P V2]

BNL 50424 ST ym T
P 17 ,D\ Sip
,)j l 7// 716(16,1,5‘ MAQEL‘”

A TWENTY-YEAR REVIEW OF MEDICAL FINDINGS IN A MARSHALLESE
POPULATION ACCIDENTALLY EXPOSED TO RADIOACTIVE FALLOUT

RoBeRT A. CONARD, M.D., ET AL.

Y
ASSOCIATED WUNIVERSITIES, INC.

UNDER CONTRACT NO. AT{30-1}-16 WITH THE

UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION



NOTICE
Thes ceport was prepated 4y an aceount ul wark
sponsared By ihe Laied Mates (aovernment hennicr
the Unicd  States mor ihe Unied  Stgtes Lnergy
Researcdi and Developinent Admuaistiation, aar 3y uf
theu  emplovees, nar wny al  then contracioty,
tubtontractons, o1 then  empliyees. makes any
waranty. eipress or implied, a1 asumes any lexal

'

Labdity ur responability for the atcutacy, wumpletenen

! any tnl,

Proeens dischosed, 1 rePresents that ifs use would not
minnge pnvately awned nghts

. predduct ur

BNL 50424
(Biology and Medicine - TID-4500)

A TWENTY-YEAR REVIEW OF MEDICAL FINDINGS IN A MARSHALLESE
POFULATION ACCIDENTALLY EXPQSED TO RADIOACTIVE FALLOUT

Robert A. Conard, M.D." (70, ‘71, Mar, Sep ‘72,
Mar ‘73, Mor '74)

Knud D. Knudsen, M.D." (71, Mar, Sep '72, Mor,
Sep '73, Mar, Sep '74)

Brown M. Dobyns, M.0.* {70, Mar 72, Mur '73)

Leo M. Meyer, M.D.* (Mar ‘72, Mor '73)

Wataru W. Sutow, M.D.* (71, Sep '72)

Williom Peck, M.D.* (Mar '72)
Haruo Ezaki, M.0." (Sep '72)

Qlympic Barja {Mar '73)
Chartes Dominik (Mar ‘72, Mar '73)

William Streenan (Mar '74)

William A. Scott' (70, *71, Mar, Sep ‘72,
Mar, Sep "73, Mar, Sep '74)

Douglas Clareus' {70, Mar, Sep ‘72, Mar '73,
Mar '74)

Michael S. Makar® (70, ‘71, Mar, Sep '72)

Peter Heotis' (Sep ‘73, Mur, Sep "74)

Robert A. Brown' (Mar 73, Mar ‘74)

Oouglas Hutnphrey’ ('70)

PROFESSIONAL TEAM (1970-1974)

Austin Lowrey, Jr., MD.2 (71, Sep '72)
P. Reed Larsen, M.D.* {Sep '72, Mar '74)
Joseph E. Rall, M.0., PhD. ('71)

Jacob Robbing, M.B.” {Mar '72)

Konti R. Rai, M.D.' {'70)

Jon Wolff, M.O.” (Mar '74)

John Steele, M.D.* (Mar '74)

OBSERVERS, MEDICAL
Toshyuki Kumatari, M.D." {Sep '72)
Williom Cole, M.D."* {Sep '72)

OBSERVERS, CONGRESS OF MICRONESIA
Brian Farley {Sep 72, Mar '73)
Ataji Balos (Sep 72, Mar ‘73)

OBSERVERS, US AEC

MEDICAL TECHNICAL SPECIALISTS

Sebio Shaniber® ('70, 71, Mar, Sep ‘72,
Mar ‘73, Mar ‘74)

Nelson Zetkeia® {76, 71, Mar, Sep '72,
Mar, Sep 73, Mar, Sep '74)

Ernest Liby® ('71, Mar '72, Mar '73)

Kosang Mizutani® (Mar, Sep '72, Mar ‘74)

TECHNICAL SPECIALISTS

Stanton H. Cohn, Ph.B." (Mar '74)

Yany H. Dh, Ph.D.! ('T1)

Nathaniel A, Sreenhouse’ {Mar '74)
Maynard Eicher* {Mar '73)

Francis Momotaro, Practitioner® (Mar '72)
Ezra Riklon, Practitioner® (Sep '72, Mar '73)
Jeton Anjain, Practitioner® (Sep '72)

E. Eric Pachin, M.D., FRPC* (Sep '72)
C. Hoyokawa, MD."* {Sep '72)

Hans Williando {Sep '72)
John Del Rasario {Mar '74)

James Miller (Sep '74)

Joseph Saul® ('71, Mar, Sep '72)
Peter Bien® ('70, Mar '74)

Jude Jomuie® (Sep 72}

Kimra Riklon® (Sep '72)

Laijo Efanjo” (Sep '74)

John C. Rothmann' (Mar '74)
Joseph A, Ash' (Mar '74}

Charles Tomesch® {'71)

' Braokhaven National Laboratory, Uptan, New York 11973
* Case Western Reserve University, Cleveland, Ohio 4410Y
* Veterans Administration, Broaklyn, New York 11209

*M.D. Anderson Hospital, University of Texas, Houston, Texas 77025

* U.S. Army (Ret.), Box 503, Raute 2, Lorton, Virginia 22079
* University of Pitisburgh, Fittshurgh, Pennsylvanio 15213
" Natianal Institutes of Health, Bethesda, Maryland 20014

BROOKHAVEN NATIONAL
UPTON,

* Department of Medical Services, Trust Territory of the Pacific islands,
Saipan, Mariana (sfands 96950

*Naval Medical Research Institute, Bethesda, Maryland 20014

" Hiroshima University Schoal of Medicine, Hiroshima, Japan

' National Institute of Radiofogical Sciences, Chibo-shi, Japan

¥ 11.5. Public Health Service, Rackville, Maryland 20850

" Uiniversity College Hospital Medical School, London, England

*Tokyo, Japan

LABORATORY

NEW YORK 11973



NOTICE

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Encrgy Research and
Development Administration, nor any of their employces, nor any of their contractors,
subcontractors, or their employces, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness or usefuiness ol any

information, apparatus, product or process disclosed, or represents that its use would
not infringe privately owned rights.

Printed in the United States of America
Available from
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161
Price: Printed Copy, Domestic $6.25;
Foreign $8.75; Microfiche $1.45

September 1975 1400 copies



Preface

The medical examinations of the Marshall
Islanders accidentally exposed to radioactive fall-
out in 1954 have now covered a span of 20 vears.
A DS-vear periad has clapsed since findings have
been presented in full, and this report includes de-
tails of this period as well as a summary of the data
for the entire 20 years. Sonie background informa-
tion is presented first,

The Marshall Islands were chosen as an atomic
bomb proving ground at the time of Operation
Crossroads at Bikini in 1946 and were subse-
quently used for numerous tests at bath Bikini and
Eniwctok until the moratorium was declared in
1958. These islands were chosen because of their
isolated location in the vast, nearly empty ocean
arca of Micronesia just north of the equator, east
of the Caroline Islands, and northwest of the Gil-
bert Islands, about halfivay between the Hawaiian
Islands and Australia. The Marshall {slands com-
prise 34 islands and atolls spread over some 180,000
sqquare miles of acean. Each atoll consists of a low-
lving 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
enure Marshall Islands. The climate is tropical, and
the trade winds blow much of the vear. The atolls
involved in the 1954 accident are located in the
northern Marshalls: Rongelap and Ailingnae
about 100 nautical miles east of Bikini. Rongerik
about 135 miles cast of Bikini. and Uurik 275
miles cast of Bikini.

During the past century the Marshallese people
have been governed by four countries. Germanv
purchased the Marshall Islands from Spain in
1886 and governed them unti} 1917, when Japan
took over under a League of Nations mandate:
Japan declared ownership in 1933 when she broke
from the League of Nations. The United States
liberated the Marshalls in 1944, during World
War 1, and was given authority under a United
Nations mandate to adniinister 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 esplorers and traders found the is-
lands inhabited by frieadly, gentle, primitive
people, living in thatched huts, fishing from out-
rigger canoes. and subsisting entirely from the
local environment. The increasing encroachment
of civilization via traders. missionaries. and gov-

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

Sanitary conditions and health care in the Mar-
shalls had been primitive, with treatment of the
sick often 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 diets
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 Surgery, un-
dertook a comprehensive medical survey of island
populations in the Trust Territory including the
Marshall Islands, using one of its vessels, the USS
Whidbey.? The survev showed that unsanitary con-
ditions with regard to flies, garbage disposal, and
excretory habits made for multiple intestinal para-
sitiv infestations and diseases. A high percentage of
the people had positive Kahn tests, associated with
vaws, 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 malaria, 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 ti: the outer
islands. This was the status when our special med-
ical examinations began. :

Some of the events over the vears in the Mar-
shall Islands that are relevant to the medicai sur-
vevs are listed in Appendix 1.

