not always understand the need for the examina-
tions, or their results. Every effort is now being
made to correct this. Preparation of a question-
and-answer booklet on the effects of the fallout
and treatment on the Rongelap and Utirik people
was recommended by the Congress of Micronesia;
such a booklet haa been printed at B NL for the
Trust Territory Health Services and is being dB-
tributed; it should do much to correct many of the
former misconceptions (see Appendix 4).

During the 20 years covered by these reports
drastic changes have occurred in the Marshall
Islands District.

The population more than doubled front 1948
to 1973, the total going km -10,000 to -25,000.
The itmeasm were moat dramatic on Majuro (go-
ing from 1,200 to 10,300) and on Ebeye (going
!iom 750 to 5,000). On the outer islands the total
population changed less (Rongelap, 100 to 167;
Utirik, 126 to 2 17), but the age distribution be-
came abnormal. Young adults have gravitated to-
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ward the district centers, and the “home islands”
are left with children and old people. A recent sur-
vey on Rongelap showed that of its 167 people,
115 were <15 years old and 30 were >50. The
flux is great: during any given fieid trip up to 30
people may be arriving or leaving.

The district has opened up to foreign travel.
,Majuro has a jet airport, paved roads, electricity,
and telephones. Expectations are rising, and when
public services fail to keep pace with increasing
demand, dissatisfaction is more vocal.

The atmospheric bomb tests ended in 1958.
Kwajalein was abandoned as a Navy Base in 1960
and was made part of the Army’s missile test
range. For the visiting medical teams, loss of Naw
assistance in transportation has increased the
logistic problems, but the continuing support of
the .%-my Base has been invaluable.

The people of Rongelap and Utirik have always
been most friendly and cordial to the medical
team. Except for political interference with the
1972 exarnimtions, the people have always been
cooperative.

Il.
.

A.

1. SOurco

Initial Findings

DOSE ASSESSMENT

The ra&ation exposure of the Marshallese was
due entirely to fallout, since the detonation site
was too far away for thermal, blast, or direct irra-
diation effiits. (In constrast, direct effects were re-
sponsible for all the injuries from the atomic bombs
in Hiroshima and Nagasaki, with little or no fall-
out. ) The fireball from the 1954 Bravo device,
detonated f+om a tower, touched the surface of the
earth at Bikini, and large amounts of materiaI
were drawn up and mixed with fission products in
the bomb cloud. Because of an unpredicted shifi
in the winds in the upper atmosphere, fallout was
deposited in a cigar-shaped area 20 to 40 miles
wide extending -200 miles to the east of Bikini
(see Figure 1). The radioactivity was due to fission
products and some neutron-induced isotopes; the
fallout contained little fisaile material. The radia-
tion was therefore almost entirely horn gamma
and beta rays of varying energy from numerous
fission radioisotopes. The time after detonation
when fallout began was estimated as 4 to 6 hr at
Rongelap, -7 hr at Rongeri~ and 22 hr at Utirik
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LCU now used for travel between the islands, 1974.
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Senator O.T. Borja (sceond from left) of the Congress of
Micronesia, Chairman of the Committee Studving the
Medical Status of the Rongelap and Utirik People, visit-
ing BNL in 1973; shown with Drs. E.P. Cronkite tleft L
V.P. Bond, and R..% Conard.

Examination trailer on Rong.dap, 1965. Thyroid examination on Rongelap, 1969.
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Rongclap patients with interpreter in New York, visiting Hcrnatologieal examinations. Rongelap, 1965.
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g before undergoing thyroid surgery, 1968.
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Group
duignation

I. Rongeiap

II. ,%lingnac
III. Rongerik

IV. Utirik

vL o.
&r

group

64

18
28

157

Table 2

Estimation of Gamma Dosez

Approx. time of
commencement Time of

of fallout evacuation

H+4t06hr H+50hr(16pcop1e)
H+51 hr (48 people)

H+4t06hr H+58hr
H+6.8hr H+ 28.5 hr (8 men)

H+ 34 hr (20 men)
H+22hr Started at H+55hr

Instrument readings
used in dose
calculations

375 mR/hr, H + 7 days

100 mR/hr, H+9 days
280 mR/hr, H +9 days

40 mR/hr, H +8 days

Best estimate
of total gamma
dose in air (R)

175

69
78

14
Completed at H + 78 hr

and the fallout duration as -12 hr, with most of and their range of valuq due to different amounts
the dose delivered early in that period. The times
when people were evacuated from the islands are
shown in Table 2.

2. Gammo (Whoh4asiy) Doss

The fallout (where seen) resembled snow or mist
and was deposited relatively homogeneou.d y so
that the individuala on each island were con-
sidered to have received about the same estimated
dose of gamma radiation. The children may have
had a somewhat higher $ose than that calculated
for the adults because, being smaller, they were
closer to the ground and received larger midline
doss. This possibility is supported by the higher
incidence of early nausea and vomiting and the
greater depression of blood elements in the young

children. The flimsy hottaes afforded little attenu-
ation of the radiation. The whole-body doses were
calculated fkom measuremen~ with radiation field
sutvey instruments held 3 ft above the ground
made within a week after the detonation, bv ex-
trapolation to the time of exposure with the energy
spectrum and decay taken into consideration.
Table 2 shows the calculated gamma doses for the
different populations exposed. The degree of hema-
tological depression that developed later is con-
sistent with the doses calculated. In view of the %
geometry of exposure, the midline doses to indi-
viduals were higher than those obtained with the
usual bilateral exposure of x-radiation.z

3. Skin Doso

The dose to the skin iurface was much greater
than the whole-body gamma dose because of the
large amount of beta radiation absorbed by the
skin. The actual skin doses, although impossible to
calculate, probably amounted to thousands ofrada,

of fallout sticting to different areas, accounted for
the spotty nature and varying intensity of lesions.
The extensiveness of the beta burns in each island
group correlated roughly with the amount of fall-
out visible on their island (see Tabie 6). LMostof
the skin dose was due to fallout deposited dire+
on the skin, but some was due to beta radiatiotr
fiwm fallout on the ground (esamated at Rongelap
to be 2000 rads at the level of the dorsum of the
feet, 600 rads at hip level, and 300 rads at the
head, on the basis of continuous exposure and no
shielding).z It waa fortunate that the beta radia-
tion had an average energy insufficient to pene-
trate deeply into the skin and therefore resulted
for the most part in superficial beta burns. The
average beta particle probably did not penetrate
much beyond the basal layer of the skin (- 100 p).
However, since epiiation occurred in many people,
the region of the hair foilicles must have received
a dose equivalent at least to the minimal epilating
dose of 400 rads of 200-kVp X rays.

4. Intorrtal Daaa Cakuiatfona

Internal ai%ption of radioisotopes was due to
inhalation as the radioactive cloud passed over
and to ingestion of food and water contaminated
with fallout, water probably being a major source.
Drinking water is obtained by collecting rainfall
from the roofi into catchments, and a slight rain
was reported on Rongela~ the night of the fallout.
Since the cisterns were nearly empty, the dilution
effkct was minimal. Water was being rationed at
that time, and it was drunk in spite of warnings
from the health aide. On Rongerik fd and water
were better protected from fallout depmition.

Internal levels of radioisotopes absorbed from
the fallout were aasased by numerous radiochetni-

51NIWN



,Marshalksc dental practitioner examinmg teeth
as part of medical survey, Rongelap, 1960.
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Net fishingat Rongclap, 1959.

Party given by mcdkal team at conclusion
of annual suswcy, Rongeiap, 1970.

Elderly Marshallese male, 1965.
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Ronqelap peopk entertaining medical team a[ feast

5000105
Copra being carried ashore. Copra production is

after examinations, Rongelap, 1971. the chief source of income in the Marshall Islands.
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Table 3

Estimated Bodv Burden (#Ci) of Rongelap Pcopiez

Activity
at day 1

‘% 1.6 - 2.2
140B= 0.34- 2.7
Rare earth group o - 1.2
1311(in thyroid gland) 6.4 -11.2
103RU o -0.013
4Wa 0 -0.019
Fdle material o -0.016 (pg)

Activity

at day 82

0.19
0.021
0.03
0.0

0.0
0.0

cal analyses of urine samples, beginning 15 days
post exposure, for ‘Wr, lqOBa, 1s11, the rare earth
spoup, and fissiie material. As expected, the
Rongelap people had the highest bodv burdens.
By 6 months, beta activity in the urine samplea
was barely detectable. Table 3 shows the main

isotopes found at day 1 (extrapolated values) and
at day 82. The agreement between the findings at
the two laboratories is close considering the tcch-
rtiques available at that time. Levels in the Ailing-
nae group were about one-half and in the Amer-
icans about one-quarter the levels in the Rongelap
group. Only isotopes of iodine, strontium, barium
and a few rare earth elements were absorbed to
any significant degree. In the Rongelap group, at
day 1, W3r and 1311 were near the maximum per-
missible levels, and the estimated total amount of
radioactive material in the gastrointestinal tract
was about 3 mCi; whether this had any relation to
the early gastrointatinai symptoms is not known.z
Radioiogicai monitoring of personnei and environ-
ment at Rongelap and other atoils in su bsequcnt
years isdismsed in Section VI.

5. Thyroid Dosimatry

The fallout produced several possibie sources of
radiation exposure to the thyroid gland. The gam-
ma radiation resulted in thyroid doses of 175 rads
in the Rongelap peopie, 69 rads in the Ailingnae
people, and 14 rads in the Utirik group. Iodine
isotopes are produced in relatively high yields by
the fission process. Some are too short-iived to be
of consequence, but 1311, 1321, 1331, and 1351 are
sufficiently long-iiveti to cause a considerable dose
to the thyroid foiiowing internal absorption and
concentration in that giand, and these were ab-
sorbed both via inhalation and via ingestion in
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food and water (see Append= 9C). Other intemailv
absorbed isotopes (see Table 3) were not thought
to be significantly absorbed bv the thvroid and
probabiv contributed little to the dose to that
giand. Conversely, the radioiodines contributed
only slightly to the whoie-body radiation dose.

During the eariy period after the faiiout, radio-
iodine was recognized as possibiy its most hazard-
ous constituent, but the estimated dose to the
giand of 100 to 150 rackswaa not considered sufK-
cient to cause later development of thyroid ab-
normalities. No acute effects were noted in any of
the peopie that couid be reiated to the internal
absorption of radioiodines or other radioisotopes.
Contamination of the skin resuiting in extensive
beta burns in the neck region in 70% of the peopie
(see Figure 2) probabiy did not contribute to the
thyroid dose because of the low energy of the beta
radiation. Possibiy slight absorption of radio-
iodines through the skin occurred.

When the peopie returned to Rongeiap to live
in 1957, no radioactive titopes of iodine remained
(except possibiy very siight amounts of 1291), and
the principal remaining isotopes (137CS, W3r),
which were absorbed to iow ieveis in the peopie,
probabiy did not contribute to any significant
degree to the thyroid doses

When thyroid lesions began developing in the
Rongeiap children in 1963, the dose to the thyroid
of the Rongelap people was reevaluated by
Jama.zs H~ estimates of the gamma dose agreed
approximately with the previous estimate of 175

i 3
.-

Figurc 2. Beta burns (March 29, 1954).
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rads. Calculation of the dosage from radioiodines
unfortunately had to be based on a single, pooled
urine sample from Rongelap people coilected 15
days post exposure. HarriszT at Los Alamos had
reported a low level of 1311 in this sample and had
calculated a one-day thyroid content of 11.2 pCi
based on the assumption of 0.1 ‘ZOurinary excretian
of the maximum thyroid burden on the 15th day.
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Figure 3. Weights of human thyroids in New York City.
(From MocsrrzuIuET .u..~)
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Figure 4. Thyroid dose versus age for children
in cxpoacd Mamhallcsc groups.

James calculated doses for absorption from both
inhalation and ingestion. He noted that the shorter-
Iived isotopes of iodine delivered 2 to 3 times the
estimated dose delivered by 1311 alone. The im-

portance of these shorter-lived isotopes in pro-

ducing thyroid effects in the Marshallese will be
referred to in Section IV. The dose to the thyroid
of a Rongelap adult (including gamma) was cal-
culated as about 335 rads (220 to 450 rads) and to
that of a 3-year-old Rongelap child as 700 to 1400
rads. (The spread is due to uncertainties in esti-
mating dose from absorption of radioiodines by
inhalation versus ingestion.) Wkh the assumption
that the ratio of whole-body gamma doses to thv-
roid doses was the same as for the Rongelap
people, Jarnu’ calculations were used to estimate
thyroid doses in the Ailingnae and Utirik groups;
the results were 135 rads for the Ailingmae adults
and 27 rads for the Utirik adults. The chiidren’s
thyroid doses were based on the weight of the
gland at various ages (Figure 3).~s Bv using a
linear relationship between the thyroid size and
the dose calculated by James, the doses to indi-
vidual children were taken from regression lines
drawn for the three exposed populations (Figure 4);
these are given in Section IV. In retrospect, the
estimated average dme of 1050 rads to the thyroids
of young children appears to be low, at least for
two boys who developed atrophy and myxedema.
The calculated doses are obviously rough esti-
mates. The incomparability of the observed effects
with the calculated doses based on 1311 must be

related partly to the greater dose effect of short-
lived iodine isotopes (see Appendix 9C).

& ACUTE EFFECTS

1. % of WhoH30dy EJtpOSU~

a. Early Symptoms. During the first two days,
before evacuation, symptoms related to the skin
and the gastrointestinal tract were noted in a
large number of Rongeiap people, in a lesser num-
ker among the groups exposed on Ailingnae and
RongeriL and in none of the Utirik group. The
severity of the symptoms was correlated with the
amount of fallout and the radiation dose. Skin
symptoms (itching and burning of areas not cov-
ered by clothing) were noted in about one-fourth
of the Rongelap people, and a few complained of
irritation of the eyes and lachrymation. These
symptoms were thought to be related to beta irra-
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diation, but the caustic nature of the fallout may
have contributed.

The G.I. symptoms in the Rongelap people
consisted of anorexia and nausea (in about two-
thirds of them) and to a lesser extent of vomiting
and diarrhea (in one-tenth of them). Only a few
in the Ailingnae group complained of these symp
toms, and no one in the Rongerik and Utirik
groups. The gamma exposure is thought to have
been sufficient to account for the G.I. symptoms,
but the ingested radioactive material (estimated
at about 3 mCi) may have contributed. The G.I.
symptoms were more prevalent in the Rongelap
children (see Table 4). These symptoms lasted
only about two days and had largely disappeared
by the time the people arrived at Kwajalein.

b. Depression of Blood Elements. The early
hematological findings and the findit-qs in sub-
sequent years are presented in tabular form in
.+ppendix 6 and graphically in Section HI. C. The
early findings are summarized here and the later
ones in Section HI. C.

One of the earliest findings in the Marshallese
indicative of significant exposure was lowering of
leukocyte and platelet levels in the peripheral
blood. This was most marked in the 64 people on
Rongelap who had received 175 rads and less so

in other groups receiving less exposure. The hemo
poietic depression was roughly proportional to the
gamma dose of radiation received. Even in the
157 Utirik people who received otdy an estimated

Table 4

Xausca and Vomiting in Rongelap Group=

Incidence, %

Age at exposure, yr No. Nausea Vomiting

<5 13 85 38
>6 51 44 4

Table 5

Mean Blood Counts at Peak Depression
in Rongclap Group

Percentof control

Age <5 Age >5

Ncuuophils
Lymphocytes
Platelets

56 64
25 55
23 34

14 rads, it was possible to distinguish slight platelet
depression in the group as a whole. The smaller
groups on Ailingnae and Rongerik showed periph-
eral blood levels between those of the high and
low exposure groups. The hematological depres-
sion was thought to be due entirely to gamma
radiation, since it was not considered iikely that “
the dose from internally absorbed radionuclides
contributed to it significandy. The hematoiogicai
depression was greater in the children, particu-
larly those exposed at <5 years of age (see Table 5).
The changes are enumerated below in more detail.

Lyrnphopeniato about half the level of the com-
parison ,Mamhrdkse population was evident when
the RongeIap people were first examined 3 days
after exposure. In children <5 years of age the
lymphocytes dropped to 2570 oft he level of the
comparison children but showed a sJight rise dur-
ing the following weeks. The lymphocyte levels
showed a siight increase by one year,

.Vadrophd levels showed considerable fluctuation
during the first month, possibly related to the
prevalence of beta burns of the skin during that
period. Neutrophil depression became evident by
5 to 6 weeks post exposure, the level dropping to
about half the control level in adults and slightly
lower in children aged <5 (Table 5). Neutrophiis
recovered more rapidly than lymphocytes and
reached near control levels by one year.

Early piatelet counts showed less fluctuation
than other blood counts and decreased to about
30% of control levels by the fourth week. A spurt
of recovery to about 75’70of control levels occurred
during the next few we+ followed by slower
recovety with mean levels never exceeding 90 to
95% of control levels during the first year. The
platelet count is probably the most sensitive index
of the severity of radiation exposure in the sub-
lethal range.

E@ropoitttcdepression has not been a consistent
finding, and radiation effects on these cells have
not been demonstrable by peripheral blood counts.

.Vforphofogzca[ changes. During the period when
neutropenia was most severe, some people were
found to have peculiar monocytic leukocytes that
were thought to be large lymphocytes. These ceils
were not found su bsequend y, although an oc-
casional bhtucleated lymphocyte was seen.

c. Clkica! Findings. The development of sig-
nificant depression of peripheral blood leukocytes
and platelets during the first 6 weeks was cause for
considerable apprehension among the medical
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examiners. However, even at the nadir of depres-
sion (platelets, 28 to 30 days; grantdocytes, 42 to
46 day-s) no associated bleeding tendency or in-
crease in infections was seen. Eleven individuals
had platelet counts between 35,000 and 65,000
but without evidence of bleeding. Between days
23 and 42 post exposure, 10% of the Rongelap
group developed granukcytopenia of <1000 cells
and 42!Z0had leukccyte counts <4000 or absolute
grant.docyte counts <2500. During this period an
epidemic of upper respiratory infections occurred
involving more than half the exposed population.
The illness in the higher exposure Rongelap group
was no more severe than in the less exposed
groups, and individuals in all groups were able to
show an upward trend in leukocytes during the
illness. Prophylactic treatment with antibiotics
was not instituted beca~ it was considered wiser
to withhold them untii a real need might arise.
Antibiotics were given in certain cases where such
therapy is ordinarily indicated.

2. Hhcts of Skin ExpoaurQ

Ma burns’ of the skin are described in detail in
the original report of the medical findkgs.z The
fallout was ubiquitous on Rongelap, Ailingnae,
and Rongerik. The gritty white flakes clung to the
moist skin, got into the hair, were inhaled, and
were ingested with contaminated food and water.
Areas of the skin covered by clothing were largely
protected, and some who bathed in the lagoon
and children who waded at the water’s edge un-
knowingly were protecting themselves since they
were later found to have fewer skin burns. How-
ever, the majority of the people on Rongelap and
Ailingnae had widespread contamination of ex-
posed surfaces of the body; the skin dose was prob-
ably in the thousands of rads and was due mostly
to the beta component.

Most of the people complained of itching and
burning of the skin for the first 24 to 48 hr, and

some complained also of burning and lachryma-
tion of the eyes. This may have been due partly to
the caustic nature of the fallout. These svmpoms
were less evident in the American servicemen on
Rongerik and were absent in the Utirik people.
Table 6 shows the amount of fallout and the re-
sulting skin burns for d.ifXerentgroups.

Personnel decontamination commenced on
board the Navy ships used for evacuation, where
the people were given saltwater showem and cloth-
ing donated by the crew. On arrival at Kwajalein
the skin was still contaminated, and decontami-
nation procedures were continued for several days.
Clotl@g was laundered repeatedly, and was dis-
carded if its radiation level was not sufficiently re-
duced.

The first skin burns appeared about 12 to 14

days post exposure in the Rongelap people; burns
appeared sotnewhat later in the Ailingnae and
Rongerik groups and were less severe and exten-
sive. About 90% of the Rongelap and Aiiingnae
groups and 40’% of the Rongerik groups developed
lesions, but none of the Utirik people. The lesions
were multiple and spotty (F@re 5) and were
characterized by superficial hyperpigmented
maculcs, patches, or raised plaques, which des-
quamated within a few days leaving thin, pink
epitheliums (F@me 6). No erythema was observed
before or during development of the lesions; it J
may have been lacking because of instd%cient dose
to dermis, or it may have been obscured by the
darkness of the skin. Deeper burns with ulcera-
tion were noted in about 15% of the Rongelap
people. Epilation (Figure 7) usually accompanied
scalp ksions and was prevalent in > 90~0 of the
exposed Rongelap children (Table 7); it occurred
to less degrees in adults and Ailingnae groups.
Lesions were mast common on the anterior neck,
axillae, antecubital fossae, and feet, but even the
anal region in some young children was involved.
Lesions of the dorsum of the feet (Figure 8) were

Group

RongeIap
AiIiignae
Rongerik

Utirik

Gmpodtion

64 Marshallese
18 MaAtallese
23 White Americans

5 Negro .%nericam
157 Marsha11e3c

Table 6

skin LeSiOa#

Fallout oberved

Heavy (mowlike)
LMode!ate (misdike)

Moderate (mistlike)

Xone

Skin lesions and epilation

Extensive
Lessextensive
Slight

None

5wNlwl
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F@re 9. Early beta burns of skin ( x 100), showing ex-
tensive transepidermal damage, with milder damage to
dermis showing cellular infiltration.z

Figure5. Extensiveskin lesionsin 13-year-old boy.z

—- - Table 7
-

.

Figure 6. Neek lesions at 28 days,
showing wet deaquamaaon.z

al,’

,---:-
., .-.
.. .

>._ -.

.,

Figure 7. Epilation at 28 days in 7.year-old girl.z

Epdanon in Ron@ap Groupzz

Inc]dence. %

Age Oto 5 Age 6 to 15 Age >16
Severityof epilation (13) (13) (38)

Slight (1+ ) 7.6 38.4 13,8
Moderate (2+ ) 38.6 30.7 5.5
severe (3+) 53.8 23.0 8.3

Total 100.0 92.1 276

usually more severe, often with bullae formation;
they made walking painfid and in some cases in--.
volved secondary infections. Most of the lesions
healed rapidly, w“ith repigmentation.

Microscopic studies and numerous skin biopsies

during the acute stages of the lesions revealed
marked epidcrmal injury with considerable at-
rophy and flattening of rete pegs, cells with pleo-
morphic nuclei, pyknosis and cvtoplaamic halos,
and giant cells (see Figure 9). Cells laden with pig-
ment were t%equently present throughout the epi-
dermis, probably accounting for the gross pigment-
ation of the lesions. Severe damage to the dermis
and blood vessels was not observed.

An unusual observation was the development of
transient bluish-brown pigmentation of the semi-
lunar areas of the fingernails and toenails, first
noted about 3 weeks post exposure in most of the
Rongelap and Ailingnae people and seen, among
the American group, only in Negroes. The cause
of this pigmentation remains obscure.

Since no specific treatment is known for beta
burns, the lesions were treated by cleansing and
use of ointments and lotions for symptomatic re-

Fi m 8. Foot lesions at 29 days, showing deep involve-

5oowT rncntbetween firstand sceond mes.z
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Iief of itching and pain. Antibiotics were used in
a few cases of secondary infections. The lesions
healed within a few weeks with only minimal
sequelae (described below).

These observations make it apparent that beta
burns of the skin having acute symptoms associ-
ated with the lesions may be a serious consequence
of failout exposure. The Marshallese could have
avoided many of the lesions if they had known to
take the proper precautions such as protecting the
skin from fallout and early cleansing. Had the
whole-body radiation dose been greater, the re-

duction in immuno-hematological defenses might
have resulted in more serious skin infections con-
siderably complicating the skin symptoms.

3. Efhds of Internally Absarbod Radianuclida

As pointed out in Section II. A., radiochemical
urine anaiyses begiining 15 &ys after the accident
indicated that the Rongelap people and to a lesser
extent the other exposed groups had absorbed
considerable amounts of radionuclides by inhala-
tion and by ingestion of contaminated food and
watefi (see Table 3). Although serious late effkm
have developed due to “radioiodine exposure to the
thyroid, and near maximum permissible doses of
several other radioisotopes were absorbed, no
acute symptoms associated with absorbed isotopes
appeared, the only exception being a possible role
of the estimated 3 mCi of radioisotopes in the G.I.
tract during the fkst two days in causing the early
G.I. symptoms.

These observations indicate that lack of early
symptoms associated with ingestion of radioactive
material in an acute fallout situation does not pre-
clude development of late et%cts from such ingestion.

Ill. Findings on Follow-Up

Examinations (Late E%ects)

During the first 10 years, after the early effects
and before the development of thyroid abnomsal-
ities, few medical findings could be definitely as-
sociated with radiation exposure. The general
health of the exposed Mamhallese appeared to be
about the same as that of the unexposed Masdtall-
ese comparison population, with the same types
and incidence of diseases. The deaths that occurred
were not related to radiation exposure. In the
Rongelapese a few findings were considered to be

connected with radiation exposure, such as resid-
ual skin effects; an increase in miscarriages and
stillbirths during the first 5 vears: suggestive evi-
dence of a lag in complete recoverv of peripheral
blood elements; evidence of slight chromosome
aberrations of the peripheral blood, and some de-
gree of growth retardation in a few children. Other
studies on possible late effects during this period
were negative (Qta,racts, aging, mortality, longev-
ity, malignancy).

During the second decade following exposure,
effkcts developed in the Rongelap people which
had not been heralded during the first decaae.
The most important were the widespread devel-
opment of thyroid abnormalities, associated with
growth retardation in some children. .4 fatal case
of leukemia and a possible increased incidence of
malignancies may or may not have been radiation
related; the numbers are too small to permit anv
definite conclusions.

These findings are reviewed beiow.

A. G~ERAL MEDICAL FINDINGS

The health situation in the Marshall Islands is
in many respects improving. Most vector-borne
diseases of the Iropics do not occur, leprosy is rue,
and tuberculosis is not a serious problem. Cardio-
vascular &eases are rare (except for diabetic gan-
grene of the fret).

The public and personal hygiene leave much to
be desired. Skin infections (impetigo and fungus)
and intestinal inf~tations (amoebae and worms)
are endemic. In 1958, one year after their reset-
tlement on Rongelap Atoll, stools were examined
tlom 69 exposed and 112 unexposed people.7 *
Infestation was widespread with many individuals
showing multiple types of parasites, the main
pathogens being Entarweba htsto~tica (found in
18.2%0),hooksvoms (5.5%), T& tnchtura (34.3%),
and Giardia iambfia (7.7%). Flagellates also in-
cluded Tn’chomortas homini.r. No significant differ-
ences were noted between the incidence in the ex-
posed and unexposed populations. Recently Am-am
has been introduced into the Marshalls from other
districts and infestation with ithas become prev-
alent. Educaaon and constant surveillance will
be needed to overcome the parasite problem.
Eosinophilia is common but is not always associ-
ated with hehninthic infestations.

“ThEc studieswere done by Dr. M. Goldmanand .Mr. RK.
Cam=, ConunurucabieDiseaseCenter,Chamblce, Ga.

5oob Hl
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With the growing dependence on imported
foods and on money as the medium of exchange,
cases of malnutrition are encountered. Night
blindness due to vitamin A deficiency has been ob-
served on several occasions, mainly in children.

The most serious epidemic during the ’20 years
covered by this report was the poliomyelitis epi-
demic in 1963. The “polio ward” at the Armer
Ishoda ,Memoriai Hospital in lMajuro (which now
operates as a physical rehabilitation center and
orthopedic surgical ward) was created to care for
the victims of this disaster. Rongelap Atoll was
stricken in January/February of 1963 with 23 chil-
dren and 3 adults taken ill. One of the adults died
and two of the children had severe residual paresis.

Venereal disease appears to be on the increase.
Dental caries has been a notable findlnq during

physical examinations of the lMarshailese; it is at-

tributed to poor oral hvgiene, inadequate dental
care, and possibly nutritional deficiency. Some of
the youmger generation are now showinq the bene-
fits of improved dental care. Dentists have partici-
pated in several sutweys, and their general conclu-
sion is that poor orai hygiene is showing its usual
results: a high caries rate in teen-age children,

‘severe periodontal lesions in adults (heaw caiculus.
loss of aiveolar bone), and edentuious mouths in
the aging. No significant difference between ex-
posed and unexposed Marshallese has been seen ex-
cept for a slightly greater incidence and severity of
periodontal disease in the exposed group. It is not
known whether this finding is related to radiation
exposure.

Fish poisoning is common in the Marshall
Islands. Symptoms are usually minor but occa-
sionailv severe or even fatai. Inflammation of mu-

Table 8

Physical Pindings” in Rongdap and Utirik Adults, 1970-1974

Rongelap exposed
(68 examined)

No. %

Acne 2 2.9
Anemia 3 4.4
Arteriosclerosis (mild) 7 10.2
Arteriosclerosis (mod. -sev.) 7 10.2
Asthma o
.4trial fibrillation 1 1.5
Bradycardia 2 2.9
Cardiac enlargement 3 4.4
CervicaI ermion 11 16.2
Cystourethro-rectocele 8 11.8
Deafness 2 2.9
Emphysema o
Epilepsy o
Hernia 2 2.9
Hypertension 8 11.8
Leprosy, arrested 1 1.5
Migraine 1 1.5
O&airy (gross) 7 10.2
osteoarthritis 3 4.4
Pelvic inflammatory disease o
prmtatic hypcnrophy 3 4.4
Rheumatic heart disease 1 1.5
Rheumatoid arthritis 1 1.5
Spertnatocele 1 1.5
Syphilis (?) (arrested) 2 2.9
Tumor, benign (except thyroid) 2 2.9
Tumor, malignant 1 1.5
Varicocele o

“Pindings on ophthalmology and dmbcta are reported separately.

Rongelap unexposed
(135 examined) 1

No. %

1 0.7
1 0.7
2 1.5

11 8.1
2 1.5
2 1.5

0
5 3,7
5 . 3.7

0
3 2.’2

0
1 0.7
2 1.5

16 11.9
0
0

20 14.8
12 8.9

1 0.7
1 0.7
1 0.7
2 1.5
2 1.5
4 2.9
2 1.5
1 0.7
2 1.5

Utirik exposed
(117 exa&ined)

No. ,. ‘%

o
0

8 6.8
6 5.1
‘2 1.7
1 0.8

0
1 0.8
3 ?.6

o
0

1 0.8
0

2 1.7
17 14.5

0
0

14 12.0
1 0.8

0
0
0

1 0.8
0
0

1 0.8
0
0

5oobl12
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Table 9

Pregnancy Terrtunations (Abortions, .Miscarriagcs, and Neonatal Deaths)
Summarized by Five-Year [nwrvals, 1954-1973

Terminations/total pregnancies

1954-1958 1959-1963 1964-1968 1969-1973

No. 70 Xo. ?0

Exposed fcsssaka 10/30 33.3
+ Expmed malu 4/19 21.1
+Uncxposcd males 6/11 54.5

5/30 16.6 10/46 21.7
3/10 30.0 2/15 13.3
2/20 10.0 8/31 25.8

7/47 14.9 9/53 17.0
0/6 O 1/4 25.0

7/41 17.1 8/48 16.3

10/47 21.3
0/5 o

10/42 23,8

. Unexposed fcrnalcs 6/43 14.0
+ Exposed malca 1/4 ~5J)
+ Unexposed mala 5/39 t2.8

18/87 20.7
1/15 6.7

17/72 23.6

Table 10

Adult Mortality, Ron#ap

Exposed (Av. age at death: 64*5) Uncxpmcd (Av. age at death: 65&2.5)

Subject Age Subicct Age
&sex

65 M
55 F
56 M
65M
68F
48AM
41 F
54 M
61 F
91 M
68F
90M
24 M
76 F
62 M
78 M
65 F
76 M
46 F
50 M
72 M
53 iM
76 M
64M
64F
78 F
79 M
74 M
75 F
65 M
66M
84 F

Probable causeYear

1956
1957
1958
1959

No. &&t Probable cauae Year No.

857
854
933
927
861
953
848
886
893
862
894
964
967
936
853
860
852
884
916

1515
918
875
899
947

25
38
31*
62
30
46
26
56
52
57
43”
~8@
29.

55
13
59*
50*

‘%&f
78 M
35 M
60F
60F
84 M
21 M
75 F
55 F

107 F
77 F
79 F
77 M
88M
71 F
58 F
51 M

Heart disease
Heart disease, diabcta
Acute varicella
ovarian aces’
Cancer of cervix**
Heart disease
Accident
Accident
Poliomyeli@ bulbar
“Old age” (?)
Pncumor@ heart discaac
Heart disease
Asthma, heart Mum
Heart d~
Cancer of uterus*”
Intluetsza-pneumonia
Acute asphyxiation,

cause Ussknowss
Acute myeiogcnous leukemia
Heart disease
Cancer, stomach

1958 Cerebral thrombosis
[nfccaon in urinaq tract, diabetes

,.Pncumon~ secondaq to influenza
Pncumoni* sccondaq to inllucnza
Diabetes, cancer of cervix (?)
Status asthmatics
Neusmyphilis (?)
‘%thma (?)
Diabctca
Heart disease
Pneumonia
Probably cardiovascular (?)
Acci&nt
Infection complicating d;bctca
Diabctrs
Congestiveheart failure
Hypertension, diabetca

1959
1960
1960
1960
1962
1962
1%3
1964
1964
1964
1966

1962
1%2
1962
1962
1963
1963
1964
1965
1966
1966
1966

1967
1967
1968
1969
1970
1970
1970
1970
1970
1971
1972

1968
1971

1972
1972
1974

54
60
68

19 M
74 F
64M

.%thm~ diabetes

Heart disease, diabetes
? (epileptic)

Hypertensive heart discaac

Heart discaac (?)
Heart disease (?)
Hctniplcgi~ pneumonia

Asth% heart diacasc
Heart disease, dlabctu
Heart disease, diabetes

1972
1972
1972
1973
1973
1973
1974

957
858
961
856
898

1506
948

1974 908

%

“Iingnae grol+.
● * ofirrncd by autopsy or biopsy.
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cous membranes from improperly prepared arrow-
root flour is not uncommon. Both have erroneously
been associated with radiation effects in the minds
of the Rongelap people.

Diabetes mellitua is a major problem and is dis-
cussed separately ih Section III. G.

A program is under way to build new dispen-
saries on the outer islands On Ebeye a new hospi-
tai building haa provided improved conditions for
health care.

It is against this general background that our
examinations take place. We are privileged to get
generous help born the local health authorities in
our task, and conversely when we are on the scene
we cannot avoid getting invoked in problems out-
side the sco~ of Mlout coniplications.

.Major physical findings during the past 5 years
are iisted in Table 8.

B. VITAL STATISTICS: FERTILITY AND MORTALITY

The number of live births during the last 5-year
period was 37 among the exposed and 69 among the
unexposed. Calculated aa live births per year per
1000 population these numbers give a birthrate of
112 for the exposed and 106 for the unexposed. In
addition, there were 10 miscarriages among the
exposed and 18 among the unexposed, so that, in
both groups, one pregnancy out of five ended in
miscarriage. This is approximately the same fre-
quency as obsermd in the past (see Table 9).

Legal abortions are not performed in the Mar-
shall Islands, and there is no reason to believe that
any of the pregnancy terminations on record were
provoked. Family planning has not been practiced
in the past although it is slowly gaining ground.
We therefore believe that the fertility and fetus
viability indicated by these statistics are the natu-
tal ones, and, although the exposed females showed
an apparent increase in miscarriages during the
first 5 years, there is no evidence suggesting that
the history of exposure to radiation has had any
permanent effect on either.

The people who have died are listed by year in
Table 10, with their age and probable cause of
death (such death certificates aa are available are
not always specific). The overall mortality rate for
the 20-year period is +12 per 1000 per year for
the exposed Rongelap group and -13 for the un-
exposed; for the last 5-year period the rates are
-9 and -21 respectively. These differences are
not statistically significant; in such small groups

Year

1956
1957
1957
1957
1958
1959
1959
1959
1959
1960
1960
1960
1961
1961
1963
1964
1964
1964
1965
1965

Table 11

Mortalirv, Utirik
(Av. aqe at death: 61=3)

Subject
No.

ZI18

2184
2219
2222
2243

2122
2127
2170
2187
2116
2131
2180
2177
2199
?~o~

2163
!2190
2192
2121
2154

Age
& %x

~q ~
63 M
57 F
63 F
50 M
87 M
73 M
46 ,M
61 F
27 F
35 F
76 M
llAM
49 F
71 F
75 M
85 F
84 F
68 M
51F

Year

1965
1965
1965

1967
1967
1967
1968
1968
1968
1968
1969
1969
1970
1970
1971
1971
1972
1972
1973
1974

Subjem
NO.

2183
2204
2238
2253
‘2181
~~oz
Z2Z3
2101
2112
2141
m59

?191
~~14

2175
~~11

‘2258
2246
2178
2252
2186
2201

.%$
&rsex

67 M
71F
65 F
56 M
78 M
JZ F

79 F
62 M
?0 M
67 F
36 F
90 F
80 M
73 M
65 M
64 LM
25 F
37 S4
57 M
67 F
68 F

observed over such short periods, differences this
large or l&ger could occur by chance ( p< O.05).
Even so, had the trend been in the opposite direc-
tion, we would have had reason to be concerned;
as an examplq we are keeping a careii.d watch on the
apparent increase in malignancies (see Section V).

The mortality rate among the exposed Utirik
people was -13 for the 20-year period and -14
for the last 5 years. The deaths are listed in Table
11, but causes are not given because of insufficient
data.

Recent misconceptions make it necessary to
clarify comparisons with district- wide statistics.
The vital statistics of the Trust Territory have im-
proved greatly over the 20 years covered by these
reports, but they are still not published in suffi-
cient detail to permit valid comparisons with ours.
The age distributions are too different: district-
wide the median age is 16 years, whereas in our
group it is between 30 and 40. The difference be-
tween the mortality in the general population (- 7
per 1000 per year) and that in our groups (- 13)
reflects this difference in age distribution and is
not related to the history of exposure. A similar ef-
kct can be seen on the birthrate ( -40 per 1000
per year district-wide and -110 in our groups).

50( HII14
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C. HEMATOLOGICAL FINDINGS

Since blood-forming cells are among the most
radiosensitive cells in the body, hematoiogical ex-
aminations have been emphasized in both exposed

and unexpohed populations. Evidence of such
sensitivity in the exposed Rongelap people was
provided by the early acute depression of leuko-
cytes and platelets and by possible residual effects
on hemopoicsis indicated by a lag in recovery of
blood elements to the levels of the unexposed pop-
ulation. The development of a fatal case of leu-
kemia may also be evidence of residual effkct.

1. ProcQdsJra

Until 1972 yearly measurements were made of
peripheral blood elements, including WBC, diRer-
ential white counts, RBC and hematocrit and/or
hemoglobin, and platelet counts. Since a case of
leukemia was found in 1972, such measurements
have been made twice a year. The counts were
done under a microscope until electronic means
came into use (Coulter counter and General Sci-
ence Haema-Count MK 3 and MK 4 instru-
ments). Reticulocyte and bone marrow exaxnina-
tions have been done on several occasions by stan-
dard procedures. ● ‘“

A number of special hematological examina-
tions over the years have included tests for leu-
kemia (i.e., special scanning of blood smears for
immature forms, basophil counts in 4000 cells,
alkaline phosphatase staining of neutrophils,””
analysis for Australia antigens ),t studies of red ceil
and plasma volume, chromosome analysis, etc.
Plasma and red cell samples have been brought
back for special studla in laboratories in the
United States. These studies are further discussed
in later sections, where relevant.

2. Rocovory of Homopoiaais

In I?@res 10 to 12 the mean blood counts of the
combined ( Rongelap and Ailingnae) exposed
group are compared with those of the unexposed
gToup over the 20-year period. Data are listed in
Table 12 for the past 5 years, and in Appendix 6
fbr the entire 20 years. Pigure 13 shows the cu-

“Mr. N. MeDanid,of SUNYatStonyBrookhat done the dif-
lkrcndaleoun mfortfsepastsevcralyean.
““Dr. W. Moforscyand Mm. L Tuliiss at Harvard Medical

Schooldid the alkaline phoaphacasestaining of neutrophds m
palpfterd bloodSmealY.

~Dr. B.S. Blumberg, Insntute fm Canecr Racareh, Phiia.
deipis& did the studies forAuatr4a anngesu.
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F@re 10. Mean neutrophii and white cell counts o
Rongeiap people from the time of exposure through 2[
years post exposure. Stan represent mean values of com
parison population.
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Figure 11. Mean lymphocyte counts of Rongciap peopi~
born time of expawre through 20 veam post exposure
Stars represent mean values of comparison populauo.
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resentmean counts of unexposed comparison popuiauow

5oob H5



Table 12

Summaryof HematologicalFkrd@ bv Population,1970-1974
(Mean= standarddewatlon)

P!at. WBC Xcut. Lvmph. Mono. Eosm. Barn. HcI., RBC
Year ( X 10-3) \ X 10-3) ( x 10-3) x lo-~~ (x 1O-J){x 1O-J)[x 10-1) ~. (x 10-+)

serum
Hgb. protein.

~ ~

: 4EOb
7 5=06

Y1=0,7
7,1=1.0
75=0.5

76*0.5
7.5=0 6
7420.7
7.8=0.5

7420,’4
75=0.4
7+=0 9
77=0.6

Group

Ronqelap
.+dkqnae

Rongelap
.Wlingnae
Unexpmd

Rongclap
Ailingnac
Unexpnaed
Utirik

1970
1970

6.40= 1.34
6.44=1.20

3.50=1.34
4.00= 1.35

2.+1=081
198=0.66

0.13
0.15

036
0.24

0.22
0.17
0.24

0.33
0.35
0.39
0.56

0.54
0.65
0.53
0.66

0.48
0.56
0.41

041
0.58
0,48

0.60
0.38

0.2’2
035

0.19
0.16
0.22

0.33
0.59
0.25
0.34

0.52
0.78
0.60
0.70

0.34
0.62
0.50

031
028
0.43

0.67
0.35

,!

40.5= 4.7
38.8= 5.5

41.0= 4.6 411=55
38.7= 6.5 399%46
40.4= 6.2 402=73

40.7= 6.3 -t29=56
37.8= 5.0 448=54
42.0~5.5 445=54
40.0= 3.8 435=40

40.7= 5.8 445=61
38.4? 5,6 425=67
395?6.2 440*58
41,7z4.5 462?58

1971
1971
1971

220=63 7.34%1.72
246=81 6,41=1.51
233=69 7.21=1.70

3.86=1.11
3.46=1.15
3.78=0.98

3.09=0.89
3.00=0.87
3.18=0.91

0.10
0.10
0.16

1972
1972
1972
1972

272=97 6.69~1.90
258=77 7.50z1.53
267=86 8.09= 1.50
280=76 7.77%2.00

3.94~1.66
4.62ss1.53
4.38= 1.34
4.33= 1.72

2.34=0.87
2.18=0.41
3.03=0.93
2.#=o~6

0.19
0.28
0.26
0.36

Rm@ap ,Mar73
Ailiignae Mar73
Uneqmed .Mar73
Utirlk Mar73

247z81
247256
253=72
281=67

7,43=1.41
7.08= 1.74
7.91*1.73
9.41= 1.97

3.8351.15
3.72=1.02
4.25=1.62
5.6331.87

2.62=0.81
2.27=0.79
2.69=0.84
2.69=0.65

0.38
0.36
0.40
0.54

Rongelap &p 73
.+ilingnae *p 73
Unqmaed S.ep73

264=77
257=50
262=63

7.62? 1,84
7.05=2.14
7.17=1.51

4.17=1.60
3.92= 1.53
‘4O&k1.34

2.51=0.76
2.21=0.39
2.31=0.75

0.39
0.30
0.35

38.9= 6.4
39.9= 4.2
38.5= 5.3

454=18 13.622.1
467*44 14.0= 1.1
486?73

Rongelap Mar 74
.ldmqrae ,Mar74
Unexpmed &far74

?56=69
283=70
245=63

7 45=1,67
77322.67
74631.59

4.25= I 44
+60=1.91
4.06=1.31

‘2.42~0.62
?.05*0.61
2.59?0.93

0’41
047
0.43

38 4=6.0
38,2= 6.1
391=76

507=63 [3 3=’2.9 7 8=0.7
+99=114 i3.9a! 3 83=04
512=72 136=1 8 ~ 6z0.7

Rongdap Sep 74
Adingnae Sep 74

193=56
186=37

8.32=1.69
6.57=2.40

2.86=0.79
2.365109

0.42
0.39

511=72 13,721,7
478287 14.3=1 6

4.28=1.45
3.41=1.66

45.2= 6.4
445%7.2
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Figure 13. Cumulative percent distribution curves for blood elements
of Ronqelap people at various times (—, exposed; ---, uneqmseci).
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Figure 14. Bizarre mitosis in a myelocyte.
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muiative percentage of neutrophils, lymphocytes,
and platelets at various times. From these data it
appears that hemopoietic recovery in the exposed
~groups was incomplete during the first 15 vears
after exposure. Since that time the levels in the ex-
posed group have been about the same as in the
unexposed group. On the basis of RBC, hemato-
crit, and hemoglobin determinations, erythropoi-
etic function has been about the same in the ex-
posed and in the comparison population. The lag
in recovery of leukocytes and platelets may repre-
sent residual bone marrow injury. The results of
bone marrow and chromosome studies and the de-
velopment of a case of leukemia tend to support
this contention.

3. Ban. Marraw

Although bone marrow examinations at 6
months post exposure showed no gross abnormali-
ties, smears on four exposed Rongelap people 10
years later showed alteration in the myeloid-
erythroid ratio in three of them, manifested by an
increased number of red cell precursors. In addl-
aon to hyperpiasia, the findings included abnor-
malities of chromatin material with double nuclei
and an increased number of mitotic figures in the
normoblastic series (see Figures 14 and 15). Ii Oc-
casionally, bilobed lymphocytes have been noted
in the peripheral blood of some exposed people.

4. OthU Honwtalagical findings

Total blood volume and red cell volume were
studied 10 yearn after exposure. 11* No differences
were found between exposed and unexposed Ron-
gelap gToups, but it was noted that blood volume
and red cell volume tended to be reduced in many
Marshallese compared with Americanszg (see Fig-
ure 16).12 Several other hematological observa-
tions, not related to radiation exposure, were noted.
Eosinophilia >5% in more than half the people
has been a consistent finding. This could be ac-
counted for only partly on the basis of intestinal
parasitism and may be related also to numerous
limgus infections of the skin and other chronic in-
fections. Other tindings possibly related to chronic
infections are above- normal sedimentation rates
and high gamma globulin levels (both tending to
increase with age). Vasying degrees of anemia
have been ieen occasionally, particularly in wo-

‘These SCudicswere done by Dr. L.M. Meyer, Veterans Ad-
rnuustmuionHospital, Brooklyn,N.Y., and Dr. W.E. Siri, Uni-
vcnity of Califcmuaat Berkeley.
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Figure 16.

men of childbearing age. Price Jones sizing of red
cells in these ~ &owed a slig~t rnicrocyt~c tend-
ency.a Iron deficiency apparently was not the cause
since serum iron usually was in the normai range.a
Reticulocyte counts have not been significantly
“increased in either the exposed or unexposed pop-
ulation. LMacrocvtic anemia has not been seen.
Vitamin B12 levels have been unusually high in
the Marshallese; the cause of this is unknown but
does not appear to be reiated to liver disease or
leukemia. The sickling trait has not been seen in
the Marshallese examined.

D. SUBSEUUR4T COURSE OF SKIN LESIONS

The residual skin lesions noted in the Rongelap
and Ailingnae people since the initial lesions are
listed in Table 13. During the first year many of
the healed areas, particularly on the back of the
neck, showed a roughening (rugosity) and biuish-
black pigmentation, which became less noticeable
with time (see Figures 17 and 18), Deeper lesions
exhibited early residuaI scarring and lack of pig-
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Table 13

Residual Beta Burns

Subject
No. & Ssa

2M

3M

llM

17F

20 M

23 M

24 F

25 M

26 LM

34 F

Roughening and pigment variation on front
of neck. .%vcral pigmented maculcs ACF.*
Pcrianal depigmcntauon.

Mottled pigmentation both axillae. Pigmented
area behind left ear.

Pigment changes Iefi ACF, dorsum first right
toe; pigmented nevi adla.

Scarring and pigmentation left ACF.

Pigmented patch back of neck.

Pigmented maculcs lefi axill~ front of neck
and chest. Depigmentcd spo~ shaft penis.

Slight pigment variauon on front of neck; scv-
erai pigmented maculcs dorsum left foot.

Scarring dorsum left foot. Biopsy at 2 years hy-
aiinization of comecnve tissue and thickening
of blood vessel waifs of cuds. Died 1956.

Scarring and depigmentation of dotsum right
fret. Died 1962.,

Slight roughening and pigmentation back of
neck. Moles on front of neck.

●ACF = antecubkai fma.

mentation, but the scam have faded and repigmen-
tation has tended to occur in most cases. No evi-
dence has been seen for the development of chronic
radiation dermatitis or premalig&ant or malignant

changes in any case, and most people now show
little residual evidence of lesions. Hair of normal
color and texture regrew by 6 to 12 months in all
cases except for one man who still has spotty epila-
tion on the back of his head.

Follow-up skin biopsies of residual lesions, stud-
ied at 6 monthss and at 3 and 10 year+,ll post ex-
posure, histologically showed excellent healing,
but in moat casea residual evidence of expcatre
was noted, such as epidermal atrophy and thicken-
ing of the corium with collagen bands, although
little evidence of significant vascular changes was
seen in the corium (see F@tre 19).

Though no malignant changes in the skin have
thus far been noted in the Marshallese, the de-
velopment of skin cancer due to radiation exposure
is still a distinct possibility, since its latent period

Subject
Xo. & sex

39 F

49 F

54 M

59 F

63 F

64 F

65 F

67 F

75 F

78 F

79 M

Slight roughening and pigmentation back of
neck; pigment variations and siight hypcr-
pigmentation dorsum right foot.

Numerous pigmented macules both sides of
neck and a few on arm and ACF.

~Mottlcd pigmentation and depigmentation
on front of neck. Died 1972.

Motdcd pigmentation and depigmentanon
on back of neck Died 196S.

Slight rugosity and pigmented ridges on back
of neck.

Mole back of neck; siight p}gment variation
and a few macuics front of neek. .Mole back
of neck.

Pigment vatianon and roughening front of
neck. Not apparent now.

Depigmentcd seam domum left foot.

Slight pigmented area dorsum right first toe.

Numemus pcdunculated moics on sides and
front of neck.

Plgmcnted and depigmented sear posterior
surhce Ich ear.

may be as long as 48 years and may, on the aver-
age, be longer than for some other types of radia-
tion-induced malignancy. lMany of the younger ex-
posed Marshallese still have a long life expectancy.

There are several reasons, however, why skin
cancer may not occur in the Marshallese. The low
average energy of the beta rays resulted in much
less damage to the dermis than to the epidermis.
This would make the prognosis favorable if, as
many investigators believe, the development of
skin cancer requires sufficient damage to the
dermis to impair nutrition of the epidermal ceils.
In the Marshallese the superficial nature of the
skin burns, rapid healing, and absence of chronic
radiation dermatitis are factors against the devel-
opment of skin cancedo; nevertheless, persisting
cclhthtr changes are seen in their residual skin
lesions. If, as Teloh et al.al believe, skin cancer re-
sults fkom direct irradiation of the epidermis with-
out necessarily severe dermal injuty, its occurrence
would be more likely. The appearance of nevi in

5otlbllq
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Ftgurc 17. PeAsting dcpigmentcd areas, 6 months
after exposure, in areas of most severe lesions.z

I?@sre 18. Ear hion healed, 6 months
ahcr exposttrc, with considerable sasring.z

the neck regions that sustained severe beta bums
suggests that the development of benign lesions may
have been enhanced by the skin exposure (see Fig-
ure 20). Possible cocarcinogenic factors such as the
ultraviolet radiation in tropicai sunlight and skin
irritation from coral, traum~ and infections may
tender the development of malignant changes in the
skin more likely, but the dark pigmentation should
offer some protection, as it haa been shown that
skin cancer is leas prevalent among Negroes.

S. OPHTHALMOLOGICAL FINDINGS

Routine ophthalmological examinations (in-
cluding funduscopic) have been included in the

\

regular ical examinations of both the exposed

., .+. - . -e -.--, :,.. .;..-.. , . .. . .
‘&- - -- ,“ ;>b,- .- -; :;:..-: -“:

.. . ‘%””:’ 4-$”. : ~. .

Figure 19. Section of skin from beta-burn area on back of
neck of 56-year-old woman (No. 34) at 10 years tier cx-
pasurc ( 100 X). iNote atrophy of epidermis with narrow-
ing of stratum granulosum and fincyrlike projections of
rctc pegs. Slight atrophy of the sweat gland ducts is also
present. 11

.w
‘*

. . ,

Figure 20. Pignsent4 ncvudike lemons m previous
beta-burn area of neck (subject No. 78).11

and unexposed populations. In addition, special
examinations for possible effects of radiation on
the eves have been done at intervals by ophthal-
mologists accompanying the medical team, first in
May 1954 (2 months afier the accident) and then
in 1955, 1956, 1957, 1958, 1959, 1962, 1964, 1967,
1971, and 1972. The routine examinations include
testing of vision, accommodation, muscle balance,
and pupillary reactions; external examination;
and finduscopy. Vkion is tested with the Snellen
chart and the E-chart when necessary. Intraocular
tension has been measured when indicated, and
color vision has been tested on several occasions.
Special examinations have included slit-lamp and
kmdus photography. As part of the aging studies
quantitative changes in certain eye characteristics

51)I?.d20
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(visual acuity, arcus sendis, accommodation, ~et.
inal arteriosclerosis) have been recorded.s,la.sz

1. Gonad Findings

Some general observations on the eves of the
Marshallese have indicated differences from the
eyes of U.S. Caucasians which may be related to
ethnic background and possibly to environmental
thctors. The major eye findings for the past 5 years
are listed in Table 14.

The high incidence of pinguecuiae and pterygia
is the most notable finding listed in the table. This

Ocular condiaon

Anisocoria
i%eus Scn&
Argyll-Robertson pupil
Chalazion
Choroiditia
Congenital dcfeem
Conjunctivitis
Corned pigment
Corned sear
IMiscll
Enophthaimog
Enucleation
Glaucoq primary
Glaueo~ seeondaq
Lens:

Catamcn
L.cntieuiar opacitia
Polyehromatic sheen

Macular degenemtion
Night vision irnpainncnt
Nystagmus
Phthisisbulbl .

Pmguceuh
Posiavc Rombcrg
Proptolis
Ptaygium
Ptosis
Retinal arwrksel-
Rctinal hemorrhages

=~> ~-

Uvatis
Vhcous opaeiti6
Xanthoma

●Numbu of people examined

has been found by others to be characteristic of
people living on low coral atolls in the Pacific and
is thought to be related to irritation of the eyes bv
coral dust, salt water, and bright sunlight. The
other major findings listed were related to general
aging effects (loss of visual acuity, cataract format-
ion, loss of accommodation, loss of ocular muscle
balance, etc.) and these appeared to occur to a
lesser degree in the ~Marshallese than in Ameri-
cans, although the incidence of arcua senilis and
cataracts seemed higher. The LMarshallese had less
myopia, aberrations of color vision, and amblv-

Table 14

Ophthalmological Findings, 1970-1974

Roncjelap and
.\ilingnaeexposed Rongclap unexposed

(70*) (133*)

LNO.

2;

;
2
2
0
0
2
0
0
1
0
0

12
9
7
2
0
1
1
7
1
1

17
2

11
2
2
0
2
1
2
1

G7,0

3::;
1.4
4.3
3.0
3.0
0
0
3.0
0
0
1.4
0
0

17.0
13<0
10.0
3.0
0
1.4
1.4

10.0
1.4
1.4

24.0
3.0

15.7
3.0
3.0
0
3.0
1.4
3.0
1.4

?JO.

o
34

0
1
2
0
2
0
5
2
0
0
0

26
14
13

1
0
2
0
6
0
1

41
0

19
0
2
0
2
0
1
0

%

o
25.S

o
0.75
150
0
1.50
0
3.75
1.50
0
0
0
0,75

19.5
10.5
10.0
0.75
0
1.5
0
4.5
0
0.75

31.0
0

14.0
0
1.5
0
1.5
0
0.7!5
o

Utirik exposed
(1OO*)

0“0
21 21

0 0
0 0
1 1
0 0
o’ 0
0 0
1 1
0 0
1 1
0 0
0 0
0 0

20 20
17 17
17 17

1 1
0 0
0 0
0 0
7 7
0 0
0 0

29 29
0 0
1 1
0 0
3 3
2 2
3 3
0 0
1 1
0 0
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opia. Also notable was their lack of retinoblasto-
mas, malignant melanomas of the choroid, and
,basal cell carcinoma of the eyelids. Ocular pathol-
ogy caused by herpes simplex or zoster viruses was
not seen. .No cases of retinal detachment occurred
e..cept in two people as a sequels of ocular surgety.

Corneal scars, macular degeneration, vitreous
floaten, and other degenerative intraocular condi-
tions were seen in about the numbers expected in
any part of the world. No Toxocara infestation or
other intraocular parasites have been encountered,
and no ocular involvement by the parasites
Onchoccrca or filaria has been seen. In the one case
of inactive leprosy on Rongelap no ocular lesions
have been noted. Some people have residual scars
of yaws, but no active lesions have been seen dur-
ing the 20-year period.

Most of the congenital malformations and fa-
milial ocular diseases found i n Americans were
not seen in the .Marshallese, such aa ocular dystro-
phies, retinitispigrnentosa (congenital night blind-
ness), congenital cataracts or glaucoma in the
young or familial glaucoma in older people, and
coloboma of the iris or posterior segment of the
eye. On the other hand, certain congenital traits
apparently peculiar to this race were noted. The
average size of the corneas is greater than in the
U.S., more than 60% of the people examined hav-
ing corneas >14 mm in diameter. In -5’70 of the
people the retinal vessels showed increased tortu-
osity (corkscrew-like) and dilatation. This phenom-
enon has sometimes been found associated with
the sickle cell trait, but the latter has not been
noted in the Marshallese.

Dietetic and hygienic conditions in the Mar-
shall Islands have improved over the 20 years of
this study. In earlier years, poor night vision in
children due to vitamin A deficiency was occa-
sionally found, and molluscum contagiosum was
seen more frequently; aLso lesions involving the
skin of the eyelids, forehead, and face. It has been
several years since night vision impairment or
molluscum has been seen.

2. Possibk Radiatiam Efkts

Both the detonation in March 1954 and the re-
sulting fallout gave rise to several types of radia-
tion that might cause injury to the eyes.

Longwam radiattin. Direct observation with the
naked eye of the fireball of an atomic bomb deto-
nation is known to produce retinal damage with
scarring and possible blindness.ss.sd The Bravo

fireball was obsetwed by a small number of people
on Rongelap, and, though its distance from them
precluded thermal injury to the skin from long-
wave (visible and infrared) light, injury to the ret-
ina must be considered. The fireball was de-
scribed by the Rongelap people as appearing “like
the sun rising in the west.” They probably did not
see it at its greatest luminescence, when the dam-
aging ocular effects occur, because this comes a
&action of a microsecond after detonation, so that
at a distance of 100 miles the fireball would not
yet have risen above the horizon. Also, at that dis-
tance the size of the image on the retina would be
small. These factom probably explain why no one
complained of blindness from seeing the fireball
and no retinal scan have been found in any of the
people.

[onlzing mdiat~on. The fallout on Rongelap re-
sulted in a gamma dose of 175 rads to the whoie
body including the eyes. Beta rays from fallout
deposited on the ground and contaminating the
eyes resulted in some superficial exposure of the
lids, conjunctival, and cornea, but their low pene-
tration makes it unlikely that the lens or retina re-
ceived any significant dose from this source. Dur-
ing the two days before evacuation, many of the
people complained of some itching and burning of
the eyes with some Iachrymation. These symptoms
may have been related to radiation from fallout in
the eyes, but physical and chemical irritation by
the caustic fallout dust may have played an im-

portant part. Internal absorption of radionuclides
probably did not contribute to the radiation dose
to the eyes.

Conjunctivitis. The burning and lachrymation
disappeared by the time the people were evacu-
ated to Kwajalein Island. However, at the time of
development of beta burns, about 2 weeks after ex-
posure, two men developed conjunctivitis and in- ,
flammation of the eyelids which may have been
due to beta irradiation. These lesions healed within
several days.

Comcaipipentatwn. Beginning at about 2 months
post exposure, in some people a pigmented line
was noted in the cornea at the Iim’bus in the hori-
ztmtai axis of the palpebral fissure, which ap-
peared to be below the surface of the epitheliums.
It varied from 0.5 to 2 mm in length. This may
have been due to beta radiation and was possibly
related to the bluish pigmentation noted, in the
nail beds. The latter disappeared when the nail
bed grew out several months later, but the comeal
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pigmentation persisted for several years before it
finally disappeared. These pigmented streaks are
not to be confused with conjunctival and corneal
pigmentation of genetic origin noted in some of
these people, which is in the superficial epitheliums
and is permanent.

Ptqgaa and pingueaduc. During the early surveys
the incidence of pterygia and pingueculac was
thought to be greater in the exposed Rongelap
people than in the unexposed comparison popula-
tion. However, as the latter group haa increased,
this no longer appeam to be the case (see Table 14).

Opaa”tiss of the [ens. Opacities of the lens have
been a common finding in the Marshallese (see
Table 14). They are scored in order of decreasing
size as cataracts (arbitrarily considered as a lens
opacity impairing visual acuity by > 20/30), lens
opacities, poivchromatic sheens, and flecks. Special
microscopic examinations for lens flecks were
made in 1969.1s

Irradiation of the iens in sufficient dosages may
result in a spectrum of opacities ranging from
poiychromatic sheens to ftdl-biown cataracts.s~ss
Only in the eariy stages of cataract formation can
changes characteristic of radiation generally be
recognized; more mature cataracts due to rad~-
tion usually cannot be differentiated from those
due to aging or disease. The development of lens
opacities due to radiation depends on the charae-
teriatics of the radiition, the age of the individual
at exposure, and the interval after irradiation.
Neutrons are known to be several times as cata-
ractogenic as gamma or beta rays and piayed an
important role in cataract development in the
Japanese exposed to the atomic bombs and also in
cyclotron workers.s?-sg In the Marshallese only
gamma radiation need be considered because
no neutrons were invoived in the fallout and the
beta radiation did not have sufficient energy to im-
part a significant dose to the lens. The gamma
radiation had a fairiy energetic spectrum ( 100 to
1500 keV). The 175-rad dose was delivered at a
deemming rate over the WO days of exposure. The
minimum cataractogenic dose of x rays or gamma
rays is considered to be -200 rads and the dose to
produce progressive lesions, -500 rath.40 The
latent period averages about 2 to 3 years. With
larger doses the latent period may be shorter, and
wirh lower doses it may be >8 years.

The smallest lens opacities observed with slit-
Iamp microscopy were lens flecks, which are

%

ght to be defects in single lens fibens. These

discrete opacities were at most oniy a few microns
in size and could in no way impair vision. The
number of flecks increased with age in ail groups.
but they developed more rapidly in adolescent fe-
males.13* .+ higher score in females aged 13 to 20
at exposure may have been related to the radiation.
The higher incidence of flecks in adolescent fe-
maies was thought to be associated with their high
estrogen levels.

Other iens opacities observed in the exposed
lMarshailese did not fit the descriptions of radia-
tion-induced types and were similar to those seen
in the unexposed population. The absence of radi-
ation-induced cataracts is not unexpected, since
the dose to the Marshallese was beiow the mini-
mum dose of x rays or gamma rays needed The
lapse of 20 years is well beyond the usuai latent
period and it seems uniikeiy that anv such iesions
wiil deveiop. AU the cataracts seen have been of
the seniie or prc-senile type and no juveniie cata-
racts have been noted Possible correlation with dia-
betes is discussed in Section III. G. 6. The siightiv
higher incidence of cataracts in the exposed Ron-
geiap people over the years may be related to a
slight preponderance of eider peopie in the ex-
posed population.

Poiy~hromatic sheens, yellowish or “beaten
brass” to blue-green in coior, were noted in some
Marshallese, both exposed and nonexposed. These
were not aasoeiated with any lenticular opacities
characteristic of radiation exposure.

F. GROWTH AND DEVELOPMENT STUDIES

OF EXPOSED CHILDREN

1. Data Tokon

During each medical survey of the Marshallese
people, systematic pediatric examinations have
been conducted on subjects under the chronologi-
cal age of 20 years (see Tabie 15) with the excep-
tion of adolescent girls who were pregnant or who
had had babies. The studies consisted of a brief in-
terval history, routine physical examination, pal-
pation of the thyroid giand, and assessment of
growth and development.

The growth status of the children exposed to
fallout has been followed regularly since the initiai
examination. From 1954 to 1958 the growth data
consisted of routine measurements of stature and
weight. In 1959, roentgenographic ‘evaluation of

7hac studies umrc done by Dr. J. Bateman, BNL
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Table 15

Composmon of Pediatric Groups, 1972

Age at exposure, yr . .Vo. males No, femaics

Rongelap group
<10 to 9

10-19 5 9
In utm 3 1

Ailingnae group
<lo 2 4
Unexposed group

Born 1945-1954 22 19
Born 1935-1944 11 7

skeletal development (left hand and wrist) was
initiated,41 and systematic documentation n of an-
dwopometric data was started. The documenta-
tion was continued durinq the succeeding exami-
nations on subjects considered to be in the growth
phase (generally through age 20). The data re-
corded regularly included standing height (stat-
ure), body weight, head circumference, head
width, head length, chest circumference, bi-
acromial width, and calf circumference, and spo-
radically included sitting height, chest width, chest
depth, and buttocks circumference. (See Appen-
dm 7.)

The development of secondary sex character-
istics was qualitatively assessed according to the
standard criteria generally accepted in growth
studies (Greulich et ai.,4Z Shuttleworth~3). Such
procedur= included the staging of breast devel-
opment in giris; estimation of the type, pattern,
and amount of body hair (facial, pubic, axillary,
etc. ); and staging of the growth of penis and testes
in boys. During several examinations, photo-
graphic documentation was done as part of the
assessment of growth status and physique.

The roentgenographic evaluation of skeletal
development was done by the inspectional tech-
nique of Greulich and Pyle,ql and the American
standards were used for comparison.

2. Physical Finclissgs

The early post-exposure examinations indicated
that the younger children, in general, manifested
more extensive and more severe radiation injury
than the older children and adults. Following re-
covery from the acute effkctg of radiation, the over-
all physical status of the children appeared to be

normal except for the subsequent development of
thyroid abnormalities, which are discussed below
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“inSection IV. The other physical findings, which
have been carefully tabulated in the individual re-
ports for each survey, indicate no definite pattern
of abnormalities that would differentiate the ex-
posed children from the unexposed comparison
children. The usual spectrum of infectious and
noninfectious diseases, congenital anomalies, and
physiological variations has been noted in both ex-
posed and unexposed children.

.

3. Growth Status

Interpretation of the anthropometric data and
assessment of the growth status of the exposed
Rongelap chiidsen have been complicated bv (a)
radiation injury to the thyroid gland, (b) partial
or total thyroidectomies in the children who de-
veloped thyroid neoplasia, and (c) the administra-
tion of thyroid hormone to the entire exposed Ron-

gekap population since September 1965. If the
data on the three children (Nos. 3, 5, and 65) who
were obviousiy hypothyroid and had markedlv
small body measurements are excluded, compari-
sons of mean stature and skeletal age indicated no
statistically significant difference between the ex-
posed and unexposed children for either boys or
girls.

Compared with American norms, the mean
skeletal ages at given chronological ages for each
group were, for unexposed girls, ‘quite similar, but
for unexposed boys, they appeared to be delayed
by 6 to 7 months at each chronoiogicrd age.

Earlier preliminary comparisons had suggested
that boys exposed at age <5 years were retarded
in statural growth compared with unexposed boys.
The current anaiysis excludes those with a specific
diagnosis of hypothyroidism. The individual growth
and development curves for 13 children exposed
at age <5 and their controls are shown in Figures
z 1 and 22. The effect of thyroid treatment on the

two boys (Nos. 3 and 5) is evident. Several other
children (Nos. 2, 19, 65, 42) had a tendency to-
ward retarded development, which may have been
improved by thyroid medication.

On the 4 children exposed in @em, careiid exam-
inations have resulted in no unusual physical find-
ings. The growth progress of 3 of them has been
similar to that of age peers (see Table 16). One
boy (No. 85) has had a head circumference
smaller than the average for unexposed males and
a slightly retarded pattern of skeletal maturation,
but his statural growth curve was comparable with
that of unexposed males.



Final evaluation of stature and skeletal age will
be postponed until all the exposed children have
reached the age of21 to ensure that all are fully
mature.
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Height and weight data on survivors of the
atomic explosions at Hiroshima and Nagasaki have
been recently reexamined by the .Atomic Bomb
Casualty Commission.44 Analysis of the final
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Table 16

SsssnmasyData on CMdrers Exposed In Utm

Subject Trimester Head
No. & .3a at exposure stature ckumkrence

83 M third slightly tall
84 M third slighdy Smd
85 M

normal
second normal

86 F
small

k normal normal

Skeletal
maturation

slightly advanced
normal
slightly retarded
normai

5ou3i25



(adult) statures and weights, measured at age21
or older, of subjects exposed to radiation at age
<17 indicated that those exposed in Hiroshima
attained a mean height markedly lower than nor-
mal and that the degree of retardation diminished
with increasing age at exposure, being greatest in
those exposed at age <5. The effect was more
prominent in boys. The preliminary tabulations
of growth data in the Marshallese children16,45
showed similar trends. Subsequently, the extent of
the thyroid injury documented in the Marshallese
children provided the basis for the present asaurnp-
tion that growth retardation reflected primarily
the results of impaired thyroid function. It is an-
ticipated that when adult (final) anthropometric
measurements become available, further evalua-
tion of the growth pattern of the Marshallese chil-
dren (including further assessment of the effect of
thyroid hormone administration ) will be possible.

G. DEGENERATIVE DISEASES

The aging process is accompanied by an in-
creased incidence of degenerative diseases, and ir-
rdated animals have shown increases both in
general aging phenomena and in such diseases;
therefore, in these studies careful consideration has
been given to signs of aging and to the incidence
of cardiovascular diseases, arthritis, and other de-
generative dkaaes.

1. Cordiovosculor Dis~

Cardiovascular diseases appear to be no more
prevalent among the Marshallese than in Americ-
ans or other populations, and no difference was
found between their incidence in the exposed and
unexposed groups. Hypertension appears to be
somewhat less prevalent among the Marshallese
than among &nericans. Blood pressures > 140/90
have been recorded in only about 9% of the people,
and the increasing percentage of older people in
the study groups does not seem to have raised the
incidence of hypertension. Many of the younger
people, particularly females, have notably lower
blood pressures (90- 100/55-65). The generally
lower blood pressures in the Marshallese have been
thought to be related to lower dietary salt in-
take,T,qe but the gradually increasing use of im-
ported foods of greater salt content has caused no
apparent increase in hypertension. Serum sodium
and potassium levels have usually been in the nor-
mal range. Routi~e chest x rays and ECG’S on in-

dividuals >40 years old have revealed the cardiac
changes expected with aging: arteriosclerosis hem
disease with occasional cardiac decompensation.
Auricular fibrillation has been noted in a few
people; rheumatic heart disease in onlv two.
Peripheral vascular diseases (thrombophlebitis,
peripheral venous disease, hemorrhoids) appear to
be less common than in Americans. Oscillometric
studies showed peripheral pulses to he excep-
tionally good, even in older people and in diabetics
(see below). No luetic, metabolic, or nutritional
form of heart disease has been seen.

2. ArthrMs

Many Marshallese >40 years of age complain
of joint symptoms in the arms and legs and to a
lesser extent in the lower back. Many, particuiarlv
the older ones, have complained also of vague
muscle pains in the arms and legs. Some older
women develop marked kvphosis in the lower
thoracic-lumbar region which may be related
partly to the squatting or stooping position necqs-
sary for cooking over open fires. X rays show many
of the above complaints to be associated with
osteouthritic changes; but many people with com-
plaints-do not have definite bone changes. Arthritis
seems no more common in the exposed than in the
unexposed population, and its general incidence
does not differ greatly from that among Ameri-
cans. Rheumatoid arthritis has rarely been seen.
Examination of the sera for “rheumatic factor”
gave positive results in only a few cases ( 3 of 184
tested in 1959).8

3. Nophrosclwoais

Primary kidney disease has not been noted fre-
quently, but nephrosclerosis has occasionally been
seen complicating cardiovascular disease.

4. Aging

Radiation in sublethal doses may reduce longev-
ity in animals and man. Induction of malignant
uansformation is well documented and accounts
for most of the early deaths. However, develop-
ment of premature senescence with associated de-
generative diseases and im munodeficiency, as a
late elTectof exposure, is also believed to account for
some degree of life shortening in animals.AT-~s For
humans, definite proof of such effects is lacking,
the only documented life-shortening effect being
related to malignancies.~,sl In the Japanese bomb
survivors, the correlation of life-shortening with
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malignancies is well documented,52-55 but that with
other less well-defined aging criteria is not clear-
cut. Beebe et ai.,~~ reporting on 1300 deaths from
1950 to 1966 among 8200 exposed Japanese,
stated: “Once cancer is removed from the list of
natural causes, mortality appears to bear no rela-
tion to radiation dosage. In none of the 4 time
periods is there evidence of general increase in
mortality that one might expect from the hypothe-
sis of accelerated aging.”

Since the underlying mechanisms of ordinary
aging are not clearly defined, it is difficult to com-
pare radiation effects with the aging process and
to recognize their interaction. Studies of longev-

ity in the relatively small Marshallese population
under observation do not provide any evidence of
a possible life-shortening effect of radiation. At this
time the average age at death in the Rongelap ex-
posed group is 64 years compared with 65 in the un-
exposed population, and 61 among the unexposed
Utirik people. The differences are not significant.

lNumerous empirical studies concerned with pos-
sible radiation-induced aging eflects have been
carried out on the Japanese survivors~z+s and on
the Marshallese.s,lZJs+~T-el On several occasions
Rongelap people were given a battery of nonspe-.
cific tests for aging similar to those used in the
Japanese studies.s.lz~ls Some of these tes~ were
based on subjective assessment, on a O to 4 + scale,

of items such as greyness of hair, arcus senilis, senile
changes in the skin, balding, etc., but most involved
direct measurements of items such as skin loose-
ness, skin eiasticitv (skin caliper), visual accom-
modation. visual acuity, hearing (audiometric !.
blood pressure, neuromuscular function (light ex-
tinction test), hand strength (dynamometer j, vibra-
tory sense (vibrometer), and Lean body mius
(whole-body potaasium by gamma spectrographic
analysia). Comparison of these values in the ex-
posed and unexposed Marshallese (Table 17)
showed no significant differences. The biological
age scores (average percent score), piotted in Fig-
ure 23 for both groups, are about the same.

5. Immunological Studios

Radiation is known to impair the immunologi-
cal status of individuals soon after exposure if the
dose is sufficient to produce significant Ieukopema.
During the early period, though the acute etiects
on the Rongeiap peopie included considerable de-

pression of peripheral blood elements, comparison
of the incidence of infections with that in die Utirik
group gave no evidence of impaired immunity.
Reduced immunological reserve may likely be a
late effect of radiation exposure,sz but it has not
been observed conclusively in man. The develop-
ment of leukemia and other malignancies follow-
ing exposure may quite possibly be related to re-

Table 17

Corrclaaon of Criteria With Age and Radiation Exposureu

Correlation Correlation with radmtion
with age
(r value) Percent Signiikance” (f?)

Grayness 0.87 + 17.0 N.s. (0.70)
Arms senilis 0.83 0.0 N.S. (l.oo)
Accommodation 0.81 -14.1 N.s. (0.11)
Skin retraction 0.74 + 7.3 N.S. (0.68)
Skin lomcnas 0.70 + 1.6 N.S. (0.82)
Vibratory scnae (M + F) 0.70** - 1.4 (M), +24.6 (F) N.S. (0.90, 0.20)
vii acuity 0.69 + 14.0 N.S, (0.59)
Hearing leas 0.67 + 7.9 N.s. (0.40)
~grip(M+F) 0.67** +13.8(M), +13.8 (F) N.S. (0.15, 0.18)

eaction time (M + F) (light extinction test) 0.64”= - 2.0 (M), -10.5 (F) N.S. (0.88, 0.55)
Sysmlic blood p~ 0.55
Potassium

-11.5
(M+F)

N.S. (0.30)
0.41**

cholesterol
-14.6 (M), + 10.6 (F) N.S. (0.17, 0.22)

0.39 -17.2 N.S. (0.05)
Neun?muscular function (M + F) (hand tally) 0.36** + 3.2 (M), + 1.1 (F) N.S. (0.85, 0.95)

Combined scoret 0.99 + 7.0 N.S. (0.27)

●N.S. - not significant at 5% level. ●*r values for maim and femalea averaged. tweighta according to r value.
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.

duced immunological surveillance. Our interest in
immunological capacity is related also to the con-
sideration that impairment of immunity is thought
to be associated with the aging process.

.4rttzbo@ response. Three years after exposure a
number of exposed and unexposed Rongelap
people were tested for antibody response to pri-
mary and secondary tetanus toxoid inoculations,
with a mouse used for toxin-antitoxin assay of
serum.e* The difference between the expased and
unexposed groups was not significant.

Blood ceil changes. The persistent lag in complete
recovery of leukocytes was believed to reflect re-
duced bone marrow reserve and therefore reduced
immunological reseme. The apparent recent recov-
ery of hemo~iesis in the exposed people to control
leveIs may indicate an improvement in their im-
munological status. Table 18 shows that reduc-
tions in lymphocytes and platelets and an increase
in sedimentation rates were correlated with in-
creasing age in the LMarshailese.

Intntunoprotcins.Immunoelectrophoretic analysis
of serum proteins in 1962 showed neither a para-
proteinernia nor a typical picture of antibody de-
ficiency syndrome, but a high frequency of some of
the itnmunogiobulins was noted.lo”” Complement
fixation studies showed the Marshallese to have
antibodies to most viruses except Asian influenza
(an epidemic of this disease later occurred in 1972).
The antibody titers appeared somewhat lower in
the expasecl people.l”

The older people had higher levels of gamma
globulins but slightiy decreased aibumin levels
( 1969).la,sg@ Immunodiffusion studies showed

that the rise in gamma globulin levels was paral-
leled by an increase in immunoglobulin.t The in-
crease in @G moiety was the most pronounced, and
it showed signiikant correlation with age (r = 0.78).

The increase in K light chains was also signifi-
cantly correlated with age. The immunoglobulin
levels were more depressed in the exposed group,
particularly those of IgG, IgA, and L light chains
(Table 18). However, by 1974 the gamma globu-
lin leveh in the exposed people were nearly the
same as in the unexposed (Table 19).

Lymphogvtejiinction. Tests on the phytohemag-
glutinin ( PHA) stimulation of 1ymphocytes cul-

‘Dr. R.D. Stonerat BNL did these analyscx
“*DzY.R Biiclerand.& Hassiqat the swim Red CrosstAora-

to~ did theseanalysea.
V’hac studieswere done by Dm. J. L. Fahey and R. Woods

of the National Cancer [mmunoglobulin Center.
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tured from peripheral blood showed a definite de-
crease of responsiveness with increasing age of the
individual (Table 18 and Figure 24) but no def-
inite difference between exposed and unexposed
gTOUp3.59$OIn a more recent study, acetylation of
nuclei of PHA-treated lymphocytes was measured
at various times as a function of IvmphocVe trans-
formation and of aging.Gl Decreased acetvlation of
nuclei is associated with increasing age and is
roughly parallel to the decrease in lymphocyte
transformation. Total acetate incorporation in the
nuclei during the first hour of culture was corre-
lated with acetyiation of histones, but by 20 hr
acetylation of other nuclear materials had aiso
occurred.

Chromosome counts. In 1969 chromosome counts
were made on PHA-stimulated lymphocytes cul-
tured from peripheral blood from 78 unexposed
and 27 expcaed Rongelap pcopie.~ Both hypodip-
loid and polyploid levels were found to be related
to the subject’s age. Females >50 and exposed
males >50 had ~ 1.5 times as many hvpodip-
loids as did the younger subjects; polyploid levels
were sharply reduced in all subjects >50. Hy -
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Criterion

Lymphocyte transformation

serum protein3
Totai serum proteina
Albumen
TotaI globtdins
Alpha-1
Alpha-2
Beta
Gamma

Immunoglobulins
.A (IgA)
D (IgD)
.M (Iglh’1)
G (IgG)
=p~ light Chili~
Lambda light Chaina
K/L llltiO

Blood findings
Hanatocrk

‘ Sedimmtaaon rate
Total leukocytes
Lymphocyte
Neutrophila
Platelets

Group Total pt’OtCitt

Rongelap 7.76=0.70
AiIingnae 7.99=0.51
Utirik 7.6020.50
Uncxpoacd 7.6020.71

Table 18

Correlation of Immunoeiectrophorctic and Peripheral Blood findings
With Age and Radiation Exposure13 (D= decrease; I= increase)

Unexposed group

Change Correlation
with age with age (r value)

D

I
D
1
I
1
I
1

I
I
I
I
I
I
I

D
I
D
D
I
D

Albumm

4.2220.50
4.3020.37
4.29=0.43
4.11 =0.45

0.89

.35

.45

.58

.37

.43

.32

.75

.+9

.20

.20

.78

.96

.24

.41

.57

.72
.43
.91
.44
.65

Table 19

serum Proteins, 1973-1974

Alpha 1

0.20=0.05
0.1950.07
0.1630.06
0.19=0.06

podiploid levels were related also to radiation;
this was more pronounced in the males, with the
exposed having 2.8 times as many hypodiploid
cells as the unexposed, whereas the exposed fe-
males had 1.3 times as many as the unexposed.
Polyploid levels were not found to be related to
radiation. Both sex and chromosome sise ap-
peared as factors possibly reiated to hypodiploid
levels. In all subjects, regardless of sex or exposure,

Alpha 2

0.69=0.12
0.72=0.15
0.69=0.30
0.75*0.14

EXpmed group

Pcrcmt dif. Significance
from unexposed (p value)

- 1.1 0.68

- 1.5 24
+ 15.0 ,01
-17.1 01
-31.0 01
-20.0 01
- 6.0 .03
-18.3 .01

-17.0 05
- 3.0 98
- 4.0 . .74
- 8.0 .22

- 3.0 .69
-14.0 .15
+ 0.4 .74

+ 2.9 .07
+ 11.4 .08
- 2.5 .59
- 0.1 .51
-13.8 .04
- 8.4 .04

Beta Gamma Total cjobuiii

1.~3f3.24 1.59=0.41 3.54=0.58
1.05=0.20 1.76=0.38 3.60~056

0.89=0.23 1.67=0.45 3.33=0.50
1.00=0.24 1.57=0.48 3.52~0.54

the largest and most iiequent loss of chromosomes
waa in the G(Y) group (2.3 times expected 10SS).In
the C(X) group, females lost 15.2% more chromo-
somes than expected and males 12.6~0 less. No sex
or radiation effit was apparent in the other five
chromosome groups. A series of additional cul-
tures indicated the presence of chromosome break-
age fxtor in the plasma of the exposed subjects. In
cultures of the latter, chromosome aberrations
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were nearly doubled but aneuploid levels were
not affected.

In summary, several indications have been seen
of reduction or borderline deficiency of the im-
munological status in the exposed Rongelap people
in earlier years, but no evidence that such defi-
ciency was related to disease incidence, with the
possible exception that the increased development
of malignancy in the exposed Rongelap people
may be an indication of reduced immunological
surveillance. Recent rises of leukocyte and gamma
globulin levels to control values indicate some de-
gree of recovery, but better tests for immunologi-
cal status are needed.

6. Diabotoa Survey

Diabetes is a major problem in all the Marshall
Islands, and investigation of it is important for two
reasons. First, the disease is difficult to manage;
tules developed for U.S. and European conditions
may not apply. Choice of diet is limited. The hy-
gienic conditions thvor infdons and make fmt care
a major consideration; also, home use of insulin is
precluded in all but a few cases. It would be a sig-
nificant contribution to the welfare of the people
to diagnose the condition early and to define the
optimu rules for management, and advice on

\

not be matched anywhere.
During early 1974, 375 people from Utirik and

Rongelap Atolls, some of whom are now residents
of Majuro and Ebeye, were examined in order to
establish the incidence and nature of diabetes in
the Marshall Islands. * The 28 previously diag-
nosed diabetic patients from other atolls were also
examined but are not included in this analysis. On
Majuro, 120 subjects were surveyed; on Ebeye,
116; on Utirik, 81; and on Rongelap, 38. Blood
and urine glucose determinations were made, a
questionnaire was filled out, and pertinent phvsi-
cal examination was done to assess the presence
or absence of degenerative complications of dia-
betes. Blood was also obtained for uric acid, chQ-
Iesterol, and triglyceride determinations. Plasma
glucose was measured in the fasting state and/or
2 hr atier the ingestion of 75 g carbohydrate (Glu-
cola). In this survey a plasma glucose level, either
fhsting or post-prandial, >120 mg % was consid-
ered indicative of abnormal glucose tolerance. In
mme cases glycosuria was accompanied by nor-
mal plasma glucose and these were not included
in the group with diabetes. Some subjects with
glycosuria did not have plasma glucose determina-
tions (for a variety of reasons); these are catego-
rized as possible diabetics. Although attempts were
made to obtain complete data on all subjects aged
>15, these were not always successful. The failure
COsupply requested information on some question-
naires accounts for the discrepancies in the num-
bers given in Table 20. The results are also cate-
gorized on the basis of whether the subject previ-
ously knew of the abnormality in glucose toler-
ance. Obesity is evaluated on the basis of height
and weight but frequently this information is not
complete. The data are being analyzed in their prese-
nt form, but the missing information will be ob-
tained, ifat ail possible, as the program continues.

Preliminary evaluation of the data (see Table
20), with the limitations mentioned, strongly sug-
gests that ,the incidence of diabetes mellitus in the

“We are gratefid to Dm. ~ames B. F]eld and Catherine Deue
at the Univemicyof PittsburghSchool of Medicine foranalvw
oft he diabeta dam

5110b130
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Table 20

Diabetes Survey: Preliminary Results, 1974

No.
Group people*

Rongclap
and Utirik 375

Male 180
Female 195

obese 196
Non-obese 136

Utirik 201
Rongelap 174

Residing at**
Majuro 120
Ebeye 116
Rongeiap 58

“ Udrik 81

Diabetes

No.
cases ?0

103 27.5

48 . 26.7
51 25.9

58 29.6
22 16.2

57 ~8.4
46 26.4

37 30.8
?9 ?5.0
16 27.6
21 25.9

Glycosuria
with normal
blood SU&3C

No.
cases ~o

29 7.5

17 9.4
10 5.1

18 9.2
10 7.4

●Includes 10subjeetskm other atolls, married to Ron-
gelap and Utirik p&ple.

●*Includes both Rongclap and Utirik people residing at
these Ioeations.

Marshall Islands is considerable and is probably
greater than in any other population groups ex-
cept possibly certain American Indian groups.a4
Although some previous reports have indicated a
high incidence of diabetes in some Polynesian
populations,’ss-Gg others have suggested a low
incidence.~-ro

The overall incidence of diabetics was 26%, and
- % of these patients were unaware of their ab-
normality. The average age of the diabetics was
considerably greater than that of the nondiabetics.
The disease appears to be as common in males as
in females, but a definite statement must await
completion of the data analysis. Obesity was much
more common in women than in men, and the
data indicate an increased incidence among obese
subjects. Cataracts seemed to be much more com-
mon in the diabetics than in the nondiabetiq but
this would cenainly be influenced by the older age
of the diabetic population. No definite difference
was seen in the incidence of cataracts among indi-
viduals known to have diabetea compared with
those in whom the diagnosis was made during this
sumey. A significant y higher percent of the dia-

betics than of the nondiabetics had neuropathv.
but, because of age differences and other factors
previously stated, covariance must be eliminated
born the data before these observations can be
evaluated. (Neuropathv was evaluated on the
basis of history of paresthesia and/or objective
abnormalities in reflexes and sensoq perception. )
The limited data available did not suggest evi-
dence for increased retinopathy or peripheral vas-
cular duease among the diabetics. The disease
more closely resembles maturity onset diabetes
with absence of acute symptoms, ketosis, and ab-
solute dependence on insulin treatment.

The &ta do not suggest any differences beween
Rongelap and Utink people (genetics) or benveen
places of residence (environmental influence), and
‘here is no evidence that radiation exposure has
played a part in the pathogenesis. The differences
in diet and general living conditions between the
“outer islands” and the district centers are consid-
erable and might well play a significant role in
pathogenesis. However, analysis of this factor is
difficult because of the mobility of the people, who
constantly move between ho”me island ‘and the
centem; the place where an individual is exam-
ined may not”be where he has spent the major part
of, say, the last 10 years.

Despite the limitations, the preliminary results
are considered to be of sufficient interest to war-
rant a more careful and complete investigation.
Additional observations will be made to provide
the missing information and to obtain more objec-
tive data regarding the incidence of neuropathy,
cataracts, and retinopathy in these patients. The
insulin response to a glucose challenge would also
be of interest in assessing mme of the factors that
might be important in the etiology of diabetes in
the Marshall Islands.

The examinations are by necessity restricted to
Rongelap and Utink people. When the Eniwetok
and Bikini people return to their home islands in
sufficient numbers, the diabetes investigations
may be expanded to cover these groups.

H. CHROMOSOME AND GENEllC STUDIES

1. Studios dchmmaomoa for Radiation Eikts

In 1964 chromosome preparations were ob-
tained from lymphocytes cultured from the periph-
eral blood of 43 exposed (21, age <20; 22, age

!NHlbm



Figure 25. Two-hit chromosome aberratioru in exposed
.Marshallesc. Top: arrow points to dlcentric form; bottom:
arrow pints to ring form. 12

>20) and 8 unexpmed Rongelap people.” Chro-
mosome aberrations were noted in 23 of the ex-
posed and in 5 of the unexposed Marshallese, but
the exposed group had a number of two-break ab-
errations (represented by dicentric chromosomes,
translocations, and a ring form) that are thought
to be associated with radiation exposure (Figure

‘These analyses were done by Dm. H. L-, New England
Deacon- Hoaptal, and RA Con- BNL

J.J

25).71 NO two-hit aberrations were found in the
unexposed group, but both groups had an unusual
number of acentric fragments, the cause of which
is not known. Paradoxically, Rongelap people
with the lower exposure had more aberrauons
than those with the higher exposure. These studies
indicate that a small but significant number of
chromosome aberrations persisted in blood lym-
phocytes in some Marshallese as late as 10 vears
after exposure. The remits are consistent with
those of similar studies on the exposed Japanese
fishermen,72 on victims of other radiation acci-
dents,73 and on Japanese bomb survivotx. 74

2. Somatic Mutations

In 1974, studies* were made of the frequency of
amino acid substitution in the hemoglobin of the
Marshallese on blood samples sent to Oak Ridge.75

Since there is no coded isoieucinei6 in adult hu-
man hemoglobin A, its presence must be due to
errors in transcription or translation or to somatic
mutations arising during DNA replication. Errors
in transcription, which occur infrequently, form
altered mRNA, tRNA, and rRNA; they change
the coding in the mRINA and may reduce the
fidelity of the tRNA with regard to both the kind
of amino acid it accepts and the mRNA codons it
recognizes.T7 Errors in translationT7 arise through
the attachment of wrong amino acids to tRNA
(aminoacyl synthetase errors) and the imprecise
recognition of mRNA codons by t&NA anticodons
(translational variation). Somatic mutations rault
kom mistakes in replication of DNA; many single-
base-substitution mutations change nonisoleucine
into isoleucine codom,78 and the resulting mutant
ceils could have hemoglobin mRINA with isoleu-
cine codons. For this reason, an increase in the iso-
Ieucine content of hemoglobin A would be ex-
pected in humans exposed to agents causing base-
substitution mutations. Possibly radiation may
cause base-substitution mutations in human so-
matic cells, but this has never been established.