The first examinations in 1954 after the fallout
were conducted by an emergency medical team,
requested by the Atomic Energyv Comrmission,
directed by Dr. E.P. Crunkite and composed
largely of Navy medical personnel whaose service
expericnce proved extremely helpful for this field-
type operation. Resurvevs were conducted at 6
months under Dr. V.P. Bond and at 12 months
under Dr. Cronkite. In 1936 the surveyvs 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 Services of the Trust Territory
and with the participation of medical specialists
from the Armed Forces and from medical centers



Exposed Marshallese at Kwajalein immediately Ejet Village, where Rongelap people lived for 3 years.
after evacuation, March 1954,
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Initial medical examinations at Kwajalein. March 1951, Majuro residents giving farewell gifts to departing Rongelap friends, 1957.



in the United States, including endocrinologists,
cardiologists, hematologists, internists, surgeons,
ophthalmologists, and parasitologists (see Appen-
dix 3. The variety of specialists indicates the diver-
sity of the examinations conducted over the vears.

The BNL group has been fortunate in main-
taining a close 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 Leme islands, were moved to Majuro Atoll,
and they were examined there in September 1954
and in March 1935, 1956, and 1957. They re-
turned to Rongelap, to live in a newly built vil-
lage, in July 1937, after radiological surveys had
shown the island to be safe for habitation. The 137
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 vears revealed few significant findings.
An increase in miscarriages and stillbirths among
the exposed women during the first 5 vears was
thought to be related to radiation exposure, but
general health and disease 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 this uneventful period, suggestions were made
for reducing the scope or frequency of the surveys,
but these were never seriously considered since it
was realized that little is known about the late ef-
fects of radiation on humans and effects might still
appear. In 1963 the unexpected apearance of
growth retardation in some children and of thyroid
abnormalities fully justified this reasoning. In 1972
a case of fatal acute myelogenous leukeinia devel-
oped in a 19-vear-old exposed Rongelap boy,
indicating the necd for additional surveillance.
The surveys therefore were expanded to include
a hematological check in the exposed Rongelap

people every € 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 tokeep
check on the treatment program and assist the
Trust Territory 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,?-23

Some problems have been encountered in carry-
ing out the medical surveys in the islands. Careful
planning is required for all necessary equipinent
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 preseni problems under tropical,
humid conditions. Providing adeguate transporta-
tion has been a major difficutty. While the Navy
furnished 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 trving to find an is-
land, and twice ships ran aground on reefs. Small-
boat travel in rough waters was hazardous; the
trip from ship to shore was sometimes in outrigger
canoes and might result in wet passengers and
baggage. To overcome these problems, an LCU
was recently acquired for carrying out the AEC-
sponsored radiological and medical surveys in the
Marshall Islands.

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 often 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
feelings against mutilation of the body after death.
Some of the subjects thought that drawing blood
made them feel weak; and some questioned the



Trust Territory cargo vessel cacrving pessonael
and suppiies for medical survevs, 1906,

Rebuilt village on Rongelap 1o which people returned in 1957. Trust Territory cargo vessel on reef after departure trom Rongelap, 1972

Support from Navy amphibious planes during the early Moving equipment ashore. In recent years this task has
annual examinations facilitated visits to the outer islands. been facilitated by the acquisition of a jeep and a tractor,



need for continued examinations when no signifi-
vant lindings were reported. In spite of such prob-
lentis, the prople have alwavs been friendly, and,
except ol one accasion (a case of political inter-
terenee, described below s have generally cooper-
ated in the examinations. Psvchological reaction
10 the fallou: has been reflected at various times in
fears regerding fertility, o belief that tish poisoning
wits ¢fue 1 radivactivity rather than o the poison-
ous nature of the fish, feelings of weakness aurib-
uted to radiation, and fear of thyroid cancer and
lenkeria (following the death of the Rongelap bov).

A major concern for the past 3 years has been
loca) political interference and guestions concern-
ing the medical examinadons. The Trost Terri-
tory now has a Congress of Micronesia {not con-
uected with the US. administration). which has
appointed a Special Committee o mvestigate the
health status of the Rongelap and Utrik people.
Unfounded accusations were made by certain local
politicians that the United States deliberately ex-
pused the peopde o fallout so that they could be
used as “guinea pigs” 1o study the etlects, and that
the medical weam was concealing deaths from
radiation and was not reporting all of its findina,
In March 1972 the survey was interrupted by the
politicians and had to be abored ar Rongelap.
Afterwards the Congress of Micronesia appointed

at ehacrvers toaccomipany the teantona sur-
vey inSeptember 1472, Two prominent physicians
from Yapan (Drs. H. Ezaki and T Kumatori), one
from Eagland (Dr. E.E. Pochiny, and one from the
US. Fublic Health Service Dr, WL Coley accom-
panicd the team and participated in the examina-
tions. Their report 1o the Congress of Micronesia
was st favorable and has done much to quict the
political accusations. 'The Special Committee on
Rongelap and Utirik published a lengthy report2d
of its investigations, including the report of the ob-
servers., and this also has helped bring about amore
favorable attitude 1o the medical examinations.
‘T'wo major bills have been initiated by the Con-
gress of Micronesia. One concerns pavment of
travel and living expenses for any patient from
Rougelap 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 alse for a pavment o the Utirik people
and for special compensation 1o the pareats of the
bov who died of lenkemia. (See Appendix 1.) We
believe that the Rongelap peeple are entitled to fur-

vii

ther compensation for injuries received, although,
on the basis of the effects of their previous compen-
sation in 1965, the ulumate benefits are doubtful,
and another pavment might push them further to-
ward the stare of welfare and perpetual dole. Dr.
William 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
ariginal injury, and our dilemma!”

Further problems in the Marshall Islands are
associated with the return of the former residents
to live on Bikint and Eniwetok, which were con-
taminated during the testing program. Numerous
radiological 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
retusned, but they must be subsidized because it
will be several vears before the coconut and other
trees bear fruii. A number of people are expected
to return to Eniwetok to live in the near future.
The medical team as well as other radiological
safery personnel at BNL have been assigred the
responsibility of personnet and environm=nual
monitoring to assure the radiological safety of the
returning peopie. Personnel monitoring and #n-
vironmental survevs at Bikini were instituted a
few vears 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 panici-
pated. We have been fortunate in obtaining the
se7 vices of talented specialists and technicians and
in having the continued staunch support and as-
sistance of many people at Brookhaven National
Laboratorv, ERDA. and the Trust Territory. and
the authorities at Kwajalein. without which the
success of the surveys would not have been possi-
ble. The medical wam has developed a decp
friendship for the Marshallese over the vears. 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 examinations we look forward to contin-
uing these important and challenging missions and
to offering specialized health care to these Marshall
Islanders in future vears. R.A. Conard, M.D.



CONTENTS

PREE R
Frox rispecr
I Backsro s
A The Accident
B Annuad Examinanons
CR70 1974 Surveas
H I Fovoives
v Dose Nssessiaent
R Acute Etfects
L Fispises os Fortower Exvaannaness Lo Frovers
A General Medioal Findings
R Vital Statisties: Fertilinn and Mortalin
. Hematological Findines
. Subsequent Coure of Skin Lesions
E. Ophthalmological Findings
F Growth and Development Studies o Exposed Children
G Degenerative Discases
H. Chromosome and Genetie Studies
IV Tayrorp Fisoves
A Earlv Findings
R Development of Thyead Nodules
. Surgical Exploration
D. Hormone Treatmens
E. Sudices of Thyraid Funetion
F. lodaprotein Studies
G. Correlation of Thyroid Abnormalities With Radiation Exposure
\ NEoELasta
A A Case of Acute Myelogenous Leukemia

B. Other Malignancies

viii



CONTENTS

AV Rworoute sy Mosttorisg or Prisoxse axn ENVIRONMENT

A General

B *Fr Body Burdeas in Ronegelapese

;. Personnel Monitorine at Bikini

VI Croossengs ano CoNenr sions

A The Examinations

B Comparison With Other Human Exposures

o Noute Etteens

D Late Etfecs

o Thyeoad Etfecs

ARNOSEEDGAE NS

Ryterinots

Aversniy 1L

Avegnanx 2

RVEE RN T

AYDERS AN

AYHERSTIAN ]
AFPENTHN b
RYCEENTA S
RS URNTIE N

ASTUANTIANY

Areesmx 10,
Appesmix 11,

Aprprsimx 12

Apppsmx 14

Arpgsink 1L

Chronological Listing of Events in the Marshall lslands
Surves Partwipants, 1953 1974

A Summars of the Findings Over the 20 Year Period
on the Japanese Fishermen Expased 1o Fallout in 1954

Booklet Printed at Brookhaven National Laboratory
To Answer Questions of Rongelap and Utirik Peaple

Reported Cases of Notibable Diseases. Trust Territory Districis
Mean Blond Counts at Various Times Mer Exposure

Pediaic Anthropo metric Data (Height and Weight), 1970-1971
Sernum lodine Leves in Marshallese, 1938-1974

Urinar lodine Fxcretion, Dietary lodine,
and Prineipid Isotopes Contributing wo Vhyroid Dose

Hospita! Records of T hvroid Cases, 1972-1974
Hospital Summary of Leukemia Case
Personnel Monitoring

Report of the Ad Hoe Commintee To Evaluate the Radiological Hazards
of Resettlenient of the Bikini Atoll, Mav 1968,

Gamma Radiaten Measurements on Bikini Island, 1974

94
106
107
110
11

116
118
140
146



BIKINIT 4

~RON

GERIK

oLl

100 mides
I . |
[ }
m AN
weky ®
g é DRAGON
BIKINI -
‘EMWETOK ‘
' UTIRIK
RONGER .'
AILUNGMAE RONGELAP
; T e, ;
L 4
L | *
16°
‘LIKEP
, “
\ . KWAJALEIN 0‘?4—
(o
9 v,
A
*q
¢
‘e 8
C"V ‘ MAJURO
<
7
MARSHALL "SLANDS 4 ‘.

165

KLl

170°



A TWENTY-YEAR REVIEW OF MEDICAL FINDINGS IN A MARSHALLESE
POPULATION ACCIDENTALLY EXPOSED TO RADIOACTIVE FALLOUT

1. Background

A. THE ACCIDE °

The testing of nuclear devices in the Marshaii

Islands tsee Hines? ), by ciamng with Operation
Crassroads at Bikiat in 1946 and ending with the
moratorium in 1958, did not result in significant
radiation exposure to peesennel or talout contan-
ination outside the test area except inone case.

On March 1, 1994 the detonation from a tower of

a thermonuclear device, Bravo, in the Castle Se-
ties of tests at Bikind resulted i serious fallowt
accident, Fhe vield was about 17 megatons, con-
siderably greater than expecied. and an unpre-
Jicted shift in winds in the upper atmosphere
caused the radicartive cloud o drift over and de-
posit fallout on several inhabited atols w the east:
Roneelap with 64 people, Ailingnace with 18
people. Rongerik with 28 American Servicemen.
and Utirik with 157 prople tsee Figure 11, A Jap-
ancse fishing vessel in the area. the S ucky Thagen.
wih 23 fithermen aboard was also exposed (see
Lppendis b The tallout is thought to have com-
nenced at Rongelap about 4 to & hr after the det-
onanon, at Rongerik about 7 hr atter it and e
Unirtk about 22 hr adter it Yis duration on the is-
lateeds i uncertain but has boen estimated as abouat
1.2 hr, the greaier part of the fallout occurring early
in the penod = The estinusted daose of gamma radia-
von to the istand gopulations s discussed m See-
tion 1. AL The American servicemen on Rongerik
noted that the needle an a teiemetenmy instru-
ment suddenty began rising and went off-scale in
30 min, beginuing about 6 to 7 hr aiter the deto-
nation. An alarm was radioed to the task force.
and a plane flving low contirimed that sigmificant
fallout had accurred.

The expuosed people were evacuated by planes
and Navy ships within about tv. 0 davs and taken
to Kwajalein. 173 miles 10 the south. They were
tirst examined by the medical group at the Nava!
Dispensary there. Eight davs after the accident a
medical team consisting of 21 doctors and tech-
nicians, largely from the Nawy, which had been re-
quested by the AEC. arrived at Kwajalein. For
two months the tecam took medical histories, did

repeated physical examinations including studies
and phoog api- i beta burns of the skin, made
numerous hematological 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 pariicularly retentive. At the end of the ex-
aminaton period. most of the skin burns had
healed and. although significant hematoiogical de-
presstion 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 Ebeve Island for a stay of several
weeks. Sinee Uuirik Atoll was only very slightly
contaminated from the tallout, it was considered
safe fur habitation. and the Utirik people were re-
turned there with fresh supplies, clothing, and live-
stock. Rongelap ALoll was too contaminated to al-
low immediate retarn and its people (along with
the 18 from Ailingnae) were taken to a temporary
village built for them on Ejet Island in Majuro
Atoll, where they lived for 3 vears unul their re-
turn to Rongelap. The American servicemen were
taken to Tripler Aymy Hospital for further exam-
inations and later returned o duty.

B. ANNUAL EXAMINATIONS

exainiitations of the Kongelap people
were conducted at their temporary heme on Ma-
juro in September of 1954 and in March of 1955,
1956, and 1957, In 1934 an unexposed group of
Marshallese living at Majuro was chosen as a
comparison population for these examinations,
This group. however. was composed of people
trom many of the Marshall Islands whoe were not
casilv located for sibxequent examinations. Unex-
posed Rongelap people gradually moved 10 Ejet
to live with their fellow islanders. and this graup
mereased 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 thev are blood refatives
of the exposed Rongelap people. match reasonably
well for age and sex. and live under the same en-
vironmental conditions (see Section T11 ALY,




Medical survey team, March 1970.

Medical survey team, March 1971,

Medical survey team, March 1972.



Medical survey team. March 1973.

Medical survey team, March 1974.



By 19537, radiological surveys indicated that, in
spite of slight lingering radioactivity, Rongelap
Atoll 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 1aken there on an LST with
all their personal belongings, bed mats, and live-
stock. After arrival ceremonies they happily settled
down to life in their new village. In March 1938
the survey was earried out for the first time at
Rongelap; subsequent annual examinations have
been done mostly at Rongelap with supplemnentary
visits to other islands.

The Utirik people, after the initial examina-
tions, were next examined on their home island in
1857. They have since been examined only about
once every 3 vears because their fallout exposure
was minimal. The Anierican servicemen have not
been seen by our medical team since the initial
examinations.

During recent vears the Rongelap and Utirik
people have moved in large numbers to the dis-
trict centers at Majuro and particularly Ebeye
(Kwajalein Atoll}, where many are employed by
the Kwajalein Missile Range. This had necessi-
tated examinations at Majuro and Ebeye in addi-
tion to their home islands. (Table 1 shows the
present geographicat 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 drawn 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

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

In 1972, following the death from leukemia, the
decision was made that more frequent hematologi-
cal examinations of the exposed pcople were
needed, and therefore such examinations were in-
stituted every September in addition to the March
survey.

Also in 1972, the decision was made to place a
resident physician in the Marshali Istands. Anin-
creasing number of exposed Rongelap people were
developing thyroid nodules. most of which required
surgical intervention, and many of them were not
adhering strictly to the thyroid treatinent pro-
gram, which is considered extremely important,
especially after surgery. A resident physician would
be able to monitor this program and, since the
Trust Territory 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 alternate 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 survey 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 Rongelap 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 |

Location of Rongelap and Utirik People, 1974

Rongelap Utirik Majuro Ebeye Bikini Other Total
Rongelap exposed 31 - 3 24 - 6 66
Rongelap unexposed 37 - 14 65 7 8 131
Utirik exposed - 4i 43 22 10 L6
Total 68 41 62 i 7 24 313




being returned to these islands. It became appar-
ent that a special vessel was needed, and in 1973
the AEC arranged for the Ariny to provide an
LCU (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-to-shore trans-
fer of equipment and personnel by small boat is
unnecessary. Three 30-ft 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 facilitv. 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 buildings left by a weather station
group. On Rongelap several examination trailers
have been instailled so that the schoolhouse need
no longer be used. Examinations trailers have also
been installed on Ebeye and Majuro.

Major events in the Marshall Islands related to
the surveys, including the political problems of the
past few years, are summarized in Appendix I.

Before and after each survey, village meetings
have always been held on Roungelap 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 resulis. 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 reccmmended by the Congress of Micronesia;
such a booklet has been printed at BNL for the
Trust Territory Health Services and is being dis-
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 from 1948
to 1973, the total going from ~ 10,000 10 ~25,000.
The increases were most dramatic on Majuro (go-
ing from 1,200 to 10,300) and on Ebeye (going
from 750 to 5,000). On the outer islands the total
population changed less (Rongelap, 100 to 167;
Utirik, 126 to 217), but the age distribution be-
came abnormal. Young adults have gravitated to-

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 field 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 Navy
assistance in transportation has increased the
logistic problems, but the continuing support of
the Army 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 examinations, the people have always been
cooperative.