The isoleucine content of the hemoglobin A was
determined in blood horn 13 exposed Marshallese
and 12 unexposed. The frequency of isoleucine
substitution for other amino acids in hemoglobin
was calculated by dividing the nanomoles of iso-
Ieucine by the total nanomoles of all other amino
acids in each sample. The frequencies are listed in
Table 21.

%esewudia wwedone by Dm. RA. Popp, G.P. H!&h, and
E.G. Badiffat Oak Ridge National Laboratoq

511WJH2



36

Table 21

Frequency of Substitution of Isoleucinc for Other Amino Acids
in Human Hemoglobin From 25 LMarshallesc

Age at Age at Substitunon Average z
Subject No. and sex exposure, yr present, yr fiquency ( X 10-5) SELV( x 10-5)

Expossd, 175 R
3M

10 M
18 F
24 F
33 F
35 F
42 F
71 F

Expos@ 69 R
6M
8F

44 M.
45 F
81 F

Unexposed
813 M
815 M
929 F
836 M
839 F
841 F
846F
867 F
868 F
944 M

1547 F
1549 M

1%2
30
24
13

1
12
2

27

1
1%2
3

31
7

.4 slight, but insignificant, increase in the iso-
leucine substitution frequency was found in con-
trols aged bemveen 20 and 51; the linear regmsaion
has a positive slope of 0.0234 x 10-s/year. Except
for subject No. 1547, the higher frequencies were
fbund in samples fkom exposed pemons, but some
of the exposed had values in the control range
(Table 21). The higher fhquencies were observed
more often in individuals exposed at younger ages,
although the globin from subject No. 33, exposed
at 1 year, had a low isoleucine content. The find-
ings are consistent with the higher leukemia in-
ductio~ among pawns exposed to x raysm and to
atom bomb irradlation,so in those exposed pre-
natally and at young agea.

Studies in progress strongly suggest that the in-
creased isoleucine content in the hemoglobhi of
exposed Marshallese is due to base-substitution
somatic mutations. The supporting dataT3 include

\

an es showing ( 1) that higher isoleucine substi-

21
50
44
33
21
32
22
47

21
21
23
51
27

20
24
35
41
46
41
51
46
51
49
60
21

8.8121.%
19.79
3.58
5.06

13.45
4.74
5.19

10.40
8.29

6.98
12.93
4.04
3.65
2.12

3.37
2.17

5.94=1.92

3.20=1.52

3.47
2.45
1.89
3.56
2.41
2.12
4.35
3.93
7.15
1.57

tution frequencies occur in both the alpha and
beta chains of hemoglobin from exposed persons.
and (2) that contamination by fetal hemoglobin,
which does contain isoleucine, could contribute no
more than 7 parts per million amino acid residues
to the values reported in Table 21.

3. Gonotic studios

a. Po~”bl. Radiation E%cts. The inheritance
of radiation-induced mutations has been amply
demonstrated in genetic studies on animals, but it
has not been unequivocally seen in man. Large
numbem of animals are necessary to demonstrate
such an effkct, and the size of the irradiated human
population studied is probably too small for it to
be readily detected. The largest-scale human
study was made by Neel et al. on the children of
parents exposed in Hiroshima and Nagasaki,al
and it showed no clear-cut genetic effects. Exam-
inations of the much smaller group of Mat4udlese

5(J(-jb133
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children born to an exposed parent or parents
have shown, on the basis of incidence of gross
anomalies, no evidence of inherited radiation-
induced mutations.

The principal aberrations noted in Marshallese
adults and children have been bilateral shortening
of the fifth finger, prominent head of uln~ dislo-
cated wrist, enlarged cornea, tortuosity of retinal
vessels, asymmetry of face, congenital nystagmus,
and pigmentation of the cornea. Studies of familial
patterns of such defects have not been done; they
are not related to exposure.

The possible increaze in miscarriages and still-
births among the exposed women during the &st
5 years may lead to speculations that radiation in-
duced lethal mutations in germ cells of the ovary
or, less Iikelv, in sperm cells. * The presence of
chromosome aberrations in peripheral blood lym-
phocytes in the Marshallese 10 years post expo-
sure, and the possible somatic mutation in the
hemoglobin, described above, support speculations
that mutations in the germ plasm occurred and
might be detected in the offspring by more sensi-
tive tests. However, in view of the relatively small
dose of radiation and the small size of the popula-
tion, on a pnon” grounds a clear-cut demonstration
of a genetic ef%ectof radiation in the children born
to exposed parents would seem unlikely. Never-
theless, given the nature of the circumstances, it
has been deemed desirable to make every effort to
collect such data. Since recessive combinations

“About one-half die mucarriages occurred in expmed women
reamed to unexpcucd men.

may take several generations to affect the pheno-
type, recognition of their radiation etiology mav
be extremeiv difficult. Neel et al. are at present
carrying out more sophisticated studks in [he Jap-
anese, concerned with the occurrence of variant
forms of 24 serum proteins and erythrocyte en-
zymes. He and Dr. R.E. Ferrell kindly consented
to examine blood samples collected in 1974 from
187 Marshallese children and parents (exposed
and unexposed). The resuits, summarized below,
included no significant findings indicating radia-
tion-induced mutations.

b. lho Frequency of “Ram” Protein Variants.
The blood samples mentioned above were sub-
jected to electrophoretic analyses for polymor-
phisms and rare variants of proteins and e~hro-
cyte enzymes.82 The findings were summarized by
Ned et al.s2 as follows.

“Blood specimens from a sample of 187 Mar-
shall Islanders were studied with reference to vari-
ants of 24 serum proteins and erythrocyte enzymes.
Six of the traits studied exhibited genetic poly-
morphisms (adenosine deaminase, phosphogluco-
mutasel, acid phosphatase, 6-phosphogluconate
dehydrogenase, haptogiobin, group specific com-
ponent). There was in addition one ‘rare’ variant
(of albumin) in 4047 determinations. These results
on rare variants have been combined with those of
others on Micron=ians, and the frequency of rare
variants in Micronesians compared with the fre-
quencies in West European Caucasians, Japanese,
and Amerindians. There are many difficulties in
such compariso~ and, although the observed val-
ues for the four ethnic groups differ by a factor of

Table 22

Gene Frequencies for Six Genetic Polymorphisms in the Marshall Islandsaz

Phenotype

system 1 2-1 2 Total Gene frquency

Adenosine deatninase 167 18 0 185 ADA1 = 0.951
Group speciftc component 116 50 2 168 &l = 0.839
Haptoglobia” 56 93 32 177 Hpl = 0.579
Phosphoglucomutasel ** 156 26 1 184 PGMI1 = 0.912

A AB B— — —
Acid phosphatase ‘ 101 73 11 185 MA = 0.743
6-Phosphoglucomte dehydrogmwc 164 21 0 185 6-PCW = 0.943

●The Hpo type was o&served in 4 individuals.
●“Two examples of the PGM phenotype 2-7 and a single phenotype 1-7 were obsesved (PCM17 =0.008).
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3, the Micronesians exhibiting the lowest fre-
quency, it is felt that no conclusions concerning
differences between ethnic groups can be drawn
at this time. ”

Table ’22 shows the gene frequencies for the six
genetic polymorphisms found.

c. Blood Stud;os far Genetically y Inherited Traits
in tttoMarshallese.* A large body of data has
been collected from genetic studies on the Mar-
shallese people. The results are not only of great
anthropological interest but also may show in time
some possible genetic effects of radiation exposure
in future generations. Table 23 lists the frequency
of the various traits tested.

B[oodgnmping studies show that the Marshallese
have a relatively high B gene frequency, a high N
gene frequency, an extremely high RI gene fre-
quency, and total absence of Ken and Diego fac-
tors. These characteristics differ from those of Poly-
nesians and suggest a relationship of the lMamhall-
ese people with Southeast Asians and Indonesians.
Haptogiobin studies showed a frequency of the
Hpl gene higher than in European populations
thus far tested and consistent with that of popula-
tions living near the equator. The distribution of

hap[oglobin types showed the population to be
relatively homogeneous. Trran.rferrins in all sera
were type CC, the common European type. /3-
Aminoisobutyric acid urinary levels showed the
Marshallese to be the highest excreters of this acid
of any population thus far reported. Levels in the
exposed group were about the same as in the un-
exposed group, and no correlation was found with
body burden levels of radionuclides; this indicates
that there is probably no correlation with radia-
tion expmure. Hemoglobin ~pes were considered
norrnai (ail had type AA2). Sickling tests showed no
sickling tendency in any of the people. Glruost-6-
phosphatc dehydrogenase of the red cells appeared to
be normal in the Marshallese. Studies of Cm pheno-

~pes showed the Mamhallese to have 100’% Gm@+~
and nearly 100?7oGin@+). There was a complete
absence of GmX and a high frequency of Gin-like
(Gmc). Serum studies for the Ag system reveal
that the Rongelapese compared with other world

● we are grateful to the following pemom for andyscs: blood
~pinga - Dr. LN. ‘Swsman, Beth Israel HospitaA; haptoglob-
m%nansfcrriaai AC arrcigcrra- Dr. B.S. Blumberg, hunrute for
Cancer RaareIu Philadelphia; hemoglobin types - Dm. R.L.
En@e, Jr. and G. ~uilo, Comeii University L~Cdicdcenter,
and ~. S.I-L Baymr,Johns Hopkins t-tospital; !@UCC?S&6-@OS-
phate dehydrogmaac studies - Dr. Bayer; BAIB wudisr - Dr.
S..M.Garcler,Univcmty of Washrrqon, and Dr. Blumberg.

Table 23

Genetically Inherited Traits in Marshallese

Trait

ABO (310 people)

o
A
B
AB

MN (310 people)

M
MN
N

Kcll (310 people)

Diego (310 people)

Rh (310 people)

RhlRhl
Rh1rh2
RhlRh2
Rhz
Rho

Haptc@obirrs ( 176 pcopk)

Types 1-1
Typa 2-2
Typct 2-1
Types otkrare

Ag system ( 187 people)

C.deB.
LNewYork

Hemoglobin (17 1 people)

AAz

BAIB ( 188 people)

High eXCIWOtS

Frequency
(?0)

60.7
19.7
15.1
4.5

8.0
z~.o
70.0

0.0

0.0

90.9
4.2
3.9
0.3
0.6

33.5
18.2
47.2

1.1

98.0
38.0

100.0

90.0

Gene
frequencv

& O768
P, 0.128
Qc 0.103

M 0.194
N 0.806

RI 0.950
Rz ‘ 0.020
RO (3(330

Australia antigen (474 people)

populations have a high frequency of C.deB. anti-
serum reactors and a low frequency of .New York
antiserum reacto~. The level of BAIB (&amino-
uo-butyric acid) was the highest yet reported for
any population.

Considerable caution must be exercised in eval-
uating the results of these studies on genetically
inherited characteristics because of the small
number of samples tested. The data do seem to in-
dicate relative homogeneity of the population and

closest kinship with people of Southeast Asia.



These data also mav be useful as a base line, should
genetic changes appear in later generations, pos-
sibiv related to radiation exposure.

IV. Thyroid Findings

A. EARLY FINDINGS

Exarninationa for possible thyroid abnormalities
were an important part of the program from the be-
ginning. At the time of the accident it was not
considered likely that the thyroid had received a
sufficient dose of radioiodine to result in abnor-
malities. In retrospect this proved to be quite
wrony, since thyroid inju~ and its sequelae have
been the most serious late result of the fallout ex-
posure in the Marshallese people. .A chronological
review of events leading to the development of
thyroid abnormalities follows.

Beginning several years after exposure it was

noted that 5 of 19 children exposed at <10 years
of age showed retardanon of growth.s,le This was

particularly notable in the boys exposed at <5
years of age (Figure 26). The “cause of this retarda-
tion was not immediately apparent. It was recog-
nized that thyroid hormone deficiency from thyroid
inju~ could result in such growth retardation.
However, examinations during this early period did
not reveal any thyroid abnormalities, and the PBI
levels in these children as well as in all Marshallese
were in the normal to high range. The growth re-
tardation gradually became more apparent, and at

)111111 [11 111111

— Exposcdatagc 1-5
--—- control group

111111 !111 11111160; 3579,1,3 ,5 ,7

*

Figure 26. Staturai growth in Rongelap boys exposed
at <5 years of age, 1958-1967.

Fhgure 27. Growth-retarded boys exposed at age 1 year
(No. 3, leh, and No. 5),6 months after start of treatment
at age 11 ( 1966).

-.

Figure 28. Bone dvsgenesis of heads of humeri in subject
No. 5, typical of hypothyroid disease ( 1965).



Table 24

Thyroid Findings, September 1974

Subjcet No. Est. thyroid Age at Age lemons
and sex dose,* rads exposure deveioped

Rongelap exposed ( 175 rads), 64 peopk 13 in uftro listed separately)
3M 1150 12 (?)
5 LM

33 F
54 LM
65 F

2M
17F
19 M
21 F
32 M
42 F
23 M
69 F
72 F
15 F
20 M
36 M
47 M
61 F
76 M
75 F
24 F
35 M
26 M
67 F
39 F
49 F
74 F
22 F
12 F
73 M
37 M
18F
9M

10M
14F
27 hi
77 M
71 F
MM
64 F
66 F

7M
63 F
78 F
4M

79 M
68M
25M
34 F
52 F
80 M
llM
82”M.
30 F
62 F
60F
13 F
58 F
56 F
38 M
46 ,M
55 M
57 F

,,
,,
,1

1l’b
1050

,,
t,
,V

lILO

$5
855

,,
,,

810
,!

655
655
570

,,

5;0
475

4ks
380
335

1,
,*
,,
,,
,,
,,
,,
!,
,,
,,
,*
,,
!,
!,
,,
,,
,,
,,
,,
,,
,,
,,
,,
,,
,,
,,
,,
,,
,!
!,
!,
,.
,,
,,

1
1
1
1
1
~
3
3
3
3
3
4
4
6
7
7
7
8
8

11
12
13
13
13
14
15
15
16
17
18
18
20
21
22
24
25
26
26
28
29
30
30
36
36
37
38
39
44
44
45
46
46
50
50
52
55
56
59
59
66
75
76
76
98

12 (?)
13
13
13
12
12
14
12

15
16
14
17
21
18
19

19

30

34

34

40
41

Diagnosis”” (S= sur3erv )

Mvxedema (thvrotd atrophy )
Myxedema (thvrold atrophv~
(S) Adenomas
(S) Adenomas (leukemia, died age 19) “
(S) Adcnomas
(S) Adenomas
(S) Adenornas
(S) Adenomas
(S] Adenosnas

(S) A&nom=
(S) Adenomas
(S) Adenomas
(S) Carcinoma (papiilary-foilicuiar), adenomas
(S) Adenotnas
(S) Adenomas
(S) .+denomas

(S) Adenomas
Hypcrtrophv, lobular
(S) Adenomas

Died 1962
Nodule 0.5 cm, rt.
Hypertrophy rt. 10bC
Lobular hypes-trophy

(S) Carcino~ (follicular)
Thickened upper It. lobe 1974

(Leprosy)

(S) Adenornas
(S) Carcinoma (papillary-follicuiar)

Died 1974
Dkd 1956

Died 1963

DIcd 1962
Dlcd 1959
Died 1959
Died 1966

Adenomas found at 1962 autopqt
Died 1957
Died 1956
Dlcd 1966
Died 1963
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Table 24 (Continued)

Thyroid Findings, September 1974

Subject No. Est. thyroid Age at Age lesions
and SCX dose, ● rads exposure developed

Ailingnae exposed (69 rads), 18 people ( 1 m u&u listed separately)
6M 450 1
8F 1

44M 395 4
48 F 360 6
53 F 320 8
81 F 8
70 F lk 15
51F 135 25
31 M ,, 31
45 F !, 32
50 M ,, 34
16 M ,, 39
41 M !, 44
59 F ,, 44

IF !! 54
29 M !! 65
43 F ,, 67
28 F 68

In utcrvexposed, -+people”
83 M 175+? 2nd M
84 M 69+?
85 LM 175+? L :
86 F 175+? ,, ,,

Utirik exposed (14 rads), 157 peoplefi
2229 F 31 20
2208 F ,, 35
2212 F ,, 35
2194 F ,, 37
2258 M ,, 47
2182 F !, 52
2221 F !, 54

17

27

45

51

63
56

19

36
54
54
53
63
72
71

Rongelap unex~ 196 peopie (-80% of group)~
938 F 32
829 F
841 F
845 M
910 LM
912 M

1007 M
858 F
898 F

34
54
m
70
20
w
60 (?)

75 (?)
Likicp unexposed, 137 peopie, 1970 (-50% ofgroup)~ ‘ ‘

-F 75
-F 48
-M 63
-M 80

M‘L 74

Diagnosis** (S= surgeW)

(S) Adenornas (bcmgn?)

Hypmwphy rt. 1974
Mass 0.5 cm, IL lobe ’73; neg. ’74

Ncurofibroma neck removed ( 1968)
(S) Adenomas
Died 1958
(S) Adenomas
Died 1971

Nodule it. lobe
(S) Adenoma, died 1968

Dkd 1966
Died 1964
Died 1965

(S) Adenotnas

(S) Carcinoma (follicular)
(S) A&nonsas
(S) Adenomas
Lobular gland
Nodule, died 1970
Nodule
(S) Adenonsa

(S) Adenoma
(S) Adenoma
(S) Adenoma
Possible nodule
Nodule 0.5 cm, m
Fum area, nodule?
Small nodule, k. Ioke
Large goiter, sok & movable, died 1973
Nodule 0.5 cm, It., died 1973

Noduiar thyroid
Nodule, It.
Nodule, rt.
Two SSttd nodlk,rt.
MaaY5 cm. rt.

● Includes gamma dose. Metki of calculationza is described in Section II of this report.
“=Includes adenomatotss lesions (without distinct capsules) and Hurthle cell adenomas.
t This case was not included in the statistics because, if it had been possible to do more autopsies, other thvroid mmom

might have been found in both exposed and unexposed people.
‘~nly subjects with thyroid lesions are listed here.
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8 years post exposure it was noted that two boys
were particularly stunted in growth (Figure
z7). 10,1STheY had been exposed at one year of age

and gradually developed atrophy of the thyroid
gland and signs of mvxe’dema with puffy faces,
@ skin, sluggish reflexes, and bony dysgenesis of
the humerus and femur (see Figure 28). These WO
boys (Nos. 3 and 5) were considerably shorter
than their brothers (Nos. 83 and 84) who were
younger and had been exposed in utero. In 1965, a
satisfactory method for serum thyroxine analysis
by ion exchange column became available. Stud-
ies by this method showed that some of the chil.
dren did indeed have low serum thyroxine levels.
Control studies on normal Marshallese revealed
that manv of them had unusually high iodopro-
tein leve13, leading to a false interpretation of pro-
tein-bound iodine [ PBI) determinations. It became

apparent only then that low thyroxine (T4) levels
in some of the children had probably been masked
by high levels of iodoprotein.ls-zs Several children
with slight growth retardation had lowered T4
levels. The hypothyroidism appeared to be from
primaty thyroid damage and not secondary to
pituitary &mage, since tests for growth hormone
in several growth-retarded children were normal, -
and their serum thyroid-stimulating hormone
(TSH) levds were elevated.

B. ‘DMLOPMBNT OF THYROID NODULES

In 1963,9 years after ex~osure, a 12-year-old

girl was found to have an asymptomatic nodule of

I 1“’”1 I

Figure 29. Cumulative percentages of persons with thy.
mid lesions in exptsed Rongelap, Ailitqnae, and Utirik
groups and in unexposed Rongelap control group since
1964, based on numbesa of persons in the groups in 1964,
the time when radiation-induced lesions were firstnoted.

the thyroid giand. Development of thvroid abnor-
malities in other subjects continued during subse-
quent years,ls-zs At present ( 197+) 29 of 86 ex-
posed people of Rongelap are affected, including
the two stunted boys who developed thvroid
atrophy without modularity. One of 4 children ex-
posed in u(ero developed thyroid nodules in 1974.
Figure 29 shows that, considering the population
remaining at risk (persons living in 1964, at the
time of appearance of the thyroid abnormalities),
the trend is for continued development of lesions
with recent increases among the lower-exposure
Ailingnae group. Table 24 lists the thyroid status
of ail esqned Rongelap people and of people with
positive findings in certain other populations.

The thyroid nodules were usually multiple.
were not tender, and varied in size from several
millimeters to several centimeters in diameter. In
some of the children nodular glands were associ-
ated with low thyroxine levels and slight growth
retardation. The two stunted boys (Nos. 3 and 5)
showed markedly reduced thyroxine levels. L~OIN
of the adults with modularity had low thyroxine
levels prior to surgical exploration. The growth re~
tardation with reduced thyroxine levels appears to
be the result of radiation injury to the thyroid in
the children (see Section E, below).

Table 25 lists the incidence of benign and ma-
lignant lesions and the estimated dose of radiation
to the thyroid glands in the various populations.
The highest incidence of lesions (89.5%) has been
noted among those in the heavily exposed group
who were <10 years old at the time of the acci-
dent. The absence of lesions amonq those of corre-
sponding ages in the lcxs exposed Utirik group and
the unexpmed groups is notable, but 2 of 6 ex-
posed children in the .4ili ngnae group have re-
cently developed lesions. The incidence of thyroid
lesions among the exposed Rongelap adults is con-
siderably lower than that among the children but
higher than among the Utirik or unexposed
groups. The Utirik group does not appear to have
had a higher incidence of thyroid lesions than the
unexposed groups, but one Utirik individual de-
veloped cancer of the thyroid.

C. SURGICAL EXPLORATION

In view of the pmsibly malignant nature of the
thyroid nodules in the exposed population, surgi-
cal exploration oft he affected thyrbids, with re-
moval of nodules, was considered necessary. Thv-
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Table 25

Thvroid Les]ons in .Marshailese, December 1974

Group

Rongelap exposed ( 175 rads)

Ailingnac exposed (69 rads)

Inuteroexposed

Utirik exposed ( 14 ra&)

Rongeiap unexposed

Likiep un-

Agc at
exposurf

<10
lo-I&
>18
AN

<lo
10-18
>18
All

<lo
10-18
>18
All

<lo
10-18
>18
All

<10
>10
All

●

Est. thyroid
d03e,a rads

810-1150
335-810

335
55&

275-450
190
135
2179

175+?
69+?

60-95K
‘27-60

27
50*

%Subjeetsb with
thyroid lesions

89.5 (17/19)
16.6 (2/12)
9.1 (3/33)d

34.4 (22/64)

33.3 (2/6)
0.0 (0/ 1)

36.3 (4/1 1)
33.3 (6/18)

33.3 (1/3)
0.0 (0/1 )

0,0 (0/58)
4.8(1/21)
6.4 (5/78)
3.8 (6/157)

1.6(1/61)
7.7(1/13)
5.8 (7/120)
4.6 (9/194)

0.0 (0/31)
4.7 (5/106)
3.6 (5/137)

.Vo. subjects
with surgery

15
1
3

19

If
o
3
4

1
0

0
1
3
4

0
1
2
3

0
0
0

‘CSubjectsb wdt
malignant lesions

5.3 (1/19)

6.1 (2!33)
4.7 (3/64)

+.8(1 L21)

0.6(1/157)

~Dose 6wm 1311,1321,1331,and lW plus gamma; mean dose extrapolated from calculations~ tbradultsand 3-yessr-olds
(see.%etion II).

bBasedon number of people cx~ excluding thosem- (number of caacs/total number in group).
“llc thyroid is considarcd to be fidly developed by about age 18.
‘OtxE additional ease of adenoq found at autopsy, not included here.
eWeighted mm d=.
! Pathoksgi.w diflkred as to whether this lesion was malignant; it was seorcd as benign.
cThe more energetic, shorter-lived isotopes of iodine contributed lus to the total thyroid dose in the Utirik people be-

cauac the fallout oecurrcd later there. It might be 3urroiscdalsothat the biological effectiveness of the thyroid dose per
rad would be less in the Utirik group.

roid surgery has been carried out on 24 of the ex-
posed Rongelap people with removal of varying
amounts of thyroid tissue depending on the extent
of the lesions (20 were subtotal and 4 total thfiid.
ectomies with parathyroidectomy inadvertently in
one of the latter who was thought to have cancer
at the time of surgery). Of these cases, 3 were

found to have eareinoma of the thyroid and 21 to
have benign lesions of the thyroid.

The first case of carcinoma of the thyroid oc-
curred in a 40-year-old woman (29 at the time of
exposure) in the heavily exposed group. The inter-
val between exposure and diagnosis was 11

yecm.20~3 The second and third casu in this group
occurred 15 years after exposure, in a 36-year-old
woman

\

e 21 at exposure) and in a 22-year-old

woman (age 6 at exposure). A fourth case of cancer “
waa found, 14 yearn z&er exposure, in a 36- year-old
Utink woman who had received considerably less
exposure.zs Three of 196 unexposed Rongelap peo-
ple have had surgery with removal of benign ade-
ntxnas All three were women. Hospital summaries of

cases admitted at BNL are presented in Appendix 10.

1. Gross Appaausssco

Since the d~covery of the first thyroid lesion 9
years after radiation exposure, clinicians particu-
larly interested.in the thyroid have participated in
the annual examinations. As a result, any slight
irregularities discovered by palpation drew ‘special
attention. This high degree of scrutiny and sus-
picion led to the detection and removal of nodules
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when they were much smaller than nodules usually

encountered in general clinical practice. Few of
the lesions were visible from the exterior, and none
was accompanied by symptoms.

At the time of surgical exploration most of the

thyroids in the exposed Rongelap people were lobu-
lated and contained small discrete maases which
were not of sufficient size to cause very significant

enlargement or to distort the symmetry of the
gland22 Most of the glands in the exposed Ronge-
lap people with only one palpable nodule proved to
have multiple nodules. Often the palpated nodule
was not the lesion that ultimately prompted the

mmm concern on histological examination.

The gland in some cases showed many tortuous
hair-like vessels on the surface, reminiscent of thy-
roids that had previously been treated with radio-
active iodine for hyperthvmidism. The cut surface
of the thyroids revealed some noduies which ap-
peared to be discrete with distinct capsules ( Fig-
ure 30). In some instances these discrete lesions
were very firm, pale brown or whitish. In some
there were hemorrhagic or degenerative cysts. The
margins of some other nodules were indistinct,
producing a lobular character which comprised
most of the thyroid in such a manner that the en-
tire gland appeared to be responding to a difbe
pathologic process, not unlike the type of gland
obstnwd in chronic iodine deficiency but in mini-
ature proportions

Figure 30. Grins serial sections of an irradiated MarshaU-
ue thyroid, showing multiple discrete adenomata devel-
oping throughout both lobes of the thyroid. Scarring is
evident between these nodules.

2. Mieroacopic Appaomrsca

On microscopic examination all the thvroids of
exposed Rongelap people showed varyinq degrees
of adenomatous change. Many of the lesions were
completely surrounded by a distinct capsuie and,
unlike the remainder of the thyroid, had a disunct
histological pattern which ranged from microfol-
licular to fetal, solid, or embrvonal types. Unex-
pectedly many of the adenomas were papillaq
(Figure 31), but all except two of those that were
papillary were considered benign. Most of the in-
dividuals operated on later in the series were given
a small tracer dose of 1311 so that the functional
nature of the adenomatous areas could be studied
for radioiodine uptake.8a,84 .Multiple autoradio-
graphs prepared from tissues from the last 15 pa-
tients have shown that essentially all the discrete
lesions took up significantly less radioiodine than
the non-nodular thyroid tissue and in many cases
took up none at all (Figure 32). Only in one indi-
vidual a single lesion, which was papiilaryjn char-
acter, took up more radioiodine than the surround-
ing normal thyroid tissue. Although reduced radio-
iodine uptake does not necessarily indicate a ma-
lignantlesion, it is commonly okerved that lesions
having a capacity to metastasize take up far less
radioiodine than the extranodular tissue (usually
the ratio is < ViOo).

Moat of the thyrtsids have been found to contain
an unusual number of minute encapsulated lesions,
some of them composed of solid cellular masses of
cells (Figure 33A, B, and D), in contrast to lesions
found in most adenomatous goiters, which are
composed of follictdar structures simiiar to but not
identical to normal or hyperplastic glands. On
carefi.d gross examination of the glands, these mi-
nute lesions appeared as tiny whitish dots -1 mm
in diameter (pinhead size). The atypicality of these
lesions and the presence of mitoses in the cells of
some of them give rise to speculation regarding
their ultimate malignant potential (Figure 34.4
and B and Figure 33 D), especially since several
obviously malignant lesions have been found in
this exposed population. The lesions shown are
horn thyroids not harboring frankly malignant
lesions elsewhere, except the lesion in Figure 33B,
which was found in a thyroid that also had a
highly malignant lesion in a distant part.

Of the four malignant lesions found (Figure 35),
two were papillary adenocarcinomas displaying
some areas that were less well differentiated, con-



Figure 31. Two proliferative papiUary adenomata that
were considered benign on the basis of histological cxans-
ination ( x 49, subject No. 15, 1969). Other minute ade-
nomata from the same subjeet are shown in Figure 33A.

sisang of a solid celhdar pattern. Both lesions were
accompanied by metastdscs in the cervical region.
In one (Figure 35A) the cervical metastasis were
extensive although the primary lesion was rela-
tively small. A total thyroidectomy and unilateral
radical cenical lymph-node and upper anterior
and posterior mediastinai dissection were per-
formed in this case, and there haa been no evi-
dence of recurrence in 5 years. The second case
(B) was also treated by total thyroidectomy and
regional lymph-node dissection. Only a single
lymph node adjacent to the thyroid contained
metastatic tumor although invasion to contiguous
blood vcsscis was noted. This subject has remained
~= of recurrent disease for 10 years.

The third malignant lesion (C) was a foilicular
adenocarcinoma which showed considerable infil-
tration of adjacent normal thyroid tissue but was
confined to the region of one superior pole and was
not accompanied by pmitive lymph nodes. A total
thyroidectomy with regional lymph-node dissec-
tion was done. The regional lymph nodes did not
contain metastasu. There has been no evidence of
recurrence in 5 years. The above 3 patients with
carcinoma were from Rongelap, where the expo-
sure to fallout was greatest.

The fourth carcinoma (D) was a relatively un-
diff’entiated adenocarcinoma -2.5 cm in diam-
eter. In many areas it was solid cellular in charac-
ter. The plcomorphic cells had brccched the cap-
sule in many places. The tumor was observed in
vascular spaces but not in lymph nodes, and no

distant rnctastasu could be identified. The patient
had presumably received minimal radiation etpo-
surc on Utirik, an outlying island quite remote
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F@re 32. ,4: A histologic preparation of a lesion that
developed in an irradiated iVarshalkse thyroid ( X 14).
l?: Autoradiograph, showing area of significant 1311up-
take to be in the “normal” extranodular tissue, in both
uPpcrcome= of the section, and no uptake in the neo-
plasm (diffuse stlppiing is background). This lemon was
not cotuldered malignant. (Same subjeet as Figure 31.)
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Figute 33. Exasnplca of very minute discrete lesions of various histologic patterns scattered

\

throughout the thyroids of many irradiated Marshallese. Many of these lesions arc solid cellular
or papillary; scctiom A ( x 15), C( x23), and D( x40) arc from subjec~ (No. 15, 1969; No. 8.
1972; No. 40, 1973) whcuc thyroids contained no frankly malignant lesions. Section B ( x52) is
fmm subject No. 2229, 1969. Estimated doses to the thyroid (in rack) were (.4) 855, (B) 31, (~
450, and (D) 335.

5oobl13
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horn the areas of the more heavily exposed groups.
Three other subjecn from this island with the same
exposure have had surgical excision of nodules
which proved to be benign adenomas.

A fifth lesion that was papillary (the size of a
. match head) was found in a subject from an island

where the exposure was intermediate (Ailingnae);
several other individuals exposed there have de-
veloped benign lesions tier a latent period some-
what longer than for those exposed on Rongelap.
After review of this papillary lesion by eleven pa-
tholo~ts, ● opinion is divided as to whether it
should be considered malignant (Figure 34A); we
have recorded it in our statistics as benign in view
of the majority opinion.

.4 few lesions of the thyroid fall into an uncer-
tain category in which even the most experienced

“Din. S. Wsrren, W. Winner, and M.A. Legg, New England
Deaconess HospKal; J,D. Reid, Cleveland Metropolitan Gen.
eral Hospmtl; T. Winsisip (deceased); L.B. Wooiner, Mayo
Clinic; L.V. .+ckcrman,SUNY at Stony Brook; R.V. Rosvoll,
Emory Univermty; and S. Robbi~ A. Vkkesy, and B. Castle-
-, Maasachuserta General Hoqmal.

.4

pathologists are unable to reach a firm opinion as
to a diagnosis of malignancy. Some of these lesions
ultimately proved to have been malignant as evi-
denced bv a distant metastasis some years after re-
moval of the primary lesion. It seems that a neo-
plasm must reach some significant size before it
can unequivocally satisfy the criteria for a diag-
nosis of malignancy even though smaller lesions
may have cellular characteristics that suggest
malignant capabilities. In clinical practice many
lesions are of sufficient size that the criteria for
malignancy are readily Willed. Among the LMar-
shalleze patients most of the thyroid nodules either
were detected by palpation when scarcelv 1 cm in
diameter or were found coincidentally to removal
of palpable adenoma. lMany lesions showing atyp-
ical cellularity were so small that perhaps they
had not vet had an opportunity to manifest all the
usuai criteria upon which a diagnosis of malig-
nancy may be based. Figures 33 C and 34A show
one such minute lesion. This emphasizes the im-
portance of the early diagnosis and treatment of
LMamhallese lesions.

Figure 34. Examplesof very minute neoplasm only a few mm in diameter and completely en-
~~t~ but composed of mk Whoaspattern suggests that if the lesions were larger they might
display featur~ prompting a suspicion of rnahgnanw. In both exampies shown (A, x 162, sub-
ject No. 8, 1972; B, x 91, No. 36, 1969) evitlimee of blood vessel or lymphatic invasion is lack-
ing, and the capsule, which was very thin, was not breeched The entire Icsion of .4 is shown in
Figure 33C, whese its size can be compared with that of surrounding normal follicles. Both these
~Ples ~ fmm A** that had no frankly malignant Icsions elsewhere in them.
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F@re 35. Four carcinoma of the thyroid found in Marshalle= subjects. A: Papillary adeno-
.carcinomawith many cervical lymph neck containing mctas= ( x W subj- ANO.W 196$0.

B;Papil@ adenocatcinoma with a single lymph node containing tnctastatic site ( x 21, No. 64,
1965). C: Infiltrating follicular adenocarcinoma with known metastasis ( x 26, No. 18, 1969).
D: Relatively undiflercnaatcd follicular adcnocarc inoma ( x 46,No. 2229, 1969).
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D. HORMONE TREATMENT

In 1965, the seriousness of the development of
thvroid lesions in the Rongelap people was recog-
nized, and a panel of experts was called together
to review the findings and make recommendations
regarding the possibility of initiating preventive
therapy. 1$23 The concensus was that the more
heavily exposed Rongelap group should be placed

on replacement thyroxine for life in order to block
TSH secretion by the pituitary gland. It was
hoped that nullifying the stimulating activity of
this hormone on the thyroid would inhibit devel-
opment of benign and malignant nodules, and
that growth and development in the hormone-
deficient children would be improved. The possi-
bility of development of pituitary tumors, which
has been noted in hypothyroid animaisss and hu-
man beings,aG might be prevented. Ethical con-
siderations ruled out randomized clinical trials of
therapy.

Synthetic L-thyroxine ( Svnthroid, Flint Drug
Co.), which might be more stable than dessicated
thyroid under tropical conditions, was recom-
mended at a dose of 0.3 mg/day for people <50
yearn of age and 0.2 mg/day “for those >50. Treat-
ment waa supervised by the health aide, but diffi-
culties in maintaining a strictly regular treatment

Figure 36. L@: Subject No. 5 (shorter) and his younger
brother ( No. 85) in 1963. Right: Same two boys in 1973
after No. 5 had been given thymld hormone for 8 years.

- ;;-:Ada,.,-+.:/,.-i.

w+’.*
---

*

Figure 37. Sasrsecomparison as m Figure 36.
fir subjcet No. 3 and his younger brother (No. 83).

regimen soon became apparent. In an effort to
overcome this problem it was found that giving
the entire weekly dose at one time was effective
and safe, and resulted in maintenance of normal
levels of th~oxine.aT Even on this simplified treat-
ment schedule a f- of the people, including some
who had undergone thyroidectomy, showed low
thyroxine levefs indicating that they were not con-
sistently taking the medication. (This was one of
the reasons for establishing the post of resident
physician in the Islands in 1972 to monitor the
treatment program as well as offer health care. )
For 4 people on this regimen who developed above-
normal T4 levels, associated with complaints of
nervousness and palpitation, the dose waa reduced.
In view of the recent appearance of thyroid nod-
ules among the Ailingnae group and in a subject
exposed in utero, all persons exposed on the atoll
are now included in the treatment program.

The hormone therapy has unquestionably en-
hanced growth and development in the growth-
retarded Rongelap children (Figures 21, 36, and
37 show the improvement in the two most stunted
boys). However, the benefit of such treatment re-
garding development of nodularities in the thyroid
is uncertain, Of the children exposed at age <10
yearn in the more highly exposed Rongelap group,
only two have not developed lesions. The less ex-
posed Ailingnae group, in which development of

50 H.N:H)
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thyroid lesions is more recent, has not been on
treatment long enough for evaluation. The tn ufero

case was not placed on thyroxine treatment until
after nodules had been detected. Thvroid lesions
developed in several persons who were presum-
ably taking their thyroid medication regularly
and who appeared to be euthyroid with normal
thyroxine levels; on the other hand, thyroid nod-
ules disappeared in two cases (Nos. 53 and 40)
during thyroxine treatment (in the latter case, they
recurred and were surgically removed).

1. Fallow-up

Careful follow-up studies on the subjects who
had cancer, including whole-body scans at Tripler
.4rmy Medical Center, have shown no signs of re-
currence. No clear-cut evidence has been seen of
further development of nodularities in the thyroid
remnants in the benign cases. Because papillary
thyroid carcinoma progresses very slowly, long
continued follow-up obsetwation is necessary.

.No deaths or acute illnesses have been associ-
ated with the thyroid abnormalities. Morbidity
has been related to the development of reduced
thyroid function resulting in varying degrees of
hypothyroidism and in one case of hypoparathy-
roidum following thyroidectomy. The lack of strict
compliance with the thyroid treatment program
in the operated cases involves the potential danger
that serious hypothyroidism may develop, partic-
ularly in patients living on the outer islands and
therefore less frequently seen.

E. STUDIES OF THYROID FUNCTION*

1. Pracaduro8

Measurement of circuiting thyroid hormone
has been an important part of the evaluation of
thyroid function in these surveys. During the first
10 yeacs it was done by PBI analysis and subse-
quently by ion-exchange chromatography (thy-
roxine by column). Since 1972 evaluation of thy-

“Thywid uptake wudia were done at Rongclap in 1965 and
1971 by Dr. J.JL Ikllandin 1966and 1972 by Dr. J. Robbitn, At
BNL thyroid thnctionmuiia weredoac by Dr. H.L. Atkins. PM
determinations were made by the Chnical Chemimy Sation at
BNL and by BIOScience Laboratories, Van NUVS, Caiii., who
also did other serum iodine analyaa. T. and T3 by RIA, anddia-
lyzable T4, TSH, and TBG by revcnc-tlow electmphoruis were
analyzedby Dr. P.tL bmen at the University of Pittsburgh and
more recently at the Peter Bent Brigham Hmipital, Boston.TGB
analysu by RIA wx done by k. .M. Gmhengorn and J. Rob-
bins, and TG analysu by Dm M. [zuma and J.-L. Baulieu.

mid function has been greadv improved bv the
use of radioimmunoassav techniques for measur-
ing T4, T3 (triiodothyronine). and TSH.ss8g Stud-
ies of serum iodoproteins. which had resulted In
artifactual elevations in the serum PBI in [he
\larshaIlese, are discussed below, as are more re-
cent measurements of thyroxine-binding proteins
and serum thyroglobulin.

Studies of thyroid function have also included
tests of radioiodine uptake and excretion on sev-
eral occasions. In the field these were done with a
somewhat primitive apparatus (Figure 38). 1321
was used to minimize the dcse to the thyroid. More
extensive and sophisticated tests were done on pa-
tients brought to BNL for evaluation prior to sur-
gery elsewhere. These included tests of thyroid
radioiodine uptake and scans (tech netium-99m )
before and after TSH stimulation; determinauon
of basal metabolism rate, cholesterol, antlthvro-
globulin antibody levels; and a varietv of ciinical
chemistry tests. In a number of cases a smail
amount of 1311was administered prior to surgerv
and the fuction of ~cised thyroid Ieslons and sur-
rounding tissues was studied by autoradiographv.
One 48-year-old man (No. 40) briefly developed
acute thyroidkis after TSH administration.

2. Studias of Expasod Rongolap Peaplo
With Thyroid Abnormalities

Evidence of thyroid hypofunction and reduced
reserve was seen in a few of the children prior to
surgery (Nos. 2, 20, 33, and 65) and to a greater
degree in the two bovs who developed myxedema

\

Figure 38. Thyroid function testing
under field conditions, i 966.

5ow.llhl
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Table 26

Kkcnc .+naivsis of ~W- Accumulation and Excretion in Rongelap Subjects W ithout Thyroid Abnormality

Fraction of extrathyroid 1- per day
Thyroid fraction,

Group Urine* Aal Thyroid** A21 A21/(A21+&l)

9 Unexposed adults, 1965 0.81 (0.17-1 .99) 0.79 (0.23-1 .47) 0.49 (0.26-0.77)
12 Exposed Xhlh$ 1965 1.10 (0.34-2.57) 0.67 (0.33-1.27) 0.38 (0.24-0.65)
12 People exposed at

age 10-20, 1972 1.18 (0.72-1.49) 0.90 (0.57-2.06) 0.43 (0.19-0.58)

“~1 is the fraction of iodide outside the thyroid excreted in the urine per day.
•*~21 is ~ ~cuon of i~~ ou~de the thyroid that ent~ the thyroid per day. Me= md~g~ @’en.

Table 27

Results of Follow-Up Evaluation of Plasma Thyroxine and TSH in lMarshallese With Known Thyrmd Lesions
(Nonnai values: T4 by RIA, 5.0 to 10.2 /g/all; TSH, <1 to 5 pU/ml; abnormal values arc given in boldface)

Subject No. Age at
and sex exposure

Rongelap exposed
3M 1
5M 1

33 F 1
54 M 1
65F 1

2M 2
17 F ?
19 M 3
21 F 3
42 F 3
23 M 4
69 F 4
72 F 6
15 F 7
20M 7
36 M 7
61 F 8
75 F 12
18 F 21
40M 29
64F 30

Ailingtlae exposed
8F 1

53 F 8
51 F 25
45 F 32
41 M 44

In uttruexposed
83 M 2nd m

Utirik exposed
2208 F 35
2212 F 35
2229 F 20
2221 F 54

DlagnOsis

Myxedema

Ade~mas
,,
,,
,,
,,
,,
!,
!,
1,

Car:tioma
Adenomaa

!,
,,
,,

Ctihoma
Adenomas
Carcinoma

Adenomas
Nodule 0.5 cm ’73; neg. ’74
Adenomas

Nod~le left lobe

Adenomaa

Adenornaa

Car~noma (follicular)
Adenoma

1972

T4, TSH,
,ug/df @/ml

6.7 <2.5
2.5 79
3.7 6.8
6.5 a2

14.9 <2.5
23.2 2.0
13.4 3.4
12.6 <2.5
15.8 <2.5
2.8 81
9.8 <2.5

<1.0 460
7.7 9.2
7.0 2.7

10.0 <2.5
12.4 6.4

0.4 110
7.2 <2.5
7.6 172

7.8 2.0

7.1 2.6

5.6 2.7

10.1 3.1
2.5 11

T4,
/.tg/dl

8.9
0
7.4

1.8
15.3
15.1
3.6

11.9
10.1
5.1
6.6
0

11.3
13.9
25
4.1

22.7
17.8

7.8
10.6

12.1
7.4
6.3
4.6
4.5

6.7

5.1
5.0
5.9
4.9

1973 1974

TSH,
@/ml

376

> 1%

32

62

149

59

<5.0
<2.5

<5.0

T4, TSH,
pg/dl @/ml

2.7
3.6

10.1

1.7

13.8
6.9

12.8
17.4
7.8

11.1
<0.4

9.8
8.9
1.3
4.6

23
10.9

7.8
9.0

14.0
9.4
6.9
4.6
6.0

6.2

7.0
4.4
5.5
3.6

13
1.7

32

118

<1.0
<1.0
1.1

<1.0
6.3

11
116
<1.0
<1.0

15
2.8
5.6

<1.0
2.6
1.2

<1.0
<1.0

3.9
i.7
4.4

7.0

<1.0
9.8
1.4

54

TBG-bindiog
capacity,
pgTA/dl .