Il. Initial Findings

A. DOSE ASSESSMENT

1. Source

The radiation exposure of the Marshallese was
due entirely to fallout, since the detonation site
was too far away for thermal, blast, or direct irra-
diation effects. (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 from a tower, touched the surface of the
earth at Bikini, and large amounts of material
were drawn up and mixed with fission products in
the bomb cloud. Because of an unpredicted shift
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 snme neutron-induced isotopes; the
fallout contained little fissile material. The radia-
tion was therefore almost entirely from gamma
and beta rays of varying energy from numerous
fission radioisotopes. The time after detonation
when fallout began wus estimated as 4 to 6 hr at
Rongelap, ~7 hr at Rongerik, and 22 hr at Utirik



Senator O.T. Borja (second from left) of the Congress of
Micronesia, Chairman of the Committee Studying the
Medical Status of the Rongelap and Utirik People, visit-
ing BNL in 1973; shown with Drs. E.P. Cronkite (left),
V.P. Bond, and R.A. Clonard.

Rongelap paticnts with interpreter in New York, visiting
UN Building before undergoing thyroid surgery, 1968.

Hematological examinations, Rongelap, 1965.



Table 2

Estimation of Gamma Dose?

No. Approx. time of Instrument readings Best estimate
Group in commencement Time of used in dose of total gamma
designation group of fallout evacuation calculations dose in air (R)
[ Rongelap 64 H++tw6hr H+350 hr (16 people) 375 mR/hr, H+7 days 175
H+51 hr {48 people)
1. Ailingnac 18 H+Yto6hr H+358 hr 100 mR /hr, H+9 days 69
I1. Rongerik 28 H+6.8hr H+28.5 hr (8 men) 280 mR /hr, H 4+ 9 days 78
H + 34 hr (20 men)
IV, Cririk 157 R +22hr Started at H+33 hr 10 mR/hr, H +8 days 14

Completed at H 478 hr

and the fallout duration as ~12 hr, with most of
the dose delivered early in that period. The times
when people were evacuated from the islands are
shown in Table 2.

2. Gamma (Whale-Body) Dose

The fallout (where scen) resembled snow or mist
and was deposited relatively homogeneously so
that the individuals 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 dose than that calculated
for the adults because, being smaller, they were
closer to the ground and received larger midline
doses. This possibility is supported by the higher
incidence of early nausea and vomiting and the
greater depression of blood clements in the voung
children. The flimsy houses afforded little attenu-
ation of the radiation. The whole-body doses were
calculated from measurements with radiation field
survey 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 47
geometry of exposure, the midline doses to indi-
viduals were higher than those obtained with the
usual bilateral expaosure of x-radiation.?

3. Skin Dose

The dose to the skin surface 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 inipossible to
calculate, probably amounted to thousands of rads,

and their range of values, due to different amounts
of fallout sticking 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 Table 6). Most of
the skin dose was due to fallout deposited directly
on the skin, but some was due to beta radiation
from fallout on the ground (estimated 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).? It was 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 epilation occurred in many people,
the region of the hair follicles must have received
a dose equivalent at least to the minimal epilating
dose of 400 rads of 200-kVp x ravs.

4. Internal Dose Calculations

Internal absorption of radioisotopes was due ta
inhalation as the radioactive cloud passed over
and to ingestion of food and water contaminated
with fallout. water probably heing a major source,
Drinking water is obtained by collecting rainfall
from the roofs into catchments, and a slight rain
was reported on Rongrlap the night of the fallout.
Since the cisterns were nearly empty, the dilution
effect was minimal. Water was being rationed at
that time, and it was drunk in spite of warnings
from the health aide. On Rongerik feod and water
were better protected from fallout deposition.

Internal levels of radioisotopes absorbed from
the fallout were assessed by numerous radiachemi-



Marshallese dental practitioner examining teeth
as part of medical survey, Rongelap, 1960.

Party given by medical tcam at conclusion
of annual survey, Rongelap, 1970.

Rongelap prople entertaining medical team at feast
after examinations, Rongelap, 1971,

Elderly-Marshallese male, 1965.

Copra being carried ashore. Copra production is
the chief source of income in the Marshall Islands.

i
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Table 3
Estimated Body Burden (pCiy of Rongelap People?

Activin Activity

atdayv | at day 82

SISy 1.6 - 2.2 0.19
By 0.34- 2.7 0.021
Rare earth group 0 -2 0.03
BT (in thyroid gland) 6.4 -11.2 0.0
1Ry 0 - 0013 -
B 0 0.014 0.0
Fissile material U

0.016 (uy) 0.0

cal analyses of urine samples, beginning 15 days
Ot exposure, for ¥8r, H0Ba, 191 the rare carth
group, and fissile material. As expected, the
Rongelap people had the highest body burdens.
By 6 months, beta activity in the urine samples
was barely detectable. Table 3 shows the main
isutopes found at day 1 (extrapolated values) and
at dav 82, The agreement between the findings at
the two laboratories is close considering the tech-
niques 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 carth elements werce absorbed to
any sigmficant degree. In the Rongelap group, at
day 1. %Sr and 13! were near the maximum per-
missible levels, ane the estimated total amount of
radioactive material in the gastreintestinal tract
was about 3 mCi: whether this bad any relation to
the carly gastrointestinal symptoms is not known.”
Radiological moenitoring of personnel and environ-
ment at Rongelap and other atolls in subsequent
vears is discussed in Section V'L

5. Thyroid Dasimetry

The fallout produced several possible sources of
radiaticn exposure to the thyroid gland. The gau-
ma radiation resulted in thyvroid doses of 173 rads
in the Rongelap prople. 69 rads in the Ailingnac
people. and 14 rads in the Utirik group. lodine
isotopes are produced in relatively high vields by
the fission process. Some are too short-lived to be
of consequence, but 1, 132] 133] and 1351 are
sufticiently long-lived to cause a considerable dose
to the thyroid following internal absorption and
concentration in that gland, and these were ab-
sorbed both via inhalation and via ingestion in

[#)

food and water (see Appendix 9C). Other internally
absorbed isotopes (see Table 3 were not thought
to be significantly absorbed by the thyvroid and
probably contributed little to the dose to that
gland. Conversely, the radioiodines contributed
only slightly to the whole-body radiation dose.

During the early period after the fallout, radio-
iodine was recognized as possibly its most hazard-
ous constituent, but the estimated dose to the
gland of 100 to 150 rads was not considered suffi-
cient to cause later development of thyroid ab-
normaiities. No acute effects were noted in any of
the people that could be related to the internal
absorption of radioiodines or other radioisotopes.
Contamination of the skin resulting in extensive
beta burns in the neck region in 707 of the people
(see Figure 2) probably did not contribute to the
thyroid dose because of the low energy of the beta
radiation. Possibly slight absorption of radio-
todines through the skin occurred.

When the people returned 1o Rongelap o live
in 1937, no radivactive isotopes of iodine remained
(except possibly very slight amounts of 1914, and
the principal remaining isotopes (137Cs, 998r),
which were absorbed to low levels in the people.
probably did not contribute to anv significanm
degree to the thyroid dose.®

When thyroid lesions began develaping in the
Rongelap children in 1963, the dose to the thyroid
of the Rongelap people was reevaluated by
James.2% His estimates of the gamma dose agreed
approximately with the previous estimate of 175

Figure 2. Beta burns (Mareh 29, 1954
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rads. Caleulation of the dosage from radioiodines
unfortunately had to be based on a single, pooled
urine sample from Rongelap people collected 15
davs post exposure, Harris2? at Los Alamos had
reported a low devel of ¥ in this samiple and had
caleutated a one-day thyroid content of 11.2 uCi
based on the assumption of 0.1% urinary excretion
of the maximum thyroid burden on the 13th day.
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James calculated doses for absorption from both
inhalation and ingestion. He noted that the shorter-
lived isotopes of ioding delivered 2 to 3 times the
estimated dose delivered by 13 alone. 'The im-
portance of these shorter-lived isotopes in pro-
ducing thyroid effects in the Marshallese will be
referred to in Section 1V, The dose to the thyroid
of a Rongelap adult (including gamma) was cal-
culated as about 335 rads (220 to 450 rads) and 10
that of a 3-year-old Rongelap child as 700 1o 1-H00
rads. (The spread is due to uncertainties in esti-
mating dose {rom abserption of radioiodines by
inhalation versus ingestion.) With the assumption
that the ratio of whole-body gamma doses 1o thy

roid doses was the same as for the Rongelap
people, James® calcolations were used to estimate
thyroid doses in the Ailingnae and Utirik groups;
the results were 135 rads for the Ailingnace adulis
and 27 rads for the Utirik adults. The children’s
thvioid doses were based on the weight of the
gland at various ages (Figure 3).2% By using a
lincar relationship between the thyroid size and
the dose caleulated 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 dose of 1050 rads to the thyroids
of voung children appears o be low, at least for
two boys who developed atrophy and myxedena.,
The calculated doses are obviously rough esti-
mates. The incompatability of the observed cffects
with the calculated doses based on ¥'] must be
related partly to the greater dose effect of short-
lived iodine isotopes (see Appendix 9C).

8. ACUTE EFFECTS
1. Effects of Whole-Body Exposure

a. Eorly Symptams.  During the first two days.
hefore evacuation, symptoms related to the skin
and the gastrointestinal tract were noted in a
large number of Rongelap people, in a lesser num-
ber among the groups exposed on Atlingnae and
Rongerik, and in none of the Utirik group. Fhe
severity of the symptoms was correlated with the
amount of fallaut and the radiation dose. Skin
sympioms [itching and burning of arcas not cov-
eved by clothing) were noted in about une-fourth
of the Rongelap people, and a few complained of
ircitation of the eves and lacheymation. These
svinptoms were thaught o be related o beta irea-



diation, but the caustic nature of the fallout may
have contributed.

The G.I. svuptoms in the Roagelap people
consisted of anorexia and nausea (in abe ot vo-
thirds of them) and to a lesser ex:c .1 ot vomiting
and diarrhea (in one-tenth vi them). Only a few
it the Adlingnae group complained of these symp-
toms, and no one in the Rongerik and Utirik
groups. The gamma exposure is thought to have
heen sutlicient to account for the G.I. symptoms,
but the ingested radioactive material (estimated
at about 3 inCi) may have contributed. The G.1.
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. Depressian of Blaod Elements. The early
hematclogical findings and the findings in sub-
sequent vears are presented in tabular form in
Appendix 6 and graphically in Section IIL C. The
carly findings are summarized here and the later
ones in Section I11. C.

One of the earliest findings in the Marshallese
indicative of significant exposure was lowering of
leukoceyvte 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 herno-
poietic depression was roughly proportional to ihe
gamma dose of radiation received. Even in the
157 Urik people who received only an estimated

Table 4
Nausea and Vamiting in Rongelap Group?
Incidence. s

Age at exposure, vr No. Niausea Vomiting
13 85 i8
51 -+ +

Table 5

AMean Blood Counts ar Peak Depression
in Rongelap Group=?

Percent of control

Mge w5 Age 5H
Neutruphils W ti
Lymphoevies 15 35
Phatelews i
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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 1o be due entirely to gamma
radiation, since it was not considered likely that
the dose from internally absorbed radionuclides
contributed 1o it significantly. The hematological
depression was greater in the children, particu-
larly those exposed at <5 years of age (see Table 3).
The changes are enumerated below in more detail.

Lymphopenia to about half the level of the com-
parison Marshallese population was evident when
the Rongelap people were first examined 3 days
afier exposure. In children <5 years of age the
lvmphocytes dropped to 25% of the level of the
comparison children but showed a slight rise dur-
ing the following weeks. The lymphocyie levels
showed a slight increase by one year.

Neutrophi! 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
3 to 6 weeks post exposure, the level dropping to
about half the contz« 1 level in adults and slightly
lower in children aged <5 (Table 5). Neutrophils
recovered more rapidly than lymphocytes and
reached near control levels by one vear.

Early platelet 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 73% of control levels occurred
during the next few weeks, followed by slower
recavery with mean levels never exceeding 90 to
93% 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.

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

Morphological changes. During the period when
neutropenia was most severe, some people were
found o0 have peculiar monocytic leukocytes that
were thought to be large lymphocytes. These cells
were not found subsequently, although an oc-
casional binueleated iymphbocyte was seen.

c. Clinical 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; granulocytes, +2 10
46 days) no associated bleeding tendeney or in-
crease in infections was seen. Eleven individuals
had platelet counts between 35.000 and 63,000
but without evidence of bleeding. Between days
23 and 42 post exposure, 10% of the Rongelap
group developed granulocytopenia of < 1000 cells
and 42% had leukocyte counts < 4000 ur absolute
granulocyte counts <{2300. During this period an
cpidemic of upper respiratory infections occurred
involving more than half the exposed population.
The iliness 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. Prophvlactic treatment with antibiotics
was not instituted because it was considered wiser
to withhold them until a real need might arise.
Antibiotics were given in certain cases where such
therapy is ordinarily indicated.

2. Effects of Skin Exposure

Beta burns of the skin are described in detail in
the original report of the medical findings.? The
fallout was ubiquitous on Rongelap, Ailingnae,
and Rongerik. The gritty whiie 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 edgc 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 bedy; 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 1o 48 hr, and

some complained also of burning and lachryma-
tion of the eves. This mav have been due partly o
the caustic nature of the tallout. These symptomns
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 different groups.

Personnel decontamination commenced on
board the Navy ships used for evacuation, where
the people were given saltwater showers and cloth-
ing donated by the crew. On arrival at Kwajalein
the skin was still contaminated, and decontarai-
nation procedurcs were continued for several davs.
Clothing was laundered repeatedly, and was dis-
carded if its radiation level was not sufliciently re-
duced.

The first skin burns appeared about 1210 14
days post exposure in the Rongelap people; burns
appeared somewhat later in the Ailingnae and
Rongerik groups and were less severe and exten-
sive. About 907 of the Rongelap and Ailingnace
groups and 40% of the Rongerik groups developed
lesions, but none of the Utirik people. The lesions
were multiple and spotty (Figure 5) and were
characterized by superficial hyperpigmented
macules, patches, or raised plaques, which des-
quamated within a few davs leaving thin, pink
epithelium (Figure 6). No ervthema was observed
before or during development of the lesions: it
may have been lacking because of insufficient dose
to dermis, or it mayv have heen ohscured by the
darkness of the skin. Deeper burns with ulcera-
tion were noted in about 15 of the Rongelap
people. Epilation (Figure 7) usually accompaniced
scalp lesions and was prevalent in >90% of the
exposed Rongelap children (Table 7): it oecurred
to less degrees in adults and Ailingnace groups.
Lesions were most common on the anterior neck,
axillae, antecubital fossae, and feet, but even the
anal region in some voung children was involved.
Lesions of the dorsum of the feet (Figure 8) were

Table 6

Skin Lesions®

Group Compuosition Fallout observed Skin lesions and epilation
Rongelap 6+ Marshallese Heavy rsnowlike) Extensive
Ailingnac 14 Marshallese Modorate dindsthike s Fess extensive
Rongerik 23 White Americans Moderate (mistlike) Shigin

7 Newgro Americans
Utirik 177 Marshallese None None




Figure 6. Neck lesions at 28 days,
showing wet desquamation.”

Figure B, Font lesions at 29 davs, showing deep involze.
suert between fisst and second toes?

Figure 9. Early beta burns of skin ( x 100}, showing ex-
tensive transepidermal damage, with milder damage to
dermis showing cellular infiltration.®

Tabie 7

Epilation in Rongelap Group®?

Incidence,

Age 0w d  Agebtotd  Age 16

Severity of epifation (13 (3 (381
Shght (1 4+ 7.6 38.4 13.8
Moderate (24 38.6 30.7 3.5
Severe (34 ) 53.8 23.0 8.3

Total 100.0 921 27.6

usually more severe, often with bullae formation:
they made walking painful and in some cases in-
volved secondarv infections. Most of the lesions
healed rapidly. with repigmentation.

Microscopic studies and numerous skin biopsics
during the acute stages of the lesions revealed
marked epidermal injury with considerable ai-
rophv and flattening of rete pegs, cells with pleo-
morphic nuclei, pyvknosis and cytoplasmic halos.
and giant cells (see Figure 9). Cells laden with pig-
ment were frequently present throughout the epi-
dermis, probably accounting for the gress pigmen-
tation 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 seri-
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-
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lief of itching and pain. Antibiotics were nsed 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
burny of tite skin having acute sy mptoms associ-
ated with the lesions may be a serious consequence
of fallout exposurc. The Marshallese could have
avoided many cfiiie lesions if they had known to
take the proper precautions such as protecring 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. Effects of Internally Abserbed Radionuclides

As pointed out in Section I1. A_, radiochemical
urine analyses beginning 15 days after the accident
indicated that the Rongelap people and 0 a lesser
extent the other exposed groups had absorbed
considerable ainounts of radionuclides by inhala-
tion and by ingestion of contaminated food and
water? (see Table 3). Although serious late effects
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.1.
iract during the first two days in causing the early
G.I. symptoms.

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

lll. Findings on Follow-Up
Examinaftions (Late Effects)

During the first 10 years, after the carly effects
and before the development of thyroid abnormal-
ities, few medical findings could be definitely as-
sociated with radiation exposure. The general
health of the exposed Marshallese appeared to be
about the same as that of the unexposed Marshall-
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 3 vears; snggestive evi-
dence of a lag in complete recovery 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 (cataracts, aging, mortality, longev-
ity, malignancy).