20.4

26.2

17.4

45.5
25.3

13.3

12.9

16.3
20.1
35.7
15.6
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with marked growth retardation (Nos. 3 and 5).
T+ levels before surge~ were [ower in subjects ex-
posed in childhood than in unexposed controls.
Subjects exposed as adults who developed either
benign or malignant thyroid lesions did not show
notable impairment of thyroid function. The
serum iodine levels of exposed and unexposed
people for the past 15 years are given in AppencIix8.

In 1965, the rates of urine and thvroid accumu-
lation of 1321 were measured over a 4-hr period in

Subject No.
and SCX

4M
6M
7M
9 LM

10 M
12 F
16 ~M
24 F
34 F
35 M
37 M
39 F
41 M
48F
51 F
66F
68M
70 F
73 M’
76 M
78 F
80M
81 F
82 ,~

83 LM
85 LM

IF
llLM
14 F
22 F
27 M
44M
58 F
63 F
67 F
71 F
32 iM
47 LM

21 Rongelap subjects, of whom 9 were unexposed
and 12 were exposed as adults. la The data are
summarized in Table 26. Compared with >-orth
.+merican normal values obtained in 19651s

(urine, ~~1=2; thyroid, A21s I; thyroid fraction
=0.33), both the exposed and unexposed YIar-
shallese showed slow urine and thyroid transfer
rates of extiathyroid iodide but a high thyroid f~c-
tion. Similar studies done in” 1972 on 12 Ronge-
Iapese without detectable thyroid abnormalities,

Table 28

Thyroid Status of Exposed Rongelap Subjects Wkhout Recognized Thyroid Lesions,

Age
( 1974)

58
21
56
42
44
38
59
33
65
33
40
35
64
26
45
52
64
35
38
31
57
66
28
70
20
20
74
70
45
37
36
24
79
56
34
48
24
28

Meiuse S.D.

Pre-TSH

6.9
6.8
+.7
4.5
9.2
6.5
6.4
8.2
7.1
5.9
4.6
8.3
6.0
7.2
6.9
7.0
8.9
7.9
7.8
5.4
6.3
8.1
5.8
5.8
6.2
7.8
5.1
6.8
6.7
3.5
75
5.8
8.2
82
7.4
4.2
75
8.4

6.6* 1.7

Plasma T4, ,ug/dl

24 hr post-TSH

7.8
8.3
5.3
5.3

12.8
8.7
8.3

12.1
10.6
7.8
6.6

11.5 ‘“
9.4

12.2
9.1
9.4

10.4
11.8
1’2.0
7.0
7,1
9.1
7.8
6.7
8.6

11.4

Increment”

0.9
1.5
0.6
0.8
3.6
2.2
1.9
3.9
3.5
1.9
2.0
3.2
3.4
5.0
22
2.4
1.6
3.9
4.2
1.6
0.8
1.0
2.0
0.9
2.4
3.6

Plaama TSH.**
@.J/ml

70
3.9
:. 1

‘4.5
<1.0

4.4
5.3
4.4
6.3
3.1
2.6
5.1
4.4
3.2
39
3.1
6.0
1.5
2.3
4.7
8.8
3.0
3.4
3.8
7.0
2.3
1.4
3.9
3.0
2.7
2.7
4.2

5.3
6.3
2.7

10.3
<1.0

7.0

2.35= 1.2

1974

TBG-
bmding capacltv,

,UgT4/ d]

18.5
9.1

14.4

16.7
21.7

18.4

18.6
25-5

21.2

●Xorntal in 13 Pittsburgh subjeets: 4.7= 1.0 M/dl.~ ●*M=u~ in pm.TSH samples. Norrnai’ it <5 ~~inll.
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who had been exposed, at atge 10 to 20 yearn, ~ave
results similar to those obtained in 1965. Thus
the Rongelapese do not show a trend toward de-
creasing thyroid iodine uptake as do .North .+mer-
icans (attributed to increased dietary iodine in-
take).~ The main purpose of the later study, how-
ever, was to see whether the exposed individuals
in the intermediate age group might be develop-
ing thyroid failure despite the absence of thyroid
nodules; its results indicated no evidence for this.
(However, as discussed below, some exposed Ron-
gelap people without thyroid abnormalities are
now showing evidence of reduced function on the
basis ofresportse to TSH stimulation.)

Radioimmunoassavs ( RIA) for T4 and TSH
have been carried out since 1972 on the exposed
Rongeiap group and on other people who have
had thyroid surgerv. The results on subjects with
known thyroid lesions are presented in Table 27.
of the 32 subjects tested, 17 or 539. had at least
one TSH level above the upper limits of normal
(these are in boldface in Table 27). These findings
indicate that the residual thyroid tissue is inade-
quate to sustain euthyroidism in these cases and
also reflect inadequate adherence to the pre-
scribed T4 replacement regimen. Inadquate T4
replacement is apparently a chronic problem for
certain patients (Nos. 5, 23, 33, 65, and 72). Ele-
vations of plasma TSH have been observed also
in a number of exposed people without known
thyroid lesions (the TSH concentration was >10
,uU/ml only in subjects No. 71 and 74- see Table
28 and Appendix 8). Presumably these subjects,
as well as several others with plasma TS H con-
centration >5 but <10 pU/ml (Nos. 4, 16, 34,
47, 68, and 78), are not receiving the T4 therapy
as regularly as had been hoped. In the Rongelap
control group plasma T4 concentrations were de-
termined in 109 subjects. In those with T4 <5 pg/
dl (6’% of those tested) TSH was determined; no
elevated levels were found (data not shown). Only
1 of 99 Utirik subjects tested has had an elevated
serum TSH level (No. 2232).

These normal findings in the unexposed and
Utirik groups suggest that in the irradiated Ron-
gelap group there is impaired thyroid function
without palpable lesions which could become
symptomatic in the future. The test results prob-
ably lead to underestimation of the true incidence
of impaired thyroid function, since presumably
many of the patients are taking the medication as

T

direct . hould be noted that it ‘is the petzonal

experience of many of the thvroidoiogists invoived
in this study that it is extremely difficult to make
a clinical diagnosis of hvpothvroidism in this pop-
ulation. This difficulty emphasizes the importance
of the plasma TSH measurement, which is now
recognized as the most sensitive indicator of pri-
mary thyroid dysfunction. The status of thyroid
function in exposed people without apparent thv-
roid lesions was further tested with exogenous TSH
in 1974, as described below.

3. Thyroid StoIUs of Exposed Rongelap People
Without Apporent Thyroid Lesions

In preparation for TSH testing of reserve thv-
roid function, prophylactic T+ medication was dis-
continued for 2 months before the 1974 survev in
all exposed subjects without recognized lesions.
During the survey, plasma sampks were obtained
before and 24 hr after intramuscular injection of
10 units of bovine TSH (Thvrotropar, .-lrmour).
Both sets were analyzed for Tq and the first set
also for TSH. The results, and thyroxine-binding
globulin-binding capacities (TBG-binding capaci-
ties) in some cases, are given in Table 28. The mean
increment in plasma T4 following TSH was 2.353
1.2 pg/dl (mean = S.D. ). The mean T4 prior to
TSH injection was 6.6A 1.7 pg/dl. Similar testssg
on 13 subjects at the University of Pittsburgh
showed a mean increment in plasma T4 of 4.7 =
1.0 ~g/dl, and a baseline plasma T4 of 7.3 pg/dl
which is not significantly different from that of the
exposed Rongelap group being tested. Thus, the
T4 response to TSH is significandv less ( p< 0.001 )
in this group of 26 expnsed Rongelap subjects than
in the group of 13 subjects from the United States.
Because of the possibility that the smaller incre-
ment in plasma T4 24 hr after TSH in the expcsed
subjects was due to factors other than decreased
thyroidal reserve, TSH stimulation tests were
done on 10 euthyroid unexposed Rongelap and
Utirik people during a subsequent survey. The
mean initial plasma T4 in this group was 6.0~ 1.7
~g/dl; and the mean increment 24 hr after TSH
injection was 4.2= 1.3 @all, significantly greater
( p< O.001) than in the exposed subjects.

These results and the finding of elevated plasma
TSH levels suggest that there is underlying, clini-
cally inapparent, thyroid damage in the exposed
Rongelap population. While it is conceivable that
the T4 replacement program may have led to de-
creased thyroid reserve, the test results indicate a
need for continued close follow-up of the exposed
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‘population. The findings also support the program
of thyroxine replacement in the exposed Rongelap
population to prevent both clinical hvpoth~oid-
ism and the associated rise in plasma TSH, which
mav be tumorigenic.

4. Thyraid Function in the Utirik and

Unoxpoaod Rongolap Groups

During the 1973 survey, T4 and TSH concen-
trations were measured in plasma from 109 unex-
posed Rongelap and 97 exposed Utirik subjects
(see Table 29). The mean T4 in the unexposed
Rongelap group, 7.7 pg/dl, was the same as in
the United States, and, as in the United States,
the plasma TA concentrations were skewed to the
upper range. In the Utirik group, the mean T4

Table 29

Plasma Thyroxine Concentrations (Mean = S.D.)
in Utirik and Unexposed Rongelap Popuiano-

.Mareh 1973

Subjects Subjcea
PlaamaT4, with value with value

Group #g/d <5.0 >11.3

.109 Rongelap
-- 7-7=2.0 6% 6%

97 Utirik
exposed 6.051.8* 32%** 6%

●Signilieatttly dif%rcnq p< O.001.
●*6% had vaiua <3.8.

Table 30

Thyroxine-Bmdmg Globulin (TBG) Levels
(Mean = S.D.) in Semm, 1973

TBG-binding
TBG by RIA capacity

Group n mg/dl n M T4/dl

Rongciap
Exposed 12 1.+550.54 14 21.5= 69
Unexposed 13 1.8231.22 11 25.3*15.7
All SCM 1.64=0 .95 25 23.1=115
Ail sem” : 1.34=0.45 21 19.15 62

Utirik
‘M arxa 22 1.40=0.42 31 18.9= 7.8
Ail Scra” 22 1.413~0.42 27 16.4* 4.3

●Omitting scra with TBG> 3 or TBG-binding capacity
>30.

Statistical comparisons revealed no significant differ-
ence (/J>0.05 ) between any of the groups.

was significantly lower (6.0 & 1.8 ,ug/dl). The fre-
quency distribution calculations (see Table 29 and
Figure 39) indicate that a substantial portion OF
the Utirik population has plasma T4 concenu-a-
tion <5 pg/dl. LMeasurements of plasma trl-

iodothyronine (not shown) showed similar reduc-
tions in those patients with low T4 valua. Plasma
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TSH concentrations were normal. For this reason, methods were used: TBG was measured bv radio-

TBG-binding capacities were determined in a irnmunoaasay (M.C. Gershengorn and J. Robbins.
number of subjects with abnormal T+ values. unpublished observations, 1974) and TBG-bind-

TBG analyses were done on sera from 56 sub- ing capacity by reverse-flow paper electrophoresls.
jects (25 Rongelap and 31 Utirik) selected as rep- The results were comparable since the mean ratio
resentative of three groups: people with low, nor- of TBG-binding capacity (pg T4/dl) to TBG
real, or high plasma T4 concentrations. Two (m@dl) was 13,9. On the basis of one mole T4

Table 31

Total and Free Thyroxine, Thyroxine-Binding Globulin, and Thyrotropm Levels in Marshalb

Subjeet No. TBG, pg/dl TA pg/dI

Subjeets with TBG-bind capaciry <14 w T4/dl
827 7.6(1.06)0 5.1
917 7.0 ( 1.20) 4.4
981 8.0 ( 0.69) 4.4

2115 7.7 +.4
2126 9.1 4.9
2144 7.0 4.0

2174 7.1 +.1
2193 11.1 ( 1.03) 4.8
~’220 13.7 3.2
2248 11.9 (0.94) 3.8
2185 4.6

Mean 9.02 4.34

S.D. 22.39 20.543

Subjects with TBGbinding capacity 14 to 26 w TJdl
850 14.0 (1.04) 4.6

2135 15.5 6.1
2137 19.9 (1.37) 9.2
2212 20.1 5.0
2206 17.7 7.4
2182 14.4 5.0
2218 14.3 3.0
2221 15.6 4.8
2232 16.2 ( 1.54) 4.8
2257 17.3 8.8
216a 14.1 4.2
2136 15.5 ( 1.06) 7.7
2230 21.9 ( 1.28) 6.1

Mean 16.65 5.9

S.D. =2.58 21.87

Subjeets with TBGbindlng capacity >26 pg T4/dl
2138 37.0 (1.52) 9.0
2229 35.7 5.9
891 56.1(4.56) 12.9
911 47.6 ( 3.92) 13.6

2217 32.8 7.0
2256 51.8 18.2

Mean 43.5 11.05

S.D. 29.62 e 4.63

~ by RIA, mg/ml.

DIT4X104

3.37
3.53
3.24
3.21
3.~o
3.76
4.23
3.23
3.12
2.94
2.80

3.33

30.40

3.08
2.94
2.90
1.84
2.77
2.92
3.04
2.68
2.42
2.94
2.72
2.15
1.+5

2.60

30.503

2.01
1.53
1.22
0.872
1.88
0.991

1.42

20.468

Free T4, ng/di

1.72
1.55
1.43
1.41
1.57
1.50
1.73
1.53
0.998
1.12
1.29

1.44

=0.230
.

1.42
1.79
2.67
0.92
2.05
1.46
0.912
1.29
1.16
2:57
1.14
1.66
0.885

1.53

20.597

1.81
0.903
1.54
1.19
1.32
1.80

1.43

-0.358

3.1
2.3

<1.0
<5.0

<2.5

<1.0
+.2

<;::

2.6
2.1
2.6

<2.5

<;:;

3.6
<5.0

6.0

<::;
2.1
4.9

2.-I
10.8
2.1

2.7
4.4
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bound per mole TBG, the expected ratio is 777000
ugj57000 mg = 13.6. The results of these analyses
are summarized in Table 30 and Figure 40. There
was no significant difference in TBG between the
Rongelap and Utirik groups or between the ex-
posed and unexposed Rongelap groups. Eight sub-
jects had high TBG levels. These were all females,
and five were known to be pregnant, a condition
that cart elevate the serum TBG.

The results of these anaAyses provide no expla-
nation for the difference in serum T4 concentra-
tions between the larger groups of Rongelap and
Utirik subjects; however, these results arc based
on highly selected sampling and therefore are not
representative of the island groups as a whole. Ex-
amination of individual Utirik and Rongelap
plasmas suggested that low T4 concentrations
were associated with relatively low TBG values.
To studv the interrelationship of T4 binding and
TBG leveis i n greater detail, the diaiyzable frac-
tions of T4 (DFT4) were determined in a number
of plasma samples with low, normal, or elevated
TBG-binding capacities. The results are presented
in Table 31. In subjects with low TBG, the mean
DFT4 was greater than in subjects with normal or
elevated TBG. The absolute free T4 was not dif-
ferent in the three groups, which indicated that
the abnormal T4 levels among these subjects re-
flect alterations in plasma hormone binding rather

than in thyroxine production rates. Since virtually
all the subjects with low plasma T4 concentrations
in the larger Utirik and Rongeiap groups had nor-
mal plasma TSH, wc would expect a more syste-

matic study of TBG levels by RIA to show a

higher ffequencv of low TBG levels in the Utirik
group. Such a study is currendv in progress.

F. IODOPROTEIN STUDIES

Analyses for protein-bound iodine in sera of
Marshallese people revealed a level significantly
higher than that seen in North Americals,20 Sub-
sequent studies showed that this elevation could be
attributed to an increase in the iodoprotein frac-
tion and indicated that this was responsible for in-
correct evaluation of thyroid function during the
early years of the surveys. This unusual finding
prompted us to determine serum iodoprotein levels
in sevcrd other Pacific Islands groups (see Table
32). Except for a group of .Amencans living on
Kwajalein Atoll, these groups also exhibited high
serum levels of iodoprotein. The Maui group was
comprised of persons of almost pure Hawaiian an-
cesmy, some of whom ate seaweed in large quan-
tity, but the iodoprotein level did not correiate

with this dietary intake. In the Rongelap popula-
tion, it is of interest that the iodoprotein [evei re-
mained high in two athy-reotic boys; after subtotal
thyroidectomy; and during thyroid suppression by
thyroxine administration.zo This strongly implies
an extrathyroitkd (endogenous) or a dietary (exog-
enous) source for the iodoprotein. The cause of
the elevation, however, has not been ascertained.
One possibility is that it is produced in pdy-
morphonuclear leukocytes. These cells are known
to organify iodine during phagocytosis.gl .41though
the Marshallese do not have unusually high leu-
kocyte counts, they do have a mild eosinophilia

Table 32

Serum [odoproteio Levels (M %) in Pacific Island Populations and in Americans

Group No. inPUP Total I T41 -

Rongelap exposed
No thyroid nodub
Thyroid atrophy
Thyroid nodul~ prc-op
After partial thyroidcctomy
Mtcr total thyroideetomy

AiEqnaa
Utisik
Rongelap unexposed
Kapingamarangi
Pingaiap
Hana (Maui)
.-%nericans:Kwajalein

us,

10
2
7
9
3
4
5

24
23
27
13
12
9

7.2=2.4
2.8534
8.3+- 3,6
5.531.1
6.0=1.1

7.8=1.2
16.1533.9
8.7=2.8

11.553.0
8.4=2.0
6.7~1.3
6.6= 1.3
6..4= 1.3

4.OA1.0
1.~&o.5
3.631.1
4.431.8
2.6=0.1
3.7=0.8
3.8~3J)

4.031.0
6.2*2.6
3.fj50.6
+.1=1.1
3.951.1
4.1 ao.5

Iodoprotein

2.5&l,l
1.3 =0.0
4.2=3.9
2.622.0
2.9= 1.2
3.321.7
3.3=1.7
-!.6=3.5
3.0~().6

3.3=19
2.2=0.8
1.9=05
1.1=1.0

500H53



57

:7F’
ThyroidI=ons I
[Rong,elap+Conk)

I
4

\ No lemons(,Rongclapl
I

30- \

‘“?

,,,.’’!/u”’” ‘~ -
t

,.’ , No lesions(Uwik) .

1

“H
t\

‘01YL::w4
<5 10 15 20 ?5 30 35 40<

A

Figure 41. Percentage of people in various groups having
given levels of thyrmglobulin (by RIA), 1973.

and a high incidence of parasitic infections. A pre-
liminary examination of North Americans with
abnormal leukocyte coun~ however, did not show
a correlation between leukocytosis and iodopro-
tein level. Further studies on this are indicated.
The chemical nature of this iodoprotein is also un-
known. By analogy with findings in various thy-
roid diseaaqgz the iodoprotein is likely to be com-
prised mainly of iodo~bumin arising from the
iodination of serum proteins.

It is now recoqni~e~ however, that thyroglob-
ulin (TG) is a m~or component of norrmd’ pl~
At a reported concentration of 5.1 =0.49 (S.E.M.)
rig/ml (range <1.6 to 20.7) in normal North
.Americans,gs and assuming an iodine content of
0.5%, this would be equivalent to an iodoprotein
iodine level of 2.65z0.25 ng/dl. Although it seems
unlikelv, a prim, that circulating thyroglobulin in
the Marshallese could be elevated enough to give
an iodoprotein Ievei of 3 to 4 jtg/di (i.e., >500 pg
TG/dl), the possibility was investigated by radioim-
munoassay measurements (M. Iztmx, J. BAULIZU,
AND J. ROBBIN~ unpublished observations, 1974;

see F@e 41). The asaay could detect TG levels
>5 rig/ml; levels >40 rig/ml were not quantitated.

In the Rongelap and’Utirik groups without thy-
roid lesions (47 and 25 subiects rmpectively), > 80%0.,. .
of the values were within the U.S. ran=, and no
correlation was seen benwen elevated serum iodo-
protein and abnormal TG levels. A few membem

1
Basal 8iu 24h; bal 8 hr 2+hr

PostTSH

F@rc 42. Effcet of TSH administration on thvroglobuiin
levels, 1973. ~, Persons with thyroid Ieslons ( Rongelap
plus Utirik); ●, without lesions ~Rongelap).

of each group, including the U.S. normai ,group,
had TG values >30 ng/ml, but the significance of
this is uncertain. Of 24 subjeets with elevated serum
iodoprotein, only 1 had serum TG >30 ng/dl.

A striking fmdmg (Figure 41) was that in the
‘ Rongelap plus Utirik group with thyroid lesions

(36 people) almost 50% of the levels were <5

rig/ml, a much higher percentage than in the other
groups. lMost of these people had had prior thv-
roid surgery or were athyreoti~ and it is presumed
that they had inaufikient thyroid tissue for normal
TG production. Furthermore, T4 suppression ther-
apy may have conrnbuted to the low TG levels in
the RongcIap people.

TG was also measured before and after TSH
injection in 10 Rongelap plus Utirik subjects with
thyroid lesions and in 20 Rongelapese with none
(Figure 42). In every case, TSH resulted in a rise
in TG level, and there was no apparent difference
bemveen the two groups.

The unusually high level of iodoprotein in the
Marshallese people is intriguing, and further stud-
ies are in progress, with lW used as the tracer, in
an attempt to identifi the protein.*

G. CORRELATION OF THYROID ABNORMALITIES
WITH RADIATION EXPOSURE

Statistics on the incidence of thyroid abnormal-
ities in people living on the Marshall Islands are

●Mi.u RF. Suaub, BNf+ is doing the chemmal analvses

500!3154
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not very reliable. From our surveys of the unex-
posed peopie of Rongelap and Likiep (a nearbv
atoll not exposed to fallout), the incidence appears
to be about 5~0, mostly present in eider age groups
(see Figure 29 and Table 25). We have seen a few
cases of hyperthyroidism and myxedema at the
LMajuro Hospital, but no statistic are available,
Two cases of thyroid cancer are reported horn
hospitai admissions for a 10-year period ( 1952-
1962) for the Marshall Mantis, the population
varying between 15,000 and 20,000 during that
period. This has been estimated by Trust Terri-
tory mechcai persomel to be about half the actual
number of cases (therefore 8 cases per 20,000
people per 20 years was used for statistical com-
parison).

Data on iodke intake and excretion in the
Marshallese (tabulated below and presented in
detail in Appendix 9) indicate that iodine-defi-
ciency goiter would not be expected in this
population.

sample Iodine, av. pg/dav (range)

28 Urin~ (1965) 105 ( 19-279)
19 Urinca (1974)” 127 (25-266)
7 Dlcm (1974)” 70(48-152)

The urinaq iodine excretion-is somewhat lower
than the U.S. mean of 190 ~g/day ( 18-483) in
1!341.~ On the basis of the few diets analyzed, the
daily iodine intake seems to be within the recom-
mended range of 50 to 75 pg.gs These iodine levels
are somewhat lower than would be expected in an
oceanic population but are much higher than seen
in areas of endemic goiter.ge The Marshallese diet
contai~ no know goitrogens, and diffme goiters
(typical of endemic goiter) have not been obsetwed.

The high incidence of both benign and malig-
nant th~oid noduies in the exposed Rongelap
people appears to be clearly related to radiation
exposure with a large component d,ue to radlo-
iodine in the fallout. Numerous studies on animals
have shown that thyroid neopiasia foilows expo-
sure both to x-irradiation and to radioiodines.gT-gg
Such tumors may be benign or malignant and ap-
pear to be dose-dependent to some degree. The
incidence of thyroid tumors is increased in Jap-
anese atom bomb sutwivomlo~los (Figure 43).
There is a considerable amount of data showing
thatchildrem who were given radiation to the head
and neck region for treatment of thymic hyper-

●The iodiie makes were done bv M.T. Kin.dcv and D.F.

\

vac BNL ‘
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Figure 43. Prevalence of diseases of the thyroid, fifth ex-
amination cycle, by radiation dose and city for females
age Oto 19 at time of bomb. (From Belskv et al. 1°4)

trophy, acne, and fimgus of the scalp have an in-
creased incidence of both benign and malignant
thyroid lesions in later years.Ios-112 Repons of
tumorigenic effem of radioiodine in man are more
limited. Sheline et al.,lla in their follow-up study
of 250 patients treated for hvperthyroldism, re-
ported 8 having nodular goiter, of whom 6 had
been irradiated at age <20 and 4 at age <10.
More recently a number of cancers of the thyroid
have been reported in patients previously treated
with radioiodine for hyperthyroidism. 114-116The
number of such cases reported is, however, lower
than might be expected on the basis of the wide-
spread use of 1311, perhaps because the cells are
more likely to undergo lethal damage.1 17-122

In the more heavily exposed Rongeiap group
the adult th~oids received a dose (335 rads) about
twice that to the whole body and those of small
children (700 to 1400 rads) about 8 times that to
the whole body. On the basis of the incidence of
benign nodules in the unexposed Lhfarshidl Islands
populations examined, about 3 to 4 cases would be
expected during the 20 years in the Rongelap ex-
posed group, whereas 24 occurred. In the Utirik
group about 6 would be expected, and 6 occurred.
Regardhtg cancer of the thyroid, on the basis of
Maishall Islands statistics, about 0.033 cases would
be expected in the Rongelap group over the 20-
year period, whereas 3 occurred. In the Utirik
population about 0.06 cases would be expected,
and 1 occurred; in view of the low dose of radia-
tion it is unlikely that this case is radiation induced.

Tables 33 and 34 show the incidence and the
risk per rad in the Marshallese compared with
that in other populations for both benign and ma-
lignant thyroid neopkwns. Data on benign thv-
roid modularity are scarce, but the incidence in

5otH)m



Marshallese children appears similar, on a risk per dence of thyroid [esions and the estimated dose [o
rad basis, to that in the x-raved children studied the g-land. On the basis of the incidence per rad in
by Hempeimann. 10T,1OQRisk for thyroid cancer in the high exposure Rongelap chikiren. about 2
the Rongelap people is also similar to that re- chiidren with adenomas would be expected in the
ported for other populations. .Mingnae group, where 2 were noted, and 4 in the

The data in Table ’25 indicate that at the dose Utirik group, where none was found. The lower
levels involved there is a correlation between inci- effectiveness per rad in the Utirik children may be

Table 33

Percent Incidence of Thyroid Lesions (20 Years Observation)

Age at exposure

Group

Ron~eiap
Ailingnac
Rorqelap & Ailingnae
Utirik
X-rayed children (17 yr)107
X-raved children, low dose (17 yr) lo~

,Madzdlese controls
Worldwide av.lm
United State5107

Benign

84.2
33.3
76.0
0.0

28.0
3.0

1.0

0.36- 1.7

<loyr

cancer Benign

5.3 11.1
0.0 33.3
4.0 15.8
0.0 5.1
4.3
0.13

1.8x 10-5 (all a~) 5.4
2.5 x 10-5 (all ages)

0.5- 1.6

>1OW

1.8x 10-s (all ag~)
2.5 x 10-5 (ail ages)

Group (years fokw-up)

Rongelap (20)
Aiiingnae (20)
Rongelap & Ailingnae (20)
Utirik (20)

Rochester ( 17)lo7
Ann Arbor (17)LW
Beach & Dolphin (20)1~
UNSCEAR (17)124
ABcc (20)lol
ABcc (20)101

Do5erange,rads (type)

710-1150 (1/3,y)
280-450 (IB, Y)
280-1150 (1/3, y)
60- 95 (1(3, y)

Canccs

4.4
0.0
3.5
1.0

Table 34.

Risk* of Radiation-Induced Thyroid LAons (Cases pcr l@ man-yeam per rad)

Age at exposrm

<1OYT >1OY7

335 (av.) (x rays)
20 (av.) (x rays)

(x rap)
100-300 (x rays)
20-1000 (y, n)

<20 (y, n)

Oenign cancer Dose range, rads 8enign Cancer

41.9 2.6 379 10.5 7.0
43.6 0 135-190 151.1 0
42.1 2.3 327 ~~.5 6.4
0 0 31 89.2 17.8

64.0 5.5
24.0 ~.~

1.7
0.5-15

1.3 (all ages)
0.2(allagu)

●Risk iscalculated from the quaticm

Risk.
No. of cases X 104

dose xyearsatnsk’
or, alternatively,

Risk.
No. ofcaaes Xl@

No. of subjects x mean dose x mean No. of years at risk

Both quations givealmost identicalresultsfor the Marshallese because of the uniformity of the data. No correction
has been made for expected number of cases because the expectation among unexposed subjects is too low to affect the
results (see Table 33).
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F;gure 44. Incidence of beni~ thyroid nodules.

partly related to the smaller contribution to the
dose from short-lived isotopes of iodine. Neverthe-
less the Ann Arbor children in Hempelmann’s
Study IO? had an increased incidence of thyroid tu-
mota following a mean dose of only 36 rads to the

. gland (Figure 44), and more recently Modan et
al.llo and Harley et al.111 have reported an in-
creased incidence of thyroid tumors in children
who had received about 6.5 rads to the thymid
gland during x-ray treatment of the scalp for fun-
gus infection. Modan et al. state that “one would
strongly suspect a mini-epidemic of thyroid ade-
noma” in the group studied. In considering the
risk data of Hempelmann’s and Modan’s groups,
the large element of Jewish people (who have in-
creased susceptibility to thyroid tumors) should
be kept in mind. Also, Hempelmann’s were irradi-
ated aa infants and therefore represent only a nar-
row age range.

1. Lotssst Period

In Figure 45 the development of thyroid abnor-
malities is plotted according to radiation dose and
a me after exposure; the latent period appears to
be longer with lower doses. Figures 46 and 47 show
the relationship between dose and age at devel-
opment of thyroid lesions. These data indicate that
the radiation-induced lesions occur at eadier ages
in the exposed Rongelap people than in the Udrik
or unexposed groups. In the latter groups almost
all the thyroid nodularities develop in the older
people. Recent data of Hempelmann et al. log in-
dicate that the latent period may be >30 yearn for

,,, ,,, ,., ,,, ,,,

E .
.-,. .,. .

3: >-- .<
“g 5oo- -.
A- J
,= ● .*P ,- . ;

I ● .-1
( ,1,,,,1,,, ,1,,8,11

00” 5 10 15 20
lime after exposure (years)

Figure 45. Time of appearance of thyroid lesions h
Marshallese. Exposed at age < i O: a, beni grs;s, malig-
nant. Exposed at age >10: ●, benign; A, malignant.

development of radiation-induced thyroid tumors.
Thyroid cancer has been reported as long as 40
years after radiation exposure.: ~S

Correlation with sex showed that slightly more

exposed RongeIap females (18 of 45) developed
thyroid lesions than did males ( 1I of 41 ). AN three
cases of cancer of the thyroid were in females.

The thyroid gland is generally thought to be
more sensitive to radiation during childhood. lzo.1~1
Pochinlls estimates a percent incidence per 100
rads of 0.5 to 1.0 for adults and 1.3 for children.
Certainly the largest number of benign lesions oc-
curred in the Mamhallese children. This is prob-
ably due mainly to the smaller size of the thvroid
glands resulting in larger doses per gram of giand.
Doniachlzo theorizes that thyroid tumors are pro-
duced by an initiating factor (radiation) plus a
promoting factor (TSH) which increases mitosis
and enhances the expression of a possible malig-
nant clone. In addition, in children the growth
Eactormaybe important, since at maturity the thv-
mid weighs about 20 times as much as at birth.
These factom would increase the chances for ma-
lignant transformation. The lower incidence of
cancer of the thyroid in children than in adults
may be related [c the lack of dose dependence of
the carcinogenic effect of radiation at high doses.
Several investigators have shown that high doses
of radiation (both x rays and radioiodine) are as-
sociated with a lower incidence of thyroid malig-
nancy than lower doses, possibly because the high
doses produce enough cell destruction to preclude
malignant tramformation. sS’lz0,1zl.lze,1z7 This
may be the case with Marshallese children. It has
been noted that following treatment of hyperthv-
roidism with large doses of radioiodine, although

5ou J151



61

100: I I I

:160-*

40-

1!

~ R.nqelap
H Aili.gnae

n Uti,k
m Unexpacd

I !,!

1

“1o 20304’ 50 b io al
Ags at developmentof lcmns

Figure 46.

hypothyroidism de&lops, the cases of thyroid can-
cer are f-than expected. 120,121,~%129 The devel-
opment, in the two stunted Marshallese boys, of
thyroid atrophy with hypothyroidism but without
the development of tumors is in line with this rea-
soning. Of%etting, somewhat, the greater incidence
of thyroid cancer in children is the finding that chd-
dren survive longer than older people, even with
the well differentiated types.lm

The possible effects of the stress of puberty in
the development of thyroid lesions have been pre-
viously noted.zs The stress of frequent pregnan-
cies, which had occurred before the development
of malignant le3ion2 in the three Rongelap women,
may have been a factor in development of nco-
plaaia. Both these correlations, however, may be
fortuitous.

2. Comparison of Thyroid Noopiosias From
X-Ray Radii and Radiaiadina Irradiation

The data in Tables 33 and 34 show that the risk
per rad for the development of thyroid neoplamns
in the MarihaIlese was quite similar to that in
populations exposed to x-irradiation. The data in
Figure 44 indicate a linear relationship between
modularity in the Mamhallese children, who re-

● **9

0 T* ~.l +, =., w
!0 20 30 40 50 60 >65

Age at dcveiopmem of lesions

figure 47. Relationship of thyroid dose to age when ie-
sions develop in lMarshallese. ●, Benign; ~, malignant.

ceived their dose largely from radioiodines, and
the groups receiving x-irradiation. These data are
not extensive enough to show possible threshold
effmts. Since in animal experiments 1311 is onlv
about MOto Yl5 as effective as x-irradiation in pro-
ducing thyroid tumors,s5,120,12g, i30 why do the
lMarshallese data indicate near equality of effect?
It is estimated that thousands of children have re-
ceived diagnostic 1311(20 to 50 pCi) in the past re-
sulting in thyroid doses up to hundreds of rads,
yetonly 1 case with thyroid tumors has been re-
port~.lsl.lsz U.S. Public Health Service workers
recently reviewed a large number of case histories
of people who had received radioiodinea for treat-
ment of hypertlqmidism. 122 They were unable to
show any clear+ut increase in incidence of thyroid
tumors in this group compared with a group
treated by surgical thyroidectomy. Increasing
numbers of the patients treated with 1311 devel-
oped varying degrees of hypothyroidism in later
years. The low incidence of tumors following such
&eatment may be related to the high doses of
radiation given to the thyroid, sufficient to destroy
its regenerative capacity.

It should be noted, however, that in the past
few years a number of thyroid malignancies have
been reported following radioiodine therapy for
hyperthyroidiam.ll+lle The number of cases re-
ported is lower than expected on the basis of dos-
age to the thyroid. The increased turnorigenesis in
the Marshallese may be related to the nature of the
radiation, more than half the dose being due to
short-lived isotopes of iodine (particularly 1321,
1331,and 1351), which are more energetic (see Ap-
pendix 9C). Vasilenko and Klassovskii133 have
demonstrated that when these shorter-lived iso-
topes of iodine am combined with 1311the tumori-

Hmm
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genie ‘effect in rats and dogs is equal on a racl basis
to that of x rays. Walindcr et al. have reported
similar findings.134,1a5 Dunning,lsg in estimating
thyroid dose from absorption of radioiodines in
fallout, considers the shorter-lived isotopes to be 4
times as energetic as 1311.The more energetic beta
radiation with a higher dose rate and longer range
gives a more uniform tissue distribution of radia-
tion than is produced by 1311. This might explain
why the incidence of thyroid lesions in the chikiren
receiving 1000 rads falls on a line corresponding to
1000 rads of x-radiation (Figure 44), or it might
indicate that the radioiodine exposure was about
10 times as effective as 1311alone would have been
(see Colels7). Thus the two bo~ with atrophy of
the thyroid may have had doses to the gland com-
parable with 4000 to 6000 rads or more of x-
irradiation.

3. The Deveiopmont of Thyroid Abnormalities
From In Utua Expasur9

The development of thyroid adenomas in one
of the lMamhallese boys exposed m utcro is of in-
terest. Four children were exposed m utero: in the
higher radiation group, one at the end of the sec-
ond trimester and two at the end of the first tri-
mester; in the lower dose Rongelap group, one at
the end of the second trimester. Only the boy
in the higher dose group and exposed in the second
trimester has developed thyroid lesions. Several
cases have been reported of children who had
mvxedema following in utero exposure during
treatment of the mother with large doses of radio-
iodine. 138-141 However, this Marshallese boy ap-
pe= to be the first reported case of thyroid ade-
nomas developing presumably from in utiro expo-
sure to radioiodines.

[n utcro thyroid dose calculations are not possi-
ble, since insufficient data are available on fetal
thyroid uptake of radioiodines from the mother at
various stages of gestation. 142 Figure 48 shows thy-
roid function of the human fetus. The gland is not
thought to begin to function and to accumulate
iodine until about the 12th week of gestation. 144,145
At the time of exposure of the Marshallese boy
(about 22 to 24 weeks) the thyroid should have
been actively fimctioning. He received 175 rads of
gamma radiation but the dose from radioioditm is
uncertain. In view of the high uptake of radio-
iodines per gram by the fetal thyroid at 22 weeks,
the thyroid dose might be expected to be high.
However, since it appears from our data that

l“’”
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Figure 48. Thvroidal uptake of 1311(% per gram)
vemus age. [Frum Evans et ai.1~~)

longer latent periods are associated with lower
doses of radiation to the thyroid, it is likely that
the thyroid in this boy exposed m utero received a
lower dose than that in lMarshallese children ex-
posed at a young age. Also, this boy and the others
exposed in utcm have shown no impairment in
growth and development. It is of interest that the
mother of this boy has not developed any thyroid
abnormalities and appears to be euthyroid. The
two children exposed at the end of the first trimest-
er probably had nonfinctioning primordial thv-
roid glands at that time so that the glands received
only the gamma exposure and were therefore less
likely to develop thyroid abnormalities. .None of
the four children exposed in utcro has shown micro-
cephaly or mental retardation, which have been
noted in some of the children exposed m uwo in
Japan.

V. Neoplasia

Among the late eilkcts of radiation, the enhance-
ment of the development of neoplasia has been
well documented. In irradiated animals, malig-
nancies not only may be induced at an earlier age
but appear in increased numbers. In the Japanese
atom bomb survivors, leukemia and thyroid neo-
plasia have shown the most clear-cut association
with radiation exposure, though more recentlv

500WN
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Table 35

Cancer Cases Among Marshallese
up to 20 Years Post Exposure

case?TO. Age and Sex Tvp

Exposed Rongclap (82 people)
62 60F Ovarian
30 60 F Cervix*
13 71 F Uterus*
68 64M Stomaeb
54 18M Leukemia
18 35 F Thyroid
64 41 F Thyroid
72 22 F Thyroid

Unexposed Rongelap (- 190 peopie)
861 68 F cervix*

Exposed Utirik ( 157 people)
2122 87 M Rectum*
2229 37 F Thyrmd

●Diagnosis not confirmed by autopy.

Year of death

1959
1962
1956
1974
1972

1960

1959

other forms of malignancy are beginning to show
correlaaons. 177

The cases of malignancy recorded among the
various Marshallese populations under study dur-
ing the past 20 years are listed in Table 35. In
these people, thyroid malignancies (discussed
above) show a correlation with radiation exposure;
other typu cannot be ascribed definitely to radia-
tion exposure.

A. A CASS OF ACUTS MY~OGENOUS
LEUKEMIA

In 1972 an exposed Rongeiap male (subject No.
54) died “of leukemia at age 19.146 He had been
exposed to 175 rada of gamma radiation on Ron-
gelap at age 1 year, and had experienced early
transient symptoms, nausea and vomiting and
itching and burning of the skin. He showed mod-
erate depression of lymphocytes, platelets, and
neutrophiia, his WBC dropping to 3900 by 6 weeks
and his platelets to 140,000 by 4 weeks. He devel-
oped beta bums of the skin, particularly over the
neck, arms, and legs, and some epilation of the
scalp (Figure 49). These lesions healed unevent-
fully. His blood elements showed slow recovery
toward normal levels by 1 year. He remained gen-
erally healthy, with usual childhood infections,
until age 13, when nodules developed in the thy-
roid a

\

he was taken to the U.S. ‘for study (Fig-

Figure 49. Subject No. 54 at age 1 year, a month after
exposure to MIOUG when he had spotty epilaaon and
scattered beta burn lesions on the scalp, neck, arms, legs,
and anal region.

‘“J
i.-

“& :..-
/? .i 4

Figure 50. Subject No. 54 being examined at age 13.

urc 50). The nodules removed at surgery (includ-
ing a Hiirthle cell adenoma) were benign. He was
placed on continuous thyroid hormone treatment
and remained euthyroid, with normal growth and
development. (HM mother, father, and two broth-
ers also had thyroid lesions surgically removed. )



Figure 51. Lej?:Immature m~elocytic celIs (many pmmveiocytea) in marrow of subjeet .Vo. 54,
6 weeks before death. X 1620. R@t: Promyclocytcs with Auer rods were numerous. x 1650.

During the 1972 annual examination the sub-
ject was found to have a WBC of 2000 and a
platelet count of 120,000. He showed no other sig-
nificant lindings and appeared to be a healthy and
husky 19-year-old. He was brought to BNL, where
a bone marrow examination revealed typical acute
myelogenous leukemia, predominately of the pro-
myelocytic type with numerous Auer rods (see
Figure 51). He was transferred to the National
Cancer Institute at Bethada, where examination
resulted in few physical findings besides the bone
marrow changes noted.* He had a slight infkmtna-
aon of the phayn% periodontitis around the right

●Drs. Edward S. Henderson, James Mabry, Joan BuU, .Maria
Tomsssswki, and Jacqueline Peng of the National Cancer In.
sutute and Dr. Gundabhaktha Chikkapa of Brookhavwt Na-
tiOlldhbOIWO~ as8Wcd with this study.

.

third molar, and a left chronic ot~tis media. .Anti-
leukemic medication included cytosine arabinoside,
6-thioguanine, heparin, oxacillin or cephalothin
with gentarnicin, and later ampicillin. He received
blood and platelet transfi.tsions, some from an
older brother flown in from the Marshall Islands,
but compatible platelets were not available. Plate-
let levels continued low, and within 2 weeks he de-
veloped signs of a hemorrhagic diathesis with
marked hemithorax. He was placed in a respirator,
but his condition worsened, and he died 6 weeks
after admission. (See Appendix 11 for hospital
summary. )

The principal autopsy findings included acute
myeloblastic (promyeloeytic? ) leukemia in spleen,
lymph nodes, arischnoid, and bone marrow. There

had been massive pulmonary hemorrhage bilater-
ally and irdhnmation of the parotid gland. It was

Table 36

Differcnee in Mean Penpheraf Blood Levels Between Subjeet
With Leukemia (No. 54) and Exposed Peem

WBC (x 10-3) Neut. ( x 10-3) Lymph. ( X 10-3) Plate. ( X 10-3)

1954
Exposed peels 7.7 4.1 3.0 246
Lmlkemia case 5.7 ( -26%) 2.5 ( -39%) 2.B ( -6%) 187 ( -24%)

1955-72
Exposed peers B.2 3.8 3.5 293
Leukemia Caac 6.5 (-21%) 2.7 ( -30%) 3.1 (-II%) 271 (-7.5’%)

Hct., %

37.3
36.4 ( - 2.5’%)

39.2
40.5 (+3%)

Hmlbl
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Fhgure 52. Mean levels of WBC, [lymphocytes, neutro-
phils, platelets, hematocrit, and neutrophil/lymphocyte
ratio for subjcet with leukemia (No. 54, solid line in each
caae) compared with thcae of exposed (---) and unex-
posed (—-—) boys m same age range, over 18 yearnsince
exposure.

I!lz

interesting that radiochemical anaiysis of bone

samples showed 9oSr levels about the same as in

people living in .Vew York.

Retrospective studv of hentatoiogzcal data. The hema-
tological data gathered over the 18-year period on
the subject with leukemia (No. 54) were compared
with the mean levels of 8 other Rongelap boys ex-
posed at <5 years of age and of 8 unexpsed boys
in the same age range (Figure 52). The percentage
differences in mean peripheral blood levels between
subject No. 54 and his exposed peem are given in
Table 36 for the first year and for the subsequent
years. The subject with leukemia showed greater
depression of neutrophils both durin~ the immedi-
ate post-exposure period and in subsequent years.
The least difference appeared to be in the eryrhro-
poietic system. Morphological studies of peripheral
blood smears revealed no significant abnormalities
until the development of leukemia; unfortunately
no bone marrow examinations had been made
before.

Since the lMarshalkse children are prone to fre-
quent infections associated with granulocytosis, it
waa of interest to compa& this response in the sub-
ject with leukemia and in the other exposed boys.
The records showed that the white cell count ex-
ceeded 10,000 a total of 36 times in 131 counts
(27%) in the other 8 exposed bop and only once
in 18 counts (570) in subject iNo. 54. However, if

this indicated a reduction in marrow reserve in
this boy, the reduction apparently waa insufficient
to result in any illness serious enough to require
hospitahzation.

Other data related to leukemia were gener- .
ally negative in subject No. 54, including alkaline
phmphatase levels of neutrophils, basophil counts,
hstralia antige~ and blood proteins (except for
a slightly elevated gamma globulin level, which is
common in the Marshallese). Chromosome stud-
ies of the peripheral blood made 12 years after ex-
posure and of the bone marrow during his termi-
nal illness did not show aneuploidy or structural
changes of the chromosomes. However, increased
chromosome breakage (11 ‘?10of the cells) was noted
terminally, which may have been related to radia-
tion expoaurc to chemotherapy, or possibly to his
diseaae.