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

These findings are reviewed below.

A. GENERAL MEDICAL FINDINGS

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

The public and personal hygiene leave much to
be desired. Skin infections (impetige and fungus)
and intestinal infestations (amoebae and worms)
are endemic. In 1938, one year after their reset-
tlement on Rongelap Atoll, stools were examined
from 69 exposed and 112 unexposed people.*
Infestation was widespread with many individuals
showing multiple types of parasites, the main
pathogens being Entamoeba histolytica (found in
18.2%), hookworm (5.5%), Trichuris trichiura (34.3%),
and Guardia lamblia (7.7%). Flagellates also in-
cluded Trichomonas hominis. No significant differ-
ences were noted between the incidences in the ex-
posed and unexposed populations. Recently Ascarns
has been introduced into the Marshalls from other
districts and infestation with it has become prev-
alent. Education and constant surveillance will
be needed to overcome the parasite problem.
Eosinophilia is common but is not always associ-
ated with helminthic infestations.

*These studies were done by Dr. M. Goldman and Mr. R.K.
Carver, Communicable Disease Center, Chamblee, Ga.



Wit the growing dependence on imported
foods and on moneyv as the medium of exchange,
cases of malnutrition are encountered. Night
blindness due to vitamin A deficiency has been ob-
served on several oceesions, 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 Memorial Hospital in Majuro (which now
operates as a physical rehabilitation center and
orthopedic surgical ward) was created 1o 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 aduitsdied
and two of the children had severe residual paresis.

Venercal disease appears to be on the increase.

Dental caries has been a notable finding during
physical examinations of the Marshallese: it is at-
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tributed to poor vral hygiene. inadequate dental
care, and possibly nutritional deficiency. Some of
the younger generation are now showing the bene-
fits of improved dental care. Dentists have partici-
pated in several survevs, and their general conclu-
sion is that poor oral hygienc is showing its usual
results: a high caries rate in teen-age children,
severe periodontal lesions in adults (heavy caleulus,
loss of alveolar bone), and edentulous mouths in
the aging. No significant difference hetween 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
Istands. Symptoms are usually minor but occa-
sianally severe or even fatal. Inflammaton of mu-

Table 8

Physical Findings* in Rongelap and Utirik Adults, 1970-1974

Rongelap exposed Rongelap unexposed Utirik exnosed
(68 examined) (133 examined) (117 examined)
No. - No. G No. s
Acne 2 2.9 1 0.7 - 0
Anemia 3 4.4 1 Q.7 - 0
Arteriosclerosis (mild) 7 10.2 2 1.5 8 6.8
Arteriosclerosts (haad.-sev. ) 7 10.2 i1 8.1 6 3.
Asthma 0 2 1.5 2 1.7
Atrial fibrillatio. i [.5 2 1.5 1 0.8
Bradvcardia 2 KR - 0 - 0
Cardiac enlargement 3 1.4 3 3.7 1 0.8
Cervical erosion i 16.2 3 3.7 3 2.6
Cystourcthro-rectocele 8 1.8 - 0 - 0
Deafness 2 29 2.2 - 0
Emphysema - 0 - 0 1 08
Epilepsy - 0 1 0.7 - 0
Hernia 2 29 2 1.5 2 1.7
Hypertension 8 11.8 16 11.9 17 145
Leprosy. arrested 1 1.5 - 0 - 0
Migraine 1 1.5 - 0 - 0
Obesity (gross) 7 10.2 20 14.8 14 12.0
Osteoarthritis 3 1.4 12 8.9 1 0.8
Pelvic inflammatory disease - 0 1 0.7 - 0
Prostatic hypertrophy 3 1.4 1 0.7 - 0
Rheumatic heart disease ] 1.5 1 0.7 - 0
Rheumatoid arthritis 1 .5 2 1.5 1 0.8
Spermatocele 1 1.5 2 ) . 0
Svphilis (7) (arrested) 2 29 1 29 - 0
Tusnor, benign (except thyroid) 2 RXe) 2 1.5 1 0.8
Tumor, malignant 1 1.5 | 0.7 _ 0
Varicocele - 0 2 1.5 - 0

*Findings on ophthalimolugy and diabetes are reported separately.
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Table 9

Pregnancy Terminations (Abortions, Miscarriages, and Neonatal Deaths)

Summarized by Five-Year Intervals, 1954-1973

Terminations/total pregnancies

1954-1958 1959-1963 1964-1968 1969-1973
No. % No. G No. % No. e
Exposed females 10/30 333 5/30 16.6 10/46 21.7 10/47 21.3
+ Exposed males 1/19 21.1 3/10 30.0 2/15 13.3 0/5 0
+ Unexposcd males 611 540 2720 10.0 8/31 25.8 10/42 23.8
Unexposed females 6/43 14.0 T/47 14.9 /33 17.0 18/87 20,7
+ Exposed males 1.4 25.0 0/6 0 [+ 25.0 1/15 6.7
+ Unexposed males 5/39 12.8 7/41 17.1 8/48 16.3 17/72 23.6
Table 10

Adult Mortality, Rongelap

Exposed {Av. age at death: 6425)

Unexposed (Av. age at death: 65+2.3)

Subject  Age Subject  Age
Year No. & sex Probable cause Year No. & sex Probable cause
1956 25 46 M Heart discase 1958 857 65M  Cerebral thrombosis
1957 38 78 M Heart discase, diabetes 1959 854 355F Infection in urinary tract, diabetes
1958 31 35M  Acute varicella 1960 933 56 M Pneumonia, secondary to influenza
1939 62 60F  Ovarian cancer 1960 927 65M  Pneumonia, secondary to influenza
1962 30 60 F Cancer of cervix** 1960 861 68 F Diabetes, cancer of cervix (?)
1962 16 84+ M  Heart discase 1962 953 48 M Status asthmaticus
1962 26 21M  Accident 1962 848 41 F  Neurnsyphilis ()
1962 36 3F Accident 1963 886 54M  Asthma (?)
1963 532 53 F Poliomyelitis, bulbar 1964 893 61 F Diabetes
1963 37 107F  ~“Old age™ (?) 1964 862 91 M  Heart disease
1964 +3* 71F Pneumonia, heart disease 1964 894 68 F Pneumonia
1965 ag* 79F Heart disease 1966 961 90M  Probably cardiovascular (7}
1966 29* 77M  Asthma, heart failure 1967 967 24M  Accident
1966 35 88 M  Heart disease 1967 936 76t Infection complicating diabetes
1966 13 71F  Cancer of uterus** 1967 853 62M  Diabetes
1968 50* 38 F Influenza-pneumonia 1968 860 78 M  Congestive heart failure
1971 30* 31 M  Acute asphyxiation, 1969 852 65 F Hypertension, diabetes
cause unknown 1970 884 76 M
1972 54 19M  Acute myelogenous leukemia 1970 916 6 F Asthma, diabetes
1972 60 74+F Heart disease 1970 1515 30M
1974 68 64M  Cancer, stomach 1970 918 72M  Heart disease, diabeics
1970 875 33M  ? (epileptic)
1971 899 76 M
1972 947 64 M  Hypertensive heart discase
1972 957 64 F
1972 858 78 F Heart diseasc (?)
1972 961 79M  Heart disease (¥)
1973 856 74M  Hemiplegia, pneumonia
1973 898 B F
1973 1306 65 M  Asthma, heart disease
1974 948 66 M Heart disease, diabetes
1974 908 84 F Heart disease, diabetes

*Aill gnae group.
**Not confirmed by autapsy or biopsy.




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 peogle.

Diabetes mellitus is 2 major problem and is dis-
cussed separately in Section 111. G.

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

It is against this general background that our
examinations take place. We are privileged to get
generous help from the local health authorities in
our task, and conversely when we are on the scene
we cannot avoid getting involved in problems out-
side the scope of fallout complications.