Discusn”on. It is possible that radiation expo-
sure was involved in the etiology of leukemia in
subject lNo. 54. Radiation exposure has long been
associated with the development of this diseb (in
physicians, particularly radiologists,l~ 7.1A8in pa-
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tients after radiation treatment for ankvlosing
spondyiitis,l~g etc.), and its etiological role was
established without question by the hiqh incidence
of leukemia in the Japanese exposed to the atom
bomb.150.151

Some findings in the Japanese tend to support
radiation etiology in this Marshallese boy. In his
case the latent period was quite long, but the in-
cidence of leukemia in Japan is still (after >25
years) higher among the exposed group than
among the general population. Also, the incidence
has been higher among those exposed in child-
hood, particularly males, in whom the gramdocytic
form of leukemia has been prevalent; and the same
form has ban more prevalent in cases with longer
latent periods and lower exposures.lsz On the
basis of 2 cases per year per million people per
rad among the exposed Japanese, the expectancy
among the exposed Marshallese would be a total
of about 0.33 cases. However, the normal incidence
of leukemia in the lMarshailese, from the sketchy
statistics available, appears to be low, about 20
cases per year per million compared with 60 to 70
in the U. S.; thus the number of spontaneous cases
expected among the exposed Marshallese would
be a total of 0.02 to 0.067. The ratio of radlation-
induced to spontaneous expectancy (0.33:0.02 or
0.33 :0.067) indicates that chances are about 5 to

15 times as great that this Marshallese case was
radiation-induced as that it was spontaneous.

Review of the hematological data on subject
No. 54 over the 18-year period before the develop
ment of leukemia is of interest. The greater degree
of hematologic depression in him than in the other
exposed ,boys indicates either a greater radiation
dose to the hematopoietic tissues or greater sensi-
tivity or proclivity to marrow depression. (None
of the peripheral granulocyte levels in the other
boys, exposed or unexposed, plotted individually,
were as low as his. ) Perhaps his radiation dose was
actually greater, since he was the youngest Ron-
gelap child exposed and may therefore have been
in cltxwr contact with the fallout source on the
ground. Being younger might also imply greater
radiosensitivity.

In view of the later development of the granulo-
cytic form of leukemia, it is of interest that the
early bone marfow injury was characterized by
having the greatest effect on the granulocytes, with
the thrombocytic and lymphocytic cells less af-
fected and the erythrocytic cells least. The erythro-
cytic system did not show evidence of failure until

near death. In spite of the long-term t’indinqs.
morbid evidence of the disease was not apparent
until the last few months. One vear before the diag-
nosis of leukemia the peripheral blood cells ap-
peared normal except for a possible increase in
atypical monocytes.

A preleukernic syndrome has been described for
some cases of nonlymphocytic Ieukemias. 153.15A
Lkman and SaarnilsA state that the frequency of
the syndrome may be as high as two cases in five
and that preleukemic findings “reflect the early
stage of myeloproliferative disorders which wiil
eventually fidtill the criteria to be ckissified as mv-
elomonocytic Ieukernias.” The syndrome is char-
acterized by various findings, not all necessarily
present, such as anemia with erythrocyte abnormal-
ities, thrombocytopeni~ atypical platelets in the pe-
ripheral blood, and neutropenia. 133.15AChromo-
some abnormalities are reported in about half the

cases. 153Isolated neutropenia is an occasional pre-
Ieukemic finding; in the case reported here, the

relative neutropenia is the only findinq that might

be considered as preleukemic. If the preleukemic
phase is considered to date back to near the time
of radiation exposure in this case, then it had a
longer course than is usually noted.154

The Possibdity that the granulocytic reserve was
Educed in subject .No. 54 as a result of radiation
exposure was indicated by his granulocyte response
being lower than that of his peers in response to
challenge by childhood infections. One might spec-
ulate that the frequent infections to which the
Mamhallese are exposed may have played a role
in accelerating the develo~ment of a radiation-
induced mutant leukemic clone. This would be
similar in some ways to the role thought to be
played by the thyroid-stimulating hormone in en-
hancing the development of tumors in radiatlon-
injurcd thyroid glands, as has been seen in the
Marshallese years after exposure of their thvroid
glands to radioiodktc from the fallout. The above
findings do not rule out the possibility of a viral
etiology for this leukemia.

Because of the development of this case of leu-
kemia, complete hematological examinations on
the exposed Marshallese population are now being
carried out semiannually instead of annually.

B. OTHER MAUGNANCIES

Malignancies other than thyroid cancer and
leukemia (see Table 35) appeared to have a higher



incidence in the exposed Rongelap people than in
the unexposed group and the low-level exposed
Uririk group. Whether or not this is correlated
with radiation exposure cannot be ascertained.
The data must be interpreted with considerable
caution since (a) die populations are small, (b) the
unexposed population was not examined before
1957 and haa undergone changes due to both at-
trition and addition, (c) the diagnosis of malig-
nancy is not certain in all cases because of the dif-
ficulty of obtaining autopsies for verification% anti
(d) the types of malignancy were not those that
have been correlated with radiation exposure in the
Japanese exposed at Hiroshima and Nagasaki.lTT

V1. Radiological Monitoring

of Personnel and Environment

A. GENERAL

During their 3-vear sojourn on ,Majuro ( 1954-
1957), the Rongelap people’s body burdens of
radionuclides decreased rapidly, as shown by
radiochemical analyses of urine. By 6 months
radionuclides in the tine were barely detectable.z
The Utirik people were moved back to their home
island after the initial examinations and were ex-
posed to very low levels of residual radioactivity
there. In 1957 (3 years after the accident) gamma
spectrographic analyses were carried out on 4
Rongelap and 2 Utirik peopie at Argonne National
Laboratory in Chicago.lss The finding of detect-
able levels of 137CSand 65Zn (higher in the Utirilcs)
indicated the feasibility of using this technique in
the islands. When the Rongelap people returned
to their home island in 1957, the low levels of en-
vironmental contamination were soon reflected in
increased body burdens of some radionuclides.r A

number of tadiologicai surveysls~l~ at Rongelap
and Utirik have been carried out in conjunction
with personnel monitoring, largely by University
of Washington staff and more recently also by a
group from the BNL Health Physics and Safety
Division. These studies have provided important
information on the movements of radionuclides
horn the soil through the marine and plant food
chain to man and should prove useful in predict-
ing future body-burden patterns of people return-
ing to Bikini and Eniwetok. The principal residual
radioactive elements on Rongelap and Utirik were
137~,90sr,657’n,and 55Fe,Withsm~l butme~~.

able amounts of other fission ptoducts and neutron-

b!
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F@rc 53. Steel room used
for whole-body gamma s~troscopy.z

Figure 54. Arrangement of lead bricks
used for whole-body counung.
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Table 37

Radicchemical ~nalyses of Unnc ( Data in Average pCi/ liter)

lNo. in qroup Av. vol., ml Av. G, mg/liter ws~ L37~ ?38~

2700
~4@3
2600
4600
4500

1300

115 0.003
0.013
0.015

12 0.003
0.014

;83
910

1500
1100

Year

Rongelap

1970
1971
1972
1973
1974

Utirik

1974

Bikini

1970

1971
1972
1973
1974

(spring)

20
15
18
11
14

895 152.4
534 336.1
461 120.3
249 247.2
558 706.8

3.5
3.7
2.4
6.5
2.8

11 542 734.9 1.3

Pooled
UMe G
Urine M
HASL* conuol
HASL control
Pooied
Pcmiecl

14
11

120.0
iioo
930

3000 i 60.0
1000
2670 84.5
‘2700 204.0

294 173.5
141 310.0

1.2
2.2
1.9
1.0
1.6
1.7
4.2
6.7
2.0

0.003
0.020
0,024
0.003
0.022

0.004

0.02

●US AEC Health and Safety Laboratory, New York N.Y.

Tabie 38

Mciiochemicai Analyses of Weii Water From Bikini ( Data in pCMiter)

137Q 3H z39!240~Year

1971

i972

1973

Year

1970

1971

Sample VOL.ml

“good weii”
“bad Well”
“god weii (ciosed)
“good weil” (opened)
drinking water (camp area )

i830
1830
1810
1980
3580

600 =170 770240% 0.04 z 25%

850 5170 11)40= 30% 0.05 = 2W0
i 044 3170 0.058a 15%
818 =i??o 5.76 = 6%

1.53=8~o 0,0043 100%

MO =170
1.8 =8%

600 0.38 ~ 40%
724 0.08 = 50%

well water
drinking water

1000
1960

new well
B-l well

60
225

Tabie 39

Radiochemical Analysesof Ccconut Crabs From Bikini ( Data in pCi wet weight)

wetwt., g ‘%&b gCaperkgwetw. %r 137(-J 23JJ~ ’239Pu

1164 23.3 81 23,300 11,800 006 = 50% 1.5 =1O%O
1930 18.5 61 24,800 14,800 0.001=10070 0.07*37%

1812 17.8 60 132,000 I 1,400
1827 21.5

\

1-3 1190

72

63.5

+12,000 8,600

45,700 9,290
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induced activities (~gFe, ST,S8,SOC0,34Mn, 144Cs-
144pr,95zr-95~,~d lO6~U-Io6w). fidiOiO@C~

assessment has included survevs for qrnrna radia-
tion levels on the islands; radiochemical studies of
sod profiles, lagoon bottoms, marine life, piants, ani-
mal life [e. g., rats, coconut crabs), food items, and
urine samples; and gamma spectrographic analysk
of internally deposited gamma emitters in pemon-
neL The medical team has been responsible since

1969 for monitoring the body burdens of the people
returning to Bikini, as well as of the Marshallese ex-
posed to fallout and their controls, and more re-
cently also of the people returning to Eniwetok.
The 1974 studies of environmental radiation on
Rongelap, Utirik, and Bkini are being published
Separately.lss

Until 1965 gamma spectroscopy was done in a
21-ton steel chamber built at BNL for shieiding,
with additional housing for the counting equip-
ment (Figure 53). The subject to be counted took
a soap and water shower, put on paper pajamaa,
and then stayed in the chamber for about 15 mitt,
during which soft music was piped in. Only a few
small children were apprehensive during the pr~
cedure. More recently whole-body counting has
been done with a smaller “shadow-shield” ar-
rangement of lead bricks, a modification of the
Hanford modellGG (FiWre 54). In 1974 spectro-

,-

100&

50>

,,, ,,, ,=

Y’
137f&

— Rongcfapmale
--- BNL medical tam

male j

.

10. ’0, ’08” ‘
1a 1.60

Energy (MeV)

Figure 55. Gamma spectra obtained by whole-body
counting, malea, 1974 (—, Rongelap; ---, BNL med.
cal team).

graphs showed a characteristic peak for 137CSand
6SZn, but SOCOW= bmely discernible, if at all. at

the low levels present in the people (see Figure

55).167! 168 Annual collections of 24-hr urine sam-
ples from a number of people have been made for
radiochemical analysis.

The results of radiochemical analyses of urine,
water, and crabs over the past 5 years are sum-
marized in Tables 37 to 40; the results of indi-
vidual urinalyses are given in Appendix 12.* By
1974 the only detectable gamma emitter waa
137CS; its levels are given for Rongelap, Utirik.
and Bikini individuals in Appendix 12 and for
groups in Table 41. Since the return to Rongelap,
no differences have been seen between exposed
and unex~ ~OU~.

Figures 56 and 57 show the estimated body
burdens of gamma emitters and go.sr for the Ron-
gelap people at various times after the initial ex-
posure in 1954. After their return to Rongelap the
body burdens increased. 65Zn was present for a
few yearn, apparently from fish in the diet; the rea-
son for its rapid decrease was not immediately ap-
parent but may be related to movements of marine
life in and out of the lagoon. Small amounts of
w~ we= idenfi~ in Pemonnel during the earlv

years afier the return (the highest concentration
waa in clams). goSr body burdens reached their
highest level during 1962 to 1965 at about 12 nCi

●We aICindebted to Mr. EdwardP. Hardy, Jr., D=tor, fi-
virnnmentalStudia Divition, AEC Health and Safety Lahora-
toiy, New York lN.Y., for carrying out the radiochemcal
anaiyxa.

Table 40

Radionuclides in Coconut Crabs From Rongelap

Year 137C&pwkg ‘Sr, pCi/g Ca

1961
1962

1964

1965
1969
1972

1973
1974

50,281 (39,292; 45,318;
66,234)

12,700
7,775 (8340; 7,010)
5,900 (5,600; 6,100;

6,800; 5,100)
12300*
37,065 (64,700; 9,430)”

6,600 (5,000; 8,200)
4,800”

1,140
1,224 (1,317; 1,086;

1,113; 1,378)
758 (865; 628; 780)

724
705 (910; 500)
353 ( 376; 419; 359;

259)
933*

3,950 ( 6,639; 1,267)*
448 (290; 606)
290’

●From northern islands of Rongelap Atoll, where radi-
ation dose was much hiSher.

5oob Hdl
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Table +1

Ylean Cesium- 137 Levels Obtamcd by Whole-Body Counting, 1974

Male

No. nCi nCi/kg body wt. ANO.

Bikini 8 128 1.84 (0.43-5.11) 13
Utirik 9 262 4.05 (2.64-6.84) 13
Rongdap 22 475 7.76 (4.37-16.3) 24
BNL med. team 4 2.93 0.0352 (0.0134-0.0791 )

Table 42

Dose to Bone Marrow (Data in mrad/year)

1958

Rongelap Rongelap

Internal

Female

nCi nCi/ kg body wt.

73 1,15 (0.22-3.26)
133 2.13 (0.96-3.85)
304 5.13 (2.71-13.46)

1974

Utirik Bikim

%r 11 8
137~ 120* 60
i~atural ( 40~ etc.) 44 44

Total 175 112

Extastal

Residual gamma (in village areas) 250 15
Natural (cosmic etc. ) 134** 39

Total 384 54

Combined total 559 166

●137~ + ‘saz&

6
31 1:
+4 44

81 65

7 65
39 39

46 104

127 169

●*High value due to increased cosmic-ray dose from above-average sunspot activity. The year 1958 was the time of peak
mdioactivity at Rongelap.

I I I 1~1 I I I I I I I I I Ill I

I

0.1- [

‘1 .’ ‘., . .137CSRongdap _
‘, A’

,’ ~. .’ -. . . pcopie$, .“ w’
u -.

-.

,
‘\,wznRongdap
, people
\
\
t Udrik ~
1
\
1

Bfa -

‘i I -1 Y ‘- \AI
1954 1959 1%3 1967 1971 1974

1957 1961 1965 1%9 1957 1%1 1965 1969

Figure 56. Body burdens of gamma emitters, obtained by Figure 57. Body burdens of strontium-90, obtained
whole-body gamma spectroscopy (o, 137&; ●, 85zn). by radiochemicai analysis of urine.
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in adults and 22 nCi in children, about 6 and 11To
respectively of the maximum permissible lifetime
body-burden levels for the population at large. i.e.,
140the ICRP value. leg .~nalvses of bone samples
born several autopsies during the past 20 years
gave estimated ‘oSr bodv burdens similar to those
obtained from urinaiyws (see Figure 57). lSTCS

body burdens also reached their peak in about
1965, at nearly 0.7 ,uCi (23% of the permissible
level for the general populauon). The body bur-
dens of the Utirik people were considerably below
those of the Rongclapese. Table 42 shows that the
estimated bone marrow doses of Rongelap people
horn internal and external sources (both natural
and man-made radioactivity y) were considerably
reduced by 1974, and presents data also for Utirik
and Bikini. *

The coconut crab was banned from the diet on
Rongeiap because of its high level of radioactivity,
but about 2 years ago the ban was lifted on the
southern islands of the atoll beta use the radioac-
tivity had decreased sufficiently (see Table 40).

In 1971 blood samples from 62 Rongeiap resi-
dents were analyzed** for SsFe, and their body
burdens were estimated by the method of Bea.dey
et al. lTOssFe was known to be present in the Mar-
shall Islands in fairly high levels as a result of the

●Mr. R Fairchild at BNL calculatedthe bone marrowdcu
tbrthe i974 data.

‘me S~Fe ardyses were carried out by T. M. Bcaalcy and
E.E. Held atthe Uruvenity of W~hington School of Fishcna,
SCattk. “

Table 43

Average Body Burdens of ssFe in Rongelapesc, 1971In

No. of Body burde~
Age samples C,

.Maks 16-20 8 0.31
21-31 ‘t 0.33
32-42 5 0.52
43-53 2 0.58
54-64 6 0.53
>64 3 0.48

Females 16-20 6 0.23
21-31 12 0.34
3242 5 0.33
43-53 7 0.66
54-64 2 0.57

>64 2 0.66

local nuclear testing program and also from world-
wide fallout, and to be concentrated bv marine
life, particularly fish. The estimated bodv burdens
for the Marshallese tested (Table 43) are higher
than those found for Japanese bomb suMvors and
for others tested, but they are not more than ‘400
of the maximum permissible levels for non-occu-
pationally exposed individuals estimated with the
total body as the criticrd organ. The values are
slightly higher in females than in males, and sig-
nificantly higher in older persons. ~sFe emits pho-
tons of very low energy, and, since it is incorporated
into the hemoglobin of the red cells, it results in
relatively little irradiation of nucleated cells. Some
blood samples from the 1974 survey are aiso being
analyzed for ssFe.

C. PERSONNEL MONITORING AT BIKINI

In 1946, before Operation Crossroads, the resi-
dents were evacuated from Bikini. After stays at
Rongerik and at Kwajalein which proved unsatis-
factory, they were relocated on Kiii Island in the
southern MarshaIls, which also proved unsatisfac-
tory. The Eniwetok people were relocated at
Ujelang Atoll, to the west, after their evacuation.

After the 1958 moratorium on atmospheric nu-
clear testing, numerous radiological surveys were
done on Bikini mid later on Eniwetok Atoll. 171-174
In 1967 the principal isotopes contributing to the
gamma radiation field on Bikini and Eneu Islands
were 137CS,60C0, W3b, and l~Eu; slight amounts
of Pu were also found. Considerable variation was

seen in the contamination of individual islands
comprising the atolls of Bikini and Eniwetok since
different tests had been conducted on various ones.
The contamination of Rongelap and Utirik was

more uniform, being due largely to fallout from a
single detonation, Bravo.

In 1968 an ad hoc committee reviewed the sur-
vey remtlts for Bikini and decided that Eneu and
Bikini Islands were safe for habitation, with cer-
tain measures recommended to reduce exposure
(see .4ppendix 13). In 1969 about 30 people started
work on Bikini Atoll (living on Eneu), and in 1971
several Bikini ftilies moved back to Bikini Island
itself, which now has about 50 Bikini people plus
a few administrators and construction workers.
Annual monitoring of personnel has been carried
out since 1969. In 1974 radiochemical analyses
were done on urine (see Table 37 and Appendix
12) and other samples, whole-body gamma spec-
troscopy was carried out on pemonnei living on
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Bikini (see Table 41 and Appendix 12), and a
gamma survey of the island was made by Green-
house et al.lsd (see Appendix 14).

On Bikini Island almost all the gamma radia-
tion is now due to 137CS. The gamma level due to
natural radioactivity is considerably less on these
isiands than in the U. S.; this is why the average
gamma dose to an inhabitant is lower in Bikini
Village than in cetwin parts of the U.S. The
people living on Bikini cat a diet consisting almost

entirely of imported food, but they ingest slight
amounts of radioactivity from local seafood. The
newly planted coconu~ pandanu~ and brcfit
tree9 will not bear &tit in any significant quantity
for some years yet. The urinary radionuclide level
of the Bikini people is now several times as high as
when they were living on Kili Island, but still con-
siderably below the permissible range. The total
estimated internal bone marrow dose in 1974 to
the peoplelivingon Bikiniwas about halfthatto
thepeoplelivingon Rongelap,but with theex-

ternaldoseincluded,thedosetothebone marrow
was aboutthesame (seeTable42).Itisreassuring

thatanalysesofurineforplutonium show levels
nearbackgroundintheBikinipeople(seeTable

37).Well water on Bikini has had low levels of ac-
tivity (see Table 38). The dietary levels projected
for Btini when the newly planted trees bear ftuit
should be considerably lower than the levels based
on analyses of fruit from old trees becauae of the
soil removal procedures used at planting, but their
actual evaluation must await maturity of the trees
and fufiher analyses. It is planned to add supple-
mentary calcium to the diet of the Bikini people
to help reduce absorption of W3r. Experiments are
under way to investigate the tolerance of Mar-
shallese people for powdered milk as a source of
calcium. Races other than the Caucasian are re-
ported to have a lower tolerance for milk because
of a genetic inability to digest lactose which gives
rise to abdominal discomfort, diamhea, and other
symptoms. 175

VII. Comments and Conclusions

A. THE EXAMINATIONS

The primary responsibility assigned the medical
team by the A.EC (now ERDA) was the diagnosis
and treatment of possible effects of radiation expo-
sure in the Mamhalleae, but inevitably the exami-

ning groups have been concerned also with gen-
eral health care at the time of their visits. The re-
sponsibilities have been filled bv carrving out ex-
tensive annual examinations. supplemented in re-
cent vears by semiannual hematology checks and
quarterly visits by a resident physician. The cYarn-

inations, which have been carried out with the
assistance’ of the Trust Territory Health Services,
have resulted in extensive medical histories and
records for each individual and have made It pos-
sible to diagnose and treat many diseases and ill-
nesses at an early stage.

An important aspect of the medical SLU-VCVis to
maintain rapport with the people, to keep them
informed of the medical findings, to explain the
need for examinations, and at times to correct un-
founded rumors about fallout effects. Unfortu-
nately this has not always been successfully kept
up because of differences in language and culture.

Some studies have been of benefit to the lMar-
shail Islands as a whole, such as the sumeys of the
incidence of diabetes and of parasitic infestation.
In addition, a great deai of data has accumulated
tiom studies of genetically inherited characteristics
which my prove valuable not only in determin-

ing possible genetic effects of radiation but also in
anthropology.

B. COMPARISON WITH OTHER
HUMAN EXPOSURES

In contrast to other groups exposed to radiation,
the Marshakse are unique in that they comprise
the only human population ever exposed to acute
radiation from failout. The accident focused at-
tention for the first time on the hazards of fallout
from nuclear detonations. The atomic blasts above
Hiroshima and Nagasaki resulted in casualties
due to penetrating gamma and neutron radition
directly fmm the bombs with little or no fallout in-
volved and therefore caused no effects due to in-
ternal absorption of radioactive materials. In con-
trast, the Marshallese were not exposed to direct
effects of the detonation but only to radioactive
Edlout resulting in whole-body, skin, and internal
exposure. Trauma and extreme psychological dis-
turbances did not contribute to the effects in the
Marshallese as they did in the Japanese. The im-
portance of the hazard from internal absorption of
radioactive iodine has been clearly demonstrated
by the Marshallese experience. The 23 Japanese
fishermen on the Luc@ Dragon received an expo-
sure similar to that of the Rongelap group but

501YJIIOI
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probably with less internal absorption of radionu-
clidcs, since their stored water and food were cov-
ered, and thev have had no thyroid effects (see
Appendix 2).

Evaluation of the effects of radiation expmure
in human beinsy (patients, physicians using radia-
tion, accident cases, etc.) is always difficult because
of unartainties regarding exact dosage, fractiona-
tion and dose-rate effects, partial-bed y exposure,
complicating diseases, etc. The doses received by
the Marshallese, like most human exposures,
could be only roughly estimated, although the
hematological data were compatible with the cal-
culated whole-body doses. Even greater uncertain-
ties were encountered in estimating the doses due
to internal absorption of radionuclides.

The data on the effects of fallout radiation in
the Marshallese have provided important infor-
mation that will apply in a general way to any
population exposed acutely to fallout. However,
the effects may be modified in other situations if
nuclear explosions occur in regions with different
terrain, soil ty~ climate, and availability of pro-
tective measures.

C. ACUTE EFFECTS

The most serious acute effects of the exposure
in the Marshallese were due to penetrating gatn-
ma radiation. These included transient snore@
nausea, and vomiting and significant depression of
the peripheral blood elements in many membem of
the higher exposure Rongelap group. The hetnato-
logieal depression was not sufficient to produce defi-
nite clinical signs and required no spedc therapy.

Contamination of the skin in the Rongelap
group resulted in wide-spread beta burns on parts
of the body not covered by clothing and in spotty
epilation of the scalp. These effects were probably
aggravated by delay in decontamination and by
pempiration due to the warm climate causing the
Mlout to stick to the skin. The superficial nature
of the lesions, rapid healing with minimal residual
skin changes, and regrowth of hair were no doubt
due to the low average energy of the beta radiation
in the fallout.

The lack of recognizable acute effects from the
internal absorption of radionuciides is noteworthy
in view of the serious thyroid abnormalities that
later developd.

Because of residual contamination on the islands,
tadiologicd monitoring of persomeland envkon-
ment h

%

n an important part of the surveys in

evaluating body burdens of radionuclides in the
Rongelap and Utirik people. Recently the areas
undergoing such monitoring have included Bikini
Atoll and the people who have returned to live
there, and they will also include Eniwetok when
its people return home.

D. LATE EFFECTS

The possible emergence of late effects of expo-
sure in the Marshallese has received considerable
attention in follow-up examinations. Except for
the thyroid lesions and the one case of leukemia,
only a few findings possibly related to radiation
exposure have been seen; otherwise the general
incidence of illnesses and the overall physical con-
dition have been similar in the exposed and in the
unexposed comparison groups. The increase in
miscarriages and stillbirths among the exposed
Rongelap women during the fimt 5 veam after ex-
posure may or may not have been related to radi-
ation effects. No genetic effects have been noted in
the children born of exposed parents; this is not
surprising in view of the generally negative find-
ings in the much larger Japanese study. The lind-
ings of pemistent chromosome aberrations in cul-
tured peripheral blood lymphocytes at 10 years
post expmure and a possible somatic mutation m
hemoglobin in several of the exposed group sug-
gest that genetic mutations may also be present.
The possibility of genetic effects in the ofipring is
of serious concern to the exposed people and de-
serves further study.

Effkcts of radiation on life shortening or mortal-
ity are difficult to evaluate because of the small
number of people and the differences in age dis-
tribution between the exposed and comparison
groups. The only death that may be related to ex-
posure is that from leukemia. The occurrence of a
few additional cases of cancer (other than thyroid)
cannot be ascribed definitely to radiation expo-
sure. The lack of skin cancer from beta burns may
be related to the minimal nature of the residual
skin changes, probably due to insufficient radia-
tion injuty to the dermis, but the possibility of skin
cancer developing must be kept in mind because
the latent period may be very long.

The development of a case of acute leukemia in
the Rongelap boy may or may not be related to
radiation exposure. However, this disease appears
to be even rarer in the Marshall Islands than in
the U.S. It is noteworthy that his disease was the

50 HIII0



mvelogenous form, since his past hemograms
showed a fairly consistent depression of neutrophil
counts compared with those of other exposed boys
of the same age.

The inability to demonstrate clear-cut aging ef-
fects in the exposed group in spite of repeated at-
tempts with a variety of tests is in accord with the
generally negative results of similar attempts in
the much larger expased Japanese populations.

The absence of radiation-induced cataracts is
not unexpected since the dnse to the lens was prob-
ably below threshold and neutrons (known to
have a higher RBE for cataract induction than
gamma radiation) were not involved in the Mar-
shallese exposure.

E. THYROID EFFECTS

The high incidence of thyroid neoplasms (in 27
of 86 exposed Rongelap people, including 3 with
carcinomas) and the development in some chil-
dren of hypothyroidism and growth retardation
provide clear evidence for the seriousness of thyroid
injury due to radioiodine absorbed from fallout as-
sociated with atomic detonations. Had not care fi.tl
medical studies in the population been instituted
soon after the expccsure and continued to the pres-
ent date, the extent of thyroid effects might not
have ban discovered.

Thyroid exposure is likely to be greater when
individuals are exposed within 100 to 150 miles of
the bomb if detonated near the ground. In such
situations, if lethal exposure to penetrating radia-
tion does not occur, the principal hazard appears
to be the late development of thyroid tumors and
leukemia. Since the latter is ultimately fatal, it is
more serious than thyroid malignancies, most of
which are well differentiated and have an excel-
lent prognosis. The relative incidence of thyroid
malignancies from radiation appears to be about
the same as that of leukemia on a “per rad” basis.177
The incidence of thyroid cancer is considerably
higher than the mortality born it. Of 40 cases
among the exposed Japanese, 34 were living in
1973, and only one death had been attributed to
this cause. No evidence of thyroid dysfunction had
been noted at the time of diagnosis. In the Mar-
shallese reduced function was not found in two of
the cancer cases exposed as adtdta, but was in the
case expcaed as a child.

The high incidence of thyroid effects in children
exposed at <10 years of age was no doubt related

to the higher dose to the child’s thyroid because of
its smaller size. The rapid growth of the glands
during chiidhood probably increased the chances
for neoplastic changes. The growth retardation
in some of these children was thought to be related
to reduced thyroid function resulting in lower hor-
mone levels. TMs deficiency was not recognized
during the early years because of falsely high PBI
levels resulting from unusuaily high iodoprotein
levels, which turned out to occur generally in the
Marshallese and are now being further studied.

Most of the thyroid glands of the exposed people
undergoing surgery contained multiple nodules or
areas of adenomatous change. Many microscopic
areaa, although considered benign, were composed
of discrete areas of atypical cells, suggestive in
some cases of malignant potential.

The risk of developing bemgn and maliqnant
neoplasms in the Rongelap peopie appeared to be
about the same as that noted in people exposedto

x-radiation. Clinicalexperience with 1311sug-
gested that the risk would have been less,. but the
higher energy of the short-lived isotopes of iodine
(particularly ‘321, 1331, and 1351), resulting in

higher dose rate and more uniform exposure of
the thyroid, is thought to have been the important
factor in increasing the number of thyroid abnor-
malities atiove that expected from similar doses
fkom 1311alone. It is not unreasonable to speculate
that tumor incidence in the Marshallese would
have been considerably smaller if only 1311 had
been involved in the exposure. The lesser amount
ofshort-lived iodine isotopes in the Utirik expo-
sures (because of the later arrival of the fallout)
may have been an important factor in reducing
the dose ef%ct to their thyroids, but the number of
people involved is too small for any firm conclu-
sion to be drawn.

Treatment of the exposed Rongelap people with
thyroid hormone has been of benefit in enhancing
growth and development in the growth-retarded
children and in maintaining a normal metabolic
state in the operated cases. It is not certain whether
it has prevented the development of thyroid
nodules.

The documentation of these thyroid effects has
importance not only for the people involved but
also for the advancement of medical knowledge
and for planning with regard to Civil Defense and
remotely possible future accidents involving re-
lease of radioiodines (e.g., from a nuclear power
plant). The Marshallese accident represents ex-

50(31Jm
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posureunderextremeconditions,withno correc-
tivemeasurestakentoreduceinternalabsorption
ofradioisotopespriortoevacuationoftheexposed

peoplefromthefalloutarea.It did not involve the
contaminated pasture-cattle-milk cycle, which
might be an important pathway of radioiodine to
man in other types of accidents (such as the Wind-
scale accident) .176

Civil Defense planning can provide for several
measures that will reduce the hazard of thyroid
exposure due to radioiodine absorption and thus
largely preclude the degree of thyroid injury sus-
tained by the iMarshailese. Since the hazard from
radioiodine is acute for a period only of days,
earl y protective measures are extremely impor-
tant. These include avoiding inhalation of radio-
iodines by shelter protection; consuming food and
water only from closed containers; feeding cows in

contaminated areas protected fodder; and tem-
porarily withholding contaminated miik sup-
pliesand diverting them into processed products
with a shelf life longer than the life of the isotope.
The addition of stable iodine to food or water dur-
ing the fit week wotdld provide a relatively inex-
pensive method of reducing thyroid uptake of
radioiodines by isotope dilution and saturation
with non-radioactive iodine; this should rarely pro-
duce any serious side effects and would be of par-
ticular value in children and pregnant women.
When exposure of the thyroid has already oc-
curred, prophylactic treatment with thyroid hor-
mone, now being used in the ?vfarshailese, may
help prevent development of thyroid tumors, and
even after tumor development, surgical excision
may reduce mortality due to malignancy.

The thyroid eff’ts in the Mamhallese were not
anticipated at the time of the accident or during the
early years afietwards. In retrospect this is not sur-
prising, for several reasons. At that time the thy-
roid was thought to be relatively radioresistant,
particularly with regard to radioiodine exposure
(on the basis of animal studies and diagnostic and
therapeutic use of 1311in people), and the calcu-
lated thyroid doses in the Marshallese were con-
sidered to be below the levels likely to produce
tumom. In addition, neither the importance of the
exposure to short-lived iodine isotopes in fallout
nor the thyroid dose dif%rential in children due to
the smaller size of their gland was fully appreciated.

It is quite likely that the final results of thyroid
lesions in the Marshallese are incomplete at this
time since new lesions are still occurring. The

mean latent period for radiation-induced thyroid
tumors may be as long as 30 years. Cases have
been seen as late as 40 years after exposure. Fur-
thermore, on the basis of the present data therisk

of developing radiation-induced thyroid neoplasia
is probably underestimated, since surgical removai
of potentially malignant tissues may have occurred

‘and the hormone treatment may have inhibited
the development of some tumom, although the lat-
ter is questionable. As has been pointed out, also,
the true carcinogenic potential of the exposure,
particularly in the children receiving the higher
dose, may have been masked by excessive cellular
destruction. The recent finding that subclinical
thyroid deficiency is present in some of theex-
posedpeople who have not shown any thyroid ab-
normalities indicates that the thyroid effects in the
Mamhallese may not vet be completely manifest,

and continued careful surveillance of this popula-
tion is necessary.
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greatly indebted to the many technical assistants
who have contributed much to the success &f the
surveys, particularly to LMr.W. Scott and lMr. D.
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Clareus of BNL for long years of faithful service
and also to Mr. P. Heotis and Mr. M. iviakar. In
the Trust Territory, Messrs. S. Shoniber, N.
Zetkeia, K. Mitzutani, J. Saul, and P. Bien, Mm.
R. Harris, and many others have provided inval-
uable assistance over the years.

At Brookhaven National Laboratory contribu-
tions have been made by many individuals and by
many departments and divisions, including Medi-
cai, Instrumentation, Health Physics and Safety,
Photography and Graphic Arts, Purchasing, Sup-
ply and Materiel, St& Services, and others. We
ate indebted to the following pctsomel at BNL for
their advice and support: in the Director’s Office,
Drs. L.J. Haworth, AM.Goldhaber, G.H. Vine-
yard, and V.P. Bon& and Mr. P. Rathvon; in the
Medical Department, Drs. E.P. Cronkite, R.B.
Aronaon, H.L. Atkins, L.K. Dahl, A.D. Chanana,
G. Chikkappa, J. Iwai, J.S. Robertson, L.V.
Hankcs, C.H. Wu, R.D. Stoner, and D. Slatkin,
?vfessm. W..A. Finn, C. Goldman, W. J. Walsh, and
W. Hanson, .M.rs. I. lMontanez for secretarial help,

and the numing staff and orderlies who gave the
Mamhallesc patients excellent care; in the Health
Physia and Safety Division, Mr. C.B. Meinhold and
Mr. N.A. Grcenhousc,Jr.; in the Instrumentation
Division, Dr. M.V, Radeka. We arc also grateful to
Mr. K.H. Thompson for statistical computations
and Mrs. M. Dienes for cdltorial assistance. We
are most appreciative to the people of BNL for
generous donations of clothing, books, and toys
tbr the Marshallese.

We are indebted to the Atomic Energy Cotnmis-
sion (now ERDA) for their staunch support, par-
ticularly to Drs. J. Totter, J. L. Liverman, C.E.
Carter, W.W. Burr, C.W. Edington, S. Marks, and
N.F. Barr and also to Dr. M.B. Bilcs and Messm. J.
Deal and T.F. McCraw; and at the Nevada Op-
erations Office to Mr. M.E. Gates and Mr. R.
Ray. We wish to acknowledge the outstanding
contributions of the Pacific Area Support Office in
Honolulu, by Messrs. W. Bennett, W.B. Hills, J.
Miller, W. Morrison, J. Abreu and particularly
W.S. Streenan, whose devoted service waa essen-
tial to the succesafid completion of the su.rvqm At
the AEC Health and Safety Laboratory we ap-
preciate the @stance of Drs. E.P. Hardy, Jr. and
J. Harley in &arrying out radiochemical analyses.

In the Deparment of the Interior, Messrs. S.S.
Carpenter, J. DeYoung, and H.U. Brown have
been most cooperative. In the Trust Territory
many individuals have been of tremendous assist-

ance in carrying out this joint mission, in particu-
lar Mr. E.E. Johnston, High Commissioner. Mr.
P. Coleman, Mr. D. Heine, Dr. .M. Kumangai,
and Dr. W. Peck at Saipan, and at Majuro Yh-.
O. DeBrum, Dr. J. Tobin, .Mr. J. Pualoa. and
Drs. J. Iarnan, E. Rikion, J. Anjain, .M. Korean.
and others.

At Kwajaiein (Kwajalein Missile Range) we
are grateful for the splendid support of the U.S.
Army Group: Col. J.L. Fishback, Col. R.L. Rus-
sell, Coi. RA. Ehlert, Col. R.F. Sullivan, Mr. J.S.
Beavcra, and Mr. R Haley; and to persomei from
Global Associates: Mr. R. Bryant, .Mr. D.D. Mc-
Afee, Dr. J. Schaefer, and particularly Mr. F.
Grannich and Mr. H. Hauck; to Trust Territory
representative Mr. W. Ownbey; and our special
thanks go to the crew of the LCU (Liktanur).

In Japan we are indebted to the staff of the
Atomic Bomb Casualty Commission (now Radia-
tion Effects Research Foundation) particuktriv
Drs. G. Darling, L. Allen, H. ivfaki, and I. ,Nagai
for generous support and assistance in maintain-
ing liaison between the two studies; also to Dr. T.
Kumatori and others of the staff of the Nationai
Institute of Ibiiological Sciences at Shiba.

In England it is a pleasure to acknowledge the
advice and help of Dr. E.E. Pochin of lhe Univer-
sity College Hospital Medical School, London.

Among medical specialists from other irtstitutiona
we are most grateful to Drs. Shields Warren, W.
Meissner, J. Reid, A. Upton, and D.A. Wood for
their pemonal interest in the examinations and for
their advice on pathological diagnosis; also to the
following pathologists who have contributed: Drs.
L.V. Ackerman, B. Casdeman, H. Cottier, H.
Johnson, G.H. Klinck, M.A. Legg, S. Lindsay, S.
Lippincott, S.J. Robbina, R.V. Rosvoll, A.L.
Vklmry, T. Whsship (deceased), and L.B. Woolner.

We appreciate very much the assistance of Col.
E.J. Kamin and his stfiat Tripler Army -Medical
Center in caring for Manhallese patients brought
to Honolulu.

At the University of Washington Drs. A.H. SeV-
mour, E. Held, and V. Nelson have advised and
cooperated in studies of mutual interest.

We are most gratel%l to the charitable organiza-
tion New Eyes for the Needy, Inc. (Short Hills,
N. J.) for donating hundreds of pairs of eyeglasses
for the Mamhallese. They were fitted and distrib-
uted at the time of the surveys and probably no
other gifi has been more gratefully received by the
people.
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We have been greatly saddened by the recent

deaths of several individuals in the Marshall Is-
lands who have contributedmuch tothesurveys:
Mr. E. Libby, Drs. A. Hlcking and T. Ishoda,

and .Mr. .N4. Lacjohn. We express our heartfeltap-
preciationforalltheydidforus.
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Appendix 1

Chronological Listing of Events in the Marshall Islands

Bikini people moved from home island to Rongerik Atoll (later
evacuated to Kwajalein and finally settled on KLli Island Ln
the southern Marshals).

Kwajalein established as U.S. Navy Base.

Operation Crossroads at Bikini.

Trust Territory of the Pacific Islands established,
by U.S. Navy.

administered

Administration of Tmst Territory transferred to U.S. Department
of the interior.

Eniwetok people moved”to Ujelang.

March 1: Fallout accident following detonation of Bravo, a
thermonuclear device. Exposed people from Rmgelap, Rongerik,
and Utirik evacuated to Kwajalein Atoll for examination and
treatment. Exposed people on a Japanese fishing vessel
Fukuryo Maru (Lucky Dragon) return to Tokyo.—— ——

June: Utirik people returned to home atoll; Rongerik servicemen
transferred to Tripler Army Hospital. Rongelap people resettled
in temporary village at Ejit Island, Majuro Atoll.

September: Second medical examination of exposed Rongelap people.
Decision made to examine Rongelap people aunuelly, Utirik people
every 3 years.

New village constmcted at Rongelap. People returned
years away. Medical examinations and periodic survey

after 3
of

environment continued.

Epidemic of poliomyelitis at
Islands.

At Kwajalein, Pacific Missle
established.

Ex .gratiacompensation (- $11

Rongelap and in rest of Marshall

Range under U.S. Army Command

,000 per person) granted Rongelap
people by U.S. Congress.

Thyroid abnormalities begin to appear in Rmgelap exposed people.
Thyroid surgery performed on 3 children at the Guam Naval Hospital.

\
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1965 - 1968 Thyroid surgery on 12 Rongelap people carried out in
Boston.

1969 Cleanup of Bikini for return of inhabitants.

Five Marshallese had thyroid surgery in U. S.

1970 One Marshallese had thyroid surgery in Cleveland.

1971 Marshallese Congressman (Congress of Micronesia) visits Japan
and invites a Japanese team to visit Rongelap. Team arrives
but because of conflict over credentials they are denied visas
and returned to Japan.

RetuM of two Bikini families to Bikini to live. BNL medical
team assumes responsibility for radiological monitoring of re-
turning Bikini and Eniwetok people.

Documentary movie l%yroi,d Neoplasla as a Late Sequella of
Radioactive Fallout filmed in ?larshafi~s~s. Shows =e
medical team in action.

1972 January: Marshallese Congressman accuses the U.S. of knowingly
and consciously allowing the Marshallese people to be exposed .
to radioactive fallout in order to study the effect of radiation
on human beings; accuses medical team of using Rongelap people
as guinea pigs and not giving them proper medical examinations
and adequate treatment. In March he told the Rongelap and
Utirik people not to cooperate with the medical team. Amual
medical survey not completed. Also 4 patients who had been
operated for thyroid cancer and were to be reexamined at
Tripler Army Hospital were stopped and told to return home.

April: Congress of Micronesia establishes a Special Joint
Committee concerning the medical examinations at Rongelap and
Utirik atolls. Chairman: Senator Olympio T. Borja.

August: Resident physician stationed in Marshall Islands.

September: Annual nwdical survey resumed, with cooperation from
Coumritteefrom Congress of Micronesia and participation of four
appointed medical observers from several countries. Comprehensive
report generally favorable to the medical examinations published.

October/November: A young exposed male, found to have acute
myelogenous leukemia, dies at National Cancer Institute, Bethesda,
Maryland, and is returned for burial at kmgelap.

Decision made to conduct hematological surveys at 6-tmnth inter-
vals. Two Rongelap people had thyroid surgery in Cleveland.
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1973 Eniwetok radiological survey completed. Report l?yO 140
published.

Six Marshallese (3 Rongelap and 3 Utirik) had thyroid surgery
in Cleveland.

1974 BNL survey group organized for radiological surveys in Marshall
Islands. To be coordinated with medical surveys and personnel
monitoring of returning Bikini and Eniwetok people.

Special bills passed by Congress of Micronesia regarding further
compensation to Rongelap and Utirlk people, and providing special
benefits and hospitalization privileges in case of illness from
any cause.

Docmntary movie The Bikinians filmed at Bikini by the Univer-
sity of Georgia.

Three Rongelap people had thyroid surgery in Cleveland; one case
exposed in utero..—

LCU obtained for medical and radiological surveys. Christened
Liktanur.
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Appendix 2

Survey Participants 1954 -

Name

1974

Year 19’

Adamik, Emil
Anjain, Jeton$ D.O.
Argomza, t$.S.
Ash, Joseph A.
Bach, Sven A., M.D.
Barton, Johnny M., M.D.
Bateman, John L,, M.D.
Bender, Byron, Ph.D.
Bi.en, Peter
Blumberg, Baruch, M.D.
Bond, Victor, M.D.,Ph.D.
Boon, R.
Border, W.K.
Brown, Robert A.
Browning,L.E., M.D.
Cannon, Bradford, M.D.
Carter, Edwin L., M.D.
Carter, tibert E., M.D.
Ca=er, Russel K.
Chapman, W.H.
Clareus, Douglas
Clutter, W.G.
Cohn, Stanton H., Ph.D.
Colcock, Bentley P.,M.D.
Cole, William, M.D.
Cook, Lawrence
Conerd, Robert A., M.D.
Cronkite, Eugene P., M.D.
Deisher, Joseph B., M.D.
Demoise, Charles F., Ph.D.
Dobyns, Brown M., M.D.
Dunham, Charles L., M.D.
Either, Maynard
Elanjo, Laijo
!htil,Menassa, D.O.
Ezaki, ~rUO, M.D.
Far’r,R.S., M.D.
Flanagan, J
Gays, w.
Gibbs, W.H.
Gideon, Kalman
Gilmartin, James T.
Glassford, Kenneth
Goldman, Morris, Ph.D.
Gomez, Wentolin
Greenhouse, Nathaniel
Greenough, JamesJ.
Griffin, David, M.D.
Gusmano, Ernest, Ph.D.

Technician
Dental Officer
Technician
Technician
Physician
Physician

BNL 59,61,62
TTPI 64,72
US Navy,NRDL 54
BNL 74
US Army,AFSWP 57
US Air Force,AFSWP 58,

Int. Medicine BNL
Anthropologist ‘lTPI
Medex ‘rTPI
Endocrinologistt NIH
Physician US Navy,.NRDL
Technician TTPI
Technician US Navy,NMRI
Technician BNL
Physician US Anny,AFSWP
Surgeon Mass.Gen. Hosp.
Int. Medicine US Navy,NMRI
Pediatrician State U. Iowa
Parasitologist USPH8
Rad. Scientist US Navy,NMRI
Electronic Specialist BNL
Technician US Navy,NMRI
Scientist BNL
Surgeon Lahey Clinic
Radiologist USPHS
Technician BNL
Physician BNL
Hematologist US Navy,NMRI
Physician TrPI
Scientist BNL
Surgeon Case Western Reserve Univ.
Physician AEC,DBM
Electronic Specialist
Technician
Dental Officer
Surgeon
Hematologist
Technician
Technician
Technician
Technician
Technician
Technician
Parasitologist
Technician
Rad. Scientist
Technician
Physician
Rad. Technician

TTPI
Hiroshima School of Med.

US Navy,NMRI
US Navy,NMRI
ITPI
US Navy,NRDL
17!FI
BNL
US Navy,NMRI
USPHS
‘mm
BNL
BNL
US Navy,NRDL
BNL

69
64
70,74
59
54
61
55,56
73,74
54
56,57,63
57
64
58 -
54
61-7CJ;72-74
54-57
54,59,61,74
67
72
63,65
54,56-74
54,55
66
68,69
69,70,72,73
57-59,65,73

57-59
74
67
72
54
54
64,65
54
64,65
59
59
58
67,69
74
57,59
55
61,65
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Survey Participants 1954 - L974

Name

Hamby, J. W.
Hammarstrom, Richard, Ph.D.
Hansen, R.E.
Hartley, Marion L.
Hayakawa, C., M.D.
Hechter, Hyman
Helkena, Jack, D.O.
Hendrie, J.C.
Heotis, Peter M.
Hicking Arobati, M.O.
Hollingsworth, James W., M.D.
Huggins, C.E., M.D.
Humphrey, Douglas
Iaman, John, M.O.
Jaffe, A.A., D.D.S.
Jesseph, Joseph E., M.D.
Jomule, Jude
Jones, Iming
Kamofs&, David, M.D.
Kenny, John
Knudsen, Knud, M.D.
Kuanatori,Toshiuki, M.D.
Lanti, Issac, M.O.
Larsen, Reed, M.D.
LeRoy, G.V., M.D.
Lawis, William H., M.D.
Libby, Ernest
Lowrey, Austin, Jr., M.D.

Lyon, Hmmey W., D.D.S.
MacDonald, Eugene H., M.D.
Makar,.Michael S.
McPherson, S.D., M.D.
Fleyer,Leo M., M.D.
Mizutani, Kosang
Moloney, William C., M.D.
Mmmtaro, Francis, D.O.
Mumay, William G.
Obten, Antak
Oh, Yang, H., Ph.D.
Otto, James S.
Paglia, Donald E., M.D.
Peck, William, M.D.
Pochin, Edward, M.D.,FRPC
Potter, Datid W.
Rai, Kanti, R., M.D.
ltall,Joseph E., M.D.
Richards, J.B., M.D.
Riklon, Ezra,M.O.
Riklon, Kimra

Technician
Scientist
Technician
Technician
Physician
Statistician
Dental Officer
Technician
Technician
Medical Officer
Int. Medicine
Inc. Medicine
Photographer
Medical Officer
Dentist
Surgeon
Technician
Technician
Oncologist
Technician
Xnt. Medicine
Physician
Medical Officer
Endocrinologistt
Int. Medicin~
Cardiologist
Technician’
Ophthalmologist

Dentist
Physician
Technician
Ophthalmologist
Hematologist
Technician
Hematologist
Dental Officer
Photographer
Technician
Scientist
Technician
Hematologist
Physician
Radiologist
scientist
Pediatrician
Endocrinologistt
Physician
Medical Officer
Technician

Year 19’

US ~aVy,L~I 54-57
BNL 63
US Navy,.NMRI 54
US Navy,~NMRI 58
Tokyo, Japan 72
NRDL 57,58
TTPI 60
US Navy,NRDL 54
BNL 73,74
‘ITPI 62-68
ABCC, Japan 59
US Navy,NlfRI 56
BNL 70
TTPI 59
TTPI 60,61
BNL 65
TTPI 67,72

So. Nassau Comm. Hosp. 61-63
Sloan-Kettering Inst. 61

US Navy 55
BNL 71-74 -

M Radiological Sci. Japan 6&,72
TTPI 59,60,64,65

Univ. of Pittsburgh 72,74
MC, DBM 54

Memorial Hospital, N.Y. 59
TTPI 67-69,71-73
US Amy(Ret) 56-59,62,64,67,

71,72
US Navy,lWRI 59
TTPI 60,61
BNL 69-72
US Navy,= 55
V.A. 61-65,67,72,74

67,72,74
Boston City Hospital 62,63

‘rTPI 72
NRDL 57,58
TTPI 62
BNL 71

US Navy, Naval Med. Center 58
UCIA 68
TTPI 72

U. CoIl. Med. School, London 72
BNL 58,59
BNL 70
m 57,65,71
US Navy,- 56
TTPI 59-63,69,72,73
TTPI 72
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Survey Participants

Name

Rabbins, Jacob, M.D. Endocrinologistt
Robertson, James S., M.D.,Ph.D. Scientist
Rotlunann,John C. Technician
Saul, Jospeh Technician
Schork, Paul K. Technician
Scott, william A. Technician
Severson, C.D. Technician
Sharp, R. Rad. Scientist
Shoniber, Sebio Technician
Shulman, N.R., M.D. Hematologist
Sipe, Clyde Technician
Smith, L.J. Rad. Scientist
Smith, Robert F. Photographer
Snow, Lloyd D. Technician
Soras, Philipo Technician
Steele, John, M.D. Pediatrician
Strome, C.P.A. Technician
Sutow, Wataru W., M.D. Pediatrician

Tenorio, Pacifico Technician
Tomssch, Charles physician
Urschel, Harold C., Jr., M.D. Physician
Waithe, william Technician
Watne, Alvin C., M.D. Surgeon
Weden, E.A., Jr., M.D. Physician
Weldon, fiomas Technician
Wolff, Jan, M.D. Endocrinologyst
Wolins, William, M.D. Int. Medicine
Woodward, Kent T., M.D. Radiologist
Zetkeia, Nelson Technician

1954 - 1974

Year 19’

NIH
BNL
BNL
TTPI
US Navy,NMRI
BNL
US Navy,NMRI
US Navy,NMRI
mI
US Navy,NMRI
BNL
US Navy,NSDL
BNL
US Navy,NMRI
TTPI
TTPI
US Xavy,NMRI

MD Anderson Hosp., Texas

US Navy,NMRI
BNL
US Navy,NMRI
NY University

Univ. of West Virginia
US Navy,N’RllL
BNL
NIH
BNL
US Anny,APSWP
TTPI

66,72
54,58,65
74
71,72
54,57
58:74
56
54
59-74
54
54,55,58
54
59,67
56,59
61
74
54,55,56
58,59,61-63,65,
67-69,71,72
58,59
71 “
58
64
64
54
67 -
74
58
55
61,66-;4

\
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A
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.4ppendiX3

s umrnary of the Findings over the 20 Year Period

the Japanese Fishermen Exposed to Fallout in1954

On March 1 in 1954, 23 Japanese &hermen aged from 18 to 39

were exposed to radioactive fallout produced by the thermo- nuclear

test explosion which was performed by the U. S. Authorities at

Bikini lagoon. They were crew of a tuna-fishing boat “The 5th

Lucky Dragon”.

The location of the boat was 166°58’ E. and 11°53’ N.. At about

3.50 a.m. they saw a huge red light in the west and heard detonation-

like sounds 7-8 minutes later while they were fishing for tuna.

At about 7.00 a.m. white ashes began to fall on the boat which continued

for about 4 1/2 hours. After 14 days navigation they returned to their .

harbor, Yaizu, on March 14, 1954. After landing, all the fishermen

were found to have been injured by the radioactive materials. Seven of

them were hospitalized to the Tokyo University Hospital and the other

sixteen to the First National Hospital of Tokyo by March 28. They were

discharged from both hospitals in May 1955, except one fatal case who

died on September 23, 1954. After being discharged, most of them

have been exarni ned so far as possible on an anual basis.

A. State of Irradiation aad Estimated Radiation Dose

When fallout fell most intensively they could not keep their mouths

and eyes open. Fallout deposited on the deck as thick as their foot

prints were marked. The persons were irradiated in the following

three ways : 1) From the radioactive materials adhered to the skin

2) Externally from the radioactive materials in the cabins, on the

deck etc. 3) Internally from the radioactive materials entered various

organs.

The estimation of radiation dose to skin as well as the dose by

internal exposure were difficult. On the other hand, the estimated
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external radiation dose was approximately 170-600 rad for 14 days,

about half or more being irradiated on the first day. The dose to

each person differed depending on his behatior on the boat and the

position of his cabin.

The integrated dose to thyroid glands from
131

I was inferred as

about 20- 120 rad. Urine samples which were collected at 4 weeks after

the explosion revealed significantamount of radioactivity. However,

the radioactivity decreased rapidly, e. g. at about 6 months post

detonation the activitywas barely detectable. In the analysis after

8 1/2 years and 10 years the levels of
137

Cs and 9“Sr in urine were

the same to those of normal Japanese. At the same time the re suits

of whole body counting showed no significant difference between

fishermen and controls. The radioactivity in several organs of the

fatal case was higher than controls, but low.

B. Clinical and Laboratory Findings

1. General symptoms and signs

Soon after the initial exposure most of the fishermen experienced

anorexia, fatigue, and lachrymation, and in some

vomiting occurred.

2. Skin lesions

Skin lesions were caused by beta irradiation.

of them nausea and

Shortly after the

exposure, they suffered from erythema which was followed by edema,

vesicle, erosion, ulceration or necrosis. Epilations were observed

in 20 cases, especially 2 cases who did not wear hats during ash-fall

revealed c ornplete epilation. These skin lesions were similar to

ordinary radiodermatitis histologically. The skin injries recovered

gradually. At present, namely 20 years after the exposure, in a few

cases depigrnentation, pigmentation and capillar y dilatation are observed.

Atrophy of epidermis with narrowed stratum granulosurn were clear

in histological section of these area examined 10 years after the exposure.

3. Hematology

a. Leukocytes : Total number of leukocytes decreased gradually,
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showing minimum count at 4th - 8th week. 5 cases revealed a count

of less than 2,000 /~3, 13 less than 3,000 and 5 less than 4,000.

k one case, the leukocyte level depressed to 800. A correlation

-s found between these minimum count and the externally irradiated

gamma doses of each individual. At first lymphopenia was noticed

and then neutropenia became marked. Since 8th week recovery was

proved. In many cases remarkable eosinophilia was observed at

that time. In some cases immature neutrophils appeared in peripheral

blood slightly.

b. Erythrocytes : In severe cases slight anemia was observed,

accompanied by the depression of reticulocytes. Color indices

were higher than 1.0. The Price- Jones curves of erythrocytes

diameter were displaced to the right of normal one at first, which

returned to almost normal after one year.

c. Platelets : Platelets counts showed increasing depression,
.

reaching minimum at the 4th- 7th week ( 15,000- 100,000 /mm5).

Slight coagulation disturbances observed in a few cases.

d. Bone marrow : In severe cases bone marrow was highly

hypoplastic at the criticalstage, which changed to hypoplastic and

turned into almost normoplastic. Recovery was not complete even

after a year. At the recovery stage coexistence of hypoplastic area

and hyperplastic area was observed in histological sections.

e. Morphological abnormalities : Several morphological

abnormalities, e.g. abnormal granules in lpnphocytes or neutrophils,

vacuoles in various leukocytes and me gakaryocytes, giant nuclei and

hypers egmentation of neutrophils, binuclear lymphocytes, abnormal -

mitosis of erythroblasts etc. were observed for about one year,

especially at the critical and recovery stage. A little increase of

“mitotically connected abnormalities s“ was found in bone marrow

smears of a few cases after 10 years.

f. Recovery : The cumulative distribution curves of numbers of

leukocytes, erythrocytes and platelets displaced to the left of normal
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ones remarkably at the c ritical stage. Though the curves of

erythrocytes and platelets lay on normal Japanese ones after 2 years,

the curve of leukocytes still displaced slightly to the left of normal

one even after 6 years.

4. Cytogenetics

Follow- up of

performed since

chromosome observations in blood cells has been

1964. Even 20 years after exposure, cells with

chromosome abnormalities (both Cu and Cs cells ) exist in the

peripheral lymphocytes with much higher frequencies than in general

population. The frequency of Cu cells ( dicentrics + rings ), however,

was decreasing. On the other hand, Cs cells remained fairly constant

in the frequency of around 2 Yo. The frequenciess of the chromosome

abnormalitiess were found to be c orrespondiag to the severity of injuries

indicated by minimum leukocytes count at the critical stage. In the.

bone marrow, cells with chromosome abnormalities ( Cs ceils )

occurred rather constantly with frequencies of more than 2 % in all the

4 times of samplings carried out 13-17 years after exposure.

5. Spermatopoiesis

Number of sperfitozoa decreased about 2 months after exposure,

and azoospermia was found. Both fall of motility and morphological

abnormalities: of spermatozoa were also observed. Indications of

recovery were noticed about 2 years after exposure. Then most of

the patients got healthy children.

The testicle of the fatal case, which died 206 days after exposure,

showed extremely reduced sperrnatopoiesis.

6. Other findings

Slight disturbances of the liver function were found in a few cases

at the time of hospitalization. Later it became more obvious. Cne of

the fishermen, who revealed remarkable hematological disturbances,

died from liver damage. During follow- up studies elevated values of
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GOT and GPT were observed in several cases. In 1974, ascites were

proved in 2 cases , one of which was accompanied by diabetes mellitus

and sepsis. These have recovered already.

Ophthalmological examinations showed slight lenticular opacities

in several cases. Its significance is not apparent yet.

Other studies including thyroid studies are going on to detect

late effects.

Toshiyuki Kurnatori, M. D.

Head,
Division of Radiation Health, -
National Institute of Radiological
Sciences
Chiba- shi, Japan

\
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Appendix 4

Booklet Printed at Brookhaven National Laboratory
To Answer Questions of Rongelap and Utirik People

How does radiation cause
diseases in our bodies?

Radiation in fallout caused
injury to parts of the body.
Laterontheseparts became
sick and cannot do theirjob
properly.There isvery little
radiationleftinthebodynow.

“~:- - ‘I& .- — .. ——

“/?&-;’- ,----:-.
L

;.. - .q

. ,..-~- .._- -- .*-_ .,.. .-, !ilR!

How can we tell if we have radiation in our bodies?
It is difficult for you to know if you have radiation in your body because thereisso

little.Only theexpertscan tell by checkingyou everyyear withspecialmachines.

How can we get rid of the radiation in our bodi~ G ground crab% etc?
Your body will remove some of the radiation naturally when you use the benjo

but this takea a long time. The only way to get rid of the radiation in the trees, soil,
crabs, etc. is to collect them and dump them into the ocean. But, since the radiation
is weak there is no reason to do this.

Luait growth on l?ongeiiqb
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Did we people on Utirik get as much radiation as the people on Rongelap?
lNo, because Utirik is farther away from Bikini than Rot-vgelap. One way to mea-

sure radiation is by counting the “rads”. Below is the number of rads the people
got in 1954:

People on Rongelap ........ ...l........................l75 rads
Pmpleon &lin@nae ........ .......................... 69 rads
Americans on Rongcrik .............................. 70 rads
People on Utirik ................ .......................... 14 rads

/)“-”I

Fin Rongeiafi Rongerik

Utlrik

)//’-J, g!!. E ~
c> Ronge@ Rongerik Utmk

175 rads 70 ra& 14 raA
Bikim”

No, because Utink isjhrther awayJrom Biktii. It k likejre. The closeryou @ to

Jire the hotti it gets. Heat is measured by &grees. Radiation k measured @ ratir.

-95-



Is there still radiation in the ground? How long will it last?
Yes, there is a little radiation left in the ground but it gets weaker and weaker as

time goes by.

womanW.dting c&wus
It is iikc dirp clothes. Ifyou wastt them and [ay them in the sun the dirt and poison

wdl come awq. The ground u too big to wash like ciothes so the rain does ItJoryou

If the radiation is still in the soil of these islands, why is there no restriction of
people moving into these i..dands?

The mdiation in the ground is so weak that it is safe to live on the islands and eat the
foods. There is no place in the world that does not have some radiation in the soil.

Feast on Rtn#s#

-96-

500biq2



Why can’t we eat coconut crab and arrowroot?
You. can eat the coconut crabs from the southern islands of Rongelap if you do

not eat more than three crabs per week. There isstillsome radiationin [he crabs
becausetheyeat theirold shellswhen they grow new ones.The peopleon Utirik
mav eat all thecrabstheywant. .4rrowrootmay be eatenon Rongelapand Utirik.

Is there anything else that we are not supposed to eat?
No, you may eat anything else that is good for you.

.

. AL ----‘.. “

Person sating pundanus

266 may eat anything eke like panaiamr,

If the U.S. can reach the moots, how come they did not know that the wind was
going to be shifted over to the islan&?

There were some mistakesmade.The U.S. can reach the moon because the quip
ment used to get man to the moon is under his control. The direction of the wind
is more difficult to predict because the wind is not controlled by man.
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Are miscarriages caused by the fallout?
Some of the miscarriages in exposed Rongelap women during the first years after

the fallout may have been due to radiation exposure. Since that time there were

onlya few miscarriages and this is norrtud. Women no longer have to worty about
miscarriages due to radiation.

*
[‘.S:’.&’ .7. J

. . 8

Childrsnand UJomsn

T&y are /wait&.

If I have trouble with my thyroid, will I be healthy again?
If you are treated properly and you follow the doctor’s advice, you should be

healthy and strong like anybody else. You should be examined every year so the
doctor can find out if you have thyroid disease. If the doctors operate on your thv-
roid, they will give you medicine. If you listen to the doctor and keep taking your
medicine, you will stay smong and healthy.

Since people who were not exposed to fallout have been living on the islands for
some time, have the Brookhaven doctors found any signs of radiation sickness in

them and if so wiil they be compensated?

There is practically no chance that any of these people will develop any radiation
sickness since the amount of t-dation left on the islands is so small. If it did happen
the government probably would consider compensation.

\
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Why doesn’t the AEC remove the radiation from the soil and plants?
It is impossible to do so and since the radiation is so small, there is no reason to

do this.

Why didn’t the U.S. explain to the people the dangers of the fallout before the test?
The people were not warned of the dangers of the fallout because the likelihood

that fallout would occur outside the restricted area was considered too remote to

justify warning the people. The occurrence of fallout in an unrestricted area after
the Bravo Test was the first accidental event of thiskind to happen after a nuclear
weapon test.

J
\

.-+%,J ‘

.

e
Ron,ge@ Utink

Bomb exfdosion

Why did the U.S. not take extra precaution?
The U.S. took the precaution of trying to keep people out of the area where they

expected fallout to occur.

-99-



I was not exposed to radiation so why do I have to be examined?
The docton examine people who were not exposed because they need to know

when the exposed people become sick, if their sickness is caused by radiation or
something else. If you were not exposed and got sick and your brother was exposed
and got the same sickness, then the doctors would suspect that the sickness was not
caused by radiation. You do not have to be examined if you do not want to be.
Remember, though, that you are helping your family and friends when you are
examined. Also, you are receiving a ffee medical examination by the best doctors
in the world.

&etor examines a patiant
Tou are examined to make rure nothing K wrong.

Why do I have to be examined every year?

130ctors still do not know everything about radiation sickness so they are checking
you to make sure that you are healthy. They check you every year so that if you are
sick they can find it early and treat you. Doctor Conard’s team treat many people
every year, even when the sickness does not come from radiation. The Congress of
Micronesia recommends that everyone take the examination.

Why arc some people becoming sick now 20 years afker the test?
The radiation was in their bones and certain parts of their bodies such as the thy-

roid gland. Doctom still don’t undemtand all about radiation dmase. That is why
they are checking you every year to make sure you are healthy.
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Why do you have to take our blood? urine?
The doctors check your blood to find out if you have blind disease. They check

your urine to find out if you have other diseases. For example, Dr. Conard found
some people with diabetes (sugar sickness) ,which is not caused by radiation and he,
was able to give them medicine. Another reason is that the urine removes radiation
from your body so the doctors want to find out if you still have radiation by looking
in your urine.

Why do they take our blood for examina~on and then throw some of it away?
The doetom take your blood to study it. They need to study your blood three or

four times so they want to make sure that they have enough blood. It is better to
take more blood than not enough because if they need more, they don ‘t have to stick
the needle into your arm again. You have plenty of blood so it won’t hurt you to

losea little.

a.4 ● Part saocdfor more tests

Tested and thrown out
s

Bbod test
Part of the bbod u tested and can be thrown awq.

Another part is savedjor other tests at Brookhaven.

Why do you have to drill into our bona?

Radiation can cause blood diseaae and your blood is made inside of your bones.
The doctots drill your bones to see if they are healthy.
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W@ do people die after they have their bones drilled?
Nobody can die from having their bones drilled. Drilling into your bones is not

dangerous or harmful and does not cause death.

Dentist &iKng teds

Dentut.sdriilyourtedq tco,butyou do not die.

(he man became blind after the fallout.. . Wfl I become blind too?
No one became blind from fallout and we don’t expect anyone to become blind

liom it since there was not enough radiation to cause blindness or eye trouble.

Why do we have to be taken away to the States to be operated?
To give you the best medical care possible. The best doctors, hospitals and equip

ment are in the States so you are sent there for treatment. When Lekoj Anjain was
sick, he was taken to the National Institute of Health Hospital in Maryland. Even
the President of the United States goes to this hospital when he is sick because they
have the best doctors and the best equipment in the U.S. It was sad that Lekoj died
but the doctom did everything they could to treat him.
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Why do I need to take medicine for my thyroid?
If you had an operationand your thyroidglandwasremoved,the medicinewill

do thejob thatyour thyroidused to do. So, you must keep taking your medicine.
Some people who did not have the operation also take the medicine so that their
thyroid glands do not get sick. It is very important that you take your medicine if
YOU w’~t tO Stay healthy.

What kind of radiation caused thyroid sickness and Ieukemiaii
Thyroid sickness in the Rongelap people exposed to fallout was ,mused by damage

to the thyroid gland from a “thyroid radiation poison.” It took a long time for the
sickness to show. A few unexposed Rongelap people as well as some people in the
Marshall Islands and all over the world deveiop thyroid sickness, but it is not due to
radiation. All the “thyroid poison” on Rongelap was gone when the people moved
back. Leukemia is a disease of the blood. Some cases were caused by radiation in
Japan and it is possible that Lekoj’s leukemia may have been due to radiation. TLme
is about past for any more leukemia to be expected from radiation.

What will happen to the people who were not exposed to radiation but are now
living on Rongelap and Utisik?

They don’t have to worry because there is practically no chance that any of the
people will get sick km radiation since there is so very little radiation left on the
islands.

.-,
.- - --

Fetssi - Pet#

hey arc Rimgekap p+e. 77tT are healthy, too.

\
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Why do the doctors feel our neck?
Your thyroid glands are in your neck. The doctorsfeelyourn=k to findout ifYOU

have a sickness in your thyroid gland. .Another way to check your thyroid is with a
special machine.

\

Z&v&i exumirwtsbn

Speciai machineJor chccktig thyoidglartd

What is the thyroid giantU
Your thyroid glan~ doesa certain kind of work in your body. Your eats allow you

to hear, your eyes make you see and your thyroid makes you grow normally and
stay healthy. Bceause radiation affected their thyroid glands, some of the boys in
Rongclap grew slowly after the fallout. In 1965, they were given special medicine

and they gTOWnormally. If you have a—, ~.,
k. thyroid operation, it is very important

that you take the medicine that is given
to YOU.The medicine will do the same

Fl ‘work as your thyroid and it will keep
~’q~- q!~ you healthy.

~b

A& andAkkt

- “- T&v were~ick b~ore. T& art healthy now.



What is cancer?

Cancerisa diseasewhichhappenswhen a certainpartofyourbody becomes sick
and does not do its job. The sickness can spread to other parts of your body. Cancer
of the blood is called leukemia and that is the disease that Lekoj Anjain had. Some
kinds” of cancer can be controlled by medicine and othem must be stopped by oper-
ation. Some types of cancer, such as leukemia, cannot be cured. Cancer is dan-
gerous but if the doctom examine you and find it early, they have a better chance to

help you.

So far, what are the heaith findings? Are we healthia or sicker?
The medicalexaminationsshowthat you are a healthyand strongpeople.The

onlv significantdifferenceshavebeentheearlyfallouteffectson thebloodand skin,
thehighernumberof miscarriagesin 1957 and 1958 and the thyroidtroubles.

JVhat is our future in regards to our health?
Dr. Conard and the other doctors feel that most of you are healthy and that you

do not need to wow about the future. This is also true for the unexposed people
who moved onto the isiand after the fallout and for the children who were born after
1954. Some of you may become sick but you will be given the best medical care
possible . . . even if the sickness is not caused by the radiation. If you allow the doc-
tors to examine you and if you follow their advice, you should be able to live a
normal, healthy life. Examinations of thousands of children of exposed parents in
Japan have not shown any diseases born radiation. Examinations of your children
also show that they are healthy.
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Appendm 5

Reported Cases of Noufiable Diseases. Trust Territory Districts

Jan. ’74

Disease Total

Category “.4”
.&4 Choiem
AB Plague
AC Smallpox
AD yellow fever

Catescom “B”
B~ ‘Deneue fkver
BB
BC
BD
BE
BF
BG
BH
BI
BJ
BK
BL
BM
BN
BO
BP

DlpKtheria
Dysentery - amoebic 180
Dysentery - bacillary
Encephalitis
Measles
.Meningnis - mcningococcal
Merun@s - other forms ~

Pertuasis 23
Poliomvelids
Relapsing fever (louse-borne)
Severe epidemic fever
Typhoid fever
Typhus (flea-bame)
T~hus (mite-borne)
Typhus(louse-borne)

Categoly“c”
CA Gonorrhea 78
CB Infectious hepatida 18
cc Iniluenza 1075
CD bp~
CE Rh~tiC fever
CF Syphilis
CC Tetanua
CH Tuberrxdosia - pulmonary 14
CI Tubercubsis - Other forms
CJ Yawa (treponematosia)

Cateaorv “D
D~
DB

Dc
DD
DE
DF
DC
DH

‘Chickenpox 24
Conjunctivitis - acute infectious of newborn
Conjunctivitis - infectious (pink eye)
D#m~y - Unspecified type

6
Pish poisoning 17
German rnealle$
Mumps 447
Septic sore throat 32

Total ,Mamhalls

203

1
1

48
4

1762

1

8

2

94

150

9
27

14
59

66

11

817

2

33

27

Jan. ’75

Ponape

58

16

69

2

15

5

Truk

70

1

2

295

1

18

9

10

Marianas

+

7
2

139

3

28

150

54

Yap

5

6

176

1

1

%lau

i

6
2

’266

9

3

5ow J202
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?oscexposure Day

1.8 2.2

——

2.6 2.1

2.1 1.7

2.4 1.9

2.4 2.1

2.6 2.1

2.3 L.8

3.2 2.1

3.2 2.0

2.6 2.0

2.9 2.3

3.1 2.4

3.4 2.1

3.7 2.4

3.7 2.3

3.3 2.2

——

3.6 2.2

b.6 2.8

b.7 3.1

3.7 2.7

4.6 3.6

6.0 6.0

— 3.7

— 2.9

— 2.6

— 3.0

— 3.5

— 3.0

— 2.5

-. 2.8

— 2.6
— 3.0
— 2.3
— 3.1
— 2.4
— 2.6
— 2.5
— 2.b
— 2.8

.3

7

10

12

15

18

22

16

30

33

39

L3

47

51

56

63

70

76

6W su~y

l-yrsum~

2-7r s-y

3-7-CSUV97

b-yr SUI-’JV

5-7? sum

6-7T SUMV

7-ye Summy

8-yr SUm

9-yeSur.my

lo-y’rsurP9y

U-yr Survey

12-w survq

L3-yr Wrv,y

L4-YT SUIT9T

L5-9Tsurm~

L6-yc●n-’m7
l?-yr Sumy
18-yr wnmy
19-7r wmy M?!
19-7Cml-my sap
20-7’rwlmy m
20-yr s-y sap

9.0 8.2

4.9 6.2

6.6 7.1

5.9 6.3

5.9 6.5

6.7 7.2

7.0 7.4

5.7 6.1

7.6 7.8

6.5 6.2

5.7 5.5

5.2 5.2

5.9 5.8

6.7 5.6

7.0 6.0

7.7 6.0

7.6 6.5

——

.9.s 6.6

10.1 8.1

12.8 8.6

8.6 6.9

a.9 7.5

13.5 9.5

— 6.5

— 7.4

— 6.9

— 7.b

— 8.2

— 7.&

— 6.8

— 7.2

— 7.0

— 6.5

— 6.4

— 7.3

— 6.9

— 1.4

— 7.6

. 7.6

— 8.1

6.4 L.7

——

3.5 4.5

3.s 3.9

3.2 4.1

3.4 4.7

4.3 5.0

3.0 3.9

6.0 S.3

3.1 3.a
3.0 3.3

2.0 2.6

2.6 3.3

2.6 3.5

3.5 3.5

3.9 3.6

3.a h.o
——
.4.6 4.2

4.7 b.8

5.9 4.8

4.1 3.1

3.3 3.4

6.9 4.8

— 3.5

— 3.9

— 3.6

— 3.7

— 3.a
— 3.7

— 3.6

— 3.7

— 3.a

— 3.0

— 3.5

— 3.9

— 3.9

— 3.9

— 4.2

— 4.3

— 4.3

—.
——
28.2 22.7

——

27.1 21.3

21.8 19.1

16.a 14.6

13.2 12.9

14.1 12.3

L7.9 16.6

29.5 22.0

26.8 20.9

24.6 20.6

22.1 17.5

——

23.1 18.2

—.

26.2 21.7

24.4 20.3

26.6 19.s

30.0 21.4

32.0 22.1

32.5 27.1

32.3 24.4

——

— 24.6

— 32.8

— 23.1

— 32.0

— 26.3

—- —

— 22.9

——

— 25.9

-— —

— 20.3

— 23.2

— 22.0

— 24.8

— 23,5

— ~a.4

.— ——
——
——
—.
-— —
—.
37.5 43.9

36.3 41.6

37.9 42.2

37.4 42.2

37a 42.4

37.3 41.8

39.0 43.4

——

——

——

——

——

3a.o 41.7

37.5 41.1

3a.7 41.2

35.6 38.7

35.6 41.0

——

——

37.6 41.7

3.9.5 43,0

39.1 43.7

40.’4 43.5

39.9 44.0

38.8 42.7

U.b 44.5

41.5 ‘45.7

— 46.2

— 43.2

— 42.9

— 44.3

— 44.7

— 41.1

— 42.0

— 46.7

—
— —

24.9 24.8 —-
— —— — —

21.7

22.8

15.2

10.9

11.a

15.1

22.4

23.2

23.9

21.2

22.5

21.0

15.3

11.9

12.3

16.0

22.8

23.2

23.1

20.3

—-
—
39.0

37.5

37.1

36.8

37.4

37.6

3a.3

— — ----
——-

-—
—- ———

—
.— —
——
-— — --—

—-—
— — — —

—20.2 20.1 —
— — —
24.7

23.2

27.6

25.5

28.1

30.8

27.6

24.L

22.6

24.9

24.7

—
3a.2

36.9

3a.L

35.4

35.8

— —
—
— —

——
— —
— —

4.45
—

k.54

4.6a

4.29

—

4.65

—
6.71

—--
b.2L

—

4.11

4,44

14.12

— — —
37.0

39.3

38.4

39.3

37.7

3a.3

40.0

39.L

39.9

3a.1

3a.7

37.0

36.9

36.0

36.6

41.9

—
27.3

32.L

2a.4

37.2

28,s

4.45

4.67

4.38

—

—
6.60 3.94

— — —
25.L 3.84 4.52 Loo—

—
19.1 4.26

—

4.3L

4.57

4.72

4.a9

5.20

5.60

3.66

-—

3.s4

6.01

4.15

4.13

6.91

4.66

— —
—

24.6

29.1

26.0

2a.7

28.0

20.2

—
— -—

-—
— —

——
—

Microscopic comes flrsc2 W. @uLtu ●leccrmic c01mc8y? 3 throu@lLa. Cacra.t Sciamc* (MU) dcct?omic C-CS YT 19 ad 20.

‘k~ MiCZO~Op~ chrou~ L4 yr. COUICU d~trmie coaatm 15 thrau@ La yc. @m*ral Scima (Iu4) ●lmcrolticc0u0c8yr L9 ad 20.



AppUldiX6 (COIICiIIUd)

Wutrophils Lymphocytes
!X1O-3) (xLo-3)

Plac*Lecs**
(xlO-)

Kematocrit,
:

‘WC*
(X1O-3)

%le
<L5

*1* *1* Female Tocaz tie %le
.5 ,5 <5 ~s .10 >LO All Agas GCOUP .15 >15

(b) Ailiu6uAmG.OUP (69 ruis; 18 Paopleplus on. in utero)

.5 .5

6.0 7.0

5.5 6.8

6.3 7.3

6.3 7.6

7.1 7.0

6.8 7.a

8.9 8.7

a.4 7.0

9.6 8.6

7.7 7.a

7.5 6.2

6.9 6.5

7.3 6.7

a.k 6.3

4.6 6.3

7.7 6.5

LL.I 7.a

11.0 9.1

12.1 7.0

11.5 7.5
— 9.7
— 7.3
— 7.7
— 6.5
— 7.1
— 7.3
— 7.1
— 6.2
— 6.6
— 5.6
— 5.8
— 6.4
— 6.7
— 7.5
— 7.1
— 7.1
— 7.8

——
——
22.5 22.6

——

29.0 20.2

27.5 11.7

23.5 17.0

20.0 13.a

19.5 12.8

24.0 15.8

26.5 20.a

28.0 19.6

27.o 20.0

32.o La.z

37.0 19.8

25.2 19.2

3a.7 21.6

51.2 L7.b

60,8 22.4

33.2 24,7

bo.9 26.3

——

— 25.6

— 33.4

— 23.S

— 32.4

— 33.5

.—

— 20.7

——

— 17.2

——

— 17.2

— 19.s

— 24.0

— 24.1

— 24.9

— 17.2

—3.0 5.0

——

4.2 4.2

I.a 4.7

2.3 4.5

2.9 5.0

5.3 5.4

4.a 4.4

5.3 6.2

3.3 5.2

2.9 4.2

2.7 3.6

3.5 3.a

3.a 3.6

z.a 3.5

4.a 3.9

4.2 4.7

6.’3 5.1

5.5 3.9

z.a 3.7

— 5.1

— 3.6

— b.1

— 3.4

— 4.0

— 3.6

— 3.a
— 3.3

— 3.0

3.a

— ?..2

6.0

— 3.h

— 4.6

— 3.7

— 3.9

— b.6

— 3.4

z.a 2.2

——

1.9 2.2

3.1 2.2

4.2 2.2

3.5 2.4

2.7 2.9

3.2 2.2

3.7 2.0

3.5 2.2

6.7 L.9

3.9 2.7

3.4 2.7

4.0 2.2

3.2 2.5

2.1 2.2

6.5 5.6

b.a 3.2

5.6 2,6

7.0 3.3

— 3.7

— 3.0

— 3.1

— 2.6

— 2.4

— 3.1

— 2.7

— 2.3

— 2.9

— 2.2

— 2.2

— 2.0

— 2.6

— 2.2

— 2.3

— 2.2

— 2.0

— 2.6

3

7

LO

22

15

La

22

26

30

33

39

43

47

51

54

6-m s-y

l-ye Smy

2-ye smy

3-yr $Urww

~-n w-y

5-yr surv9y

6-yr Wm

7-yr ●XV97

a-~ SUI-99T

9-71 nlrmy

1O-7TSurwoy

11-x S-Y

12-Y? wrvw

13-yr s~

Lb-yr SUW

L5-yr s-y

L6-yr Sumy

17-ye Stlrmy

la-m S-Y
19-yr ●Mw97 Nar

19-yr sum? sap

Zo-yr ml-my Hu

——
——
——
—.
——
——
37.s 63.7

36.5 43.2

36.0 4b.6

35.5 43.8

35.0 h5.6

36.0 45.2

—— 46.5

— —-

— —-

37.5 40.1

33.0 44.6

3s.7 44.4

37.5 40.6

36.1 43.1

——

——

36.0 46.2

37.0 42.5

36.0 46.0

37.0 43.0

37.5 46.0

3a.5 44.2

36.0 43.6

3a.o 46.5

— ib5.o

— 60.6

— 43.6

— 62.5

— 3a.7
— 42.1

— 4b..b
— 50.6

—
— — —

20.9 21.5

—

23.9

24.3

21.3

16.7

16.8

17.6

25.2

24.0

24.5

23.9

24.2

22.7

27.5

26.7

— -—
—
—

—
24.6

24.9

22.9

17.b

la.2

22.7

27.0

25.3

26.1

25.0

23a

23.9

za.3

26.4

31.2

33.6

26a

— —-
—
39.2

36a

36.7

37.3

37.4

36..9

60.2

—

— —
— — —-

——— —
—
—

—
— —

— -—
-- -—
-— ---
-— — -—

----— ---
37.3

36.2

37.5

35.6

35.7
—

-—
—

—
— ——

— —
— —

— —
5.1s 4.31

—

4.L9

4.35

4.10

-—

6.11

—
———

2a.1

32.7

23.6

41.5

34.7

37.0

37a

3a.3

3a.3

37.6

37.8

16.5

39.3

3S.6

3a.o

35.5

35.5

38.6

3a.9

35.2

40.6

4.56

4.51

3.77

—

4.33

5.22

S.12

4.69

—

— —
S.09

— — —
4.98zz.a 3.a4

— — —
21.4 6.67 3.59— —

—
2a.4

33.0

25.1

26.2

30.1

19.a

4.33

5.01

4.54

4.92

6.30

5.6&

3.31

4.29

4.11

L.55

4.34

L.50

— —
—

— —
—
—
—207r WrV8y sap — 6.6 —

\
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Lymphocytes
(.K1O-3)

Plac*l*cs**

(xlo-~)
,~Iy

(X1O-3)
Xcucrophils

(X1O-3)

<5 >5

4.7 4.2

4.1 3.2

——

4.9 s.a

4.0 3.4

-- 3.9

— 4.5

— 3.a

— 4.6

k.a 4.8

5.4 5.2

——

7.0 4.4

6.0 3.4

4.0 3.6

6.2 5.2

— 4:2

-- 4.2

— 3.9

— b.a

— 3.9

— 3.9

— 3.1

— 3.9

— 4.2

— 4.1

.XilLe
~15

!iala
>15

!iala ala Fads Total
.5 >5 .LO >10 AU A$*S Group

(c) Utirik GrouP (14 rinds;lsaPmpld

4.93.2——— —

5.12.9——— —
—— 3a.9 2a.1 35.6 —

4.8 3.2 34.5 25.6 31.7 —

6.7 2.9 32.6 26.9 30.0 —
— 3.0 — 35.6 3a.9 —
— 3.0 ——— —
— 3.2————
— 2.5 — 24.6 33.6 —

(d) UncxPosulRonmkp conmoiu

!!!4
.15

%lle
~15

Femah
All Agm

—

—

—

39.4

3s.9

37.7

39.9

39.3

3a.o

39.9

—

—

39a

35.9

3s.1

—

37.0

39.0

3a.3

3a.3

37.6

39.0

39.9

3a.2

37.2

36.6

POsWmpomxa Oay

9.4

10.0

8.2

a.6

4

14

19

29

3-y’rs-y

9-yr W?w8y

lz-yrnlmm~

Ls-yrSummy

la-19-n ~WV

—
39.9

39.9

3S.6

37.9

39a

—
—
45.1

41.0

42.4

45.1

45.5

43.4

—
— —

10.1
9.a
—

—

9.7

6.9

7.6

a.1

7.5

8.1

—
4.39

-—
4.12

—
4.64

——
4.15— —

7.4

4.7

&.1

3.7

$1.2 25a

35.0 27.3

37.5 24.5

35.5 24.2

32.6 26.9

~a.a 30.7

3s.a 2a.o

— 2a,5

— 34a

— 29.1

— 35.4

— 2a.1

— 2s.a

— 17.1

— 21.6

— 22.6

— 26.1

36.5

30.9

29.4

31.2

30.0

34.0

33.6

31.4

34.s

32.5

37.9

2a.3

26.0

20.7

26.6

27.6

26.1

33.4

30.6

27.6

29.5

—

xsjur.a controls

Uta Cmt . 6-

FWtacont. L-yr

Ritacat. z-y-c

F.4m~.Cmc 3-7’C

R5ns.coat 4-7r

inns.c-c 5-W

Fimg.cm?. 77r

-c. CmC a-

Xmg. Cmt 97T

tic . Cent10-m

Rnag. coat 11-X
RAmg. Cme L3-yr
Runs. cone 15=
lllxlg. cone 17,

la-

.-g. Cmt L97r

F.Oug.Cone20 s~Q
b -Z

13.2 9.7

10.7 7.6

——

M.O a.9

9.8 6.9

11.2 a.o

13.7 10.1

— 7.a

— 7.7

— 7.7

— 9.1

— 7.3

— 7.3

— 6.6

39.6

—

46.0

-—

—

42.L

41.0

42a

.

44.4

44.L

43a

44.1

44.4

44.3

46.7

.—
-—— —-

5.6

4.7

6.2

6.2

3.6

2.9

3.7

4.1

3.1

2.9

3.1

3.5

z.a

2.7

2.9

3a.9

35.6

35.5

—

37.2

3a.3

39.4

37.4

39.6

39a

— —

4.60

4.52

4.60

4.33

b.ao

4.6a

4.90

4.50

k.ho

6.12

4.47

4.13

—

—
—

—
—.

4.65

4.26

k.71

4.43

4.36

6.16

4.04

3.76

3.96

4.22

4.7fA

—

—

—— 7.s

— 7.9

3.1

2.7

4s.1

62.8

4.47

k.63

--
— —

—

—

——— 7.3 42.3 5.142.4 —
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.\ppendix 7

Subject
No. & sex

Rongciap exposed

83 M
84 M
85 M
861?
54 M
65F

5M
3M
2M
6 iM*

33 F
8 F*

42 F
21 F
17 F
23 M
32 M
69 F

Rmgdap
UmqOtKd

805F
811F
812F
813M
814 M
815 M
817 M
818M
879 F
909 F
911 F
912M
925 F
926 F
955 F
96o F
978 F
98o F
981 M
996F

Pediatric kdwopomctric Data (Height and Weight), 1970-1974

Age at
Cqowrc

In u&0

,, ,,

,, ,,

II II

Iy

ly 2m
14
15
14
14
17
18
3
3
34
35
36
37

Date
of birth

2/25/54
2/14/54
2/ /54
1/ 2/54
4/ 5/52
5/ 4/50

10/19/50
3/ 4/51
4/ /54
3/11/50
3/ 8/53
6/ i/53
5/ 4/50
2/26/51
5/11/52

12/ 5/51
10/20/50
10/ 3/52
8/ 8/54
1/16/53

1970 1971

Ht Wt Ht Wt
cm lb cm lb

164.5 126
161.2
158.8 99

167.6
146.7 86

146.0 146.4 98
154.0 157.9 151
167.6 124

159.3

149.0 100
150.8

132
171.0 156
163.0

158.5
147.6
157.3 114
164.0

166.7

150.5
144.4
146.5

158.7

1972

Ht Wt
cm lb

162,0 110
%

167.9 170

151.0 109
159.0 136
167.6 134
160.8

158.5 150

161,0

172.0

1973

Ht Wr
cm ib

164.5 128

150.4 94

147.0
151.0 110
159.5 122

128

154.0

159.0

165.5 138

158.5 142
148.0 109

121

161.0

177.0
150.5

148.0
163.0
149.4

153.0

154.0
153.0

161.0
147.7

1974

Ht LY’t

cm lb

150.4

147.0

159.5
167.6
160.8
160.5

149.4
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Appmdix 8

s*rtm Iodim L*w1s in !@Xshticsc, 1958-1974

K*Y: Plainnuaber.ara TL vahm; ●rrow indicattscharts-in TL with TSH:
TSM - chyraidstiml~cing hormm; n-err in pmencheses aro PBI values;

Ts

1964 1965 1966 19b71962

(7.4)

(7.2)

(&.6)

(6.7)

(7.7)

(8.8)

(10.3)

(7.s)

L963

(1.9)

(2.5)

(7.1)

(7.8)

(8.8)

(10.2)

(7.1)

(S.6)

(9.0)

(s.7)

1968

2.0

1.6

10.3

7.5
s

7.8
6.2

4.2

s

1.3

9.8

7.3
s

1969

3.3

1.6

9.3

(8.7)
5.0

(10.7)
5.7

9.6

10.1

S.5

(14.1)
11.9

2.3

1970

(0.6)
3.1

(0.8)
3.3

(6.1)

(7.9)
9.0

10.5

7.8

(4.2)
6.1

(8.2)
LS.9

6.5

10.3
(7.3)

(0.6)
3.3

(7.9)
7.7

(2.8)

(:::)

(3.9)
6.3

(10.0)

(9.1)

1s.s
(10.7)

8.0

(7.0)
2.2.4

1971 1972 1%73 i974

1“

33 H

3M

5 ?4

33 F

54 !4

65 F

2 s

17 F

19 K

21 ?