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

B. VITAL STATISTICS: FERTILITY AND MORTALITY

The number of live births during the last 3-vear
period was 37 among the exposed and 69 among the
unexposed. Calculated as 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 ainong 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 observed 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-
ralones, 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 as 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
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Table 11

Mortality, Utirik
(Av. age at death: 61+3)

Subject Age Subject Age
Year No. & sex Year No. & sex
1956 2118 24 M 1965 21a3 67M
1957 2184 63 M 1965 2204 nF

1957 2219 37F 1965 2238 65 F
1957 2222 63F 1965 2233 6 M
1958 2043 50M 1967 2181 8M

1959 122 87TM 1967 2202 72F
1959 2127 3 M 1967 2223 19F

1959 2170 16M 1968 2101 62M
1959 2187 61F 1968 2112 0M
1960 2116 27F 1968 2141 67F

1960 2131 35F 1968 2259 36F
1960 2180 76M 1969 2191 0F
1961 2177 "M 1969 2214 80M
1961 2199 19F 1970 2175 73M
1963 2203 nF 1970 2211 65 M
1964 2163 M 1971 2258 64 M
1964 2190 8F 1971 2246 23F
1964 2192 84F 1972 2178 37TM
1965 2121 68 M 1972 2252 57TM
1965 2154 31F 1973 2186 67F
1974 2201 68 F

observed over such short periods, differences this
large or larger could occur by chance ( £<0.05).
Even so, had the trend been in the opposite direc-
tion, we would have had reason to be concerned;
as an example, we are keeping a careful 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 ~ 4
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-
fect can be seen on the birthrate (~40 per 1000
per year district-wide and ~110 in our groups).
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C. HEMATOLOGICAL FINDINGS

Since blood-forming cells are among the most
radiosensitive c+'ls in the body, hematological ex-
aminations have been emphasized in both exposed
and unexposed 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 hemopoiesis 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 effect.

1. Procedures

Until 1972 vearly measurements were made of
peripheral blood elements, including WBC, differ-
ential white counts, RBC and hematocrit and/or
hemoglobin, and platelet counts. Since a case of
leukermia 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 2 instru-
ments). Reticulocyte and bone marrow examina-
tions have been done on several occasions by stan-
dard procedures.*

A number of special hematological examina-
tions over the vears 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,**
analvsis for Australiaantigens),’ studies of red cell
and plasma volume, rhromosome analysis, etc.
Piasma and red cell samples have been brought
back for special studies in laboratories in the
United States. These studies are further discussed
in later sections, where relevant.

2. Recovery of Hemopoiesis

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

*Mr. N. McDaniel of SUNY at Stony Brook has donc the dif-
ferential counts for the past several years.

**Dr. W. Moloney and Mrs. L. Tullin at Harvard Medical
School did the alkaline phosphatasc staining of neutrophils in
peripheral blood smears.

*Dr. B.S. Blumberg, Ir-situte for Cancer Research, Phila-
dclphia. did the studies foi .\ustralia antigens.
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Table 12

Summary of Hematolugical Findings by Population, 1970-1974
{Mean > standard deviation)

Serum
Plat. WBC Neut. Lymph. Mono. Eosin. Baso. Hct,, RBC Hgb, protein,
Group Year Xx10-%  (x10-H (% 10-3) (X 10-3) () 10=3 (X103 (x10-% G (%104 a2 g
Rongelap 1970 640134 4530133 241208) 0.13 0.36 0.22 10547 74=06
Allingnac 1970 6447020 2100135 198066 0135 0.24 0.35 38855 7506
Rongelap 1971 220463 734172 386111 3.09=08Y 0.10 0.22 G.19 11.046 H11=x55 71207
Ailingnae 1971 246x81 641131 346115 300087 0.10 0.17 0.16 38765 399=46 7110
Unexpased 1971 233+69 721170 3.786=098 31809 016 0.24 0.22 40,4762 402173 7.5=x03
Rongelap 1972 27297 64692190 394166 234087 019 0.33 0.33 40.76.3 42956 7.6=05
Ailingnae 1972 258=77 750=153 4.62x153 218041 028 0.35 0.59 37850 HE—54 7.3=0.6
Unexposed 1972 267=86 8092150 138— L3+ 3.03=093 026 0.39 0.25 $2.0%55 H3=54 74=07
Lhirik 1972 28076 7.77=2.00 +33=1.72 2482056 036 .36 0.34 $0.0=3.8 135=410 7805
Rongelap Mar 73 247=81 743%141 3.83x1.15 262081 0.38 0.54 0.52 $0.7=538 HIH=x6] 7.4=0.4
Ailingnae Mar 73 247z56 708=1.74 3.723:1.02 227079 036 0.63 0.78 38456 2567 7304
Unexposed Mar 73 233272 791173 4.25>x1.62 269x084 040 0.53 0.60 395762 43058 7408
Utirik Mar 73 28167 9N =197 563=i.87 269=065 054 0.66 0.70 11745 2=38 77046
Rongelap Sep73  264=77 7.62=18+ 4172160 2312096 039 0.48 0.3+ 38964 3478 13.6=21
Atlingnae  Sep 73 23750 7.05=214 4924153 221=039 030 0.56 0.62 34942 467341 140=10
Unexposed Sep 73 26263 717151 L0813+ 2312075 035 0.41 0.50 38553 486=73
Rongelap  Mar 74 236 =69 7.45%1.67 12514 2422062 041 0.41 0,31 384=6.0 307=63 133229 T80T
Adlingnae Mar 74 283=70 7.73=2467 160191 105061 47 0.58 0.28 382A 1 19114 139213 8304
Unexposed Mar 74 243 =63 746=1.59 406131 2380493 043 048 043 391276 312772 f30=18 TH=0T
Rongelap  Sep 74 19336 4327169 £28=1.4) 2862079 042 0.60 067 31P=72 13717
Ailingnae  Sep 74 186=37 637240 341166 236109 039 .38 0.35 178487 141=16
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Fieure 1E Bizarre mitsis in g novebo e

Figure 13, Binucleated normablast.



mulative pesventage of seattaphibs, hnphooae,
aned platelets at vasious times. From these data it
appears that hemapeictic tocovers i the expoed
grougn was i osplete during the 860 1) vean
after exprntire: Sinee that tine the leveloin the ex.
pussed group have heen about the swme as i the
unexgnaed geoup. On the basis of RRC, liemato-
crit, aned heasglubin detesminations, crvthiopu-
ctic hggyction has taren about the e i the ox.
prewdd and i the comparia poisation. The L
i peconvery ol fenkacvtes atd platelets snas repre.
wut sestdual e mareow injury. The resulis of
bange mariow aml chrotounne stadies and the de.
velopiment of & cane of Tenkemia tend tosappunt
this Centettion.

3. Bone Marrow

Although bane marmow  exanunations at &
manths et expuenge showed s goess abinng.,
nies, aneas on four expaned Raneclap people
wvears Later shoewed alteration an the suvelon:
rivthaid catio in three of thess, manifestrd by an
mvivisrd numbrey of red ool prevasaos, by addi-
tion to hvpeeplasia, the findings included abaor.
malbities of chrunatin material with double nuclel
and an tncteised aumbier of mitotic Beures 1 e
normoblintic series oaee Figases Fand 10508 O
casioielly, hilobed lviphocyies have been noted
m the periphieral blood of some expnced people.

4. Other Hematological Findings

Fotal blued volume asncd red cell volume were
stadied 10 vears after exposure. 1 No differences
werr fuund between expsed and unexgased Ron-
aclap groups, but 1w noted that bivod calune
and red coll volume tended o bre reduced in many
AMarshalles compared with Americans® (swee Fig
ure 16017 Several other hematalogical ebhserva.
tians, not related to radiatioa exposure, were usted.
Eosinophilia =57 in more than half the people
Lis breen a consistent finding. This could be ac.
counted for ouly partly on the basis of intestinal
parasitism and mav he refated aiso to wamerous
fungus infivtions of the skin and other chronic in-
tections. Other findings possibly related 1o chronic
infections are abuve-uormal sedimentation rates
andd high gamma globulin levels (hoth tending 1o
mcrease with age). Varving degrees of anemia
have been scen occasionally, pacticatarly i wo.

* Thene sttudies were done by e £.A0 Mever, Veterans -
ministravton Hepital, Brooklva, N ¥ aod 10 WE. Sin, Uni-
verity of Cglifornia at Beskeley .
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wen of childbraring age. Price Jones sizing of red
cells i thiew vases showed a slight microcvtic vend.-
eney ® Tron deficienes apparently wis not the cinne
dnee scruns dran usnglly was in the normal renge
Reticulovvie counts have not been signifivanti

inereased in cither the expused ar unexpnsed pop-
ulation. Macrsevtic anemia has not been sern.
Vitmin Bz levels Jave been nnusually high in
the Marshallese™: the cause of this is unknewn bt
dues not apprear o be related to liver discase or
trukemin. The sickling trait has not been seenin
the Mandullese examined.