42 ?

23 M

69 ?

72 F

15 F

20 H

36 M

61 F

75 F

67 F

18 ?

60M

64?

56 F

7.5 6.7 6.2+8.6
ZSH 7.0

& Utmro saI12* (8.1)
( wiiti) wlm-

1

1

L

1

1

2

3

3

3

3

b

b

6

7

7

7

8

12

14

21

29

30

66

w- (a.a)

m-

MrIigo
ad—

Smim
aden-

Bemigcl (7.1)
ad—

9migIJ (0.0)
admwms

3tiga
ad—

0ti6a (6.4)
ad— (6.1)

s.asi~ (7.4)

(1.4) (3.2) 5.9
1.3 1.6

5.9,6.1 6.7 8.9 2.7
Tsa 12.512.5 ‘csa<2.s

Tss al
(2.5) (3.1) l.a
(1.9) (2.1)

(7.0) (:::)

3.6
rsl?1.7

1.3 2.5 9
1.6 TSE 79.0 TSR 376

TSS 163
22.3 3.7 7.4

TSR 6.d(S.6)S
7.3.5.01

(8.3) (5.0) 7.8
7.0

9.6 6.5
TSR 8.2

Di~d wv 72
16.9 1.8 1.0

TSE 215 TSS 243
(7.0) (3.1) 3.7

3.1-7.6 (5.1) s
6.6

1.7
7s3s118

(7.9) (5.2)
(6.2)S b.2

12.0 16.9 15.3
TsSS<2.S

(6.8) (:::) (1.8) 2.3
s .0.8

6.3 23.2 . 15,1
m 2.0

:3.a
Tsu<1

(7,7) 5.4
3.3

9.1 3.3.4 3.6
TSE 3.4 TSSS32

6.9
TSR.1

(8.1) (0.7) (1.3) 2.6
s .0.8

16.9 12.644.3 19.9
TSE 1.3 LL.9

12.8
TSE L.L

17.4
ma.]

(5,0)
(6.5) S

7.8,7.3
3.7

11.4 15.8 10.L
Tsa.z.s

3.9 2.8 5.1
1.6 TSH 81.0TSS 62

TSS 36.0

7.8
ma 16

saml~ (12.2)
ti—

Carea (8.2)

BmIig8 (12.8)
ad~

smi68 (7.0)
ad—

tiisu (10.6)
ld—

BQi~ (11.4)
d—

nd*

(10.2) (7.1) (5.7)
s. (2.8)

11.1
TSE >0

20.3 9.8 6.6
TSS.2.5

2.8
(5.3) 4.9 6.0

10.7

4.2

9.0

2.9

1.3,0.3 0
0.2 Tsa 49

Tsm200

<0.4
TSE L16s

(9.s)
6.3 S

8.0

6.2
s

(11.6)
6.2

(8.1)

(6.8)

6.3
10.2 S

13.0

(10.3)
6.8

(6.4) 6.3 8.6 7.7 LL.3
TSS 9.2

3.8
TSS<L

(3.5)

(2.7)

(11.s)

(7.2)
(6.1)S

(:::) (6.2)
(4.2)

. 7.0

16.0 7.0 13.9
Tm 2.7

9.9
TSll<l

b.9,b.7 10.0 2.5 1.3
5.0 T32+<2.Sm 59 TSR L.

TSS 24
16.0

4.2

(6.4) (a.3)
(7.5)s

7.3,a.o
(4,7) (4.5)

12.4 4.1 b.o
Ts212

La.9 22.0
23.3

9.6

23.0
ma 5.0s

(6.6) L1.9 6.5
Tsa 1.35

7.h
TSa 2.7

(11.7) 9.9 0.4
Tsa 320

17.8 10.9
rsa.1

(10.3) 12.7 7.2
TsS<2.5

7.0
9.6 S

LO.6

7.8
TSII2.6

(10.7) (12.0)

Did 62

(10.0) 3.3 3.3
(7.5)s
5.5

8.6 7.6
Tsa>ao;
172

9.0+7.5
TSE 1.2
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1963 1964
T

1965 1966 1967 1968 1969
h6 jecc .ig* at
W. h su ,expoaure Dlawoois 1958-61 1962 1970

(5.8)
8.4

10.7

(4.7)
5.7

(9.3)

(5.5)
8.0

9.6

(4.9)

(4.9)

(10.4)

23.4

(32.9)
16.3

(4.s)

(6.8)

(8.3)

U.2

(8.3)

(7.3)

(4.7)

(11.6)

(22.1)

(9.6)

(5.1)

1971

7.s

10.6

14.2

17.4

9.9

16.6

a.s

9.6

9.9

3.3.7

14.7

9.0

9.9

9.2

7.2

9.3

6.5

22.9

10.6

14.0

10.1

10.9

10.6

1972

6.1
Ts2t<2.5

12.5
m 3.3

7.4
Tsa<2.5

I
6011@aP &’P0s9dWithout.Thymld LaSIOUS

85 M

86 ?

32 n

47 n

76 !4

26 14

26 F

35 !4

&9 F

74 F

22 F

39 F

12 F

73 n

37 M

9 X

10 M

14 n

27 M

77 n

71 F

66 F

7f4

63 F

78 ?

In Ucasa

(lSC -i)

WA uc9r0
71=ti)

3

8

23

L2

13

13

15

16

17

2.7

la

la

20

22

24

25

26

26

Za

30

36

36

37

5.6 ?.a-11..
zsa 2.3

9.1

6.5 7.5
Ei.1

13.0 8.k
rm 7.0

(12.0) (9.2) (8.2)

(10.8) (8.7)

(8.4) (7.9)

(7.4)

Oi,d 62

(7.1)
9.8

(4.6) 4.9 6.5 (6.2)
6.5

(7.2)

(4.4) (S.6) $.0 8.2 4.s 5.4-1,9
T= 2.9, T= 3.3 TSR +.;
“ 7.0

20.2 0.2 ;8.2 3.2-12.1
TS156.5 15.3 :sa 4.:
‘“ 2.2
4.7 6.a 5.9-7,3

TSE 3.6 XH 3.1
(6.0) (4.6) (3.0)

(6.6)
9.6

7.5 4.0
Tsis3.1 TSR 2.1

(10.4)

(13.6) (9.3)

(10.0)
(9.7).

(6.6)

10.4 . 3.2
INS L.9S;
7.2;L6.3
10.2 24.k

1.52+6.0 18.5

5.6 2S.6
TSR 6.0 20.4

7.4
TSM 4.8

9.7 6.5
TSE.L.O

L4.5 (6.7)

(6.2)

18.4 (10.7)

(22.6)

3.5
TSll2.7

a.~1~.:
TSE 5.1

6.%3.7
‘rsH6.4

7.a+12.:
TSE 2.3

6.6-6.6
rSIS2.6

&.3-5.3
Tssi4.5

9.2-12.:
m+. L

6.7
rssi3

1.5
‘ml 2

5.3

(11.9)

(8a)

(8.4)

(s.3)(11.6) 5.2 1S.3
IS.E<2.5

(11.a) (9.s) (12.0)
(7.0)

5.7 LL.4
ml 1.9 10.2

16.6 8.9
ma<2.s

6.2
TSH 2.6

(a.3)

(7.1)oo.a) (a.3)

(22.0) (7.1) 6.7
7.9

La.2 15.6
1S3S1.4

13.6

(a.7) 6.2 5.2 3.3
m 11.6mu 7.0

h.:
rsH 16.

(a.o)

4.9

21.a 10.7
Em 3.5

7.0+.L
rs6 3.1

a.9 7.1
~ 2.3

4.7-5.3
Tm 2.i

10.7 18.0
T~<2.5

a.2
‘TSE6.3

12.0 1s.4
Isa 4.5

5.24.7
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w . & SQX expomra Dia@osi# 1958-61 1962 1963 1966 1965 1966 1967 1968 1969 1970 1971 1972 1973 :97b

(5.7) 11.1 7.3 12.0 6.+7.
TSR 6.o T= 7.

(8.4) 13.8 Tsa 1.7

I
&@aP 2xP0s=d WithoutTWroid Lesions(COlltinUd)
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25 !4

68 M

34 F
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13 ?
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:2.1 b.a
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Did 72
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5.5 6.3

(8.6)

Dsad 62

Did 57

(9.2) (9.9) 16.0 15.3 8.8 8.?
TSH.2.5 TSE 5.
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6.2 5.4
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Dtad 62
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(9.0) (s.7) (5.4) 8.8
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8Y 1 aai~
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(8.3) 16.0 7.4 9.4
22.4 5.4 TSE<l
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Ea 3.9
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App8ndixa (Comhued)

Subj.3Ct
No. !! sex

84 !4

.5K

Un

48 F

81 F

70 F

31 M

50 n

L6 u

LF

29 M

43 F

28 ?

#.g8ac
axp.aurc Diqmsia 1958-61

IllUC*?N
(2miml)

L (10.7)

b (10.2)
(6.7)

a (7.0)

15 I%xOfibm
.mcb

31 Diad 5a

3b (9.2)

39

6S

67

68

1962

(9.7)

(7.9)

1963 1964 1965 1966 1967 L96a

AiliuanaaEXPOSd WithoutThyroidLeaions

(9.3) (6.2)
5.9

(7.9) wa (5.0) 3.6
(a.7) 7.2+7.9 5.9

(4.7)
r.a

7.a 9.6

b.b

7.0
s

(a.7)

(12.0) (9.4)

6.7

(10.1)

Did 66

Old 65

Old 6S

Uti?ik~ WI* ‘LwrlAiLa9ima

2229 F 20 cu~
(papi2.2Am)

zzoa F )5 s.olli~
ti-

2294 F 37 ~bul&s
@-d
(no-?)

22sa n 67 NOdula

21a2 7 52 twda

1969

6.2

(7.3)

L970

(4.0)
7.7

7.s

(7a)
22.4

(5.7)
6.1

(6.8)

(5.0)

(6.6)

I
9.6 b.;

6.2 a.4-14.4 7.2 6.8.-3.:
I’S2i2.6 TSN 3.5

9.6 U.9 7.6 7.2+12.
TSE 3.0 TS313.2

7.5 2.9 3.9 S.S-7.5
5.4+12.4Isa 7.5 TSli1.:

TSE 2.0;5.9
8.o 8.3 4,7 7.9-L1.

ma 2.8 rsa.s.o TSH L.:

10.7
Oiad 71

7.7 5.7 3.7 5.4-a.:
TSR 5.0 TSR 6.o HI 5.:

8.3 8.1” 5.9 5.1
TS362.3 TSSIL.L

2.5 5.9 5.5
Tsa LO.a TSR 1..
“ 13.7

1.9
6.2 S

B33<5.O
9.3 3.7 ~

Tsa 3.1 6.3 S TSE

8.4

old 70

4.3 6.
5.6

4.4;5.2I
Tm<5.lJs
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SubjecC &@*ac
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829

841

845
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1007
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F

F
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M
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Bemisu
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B9Ai@
ad—

Wduzm
0.5 cm,
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Filma?ma.
mdti
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1963
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(S.6) (3.9) 5.2 9.0
s

5.7 3.0:5.2 6.1
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Appendix 9

A. Urinary Iodine Excretion

24-hr
1, ug/24 i-m output 1, uglml

24-hr
output

700
700
840
740
840
1190
1230
1050
780

Sample
meal No.

1

2

3

4

5

6

7

I, Ilg/lld. 1, ug124 hr

124
25
68
94

266
160

73
66

~=126.;~74.5

0.105
0.133
0.162
0.145
0.104
0.121
0.214
0.207
0.305

73
93

136
107
87

144
263
217
238

1380
1160

530
84o
800
580
540
680
620

0.090
0.022
0.129
0.112
0.333
0.275
0.136
0.097
0.069

B. Dietary Iodine (Recommended intake: 50 to 75 ~gjday)

Estimated I
intake, .

~g!day

Total wt.,

g

443

Total I,
Pglluedcontents

Breadfruit
clam
Rice
Cocoanut

60.9 152

430

300

Breadfruit
octopus

35.4

41.8

88

104clam
Pandanua
Cocoanut

255 20.7Pandanus
octopus
Arrowroot

52

294 Pandanus
Octopue
Arrovroot

23.5 59

236

610

48

90

84.7?36.6

Pandanus
octopus

19.3

36.1

X=34.0*14.7

Pandanus
Arrowroot
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Appendix 9 (continued)

c. Data on ?rinciple Isotopes of Iodine Contributing to Thyroid Dose

(From “Inhalation of Radioiodine from Fallout:
Hazards and Countermeasurest’by R. CO@37)

E-, MeV
Relative Range in

abundance, % tissue, pm

Iodine-131 Betas

0.246 2.2
0.332 10.6 1,000
0.606 86.4 2,100
0.807 0.8

0.681
0.934
1.150
1.583
2.111

0.49
1.34

0.87
1.55
2.65
3.51

0.40
1.00
L.43

15
20
22
22
21

7
93

5
65
25
5

35
40
25

Iodine-132 Betas

2,500
3,900
5,400
8,400

11,900

Iodine-133 Betas

6,800

Iodine-134 Betas

8,100
15,800

Iodine-135 Betas

1,300
4,300
7,300

50Z-Dose
radius,* urn

150
310

375
625
920 -

1,500
2,400

1,200

1,460
3,300

195
690

1,300

,

%e 50%-doee radius is defined, for a point source in tissue, as the distance
wlthln which 50% of the dose, for that energy, Ie distributed:
*%ince this isotope with 53-ml.n half-life IS important only for about 6 hr, it
was not considered b the Marshauege thyroid doee calcu.latione.
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Appendix 10

Hospital Records of Thyroid Cases, 1972-1974

NOSFITALOf WC MEOIC.AL RESEARCH CENTER.

BROOKNAVEN NATl@4AL LABORATORY

UPT04’4. NEW YORK 11973

Atu C& 516 7Aphmk 4-6262

OISCHARGESUWRY

AOWITSD: J Nmember 1972

of thyroid mdularity and physicalstatus

EMTORY OF PRESENTILLNESS:

Rongelap 75

(NAAW

08-42-33 R

(UNITNO.)

DISCHARGED: 13 November 1972

‘llsIsi 29-year-old Marshallese lady was
admitted to this Eoepltal for evaluation

for thyroid surgery.

&e was browght to this Hospital from
the tirshall Islande with another

Rmgelap girl who also had thyroid modularity. Seth had been exposed to radio-
active fallout in 1954. ‘llsay were accompaniedby a Marshallese Interpreter.

~orough thyroid studies and evaluation of her general phyeical status prior to
surgery were carried mt.

Before the detecticm of her thyroid
abnormality in September 1972, the

thyroid examinations have always bean negative and she had always appeared euthyroid
with nortml thyroxin levels. ‘Ihe patient was exposed to a whole body dose of
175 rade of ga~ radiation and the thyroid gland received an estinnted dose of .
500 rads, largely from absorption of radioiodinee in the fallout.

Fnllcwing her exposureto fallout, the
patient experienced slight nausea and

some itching and burning of the skin. .%e developed superficialbeta burne over
parts of her body which healed within a few months. She also had transitory
platelet depression and mild leukocyte depression which returned to normal levels
within a year. Until the development of thyroid lesions,her pant history had
been generally negative except for the occurrence of virus pneumonia aa a child.
Ear growth and developmenthad been normal and she has had six normal deliveries
and one miscarriage. Her F-Y and SOCIALEZSTORYwere noncontributory.

PEYSICAL EMNATION:———. . Tke patient is a well-developedand
well-nourished,alert and cooperative

individual. Except for thyroid findings, the physical examinationwes essentially
negative. lhe thyroid exauxi.naeionrevealed a 2-cm maes in the upper right lobe
which was non-tender and only moderately hard. ‘lhelower part of the right lobe

was enlarged but the left lobe wae barely palpable. No nodes were palpated
except for a small one in the poeterior cervical chain.

lASORATORY& X-RAY MTA: Ihyroid seen with 9%C shmsed both
functioningand non-functioningnodules

in the right lobe of the gland. T4 level was noml (8.3 Kg%) and showed good
increase after TSEfstimulation. Sefore TSE administration (10 units) the 1231
uptake was 39.9Z and after the administrationof the hormone the uptake was 55.5%.
‘hyroxln levels WIII be recorded later. WR and cholesterolwere normal. The
rminder of the laboratory and X-&y Workup wee negative, except for the
presence of trichurie trichuriaand aecaris lumbricoldesin the stools.

-1-

aPtL720A
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HOSPITAL OF lHE MEDICAL RESEARCH CENTLR,

EIROOKHAVEN NATIONAL LABORATORY

uPTON, NEW YORK 11973

A,” Cad, 516 YAPilntk 4-626.2

Rongelap 75

[NAMEI

08-42-33 R

(UNIT NO.)

OISCHARGESUMMARY

lIOSPIZALCOURSE: Her hospital coursa herewae uneventful
and she wae found to be in good condition

for surgery. Prior to discharge the @tiant wae given 2S @ 1311 to ensure
complete rsMWal of thyroid tissue in caee complete thyroidectomywaa indicated
in the eventualityof -lisnencY. She wae discharged 13 November and transferred
to Clevdand MetropolitanGeneral Hospital.

At the above hoepital on 14 Nwember
thyroid surgery was performedby Dr.

Brown Dobyns. Grossly both lobes of the gland were found to be multinodular.
lhe right lobe exhibiteda 1.5 - 2 cm. nodule in the upper part of the lobe and

1972

a
smellar nodule in tha lower pare. The left lobe wae filled with smaller ncdules.
Both lobee”wereremwed and a smell nodule wae excised from the isthmus and the
remainder of the isthmuswas left intact. Microscopice-inationrevealed num-
erous benign, adenomatous nodulee with prominent microfollicularareae in both
lobes. Rscovery from surgery was uneventful and the wound was healing nicely
when she was discharged for return to the Narshall Islande on 19 November 1972.
Detaile of her hospitalisationin Cleveland, including surgicaland pathological
reports,are attached.

FINAL DIA@JosIs: Benign adenomatousnodulee of the
thyroid gland.

DISCEARGSMEDICATION: lhe patient wae advised to continue
taking her thyroxinmedication

(Synthroid)rigorously. A copy of th~ Hospital su~ry and advice about post-
surgical treatment ●s well as treatnnntof her intestinalparaeites is being
fomfarded to tbe practitionerat the Mjuro Eoepital in the lfershallIslands.
The patient will also be carefully followed up on subsequentmedical surveys.

/fzdA74:H~dL
Robert A. Conard,MD.

Cfh
Racaived: 12/21172
wed: 12/21/72

Pa!ge20f2

m 7m&
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HOSPITAL OP THE MEDICAL RESEARCH CENTER.

BROOKHAVEN NATIONAL LABORATORY

uPTON, NEW YORK11973

Afw Code 516 YAohmk 4-6262

Rongelap 8

[NAME)

08-42-34 R
(UNIT NO.)

OISCHARGESUMMARY

AIHCTTZD: 7 Nwembar 1972 DISCHARGED: 13 November 1972

This 19-ysar-oldMerahelleee girl was
admitted to this Hospital for evaluation

of thyroid modularity and physical condition prior to thyroid surgery.

MEDICAL~STORY: Sxand.netion in Septamtmrrevealed
modularity in the right upper lobe of the

thyroid gland. On* nodule was fairly firm and about 1 cm. in diameter and the
other wae smeller and soft in consistency. No lymph nodes were palpated, and the
patient appeared to be euthyroid. Revioue exams over the past 18 years have UOK
revealed any thyroid abnormeliciesand she hae always appeared euthyroidwith
thyroxin levels in the normal range. Mring the September 1972 examination she
was noted to be anemic, cause unknown.

an eettitad whole-body dose of 69 rade
about 500 rade, largely from absorption

of
nf

She was 17 montteof age at the tzme
of expoeure to fallout and received
gensneradiation and a thyroid dose of -
radioindinee in the food and water

consumed. lhis is &a-first case of thyroidmodularity In children of this
lower Rmsgelap.expoeuregroup (Ailingnaegroup).

Lnsnadletaeffects of falloutwere few:
development of mild superficialbets

burns of the ekin and slight epilatioowhich healed within a few weeke, with normal
regrowth of hair; development of mild platelat depressionend leukopeniawhich
returned to ncmml levals by one year. Since 1954 she haa been in good health
with no sigolficant Lllnesseeor injuries and lmx grmmh and development have
been normal. Another sieeer, who waa also expoeed to fallout, daveloped benign
thyroid aden~toue nodules which were removed surgicallyseveral years ago.

Y?IYSIC4LEXAMINATION: l%ie slender girl is well-developed
and well-nourishad. The thyroid

examinationrevealed the upper part of the right Lobe to be irregularwith a
soft, 1.5-cm nodule in the upper pert. The Left Lobe wae barely palpable. No
cervical nodes were palpated aod she appeared to be euthyroid. ‘lheremainder
of the Phyeical Sxamlnationwaa essentiallynegative except for a smell
pepillz in the perineum.

IASORATORY6 X-SAYMm: Iliyroidscane ueing 99’”TCshowed
modularitywith reduced function in

the upper right Lobe. T4 level wae normal (9.3 us%) and showed god increaee
aftar TSR stimulation. ~ 1231 uptake waa sli@tly elavatad and the response
to TSR waa fair. Eie Lsboratnry and X-ray data were ntherwise normal except for
the praeeaco of Trichuris Trichuria in tha stools.

-1-
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OISCHARGESUMMARY

HOSFIW COORSS:

the anenia noted

Ear Eoepital course wan uneventfuland
it was gratifying that in view of

in September,her blood picture waa now within normal Mmita and
no cnntraindicationeto surgery were noted. ‘lhe patient waa given 25 pcI 1311
prior to discharga to ensure complete removal of thyroid tissue at surgery in the
eventualityof malignancy. She was discharged on 13 November 1972 and transferred
to ClevelandMetropolitan General Hospital.

At ClavelandMetropolitan General
on 14 November 1972, surgerywas

perfonaed by Dr. Brown Dobyns. At surgery the right lobe of the thyroidwas
quite nodular with ona firm black nodule about 2 cm in diameter in the superior
pole, and smeller ones in the remainder of the lobe. ‘lhe left lobe appeared
relatively normal. Complate right Iobactomywaa parformadand a thorough search
revealed no lymph nodes in the vicinity of the thy-roidgland on either side.
Microscopic examinationof tha excisad tissues revealed small area of papillary
carcinoma*. ‘lheremainder of tha lob. exhibitednsiltiplebenign adenonatous lesions.
Sacwery from surgerywas uneventfulwith no complications. BY 19 November 1972, the
wound was healing nicaly and the patient was discharged to return to the Wrshall
Islanda with the interpreter and the other thyroid patient. A swmary of her
Hospitalisation, including eurgical and pathological reports, at the Claveland
Metropolitan Oaneral Hospital is attached.

FINAL DXA~SIS: 7Papillary carcin~ of the thyroid.

DISCHAR@ M?.DICAT20U: lha patient wae placed on thyroxinmedica-
tion (Symtbroid) 2.1 mg weekly.

Follat-upadvica and treatment instnsctioneare being forwarded to the practitioner
in charge of har caee at tha -juro Hospital in the Marshall Islands. Careful
folla-up exams will be carried out on this girl at the time of our annual
medical exams and at six month intervals. Sha will also have periodic esmea
at a hospital for thorough thyroid studies to rule out excenaion of har diseasa.

*
Purthar pathologicalreview of the sections is in progress.

Received: 12/20/72
W@: 12j21172
Cfh

.@e7c Hz.
Robart A. Canard, MD.
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OISCHARGESUMMARY

AEIMT’TTl?n:June 2, 1973 DIS$JTAEUXD:June 10, 1973

This 48-year old Marshalleseman
who had been exposed to radioactive

fallout in 195A waa admitted for evaluation of thyroid modularity and physical status

for po.%aible thyroid mqery.

ExmM: A small nodule in the right lobe of tha
thyroid was first detected in 1965. He,

along with other people of Rongelap who had been exposed to radiationhad been placed on
L-thyroxin treatment and the nodule disappearedon this treatment. However,duringthe
recent examinationsin March, he was again discwered to have a hardened area in the
right lobe with indistinctboundaries. No lymphadenopathywas noted. He has always
appeared euthyroid and his Wmxin leveh have generally been in the normal range, with
only one reading slightly slow.

He waa exposed to 175 rad of gamma
radiation from accidental fallout of 195.4

and his thyroid gland probably received about 330 rads partly from radioactiveiodinea
abaorbed. Ee had early acute effects with hamologicaldepreaaion and mild “beta” burna
of the skin whith he racovered from within a year. Sxeminationewer the paat 19 yeara
ha{e revaalad only a few findings: The hiatoq of yawa in childhood, meaalee, occasion-
ally bronchitis,one possible attack of pne~nia, a fiatula-in-anowhich was surgically
corrected. He hea remained in very good health and ia a hard worker and leeder of his
peoplo. He wae megiatrate of the village at the time of tha fallout. Hia wife was
operated for cancer of the thyroid, three sona for benign thyroid leeione,and 1 son
diad at 19 yeara of age with acute leukemia (possible from radiation exposure).

mxr~l. ~TIOli: This well developed, mwacular, alert man
aPPeeredquite haalthy and euthyroid. The

thyroid findinge noted were the same aa were reportad abova for tha March examination.
The only other findings were bilateralp~~-~jl-c, missing teeth and gingivitis,

YABQJWORY AN’CtX-RAY DATA: Thyroid scana showed no dietinct modularity

lobe.
but slightly increaeedsize of the right

Radioactive iodine uptake wae normal and reeponse to TSH stinmlationwas fair.
T-f+levels are not reported yet. Serum waa nonreactive for antithyroidglobulin anti-
bodies. Cheat X-Ray waa normal. Hamogrem waa normal, Syphilie serologywas reactive
(titer of 4) but thie low level wes not considered significantin viaw of hia history
of having had the yawa. Teats of kidney function and liver functionwere normal. Elec-
trolytes normal, EKG normal, protains normal, electrolytaaand lipids normal. stools
were poeitive for whipworm.

ROSPTTAT. COTJRSE: During the 0 daya of his hospital stay,
the patient was a symptomecicuntil

tho 5th day when foll~ing ‘MI injection (given the previous day) he daveloped an
acute thyroiditiawith 1- grade fever, nauaea, anorexia and slight neutrophilia. Scan
showed some enlargementof the gland.. The chyroiditiereducad rapidly and at the

alum
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HOSP17’AT.COUWE CONTWUED :

time of discharga on June 10th, he was symptom free and his
cause of this episode is unclear.

AT the

Rongelap 40

INAMEI

08-45-UR

WIT NO.)

thyroid of normal size. The

MetropolitanGeneral
Uo.epitalthyroid surgerywas performed by

Dr. Brown Dobyna. 25 microcurius of 131 fodim were given orally the day before for
autoradtographic studies of removed thyroid cissuee. In surgery a firm area was noted
at the junction of the right lobe and iathnntswhich contained several small nodulee and
alao several arsas of modularitywere noted in isthmus. The lower part of the Lachmus
and part of the right lobe were removed. The pathologistreported the lesions benign
with varying degrees of hyperthrophy,hyperplasiaand fibrosis. The patient withstood
the sur~ery well and his convalescencewaa uneventful. He wae discharged on June 18th
to return to the Marshall Islaods. Copies of the Hospital Sunsneryand Pathological

Reports frcna Cleveland incorporatedwith the SNL records.

F_fNAT.DrAWOSTs: Thyroldlobularhyperplaeiaand hypertrophy
with slight fibrosis.

DISCUAWE WQIWHOV: Continued treatmentwith L-thyroxin (3 MG-
day) is recomnanded since he is part of

the more heavily exposed Rongelap group, all of whom have been placed on such treatment
since 1965.

4:-4.=74” {;@- . . ..-

Robert A. Conard, M.D.
Received: +28-73
Typed: 6-29-73
er

M nw
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DISCHARGESUMMARY

ADMITED: June 2, 1973

poesible thyroid modularity and evaluation

14ZDICALHISTORY:

D~CEARGSD : June 10, 1973

This 51-year-oldMarshallese uom.enwas
brought to this Iioapitalfor study of
of physical status for thyroid surgery.

The examination in March ravealed a
suspiciousarea of firmneee about 2.5

cencimstere in dianwter i.nthe region of tha lower right thyroid pole. There wae
uncertaintyas to whether it was in the thyroid gland, but because of her radiation
hieto~ it was thought surgical explorationwaa indicated. There was no lymph-
adenopathyand she appeared euchyroid.

She was exposed to fallout radiationin
1954, receiving about 69 rads whole-body

gawaaaradiation and about 134 rada to her thyroid gland frcsuabsorption of radio-
iodinas from the fallout. She had mild radiationeffects with slight transient “
hamatologicaldepreeeionand superficialbate burns to the skin. She recovered from
thee. effacta within tha year and in subeequantyears only minor madical ffndinge
were notad. Amon8 theee were pleural thickeningof the right hemidiaphragm,chronic
endocervicltie,gonorrhaa, pingueculae (left) and partial prolapsa of the vaginal
wall. Sha has always appeared authyroid and saveral thyroxin Lavals were in the
mrmel range, though tha March leval was s~what low.

PEYSICAL ExMHm: ‘Thislady wcs well-nourishadand eomewhat
overweight. Tha thyroid axaminacf.on

revealed an area of finaoeae as deecribed abova, in the lower right thyroid region
naar the clavicle. Again, It wcs uncertain as to whethar this wea actually thyroid
tissua being palpated. The patient appaared euthyroid and no lymphadenopathywae
noted. The phyeical examinationwas otherwise generally negative except for slight
cardiac enlargementand eye fiodings noted above.

1AB0WT0R% AND x-RAY DATA; ‘Thethyroid scans showed no evidenca of
thyroid modularityand the thyroid gland

appeared normal. Tha RAI uptake was normal and tha response to TSH stimulationwas
good. Ear cheat x-ray showad slight cardiac enlargementand some tenting of che
diaphragm on the right from scarring, probably due to an old inflammatorydisease.
The hemogram wcs normal except for a high sadimentatlon rate (which is frequently
seen h tha Mershalleee, particularly the wmsn). The blood chemistry findinge
wera ganerally ooruml.

H@ PrrAL COORSE : During her 8-dey stay here, ehe remained
generally asymptomatic except for slight

pain in tha tightshoulder at night relf.evedby aspirin, and nasal congestion on
several occasionswhich was rallaved by noee drope. She was dlacharged

mm
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June 10th, 1973 and tranefarredto tha CLav@land MetropolitanGeneral Eoepital.

At the ClevelandMetropolitanGeneraL
FXoepital,on June 12th, surgical exploration

the thyroid and upper -diaetintaewaa carried out. No mea was found in the right
Lower thfioid ragion and it wee thought that a somawhac thickened Lower edge of the
etentociaidomaetoidmuscle may have been dacei.ving.However, a smell cyae wae
discovered in the lower Left pole of the gland which proved to be a degenerating
cyatic adenotms.Convalescencewas quits uneventful. A summary of the hoapitaliza-
ti.onincludingsurgical and pathological reports at CLeveland IS included m her
BNL racord.

- DIAGZUBIS: Adanome with cyetlc degeneration.

DXSCEAR= ?4ZDKATIOl?: On the baeie of her thyroid status,
thyroxin treatment ie not indicated.

Eowaver, a daciaion fs pending as to whather to give thyroxin supplemental treat-
ment in this group of ielandarawho received a emellar dose of radiation. Sha
will have periodic follow-upexamlnetlona including detarmlnetfonof serum thyroxin
Levels at e--month intervals.

, pi..z;”L:A-_
.

Rnbart A. Conerd, M.D.

RA:bua
Diet: 6/27173
&ped:6/28/73
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DISCHARGS SUMMARY

AUM12TXD : June 2, 1973 D~f!HAWP9Y: June 10, 1973

This 54 year old Msrshalleee woeun who had
bean exposed to a slight asmunt of fallout

fn 1954 was brought to the United States and admitted to this hoepftal for evaluation
of thyroid modularity and phyeical statue for poaaible thyroid surgery.

Jiaaawx: Sxsminatlon, this paat Merch revealed 2
rather hard maeeee in the right lobe of

the thyroid. These had not been noted on previoue examinations. No lymph nodee were
palpated and she has always appeared euthyroid. Her T-4 level &nFWI’Ch was 3.? M@.

She waa accidentallyexoosed in 1954 to
about 14 rad of 9*-- radiation and an

estimated dose of 22 rads to the thyroid from fallout while stsewas living oa Utirlk
Island. She showed no affects to this slight expoeure. Following her initial exanr
fnatbn she was not again axamlned until 1969 at which time she was found to have blood
preeeure readinge of 200-220/100-110and a eyatolicnameer wae noted. Also reporeed
wae an umbilical hernia and a poeaible fibroid of the uterue. Her only ccmplainte have
been haedachee, chronic joint palna, particularlyof the right arm.

-s?AT. PTAMTIU&IO~: This intellfgen& alert, scmevhat obese
Msrehslleee lady appeared to be healthy

and euthyroid. The thyroid findSngaware aa deecribed above for the March examination.
Other findings included inverelon of the nipple of the right breast; enlargementof
the heart with a hareh eyetollc marmr, heerd beet over the aorta and PMI areae; blood
preeaure 180/86 with no evidence of decompeneation; SW wac within nonesl limits;
tanderneaa around the uabilicua though the hernia waa not actually palpated; Pelvic
examinationrevealed 3 small areae of hyperplaaiaof the cervfi.

TAEOU’I’QRY AND X-RAY DATA: The thyroid scan showed a poorly function-
ing nodule in the lower half of the Eight

lobe. The radioactiveiodine uptake waa nonnsl and the reeponse to T.SHstfmulacion
wae good. T-4 report is not yet in. Serum wee non-reactive for antithyroidglo~n
antibodies. X-Say of the cheet showed moderate cardiowgaly and arteriosclerosis.
The lungs were clear. The heseogramwaa normal except for an ESR of 40(high valuee
are noted h the Marshslleee). Serology waanegative. Serum proteins negative, and
electrnlyteegenerally normal. Urine waa negative and liver and kidney function tests
normal.

HOSP2TAT-CO13W=: Durin8 her 8-day hospital stay, she
reuuiaed generally ~eymptomatic except

for s- pati and stiffnese in her right arm which wae relieved with aepirin. Her
aPPetite was good end she was completely ambulatory. Her blood preeeure remained
nomal after the slight elevation noted on admisalon. She uae dischargedom June 10th
for travel to Cleveland.

SNLnti
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HOSP~AI. COURSE CONTINUED: At the ClevelandMetropolitanGeneral

H06p~~f1$ surgery was pOXfOrUIadby Dr.
Brown Dobyne. One da~prior co surgery 25M Ci I was given orally in order to
do autoradingraphicstudies of remaved thyroid tissuee. Surgical ax+ration revealed
a single mass in che mld-right lobe which was rananredalong with a part of tha right
lobe. The pathologicaldiagnoeiswas thyroid adenoma with degeneration. The tumor
was “cool” baaed on radiation counting. The patient withstood the surgery well and

convalescence wae uneventful. She wae discharged to travel back to the Marshall Islands
on June 18th. The Hospital .%nmary and PethologicaiReports from the Cleveland Hospital
are incorporatedin theee records.

FITA1. DTt$NOSTS: Degenerative cystic thyiriiadenow.

DISC%WWE ?!TllICATIONSAND RF.COFWVNIMTIONS:In view of the fact chat the patient had
adequate thyroid function and so little of

the thyroid waa re-ved ac surgery, no suppie~ntary chymxin creatmancwas prescribed.
The patient was advieed to have the leeons of her cervh checked at intervals. We will .
cq out regular follouup axaminationeon this caee.

.~2*TdLA
Robert A. Conard, B1.D.

Received: June 29, 1973
Typed: July 2, 1973
●r
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DISCHARGSSUMMARY

ADM~D: June 2, 1973

in the Marshall Islands in
and evaluation of physical

KSDICAL H2STORY:

DISCNAR@D: June 10, 1973

TMa 54-year-eLdMarshallese women, who
had a slight expoaura to failout radiation

L95&was admitted hare for studiee of thyroid modularity

status for thyroid surgary.

In 1966, a smell 0.5 cm nodule waa found
in tho right lobe of the thyroid. Subse-

quent examinationsshowed an increase in che number of nodules of the gland,and in
March of this year three distinct nodules were palpated, two in the left lobe and

1 near tha isthmus, the Largest being about 2 cm in the lower pare of the left lobe.
The nodules were slightly tender to palpation. No Lymphedenopathy uaa noted. She
noticed che “lumps” on swallowing. She appeared euchyroid though her T-4 level L13

March waa slightly low (3.7 Wg%).

She was exposed to 14 rads of gsnma
radiation and about 22 rads co her thyroid

gland fn 1954 from fallouk exposure. No effects from thie exposure have been dis-
cernible.Examinations over the 19 years since tha e~oeure have reveaLed the
followins: occasional cough, frequent worms in etools, joint pains with arthritic
changee, tonsillarhypertrophy,multipla Lfpomata.

p~rr.y ~ sw~ ~~~: ‘ Non-contributo&.

PNXSICAL EXM3NATION: Positive fiadlnge on phyeical e~nations
included: slight obesity, multiple

lipomata (aeymptomatic),reduced hearing left ear and BP generally normal, but
slightly elevatad at timse; elfght cardiomsgalywith no evidence of decompensation.
Eer thyroid findings have noc changed eince those outlined above for the March ex-
amination. Sha appears euthyrofd.

LABORATORY AND X-EUYDATA: Thyroid ecan shows a Large non-functioning
nodule in the lower left Lobe. Radioactive

iodine uptake and reepoose to TSR stitmlationwere adequate. T-4 level is not
available yet. Her eerum was non-reactive for antithyroidglobulin antibodies.
Cheac x-ray showed cardiomegalybut the Lunge were clear. EKG showed incomplete
bundle branch block which wae not consideredsignificant. The hemogrsm showed
slight lymphocytoeis(46%) and eosinophilia (14%) md fncreeaedESR to 28.. She was
found Co be diabetic with PBS of 262 mg% and spillage of sugar in the urine. Her
kidney function wae somewhatreduced with BUN of 27 J&, urine albumin 50 MS%,
creattnine cleeraace 40.5%, urea claarance 30 mg%. The @ ratio was 1.13 (not
unuauel in the Marshallese), cholesterol264 mg%, triglycerides148 ❑g%, electrolytes
and liver test generally normal. The syphilfe serology was reactive (titer of 2)
but was not considered eignific~t in view of past history of yaws.in so many of
thaaopeople. Her stools wera poeitive for trichuris trkhura.

WSPITAL COUBSE: She remained generally ssymptometicduring
her 8-day hospital etay here except for a

elighe cough and nom-epocificmuscla pains at tinme. With the finding of diabetes,

●he was placed on ● 1400 calorie (ADA) diet. Since she continued to epfll some sugar

SNL720A
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in the urine, sho was placad on 15 units NPH Insulin daily which controlledher
diabatee. With the diabatee controlled, the slightly impaired kidney function wae
not conaidared serious enough to preclude eurgery and she was dischargedJune 10th
for transfer to Cleveland.

At ClevalaadMetropolitan General Hospital,

thyroid surgery wae performed by Dr.
Brown Dobyna. The day before surgery she wee given 25 IACi1311 in order co do
autoradiographic studies on the removed thyroid tiseuas. At surgery, a left
Lobectomywao performed removing several cystic nodules from that lobe.A diagnosis
of Hurthle cell adenomata on frozen seccion prompted the complete removal of that
lobe. A furthar adenoma was removed from the isthmus and several tiny nodules were
removed from che right Lobe. The patient withstood surgery well and her convalescence
wee uneventful. She was continued on insulin and dietary treatment.

F= DMGNOSIS: Mixed follicularcell and Eurthle cell
adenometa of the th~oid.

Borderline hypertensionwith slightly

DIS~ ?!EDICATION: ‘
thyroid lobecCo6yand eubtotal on the

right, eoumthat depreseedmatabolfsmmightbe expected and 0.1 to 0.2 mg of L-
th~oxin.would be given daily. Eowever, since this lady is older, has diabetee and
a tendency to hypertension,it wee deemed ●dvieable to obeema her for a few months
before making the final decision on treatment. She waa advieed to attend the diabetic
clinic at the Majuro hospital and maintain her diet. The practitioneraccompanying
the patients was advised to continue the insulin therapy. If the patient later was
moved back to her ieolatedhome ae Utirik Island, the treatmentwould have to be
re-evaluatad.

/2”=ph..&
~bert A. Conard, M.D.

W:bwe
DLcc: 6i27/73
Typed:6/29/73
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DISCHARGESUWY

MM2TlZD: June 2, 1973 DIECHARQID: June LO, 1973

MIDICAL EIBTORY: This 71-year-oldMarshalleee woman was
found to have a small thyroid nodula

at the tinm of the regular annual examinationof the Marshallese exposed to radio-
active fallout this past March. The nodule wee pea-elzed, freely movable, and in
the midportion of the right lobe. There was no Lymphadenopathynoted. She was
brought to the U.S. and admitted to chic Eoepital for thyroid studiee and evaluation
for thyroid surgery. Her prevloua thyroid history had been negative and she had
always appeared euthyroidwith low-to-normalchyroxin levels. Because of her
radiationexposure, surgical explorationwae deemed advisable.

She was exposed on Utirik Island in 1954
to about 14 rads of gamma radiation from

falloutwith a thyroid dose of about 22 rade (partly from radioiodineabsorption).
She showed no effects of the slight exposure, and the principalmedical findings -
over the 19-year period since exposure have concerned the develo~nt of eesential
hypertensionwith poseibly slight kidney involvement. Complaints have lar8ely
centered around arthritic pains and stiffnese of the kneee and legs and the develop-
annt of poor “vision.

‘FAMILY AND SOOIAL RIS70RY:” Irrelevant.

PETSIOAL EXAM3XATION: This slender, elderly, alert lady appeared

healthy, euthyroid,and well-preservedfor
her age. The thyroid findingewere ae described above and during the March exam-
ination. Other findings included an early cataract formation of the left eye and
the presence of hypertension (BP 200/96), and a moderately la+ systolic murmur.
The hearr wcs not thought to be enlarged and there was no evidence of cardiac de-
cnmpeneatiou. Pain and stiffness on ~ving the knees and legs may have been
saaociated with arthritic changee.

LABORATORY AND X-RAY DATA: The thyroid scan showed a “cold” nodule
at the Lataral border of the right lobe.

Radioactive iodine uptake was Low-normal,and ‘2SE administrationshowed reduced

thyroid reserve. Her seruse wee non-teactfve to antlthyroid globulin antibodies.

Chest x-ray showed cardicwsegalyand aortic sclerosis;slight increase in density
near the cardiac apex ‘*probablydue to old Inflamacory disease”, and a slight
deviation of the trachea. X-ray of the knaee was negative. EXG was within normal
limits. The hemogrsm wee nomel except for 8% eosinophilaand anESR of 38.
Aldoeterone level was nomal. Seem kidney dysfunctionwae evidenced by BUN of 27,
urine albudn 50 MS% with 8-12 RBC~, urea clearance 55% and creatinina clearance
39%. Other clinical chemletry tasts were generally negative, including ceecs for
liver function,eleccrolytee. lipids, and sem pruteins. Stools were positive
for aecaris lumbricoideeand trlchuris trichure. Syphille serology wee slightly
poeicive (Gfter of 2) but this low Level is not consideredsignificant,particularly
in view of possible yaws in the peat which wee prevalent in these people.

we 720A
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HaPITAL couusE: Her 8-da9 stay at this Hospital was urt-
eventful and ehe remained generally

es~tcinatic except for a few non-specificmuscle pains. Eer cardiovascularfrenal
disease was not consideredsufficientlyadvanced to preclu& surgery and she was
dischargedJune 10th,1973,and taken to Cleveland. Just prior to discharge,she
was Iiven 25 @i of L31x to ensure complete removal of the thyroid at surgery
and for study of activity of thyroid tissues removed.

At the Cleveland MetropolitanGeneral
Hospital, Dr. Brown Dobyns periomsd

thyroid surgery on June llth. A 1.5 crn nodule was remved from the right lobe
and a right lohectomywas perfonmd. The pachologfcaldiagnosis was “thyroid
aden~talf.s.hewithstood surgery well, with no COmPLiCatLOUS. Post-operative
convalescencewas uneventful and she was dischargedJune 18th for return to
Marshall Islands. The hospital sumnary and pathologicalreports from the
Cleveland Hospital are inserted in her B~ record.

FINAL D2AGLK?31S: Thyroid a&nomata.

Hypertension.

Reduced kidney
hypertension.

DIS~ ISDICATIOM: In view of her

funotion, sacomiary

low thyroid reserve

che

to

and
right lobectomyperformed, supplementary

thyroxin treatmnt was consideredbut, in view of her hypertensionand age, it
was consideredbetter co observe her and see if supplementaltherapy was necessary.
She will, therefore,be obeerved at reguAar intervals on her return home to check
on her thyroid status.

Robert A. Conard,
SACIbwa
Diet: 6127/73
Typed:6/28/73

L/’

M.D.

BM73QA
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ADMITTED: 6/2/73

Rongelap unexposed 829

[NM

08-45-39R
(UNITNO.)

DEXMRGEOZ 6/10/73

During the March medical survey in the

Merehall Ielande, this 36 year-old

llerahalleee woman who is part of the comparison population unexpoeed to fallout was
found to have a thyroid nodule end was brought to tho United Statstsand admitted to
this hospital for thyroid studiae end evaluation of physical status for poseible thyroid
surgery.

~ICAT. HTSTORY
*M;6.

During the March examinationaqnodule,
a discrete ephericalmess was detected

which was mderately firm, movable and slightly tender to palpation. No lymphadeno-
pathy was noted. She appeared euthyroid and previous examinationsshowed no evidence
of thyroid abnormelitiee.

Along with the population exposed to

fallout she haa been examined as part of
che comparison population for the past 16 years. She is the mother of 11 children -
and has been healthy. With only a few findings of any significance- slight anemia
at one time, one tiecarriage, cervical eroeion and occasional fungus infections of
the skin. Her F-Y and SOCL4L HISTORY are non-contributory.

FEYSI~~7.FXAE.ETNATTIIN: This slender, well nourished Marshallese
lady appeered alert and euthyroid. The

thyroid findinge were the same as thoee reported above during the March axaminatione
The remainder of the phyeical examinationwae essentiallynegative axcapt for elight
aMominal tenderness and discomfortwhich she experiencesprior to menstruation.

TAIWZATORY ANTI X-R~ DATA: Thyroid ecene showed a 2 cm, poorly
functioning nodule h the lower left lobe

of the gland, Radioactive iodine uptake was normal and reeponee to TSH stimulation
wae good. Serum was nonreactive for antithyroidglobulin antibodies. Tests X-MY
end EKGwere nomnel. The hemogrem showed sLight lymphocytoeia and an elevation of
the ESR to 38 (which is not unueual in the Merehallese.) In view of her previous
anemia it tiae interesting that her fi and ‘21BCwere within normal limits. Tests for
liver and kidney function, electrolytesand lipide were normal. Serum proteine were
somewhat high (9G) but the eLectrophreticpattern was not unusual for the Marshallese
(high gansoaglobulin levels). The stooLe were negative for ova and parasitee.

FEOSPT’PAT.COURSW: During Fk~ early part of her 8-day stay,
here, she had premenstrualabdominal

discomfort and anorexia. with oneet of menstruation these symptane disappeared and

she remained a symptomatic for che reet of her hospital etay here. Just prior to ~311
diecherge on June 10th, for traveL to Cleveland for eurgery she wae given 25 u Ci
orally in order to car- out autoradiographicprocedure on thyroid tisauas to be
removed at eurgeq.
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DISCHARGESUMMARY
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HOSP~A7. Cow.w mmmm :

Iioapital by Dr. Brown Dobyns. A discrete 2
and removed along with aubtotel lobectomy.
be normal and no lymph nodee were noted. A

Rongelap unexposed 829

(NAMEl

08-45- 39R

UNITNo.1

Thyroid aurgerywaa carried out June Llth
at the ClevelandMetropolitanGeneral
cm diameter maaa wae found fn the left lobe
The re=inder of the thyroid appeared to
pathologicaldfagnoaia waa PAP~Y CYSTIC

4denoma and .2small thyroid adenom~were alao found. She withacood the operation weil
and her convalescencewae uneventful. She waa dischargedJune 18th and raturned to
the Marahall Ialande. Copiee of the HeapLtal Suammry and PathologicalReports from
the Cleveland Hospital are included in our records.

F~7. DTAGNOSIS: Papillary cyatlc adenoma and thyroid
adenomata.

DISCHARGE ~ICATION: Since thyroid functionwaa good in this
patient and so little thyroid tissue

reaw)vedat surgery no supplementalchyroxin or other treatmancwas prescribed. She will
be followed in subeequenc a.xaminatioaa in the MarahaU Island.

&4.7’c /; Jz--
Robert A. Conard, M.D.

Received: June 29, 1973
Typed: July 2, 1973
er

m 730A

\

- 133 -



NOSPITAL OF TNE MEOICAL RESEARCH CENTER,

SROOKHAVEN NATIONAL LABORATORY

uPTOP’+ NEW YORK 11973

AN Cda 516 YA@unk 4-6262

OISCHARGESUMMARY

Rongelap 83

(NAMQ

08-50-54 R
(UNITNOJ

CIRC 63

At%%’lTl?D:27 my 1974 DISCHAHGSD: 3 June 1974

This 20-year-oldMardmlleae boy was
admitted for thyroid studiaa and

considerationfor poeaible surgery in C2evaland.

NSDICAL HISTORY: In Saptamber 1973, a still nodule waa
noted in the left lobe of the thyroid.

During the recent March 1974 survey, an additional slight enlargementof tha
right lobe waa palpated. He has always appeared euthyroid and the T4 levels

have bean within normsL limits. This boy was one of 4 Rnngelap children
exposed in utero..— He was exposad near the end of the second trhtescer to 175
rads whole body gaesnradiation from accidental fallout, and the thyroidalso
received an indeterminatedose from radioiodineswhich had been absorbed by

the mothar. When first seen, 3 monthe after birth, the only possible indication
of radiation expoeure was a transitorydepression of his blood platalets. He

has bean esamined regularly by our medical team snd no sarious findingahava
been noted. Hs hae had the usual childhood infection, and on one occaaion
he had a brief hoepitaliaationfor acute URI. Hia growth and davelopmant have
been normal.

PRYSICAL EXAMONAEHISSION: Ibis Msrehalleae boy is well-developed
and well-nourished.’Es appears

euthyroid. Rsyeical exam is generally negative exceptfnr the thyroid findinge.
A smmll, 2 am, freely moveable nodule was noted in the left lobe snd a bumpy
irregularity in the upper right lnbe. No tendernessof the gland or lymph-
adassopathywaa notad.

LABORATORY & X-PAY DATA: Thyroid scans showed a discrete area
of dacreaeed radioactivity in the

middla portion of cha laft lobe.
1231 uptake wa5 ~4*6z *4 level was s , ~gz

in Mrch.
.

The hamogram and blood chemistry data were w;thin normal limits.

HOSPITALCOURSE: The hospital course waa uneventful.
lie ate and slept well and was com-

pletely asympcnnmtic. The patient waa given 20 wCi 1311 just before discharge
co C2aveland for autoradiographic analysis of excised lesions.

At the Cleveland Metropolitan Gsnaral

Hospital on 4 June 1974, thyroid
surgery waa performed by B. M. Dnbyne, KD. lhare was a 3-4 um -ss in the
left lobe near the isthnesa,a 1 cm soft mase in the superior pole and the
rigtselobe contained a 1 cm soft mae. ‘lheaewere remwsd and the histological
diagnoeeewere benign aden~s , on. of which wae trabecular in pattern. His
recwory from surgerv wae uneventfulwith no cnmolications. Bv 9 June the
wound w& healing-ni~elyaod
14arahall Ielaxsda. A su~ry

the patient waa dia;hargad for tr~vel back to the
of his hoepitalisatinmincluding surgical and

-1-
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pathological
the chart of

OISCHARGESUMMARY

reports from the

this hospital.

CIRC 63 ‘

ClevelandHospital are being incorporatedinto

DISCRARGSMEDICATION 6 INSTRUC’RONS: lhe patient waa resumed 00 thyroxin

medication (SynthroidQ) 2.1 ❑gfweekly.
Dr. Snudaen, the resident physician in the Marahall Islands, will carry out
careful followup examination on this patient. ,

DISCKARCS DIA~OSIS: Benign thyroid adenoua, surgically
remwed.

J%?& -424”.
Robert A. Conard, M.D.

Page zofz

smnM
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OISCHARGESUMMARY CIRC 63

AomrrBD: 27 tiy 1974 DISCHARGED: 3 June 1974

This 41-yaar-old Marshallese wmn was
sdmltted to this hospital for thyroid

studies due to modularity in the gland, and evaluation for possible tlfyroid
surgery.

MEDICAL HIsTt3HY: In March 1974, during routine,physical
examinetioo, the patient was found

CO have a firm nodule in the liner left pole of the thyroid gland and possibly
another tiny nodule in che upper right lobe. The nodules were non-tender and
no lymphadenopechywae noted. She appeared to be euthyroid. The patient is one
of the unexposed people in the Rongelap compariosn population. Since exams
began in 1957 on this group, her health has been generally good, but with an
increasing tendency to obesity and a recent development of hypertenaion. Her
weight increased from 165 lb in 1957 to 170 lb at present. The pact few years
she hae had frequentheadachea, and the BP hae become elevatad CO around

170-180/100-11!5. She hae had about annual pregnenciee,remltlng in 9 healthy
children, 2 miscarriages,and 1 child dying at the age of 1 year. Except for
occasional joint paina and presence of worms in her stools, her history is
othe~ise negative generally. She has had no symptoms referable to kidney
dlaease.

PR!?SICALEXAMIMTION: The patient is somewhat obese and is
20-22 weeks pregnant. She appears

authyroid and generally in good health. Exam of the thyroid reveale a 1 cm
nodule in the l~er left lobe with a companion nodule also in the mid right
lobe. me nalulee were non-tendar and no lymphadeno~y was noted. Her BP
V8S 150-180/105-115. Zhe heart and lungs appeared no-l, as well aa the
peripheral vascular syetern. Flmduscopic exam was generally negative except for
slight increase in light reflex. The physical exnmwas ochezwise negative .
except for cha presence of a cystocele and rectocele.

IASORATORY & X-RAY MT4: No scans or thyroiduptake studiae
were performed becauae of her

pregnancy. X ray of the chest ehm#ed the heart to be top-normalin size, but

otherwise negative. EKG was normal. (holenterolwae 336 mg%, and triglycerides
were 182 mg%. Creatinineclearancewae elightly 10W. Aldoecerone was 50 mg/
24 hr. VMA wae nornd. lhe urine shwed 20 mg albumin, but wes othemise
negative. Stool e-mlnetions revealed the presence of whip worms and

trichirus tzichura.

HOSPITAL CUIHSI!: Ouring her hospitalization,the
patient remained aaymptoemtic,and ate

and slept well. me was completely ambulatory. Her BP varied from 130/90

CO 160/110. Rnm the lab findings● diagnoaia of mild eaaewtlal hypertension

-1-
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seems appropriate and should not precludo surgery.

At the ClevelandMetropolitan General
Hoepitel on 4 June L976, thyroid

surgerywarnperformed by B. & Oobyne, M.D. lhe gland warnfound to be 2-3 times
rm-malsize, soft and vary vescular (presunmbly related co pregnancy). Ihere
were 2 adenma, one in the right lobe and one in the left; one filledwith
colloid and the o’tier with necrotic liquid. ‘Lhepathologicaldiagnoseswere
thyroidadenome,- one with cyetic degenerationand the other “a regenerating-
degeneratingmicroedenoum’.’Recovery from surgery wae uneventfuland the wound
healed nicely. Ihere were no complications related either to hypertension or
pregnancy. The patient was discharged for travel to the Marshall Islands on
9 June 197k. The hospital sunmery and a surgicaland pathological report

are being included in the chart of this hospital.

DISCRAROEMSOICA’L’20N: Dr. tiudaen, the reeident physician ~
in the Marshall Ialande,was

advised chat thq obatatricien on this came suggested theeif hypertension
pereisce after pregnancy termination,smm fotm of mdical mnegement should
be instituted. It wae not considered naceseary to start this patient on
supplementary hormow therapy.

DIS~GE DIAGNOSES: 1. Benign thyroidadenomee, surgically
removed.

2. Eeaeatialhypertension (mild).

Robert A. Conard, KD.

Cfh
Received: 25 June 1974
Typed: 27 June 197.4

CQGUU+

Page 2 of 2
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DISCHARGESUMMARY

AwlTED: 27 nay 1974

CIRC 63

DISCEARGRD: 3 June 1976

‘Ibis45-year-old~r.shallese femsle
waa admitted for evaluation of her

thyroid status in anticipationof poseible surgery.

MEDICALRISTORY: In September 1973, a smlI nodule

0.5 cm in diameter was noted in the
region of the lower left lobe of the thyroid. By March 1976, the nodule

appeared to have sran slightly in size. She had always appeared euthyroid and
her T4 levels were in the normal range. ‘fhepatient was accidentally exposed

to fallout radiation in 1956 at age 24. She received an estimared 69 rads of

whole body gaumm radiation which caused mild depression of her blood elements
during the first few weeks after exposure. Fallout contaminationof the skin
caused mild, transitory,beta burns of the skin during the first few weeks also.
She also absorbed internally smne radionuclides, the most serious of which were .

radiolodinee. She r~ined genarallyhealthy until about 1970, sxcept that she
was soawwhatunderweight’and had an early menopausa (aga 42), after having had
one miscarriage and ona child. Since 1971 she hae complainedof frequentbouts
of cmJghiug, dyepnaa, night sweating at times, and chaat pain. Se has had
whita-to-yallaish sputum, but danies hamoptysie. She claims to become dyspneic
on ●xertion, and during tha bats of coughing slaeps propped up on pillows.

LASORATORT & X-RAY DATA: Thyroid scars using
1231 Shae a focal

area of decraased radioactivityin
the middla and lmmr 1/3 of tha left lob, of the thyroid laterally. Her RAI
uptake waa 15.8%. UIast x ray showed increaead lung markings, possible due to
chronic bronchial diseaae. hnerms exams for AFB of the eputum wera negative,
both on smear and by culture. No othar consistent pathogenic organismswere
found in the sputum. ‘lheEKG showed sane T-~ave abnormalities,which were riot
naceesarllyconaidared significant. Her hevgram was negative except for
increased eosinophilewhich may have been related to the findfng of whip.wom and

trichuris trichura in her SCOOLS. me had slightly increasedblood proteins,
particularlyglobulins,which ia not an unusual finding in the t4arshallaae
peopla. She had a positlva syphilis serology, reactiva, titer II.. (In the
Marshallese, infectionwith yaws, which was endemic years ago, not infrequently
rasults in poaitiva sarology.)

HOSPITALCOURSE: Iiming the first few daye of hospital-
iaetion, the patient remained in bad

a SO- deal of the t~. me ccughed frequentlyand had slight increaee in
raapiration, bringing up a whitish-yellowishsputum. She became dyspnaic on

exertion. %a had a las-grade fever in the evenings. Her appetite was poor.
2n view of possible T’Sinfection, isolation procedureswere Instituted, thou~
subeequenc tascs end sputum findings did not substant@amLsuch a diagnoeis.
Conaidaringthe possibility of bronchial Lssfaction,she was given tetracycline
and Tadral for cough. ~e improved in the last few daye of hoepitalixation

-x-
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was able CO get up and walk
considered fit to travel to

Rongelap 51

{NAAW

08-50-52 R
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CIRC 63

around, with an increase in appetite. She
Cleveland on 3 June 1974.

When the patient arrived at the
ClevelandMetropolitan General Hospital

waa improved. Her cheet x raye were reviewed by a cheet specialistand
EKG by a cardiologist. Their opinions were that the ? hilar shadows were
suggestive of tuberculosisbut of bronchitis, and the T-wave changee in

EKG were not considered significant. Their conclusions were that these
conditionsdid not preclude surgery. Positive pressure ventilationand ocher
pulmonary exerciseswere Institutedand resulted in removal of large amounts
of bronchial mucus with marked improvementin the patient’s scams prior co
surgery.

On 5 June 1974, thyroid surgeq was

carried OUC. The gland was found to
be small, thin, and brownish in color and quite friable. A l-cm mass was
removed from the mid left lobe which waa filled with necrotic fluid and a

s-llar 5 um tongue of aden~mus tissue removed frma near the isthnma. The

pathological diagnoaes for both mesees were “aden~a”.

me patient’s postoperative con-

valescence was uneventful with no
pulmona~ problems. A positive serological test for syphiliswae ’reported.
llsiawaa confi~d on re-check.

DISCRARCE ~DICATION & INSTRUCTIONS: Dr. Knudsen, the residant physician

in the Arshall Ielanda,waa notifiad
of the return of this patient and advieed about the positive serological teet
and the desirability for continued postural drainage procedures. She was
resumd on thyroidhormone treatment (Syrsthroido)and given a supply to take
back to che islands with her. She will be given careful followup exams.

DISCRARGSDIAGNOSES: 1. Senign thyroidadenoama, surgically
removed.

2. Chronic brcidcfiitis.

PJ *C? m-
Robert A. Conard, M.D.

Cfh
Rmceived: 6/25176
Typad: 6/27174

/C= .At.u-7/

Page 2 of 2
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Appendix 11

5ospital Summary of Leukemia Case

Admitted on LO-2-72 to ?lational Cancer Institute, Hematology and Supportive Care Branch

l’he patient is a 19-year-olri man from the Marshall Islands, who transfers from
the hospital of the Brookhavan National Laboratory with a tentative diagnosis of acute
leukemia.

PRESENT 7LLNBSS:

‘flds patient has been followed with yearly physicals and blood counts by the
MedLcal ResearchCenter of the BrookhavenNationalLaboratorysince age one, at which
tiam he sufferedan accidentalradiationexposureof 175 totalbody rads. He had a
transient leukopenia one month following exposure but since then has had normal blood
counts at his yearly axazdnations. At the tfma of a routine evaluation in August 1972,
his peripheral blood white count was 1,200, platelat count 119,000, and red blood cell
count 4.4 million. Attempt at a bone marrow aspiration at that time was unsuccessful,
and on September 29, 1972, the patient was flown to the Brookhaven Medical Research
Center for further evaluation. He had not complained of easy fatigability, spontaneous
or unusual bmising or bleeding, joint or muscle aches, or an increased number of mfec-
tione. At the time of admission on September 29, the hemoglobin was 12.5, white blood
cell count 700 with 26% polys, 28X IymphocytesJ and the remainder abnormal monocytic
precursors. Urinalysis, liver function tests, and prothrobin time were all within
normal limits. A bone marruw aspirate in the left posterior iliac crest was perfoked
‘and revealed a predominence of early myeloid precursors with some dissociation of cyto-
plasmic and nucleer maturation and presence of Auer rods in the cytoplasm of myeloblasts.
on September 30, the patient had en aeymptossstictemperature elevation to 10I°F. Phys-
ical examination then revealed slight injection of the pharynx and a chronically scar-
red left tympenic membrane. Chest x-ray was normal. Cultures were taken, and the
patient was begun at that time on treatment with keflin and gentamicin. He was placed
on isolation. On October 1, the patient was
transfer him here.

PAST HISTORY:

Operations: Subtotal thyroidectmy.

Accidents: None

Medicines: Occasional “Anacin” tablat;
my 1972.

FAMILY HISTOSX:

Mother, father, six brothers, and three
in the Marshall Islands.

RongelAp (54) 09-44+0 3

afebrile, and arrangements were made co

synthroid, 0.3 mg. daily from 1968 until

sisters are all living and in good health

-1-
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SOCIAL HISTORY :

‘f’hepatient was bom and has lived all his life in the Marshall Islandsexcept for
one visit to Boston,where he was hospitalizedfor a thyroidectomy in 1967. He graduated
from high school Iaet year. He has working knowledge of English, altiough he iS not
fluent.

REVIIW OF SYSTEMS:

Head : The patient gets a rare fronto-occipital headache, which is relieved by
Anacin. The frequency of these headaches has not changed recently. He has no known
seizure disorder, no history of syncope. Ears - No complaints. Eyes - Vision good.
The patient does not wear glasses. Nose and Mouth - Negative.

Pulmonary: No chronic cough, no shortness of breath.

Cardiovascular: Negative.

Gastrointestinal: Negative.

Skin: The patient has had multiple skin infections on the legs, often resulting
from cuts and scktches. In addition, he has had boils on the buttocks over the last
few mnths and a mildly prutitic, depigmanting rash over the thorax for the last six -
months.

Endocrine: Subtotal thyroidectomy 5 yrs prior to admission for multiple benign
adenomas. on eynth~oid since.

PHYSICAL ~TIoN :

Vital Signs: Blood pressure 110/60; pulse 90; respirations 16.

General Appearance: ‘llhisis a well-developed, muscular, young man in no distress.

Head, Eyes, Ears, Noee and Throat: The head isqnsnetric. There is no bony or
scalp tenderness. Pupils are equal, round, and reactive to light and to accmmnodation.
The extraocular move-nts are intact. Visual fields are intact to confrontation test-
ing. ‘l’hare is no nyscagnsae. The fundi are nomal. The Weber test does not literalize.
The right tympanic membrane is slightly scarred and retracted; the left tympanic mem-
brane ia distorted, dull, particularly in the postero-inferior quadrant, with a sLight
tan exudate at the base. The pharyox is normal. There is slight inflammation surround-
ing the right mandibular third mlar, which is partially covered by a soft tissue flap.

Neck: Supple. There is no venous distention. TWO well-healed horizontal sur-
gical scare are present anteriorly over the neck. No palpable thyroid tissue is present.

Chut: The chest expends synsaetrically. The lung fields are clear to percussion
and auscultation. The lungs bases mve to percussion.

CLIMUAL UC-

Rongelap (54) 09-44-403
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Cardiac: The point of maximum intensity of the cardiac impulse is in the fifth
intercostal space in the midclavicular .line. Cardiac rhythm is regular. There is a
Grade IIiVI soft systolic muxmxr heed best at the aortic area, rad%ating slightly
toward the left sternal bofier but not toward the neck. The second heart sound
splits normally.

Eoneu, Muscles, and Joints: The bones are not tender. There is no costoverte-
bral angle tnederness.

Abdoimn: T!wJabdomen is soft, nontender. Bowel sounda are normal. Hepatic
span to percussionis 10 cm. Liver spleen,and kidneys are not palpable,and there
are no abnormalabdominalmasses or bruits.

GenitaMa: Normal nude.

Rectal: Examinetion is normal.

Extremities: The extremities are normal, with multiple healed scars over the
legs.

skin: There is a depigmented geographic rash over the thorax and upper ex-

tremities, which is slightly scaling in places.

Neumlo@cal : Sxamlnationis entirelyuithin normal limits.

-SSION:

1. Acute granulocytic leukemia.
2. History of resection of thyroid nodule, clinically euthyroid now.
3. Tlnea versicohr.
4. Fftldcutaneous fitrunculosts.
5* Chronic left otitis media.
6. Parttilly empted right lower third uular with periodontitis.

PROGNOSIS:

Fifty percent chance of achieving remission of his leukemia; tiian survival
abont one year in other patientswith a similardisease.

Sws Mabry, F1.D./C/lO4-72

Hongelap (34) 094440 3

JZ4:krD-X 10-5-72
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Admitted on LO-2-72 to !Tational Cancer Institute,
Hea!aKologyand Supportive Care Branch

Expired on 11-15-72 from l?ationalCancer Institute,
Hematology and Supportive Care Branch

HOSPITAL COURSS:

Problem No. 1 - Acute Progsnulocytic Leukenda:

on the nmrning of the second hospitalday the patienthad a posterior iliac creet
bone marrow aspirate revealing decreeaed normal marrow el~nt.v and infiltration by
cells with prominent eosinophilic cytoplaemic granules and prcdnent nucleoli. SomS
of these cells had Auer rods in the cytoplasm. The impression was that the marrow
showed changes of acute promyelocytic leukemia. A bone marrow biopsy showed hyper-
cellularity and infiltration by abnormal calls. Despite extensive marrow involvement,
however, the patient did not have severe anemia or circulating abnormal cells when he
first presentad here. on October 12 he was discharged, feeling well, to be followed
closely in the Special Ambulatory Care Clinic. The plan was to treat him for bleeding
episodes, the appearance of blast cells in the peripheral blood, splenomegaly, or
deterioration of coagulation parameters.

Unfortunately, after only two days in the Outpatient Clinic, the patient’s platelet
count fell to 7,000, and he developed an esrsche and ahd a low-grade fever. He waa .
therefore readmitted and on October 15 begun ‘ontherspy with cytosine arabinoside, LOO mg.
per -ter squared fntravenoualy every 12 hours, and b-thioguanlne, 90 ~. per-ter
squared o~lly every L2 hours. The patient’s base-line prothrobin time, partial thrombo-
plaatin time, thrombin time, fibrinogen, fibrin split products, and factor VIII were
within the normal range; nevertbeleee, because of the association of intravascularcoagula-
tion with acute progrsnulocytic leukemia, he wee trested prophylactically vith heparin,
0.5 ~. per kg. intravenously every 6 hours for the first five days of ch~therspeutic
drugs. On the first day of treatment the white blood count was 1,700 with 21Z neutrophils,
56% l~hocytes and 20% sbnomel precursors; platelets were 32,000 (aftertransfusion)
and ~globln 10.3. His white count remained low throughout the remainder of his hos-
ftal course;abnormal forma dLvappeared from the peripheral blood on the ninth day of
treatmnt; platelet transfusions were administered every two or three days in an effort
to keep the platelet count above 20,000. Serial bone marrow examinations revealed: on
day five, hypercellular marrow with 8~ abnormal cells; on day seven, hypercellular
merrow with 90% progrsnulocytes; on day Nelve, hypercellular -rrowtith 95% progrsnulo-
cytes; on day fourteen, hypercellulsr marrow with 82% progranulocytes; on day nineteen,
normocellular marrow with 80% progranulocytes; on the day prior to death, aftar twenty-two
days of treatassnt,a hypocellulsr marrow with persisting foci of abnormal promyelocytes.
On the day prior to deeth the patient’s hewglobin was 8.3, white cell count, 2,100 with
100% lymphocytes, and platelet.count 11,000. lie had received 10 units of packed red
blood cells and had received platelet transfusions on 18 days of his hospital stay.
During the last two weeks of life hehsd ve~ poor fncr~nts in platelet count after
platelet transfusions, probably because HIA identical platelets were not available for

transfusion.

cum- nc-
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Laboratory Values on Admission: BUN 13, creatinine 1.3, sugar 98, ~lase 46,
cholesterol 116, electrolytes normal, calcium, magnesium and phosphate normal,alkaline
phosphatase 50, total protein 8.5, albumin 4.1, total bilirubin 0.1, SGPT, SGOT and LDH
all normal, uric acid 5.8. While being treated with cytosinearabinosidethe SGPT and
SGOT rose out of the mrmel range and in the one week prior to death he had bilirubin “
elevation to as high as 6 as well. There was never any evidence of disseminated intra-
vascular coagulation on twice weekly coagulation screening tests.

Probla=No, 2 - Thyroid Status:

Clinically, the patient was euthyrofd. l’hyroxineIevel was 3.7. ‘i’hrougbouthis
hospital stay he was continued on L-thyroxine,0.3 mg. daily.

Problem No. 5 - Otitis Media:

The patient was treated with oxscillin and gentan&cinfollowed by ampicillin for
a total of seven days with resolution of his left otitis.

Problem Xo. 6 - Feriodontitis:

The dental consultant reccmsnendedmanaging his molar periodontitis with frequent
local lavage, which was done under his supemrision. ‘II-m initial inflammation resolved
after several days, but d- the last three weeks of his hospitalization he had severe
periodontal ltxflansnetion, worse on the right. In addition, a right subauricular swelling
appeared late in the second hospital week and persisted until the tba of death. Ear,
nose and throat consultant thought this represented parotitis, but reactive adenopathy
fr- the periodontitis could not ba excluded. tnuing tha last three weeks of hospital-
ization he wee on nearly continual antibiotic treatmnt with oxacillin and gentamicin
05 keflin and 8entamlci& On November 8 proteus mirabilie and Pesteurella n!ulticida
were cultured froIs the blood. These organisms had praviouslybeen +tured from the
-th as well, and a likely source of sepsis was his periodontitis. He continued to
be febtile thmughmt the rest of the hospital tourse, but subsequent blood cultures
were stetile. -.

Problem No. 7 - Pneuamnitis:

On November 7 the patient had gram-negative sepsis; on November 8 he complained
of a brassy cough; on November 9 he was generally tachypneic and quite anxious, with

tyanotic nail beds. physical ~tion revealed right axillazy rales and chest
x-ray showed a patchy alveolar infiltrate in the right upper, middle and Lower lobes.
Artefil oxygen saturation WSS45 ma. of mercury on room air and pC02 and 20 nsn.of
mercury. Culturesof the stanty blood-tinged SPU- grew only a few colonies of
Klebsiella. Over the next two daye he had increeaingly severe respiratory distrese
with gradual opacification of both hemlthoraces on chest x-ray. MS sputum became
~y bloody. On November 12 he was incubated by the nasotracheel route and placed
on a volume cycled respirator. He was begun on treatment empirically vith p@.methamine
and sulfadfazina for the possibility of Pneumxystis carinii pne-nitis. Menag-nt

amcu aco8s
Smlg@ap (54) 09-4440 3
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during the last two days wae complicated by the patient’s agitation and inability to
cooperate with the respirator, so that he was eventually given curare. The tezminal
event at 2:40 a.=. on Nov-er 15, 1972, seamed to be an intrapulmnary hemorrhage
followed by hypaudaand hypotanaion.

FINAL DIAGNOSES:

1. Acute progranulocytic leukemia
2. Resected thyroid nodule.
3. Tinaa varsicolor.
4. Mild CU=SOU8 flUUUCUIOSiS.

5. Chronic left otitis medi&

6. Periodontitis with subsequent sepsis.
7. pn~ tis with termina1 intrapulmonatryhmrrhage

.Jms Mabry, &D./C/l2-5-72
JWnht K-I 12-11-72 .

Attachment: Admission History and physical”~ti~

Smgelap (54) 09-44-403
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Appendix 12

Personnel .Yonitoring

A. ‘Jrine,1970-1974

Subject Ca,

Year vLO. vol., d mg/liter

1970

1971

1972

7
9
11
34
48
53
67
70
73
80
805
811
a35
881
882
934
948
1050
1520
1523

34
41
61
66
67
?3
77

802
825
827
834
864
932
948
1520

.
1:
17
34
48
73

845
878
882
896
1050
1517
2228
22S7
2136
2172
2193
2195

2500
2680
1100
270
920
980
’453
135
525

1540
275
265
330
540
1180
920
800
620
355

1520

625
590
1260
560
260
830
700
210
470
330
320
830

1220
440
470

580
960
680
85
250
980
385
290
470
330
350
510
240
330
625
640
120
470

Rtmge2ap

180
68
91
220
34
170
75
52
97
200
110
600
L1O
74
76
150
180
120
220
220

130
130
67
160
870
210
87
160
110
200
280
140
55
33

260

Loo
91

23
84

29
86

360
60

110
190
150
40
190
170
200
66
160
56

90~r 137
Cs,

pCi/liter nCi/liter

2.2
1.0
1.4
4.2
5.8
7.3
6.4
2.4
2.3
2.0
7.4
6.5
5.7
1.7
1.0
2.5
2.0
1.6
3.3
3.4

ii= 3.5

3.7
2.1
2.6
2.4
8.3
2.6
3.1
9.7
6.3
2.5
3.3
2.6
1.3
0.90
3.7

~- 3.67

2.3
2.6
2.2
<1.0
1.7
3.4
2.3
2.2
1.3
6.b
1.3
1.5
2.4
1.6
0.9
0.6
<0.8
1.0

7- 2.4

1.5
0.80
1.0
3.1
3.1
2.5
5.2
1.3
4.1
1.7
4.4

3.9
4.1
2.8
0.87
3.5
0.77
2.1
4.0
2.6

~- 2.7

5.9
1.2
0.65
2.7
4.6
2.1
2.7
3.7
2.5
2.0
2.2
2.2
1.4
0.34
2.5

z- 2.4

1.2
2.6
5.9
6.1
7.0
4.2
2.9
5.0
1.3
2.1
2.9
1.0
0.8
1.2
1.3
0.6
0.7
0.5

~= 2.6

.
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Subject
Year !40.

1973 5
12
17
68
6.4
66
73
80
832
835
843

1974 s
41
66
80
855
869
1001
1525
1050

7
73

836
878
932

1974 2212
2164
2102
2160
2129
2102
2122
2124
2172
2137
22.50

~ppendix 12 (continued)

A. Urine, 1970-1976 Cccmtlnued)

vol. , d

&17
190
200
410
170
432
440
215
37

120
125

1160
840
800
310
260
680
620
220
460
s30
&40
580
540
370

37
8&0
700
400
840
190
200
700

1190
130
740

Ca,
90~r

m13/lLter pCi/liter

Rongelap

200
210
74
32

630
190
270
620
130
73

&90

350
560
LO1O
1100
170
560
230
1.40
1120
760

1160
2000
295

8.0
7.7
8.3
2.8
12.5
2.8
3.8
5.1
4.3
4.8
10.9

~= 6.45

0.9
2.0
1.4
5.8
3.8
4.2

1.7
2.3
2.3
1.9
4.5
6.9
2.3
3.1

~ - 706.8 i - 3.1

Utirik

220
1304
910
480
640
240
705
1305
1020
440
820

z - 736.9

0.4
2.2
1.0
0.7
0.6
0.7
5.1
1.0
0.6
2.4
0.9

z - 1.6

137c~

nCi/liter

1.8
2.7
7.7
1.9
5.8
2.1
3.7
5.3
6.2
6.0
8.1

~- 4.56

0.7
0.7
0.7
6.0
‘9

3;:0
1.8
8.9
1.8
10SX
1.6
2.4
2.6
1.8

? = 5.5

0.7
1.7
1.3
1.6
1.1
0.9
2.8
0.9
0.9
1.8
1.4

z = 1.4

239,240
Pu,

pCi/liter

0.02
0.05
0.09
0.02
0.05
0.05
0.02
0.06
1.7
0.11
0.11

x - 0.21

.
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Appendix 12 (continued)

A. Urine, 1970-1974 <continued)

Year

1970

1971

1972

1973

Subjecc
30.

Pooled
Pooled
urine G
urine M
EASL* control
BASL cmcrol

Pooled
Pooled
Pooled
Pooled

Pooled

Tonne
Jawd
Acne
Jone k Cheako
Neba2
Ruth
Pelepel-E-P
8imz Bikini, H=7
Distiao Rep., family
S-*L
APrizi

-u
saacos
James

1974 Andrew
Spring Edmila

Aklji
Tacue
Roja
Joji
Libw@
Bfne
Jorma
Beno
myw
Wuloa
Tojiro
Bona
Tonny
!hlik
Bear
Samlal
Ruth
Aec8e
Bokrok

vol. , d

3640
3365
1100
930
3000
1000

3920
2960
3300
500

2700

260
2?30
250
65
150
115
350
4.95
300
380
460
220
410
390

275
220
350
370
350
1050
1380
1230
780
490
155
90
105
95
50

140
200
160
300
150
110

cd,
mglliter

Bikiai

120.0
120.0

160.0

54.0
74,0

110.0
100.0

204.0

120.0
100.0
240.0
160.0
230.0
360.0
80.0

120.0
210.0
300.0
79.0

130.0
100.0
200.0

z - 173.5

290.0
160.0
b40.0
300.0
160.0
220.0
360.0
320.0
380.0
490.0
290.0

I - 310.0

90~r

pCi/liter

1.2
1.3
2.2
1.9
1.0
1.6

0.96
0.89
1.22
3.9

4.2

8.9
5.7
5.5
7.4
6.2
11.6
4.8
2.2
5.6
5.4
2.0

18.9
1.9 ●

7.8

~= 6.7

1.2
:0.1
3.0
2.5

:0.4
2..4
3.2
4.6
3.8

:0.1
:0.2

?- 2.0

Waelch and Safety Laboratory, AEC, New York, N.Y.

137c~,

nCillicer

0.100
0.130

0.012

0.217
0.194
0.211
0.110

0.910

2.1
1.1
2.6
4.1
0.9
2.1
1.2
0.6
1.5
0.5
0.4
1.3
0.4
2.0

x - 1.5

1.0
1.0
0.6
0.5
0.4
0.8
1.7
1.2
3.2
0.5
1.5

F = 1.1

238PU

0.002
0.003
0.013
0.015
0.003
0.014

239PU

0.002
0.003
0.020
0.024
0.003
0.022

0.004
0.004
0.004

239,240h

0.02
0.06
0.01
0.01
0.01
0.01
0.02
0.004
0.01
0.009

~ - 0.016

\
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Subjecc
!JO.

963 48
60

91; 80
878 50
16 62
5 22
11 65

881 61
1s17 53
41 64
814 22
863 24
7 .57

950 60
334 40
W+5 52
982 $1
82 70
80 66
27 48

1524 31
73 “ 38

812 20
816 23
821 23
82S 29
1050 39
lb 42

1541 47
1525 31
843 45
1001 40

1 6&
851 65
896 32
70 35
66 42
932 39
832 36
Q 26
67 36 (8 mu preg)
66 50
835 40
78 59
58 79

a59 81

Appendix 12 (continued)

B. Mmoa Speccographic Data, 1974

!Jt.,
kg

61.8
64.1
56.8
74.s
57.7
46.4
46.4
86.8
64.1
52.3
59.5
66.4
54.1
59.1
63.6
68.6
55.5
53.6
56.4
66.6
60.9
70.5

~ = 61.2

51.8
54.5
46.8
65.5
75.9
60.0
65.9
57.7
53.6
58.2
70.5
65.9
50.0
46.3
65.9
53.6
55.9
50.5
80.5
63.6
60.0
69.1
51.8
52.3

Ht., Potassium,
cm ~

Rongmlap males

M4.4 153.9
162.8 125.0
157.1 104.3
167.3 122.5
156.0 113.9
152.0 121.3
152.0 95.7
166.9 157.6
154.6 150.5
159.1 109.9
161.7 158.0
165.4 185.5
155.5 123.7
160.5 130.6
156.3 159.4
3.61.2 157.6
161.3 133.3
151.1 101.3
147.9 105.5
156.8 153.3
L6&.O 129.5
173.0 182.7

135.2

157.0
154.5
148.8
157.5
155.9
150.’4
151.5
134.4
146.0
151.7
141.b
lh8.O
140.4
150.3
152.5
147.0
147.7
154.8
156.7
155.0
147.0
156.3
lh3.2
143.7

100.6
80.5
94.9
109.3
112.3
64.1

105.8
63.2
80.6
99.9
68.2
82.6
83.5
77.9
81.1
84.2
73.0
88.2

109.4
82.7
72.7
76.5
57.2
62.7

nCi

764
L66
3S8
539
257
403
283
4bl
462
307
969
590
509
444
721
368
243
boo
287
666
326
664

475

516
252
201
187
393
373
888
249
209
346
252
204
249
165
314
145
217
462
266
283
190
431
202
298

137c~

nCilkg body WC.

12.&o
7.26

6.30
7.23
4.44
8.69
6.10
5.08
6.89
5.a6
16.3
8.89
9.41
7.52

11.3.4
5.36
4.37
7.46
5.09

10.03
5.35
9.42

7.76

(4.37 - 16.28)

9.97
4.63
4.30
2.85
5.16
6.22
13.46
4.32
3.90
5.94
3.58
3.09
4.98
3.56
4.77
2.71
3.87
9.16
3.31
4.45
3.16
6.24
3.90
5.69

z- 5.13

(2.71 - 13.46)
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Subject
Xo .

2125 56
2123 34
2137 38
2102 22
2167 3a
2152 38
2166 s?
2233 21
2185 50

2139
2172
2210
2160
2220
2244
2229
2164
2254
2161
2228
2193
2212

Age

ADpendix 12 (continued)

8. ‘hmm Speccographic ~ata, 1974 (concinued)

‘Jt.,
kg

69.5
61.8
76.8
60.9
92.7
84.1
5b. S
61.&
59.5

44 61.4
)2 89.5
20 65.0
24 68.2
46 65.9
63 77.3
35 81.4
36 77.7
25 37.7
4a 34.5
27 . 59.1
50 (preg) 85.0
53 (cCd. at BNL) 72.7

Ht. , Potassium,
cm g

Utirik males

171.5 L44.4
176.a 162.2
165.5 160.2
165.1 L57.a
168.6 155.8
160.6 165.9
160.4 144.3
173.5 156.3
159.5 156.4

nc i

la4
305
526
230
22a
222
230
222
208

~ - 262

L37Cs

nCilkg body w .

2.65
4.9&
6.t34
3.77
2.46
2.64
&.zl
3.62
3.46

? - 4.05

(2.64 - 6.84)

Utirik females

152.0 a7.3
159.0 12a.9
152.7 9a.1
137.5 loa.5
150.4 98.1
153.5 74.9
159.1 98.9
L47.8 a4.5
145.0 all
131.2 65.8
152.7 92.4
151.5 ao.z
151.2 aa.7

141
147
zoa
L32
130
74
121
128
145
103
178
133
a9

% = 133

2.29
1.66
3.20
1.93
1.97
0.96
1.&8
1.64
3.85
2.99
3.01
1.56
1.23

~= 2.13

(0.96 - 3.85)
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Sub]ecc

1
8
18
7
5
4
11
1.4
16
17
10
9
6

15
13
3
12
2

8
5
7

13
9
10
11
6
12
1
2
3
4

Xonchs
on

Bikiai

Appendix 2.2(continued)

B. Gamma Suectographic Data, 1974 (continued)

60
60
48
48
36
24
24
24
24
24
26
24
14
9
8
6 (from P.angalap)
4
3

60
36
36
36
26
24
24
18
12
7
4
L
4

.

Age

42
49
30
30
25
47
43
31
60
39
30
55
22
1?
k4
49
16
54

54
23
29
15
65
27
28
44
13
31
45
60
20

Wt., Ht. , Potaselumo
kg cm

Bikini “m.laa

77.3
67.7
59.5
75.0
82.3
78.6
56.8
70.6
83.6
63.6
60.5
76.3
70.0
50.0
60.0
85.1
70.0

100.5

158.0
168.1
167.0
165.0
168.1
165.5
161.8
170.0
162.3
166.0
155.1
161.9
161.2
165.7
157.6
165.9
L72.4
170.1

Biklal femal.aa

54.5
96.4
64.5
46.8
70.5
57.7
46.8
50.0
&9.1
77.3
82.3
73.6
62.3

149.6
155.4
151.9
146.Ii
149.3
142.7
14S.8
146.0
145.1
149.9
150.7
152.5
156.9

g

170.3
149.0
158.5
156.1
169.9
L72.4
140,6
(197.6)
142.9
160.8
129.6
165.2
147.8
125.5
133,&
162.5
168.3
158.8

88.7
124.1
110.6
85.6

101.5
106.9
85.2
94.6
106.4
91.4
59.4
93.7
94.0

?- 95.6

ncf

168
71.8
103
124
93.3
402
55.9
222
77.5

122
80.7
50.5
96.5
77.3

155.5
290
75.5
42.9

z - 128

30
73

108
36
116
25
92
58
77
252
18
33
29

F=73

L37c~

nCilk~ body wt.

2.18
1.06
1.73
1.65
1.13
5.11
0.98
(2.82)
0.93
1.92
1.33
0.66
1.35
1.55
2.59
3.40
1.08
9.L3

F - 1.04

(0.43 - 5.11)

0.55
0.76
1.68
0.78
1.65
O.&&
1.96
1.16
1.74
3.26
0.22
0.44
0.47

F - 1.15
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Appendix 13

Report of The Ad Hoc Conuaitteeto Evaluate.—
The Radiological Hazards of Resettlement of The Bikini Atoll, Xay 1968

.

The Committee was convened to consider the question of whether

the Bikini Atoll is safe for human habitation with respect to the radio-

logical hazard. The detailed history of the various relocations of the

Bikini natives is described in the appended material provided by Mr. Tobin

(Appendix I).

We have examined the documents listed in Appendix II. In

addition, we spent one and one-half days in detailed discussions with

members of the 1967 Bikini Survey Team and other experts as shown in

Appendix III. On the basis of the information provided, we have reached.

the followlng conclusions and recommendations:

1. The exposures to radiation that would result from the

repatriation of the Bikini people do not offer a

significant -threatto their health and safety.

2* Such exposure my and should be further reduced by

the following simple measures:

a. Restrict rehabilitation for the present to

the islands of the Bikini-Eneu complex. (See App. IV)

b. Establish a village and insnediate food crops

on Eneu. No radiological precautions will be

needed on Eneu because of its very low con-

tamination level. (See App. V)

C. Any village construction on Bikini Island should

involve the coveting of the site with coral rock

as is the local custom.

d. Radioactive scrap metal should be removed from

the islands adjacent to former shot sites.
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.

e. The population of land crabs should be sharply

90
reduced because of their high content of Sr .

f. If pandanus trees are planted on Bikini Lsland,

two inches of topsoil should be removed from the

planting sites. The area of removal from each

site should be equal to the area covered by the.

crown of mature trees.

3* Determinations should be made of body burdens of Cs
137

and

S>” at the end of the first year of residence on the Atoll

and as appropriate thereafter.

relocation would be desirable.

radiation levels on the Bikini

Baseline sumeys prior to

Resurveys of environmental

Atoll and estimates or radio-

nuclides in food should be made periodically.

4. Special efforts should be made to ensure a balanced and

adequately nutritious diet. A dietary supplement of

90
powdered milk would materially reduce Sr uptake by

relieving the calcium deficiency usually associated with

their diet.

Respectfully submitted:

Shields Warren
John C. Bugher
Robert A. Conard

John B. Storer
Paul Tompkins
John H. Harley
Charles L. Dunham
S. Allan Lough

\
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Appendix 14

Gamma Radiation Measurements on Bikini Island, L974

External gamma exposure rate measurements ‘weremade by S. A. Greenhouse
and V. A. Xelson in the village area on Bikini Island during December 1974,

I’he measurements were made with a Reuter-Stokes environmental radiation moni-

tor, model RSS-111, which uses a pressurized Ion chamber as a detector. The

reeponse of this instrument is relatively independent of gatmna-ray energy

(kS%) for incident photons from about 0.2 to 4 MeV. (The largest contribu-
tor to the ganxaabackground at Bikini is 137CS with a gamma energy of 0.667
MeV.) The reeults, which include cosmic-ray background (w4 BR/hr; N35 mR/yr),
are given in the table below.

Measurements made through the Interior of Bikini Island along the “center
baseline” road indicated gamma exposure rates from 3 to 6 times as high as
the village averages. A detailed survey of the interior is planned for early
1975.

Gamma exposure rate W1 m above
floor or ground, PR/hr Annual gamma exposure, mR

Location

House #4

House #20

House #28

Houee //49

Average

Inside Back yard Inside Back yard

7.8 13.2 68 116

8.0 7.7 70 67

9.3 15.5 “ 81 136

9.3 15.5 81 136

75 114
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