D. SUBSEQUENT COURSE OF SKIN LESIONS

The residual skin lesions noted in the Rongelap
and Ailingnae prople since the initial lesions are
listed in Table 13, During the tiest year many ol
the healed areas, particulacdy on the back of the
neck, shuwed a roughening (ragosity) and bluish-
black pigmentation, which became less noticeable
with vme {see Figures 17 and 18). Deeper testons
exhibited carly residual scarving and lack of pig-



Fable 13

Resichial Beta Burns

Nuabyeot Subject
Nir X wy No & s
M Roughening and plginent vanaton an tront RN Stight roughening and pigementation back of
of neck. Neveral pigtnented macaies ACE® ueck: pigment variations and slight hy per-
Prranal dephancatation, pigmentation dorsu vight foot,
Y| Munled pigmentstion hoth axilbe. Plamented ERR Numerous pigmented macules both sides of
arca behind lelt car neck and a fow on s and ACE.
1M Piement chatiges lett ACE, dorsam it righe M Mottled pigmentation and depigmentation
e, phaented nevianitla on front of neck. Died 1972
i Scatnng and pigmentation left ACE. Ry Mottled pizmentation and depigmentation
. . on back of neck. Died 1968,
JAY Prguented patch back of neck. :
. . . ) } it} Shight rugosity and pigmented ndges on back
MR Y Pismented macubes el axilla, front of neck ut": K b e s
. . . i necek.
angd chest. Diepigmented spots shatt penis,
. . . . . . i ¥ Mole back of neck: shght pigment variation
24 F Shight pigmesst vaniation on front of neck: sev- . ) - sht) *
. - and a few  macules front of neck. Mole bhack
eral premented pacules dorsam left oo .
of neck.
N | Scarming dossu lett oot Biogpay at 2vearsha e . . . . - .
AT ) st e . . 6o F Pigment variation and roughening front of
alintzation of connective tssue and thickening S .
. S L neck. Not apparent now.,
of bload vessed widls of cutis, Dicd 190,
. . . . A . 67 1 Depigmented scars dorsum left foot.
Ju M Scarring and depigmentation of dorsam right L
foat. Dicd 1902, 7l Slight pigmented area dorsum right first we.
it ¥ Slight roughening and pigmentation back of 78F Numerous pedunculated moles on sides and
neck. Males on front of neck. front of neck.
79 M Pigmented and depigmented scar posterior

surface feft car.

SACE = antecubital finsa

mentation. but the scars have faded and repigmen-
tation has tended to occur in most cases, No evi-
denee has been seen for the development of chronice
radiation dermatitis or prematlignant or malignant
changes in any case, and most people now show
hictle residual evidence of lesions. Hair of normal
color and texture regrew by 6 to 12 months in all
cases except for ane man who still has spoty epila-
tion on the hack of his head.

Follow-up skin biopsies of residual lesions, stud-
ied at 6 months® and at 3 and 10 veans®!' post ex-
posure. histologically showed excellent healing,
but in most cases residual evidence of exposure
was noted, such as epidermal atrophy and thicken-
ing of the corfum with collagen bands. although
little: evidence of significant vascular changes was
seen in the corium (see Figure 19),

Though no malignant changes in the sl in 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

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

There are several reasons, however, why skin
cancer may not accur 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 cells.
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 cancer; nevertheless, persisting
cetlular changes are seen in their residual skin
lesions. If, as Teloh et al.3! believe, skin cancer re-
sults from direct irradiation of the epidermis with-
out necessarily severe dermal injury, its occurrence
would be more likely. The appearance of nevi in



Figure 17. Persisting depigmented areas, 6 months
after expusure, in areas of most severe lesions.®

Figure 18. Ear lesion healed, 6 months
after exposure, with considerable scarring

the neck regions that sustained severe beta burns
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 tropical sunlight and skin
irritation from coral, trauma, and infections may
render the development of malignant changesinthe
skin more likely, but the dark pigmentation should
offer some protection, as it has been shown that
skin cancer is less prevalent among Negroes.

E. OPHTHALMOLOGICAL FINDINGS

Routine ophthalmological examinations (in-
cluding funduscopic) have been included in the
regular physical examinations of both the exposed

Figure 14, Section of skin from beta-burn area on back of
neck of Hi-vear-old woman (No. 341 at 10 vears after ex-
pusure (100X ). Nate atrophy of epidermis with narrow-
ing ol stratum granulosum and tingerlike projections of
rete prgs. Sheht atrophy of the sweat gland ducts is alsa
presentt?

Figure 20. Pigmented povuslike lesions in 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 after the accident) and then
in 1953, 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 funduscopy. Vision 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
fundus photography. As part of the aging studies
quantitative changes in certain eve characteristics
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Vst uity, b us serbis, ancotsndation, set-

ial arterionclerssisi have been revorded >

1. General Findings

Senne general observations an the eves of the
AMarstiallese have indicated ditferences troa the
eves of US. Cancastans which may b velated to
cthaie background and possibly o casvironmental
fvctors, The major eve tindings for the past 3 vears
are listedh s Table 1

The high invidence of pinguceculae and prerveia
is the most notable finding listed in the table, This

Remelap auud
Ailingtae expaned

oY

Oxcutat condition Nov
Anisocori i 11
Areus senilis 20 ts
Argvll-Roberson pupil 1 I
Chalazion | b
Choroiditis N Lo
Congenital defects ] L
Conjunctivitis 0 0
Corneal pigment i 1}
Corneal scar 2 Xy
Dritsen 0 0
Enophthalimos 0 0
Enucleation 1 1.1
Glancona, primary G a
Glaucoma, secondary 0 0
Lens:

Cararacts 12 17.0

Lenticular opacities 9 140

Polvchromatic sheen i 0.0
Macular degeneration 2 RX{]
Night vision impairment 0 0
Nystagmus 1 14
Phthisis bulbi 1 1.4
Pinguecula 7 10.0
Positive Romberg 1 1.4
Proptosis i 1.1
Prerygium 17 240
Prosis 2 3.0
Retinal arteriosclerosis 11 15.7
Retinal hemorrhages 2 3.0
Retinal scars 2 3.0
Retinopathv, diabetic 0 0
Strabismus 2 1.0
Uveitis 1 1.4
Vitreous opacities 2 3.0
Xanthoma ! 14

by been found Iy othets 1o be chatactenstic of
people living on low coral atolls e the Pacitic and
s thotght o he sebated orntation of the eves bn
catal dust, sadv water, amd bright sualicht. he
ather major findings listed were related o general
aging etfects o of visaal acuiy, cataesst furma-
tioi, ks of acconmuodation, loss of ocular muscle
bakinwer, ete.i and these appeared o acewr toa
lesser degree in the Marslullese than in Ameri-
vans, althouuts the incidence of arcus senilis and
catarwets seemed higher, The Marshallese had bess
mvapia, aberrations of color vsion, and sunbly-

wble 1}

Ophthabmologioal Fundmas, 19700973

Rongelap unexpuned Utirik exponent

[RRRAS! R ILTMN
N“ . .\'i.
(1] 1] { [}]
it 200 M 21
{ 1 (1) )
I 0nyy §} K
2 100 ] I
[}] (1] 4} (4
2 1.0 1l {)
1] 0 1] 1]
9 170 I 1
2 1.0 1) {)
0 1} I 1
0 (] 0 }]
3] @ ) )
1 055 ] 1]
26 145 20 20
14 10.5 17 17
13 14.0 17 17
1 030 l 1
0 0 ] )]
2 1N 0 0
0 }] 0 1]
6 45 7 7
0 0 0 0
1 0.75 0 0
+1 310 20 29
0 0 0 0
19 110 1 1
0 0 4 0
2 1.5 3 3
0 0 2 2
2 1.5 3 3
0 0 0 ]
1 0.75 i 1
0 ) 1) 0

*Number of people examined .




apta Mo natable was then Lach o retmoblisto-
mas, maligoant melaionas ot the Choroid, and
basal cell carcmona of the evelids, Ocular pathol-
oy Gused by herpes simplex or zoster vivuses was
notseen Noases of retinal detaeinent oo uned
exvept in twao peaple as soequekis of acadar surgery.

Corneal seaus, mavular degeneration, vitreous
flesaters, and other degenerative intraocalar conds-
tons were seet in abiont the numbers expeated in
any part of the workd, Mo Loveara infestation of
ather intraocular patasites have been cicounteral,
and no ocabr involvement by the parasiies
Omfigerea or titaris has heen seea. T the one case
of inactive leprosy on Rongelap no acalar lesions
have been noted. Same prople have pesidual scars
of viws, but no active fesions have been seen dur-
me the 20-vear pesicd.

Nt of the congenital maltornutions and ta-
mihal avalar diseases found 1in Americans were
not seen tn the Marshallese, sueh as ocular dvstro-
phias, retinitis pigmentoss ccongenital meht blind-
nessio congenitl cataracts or glancama in the
voany ur familial glaacoma in older prople. and
colohomia of the iris or pusterior segment of the
eve, (On the uther hand. certain conger tal waits
apparently peculiar o this race were noted. The
average size of the corneas is greater than in the
LS., more than 68 of the people examined hav-
me corncas - Hmmin diameter. In <50 of the
people the retinal vessels showed increased wrtu-
osity reorkserew-like 1 and dikaanon. This phenom-
cnon has sometimes been found associated with
the sickle cell trait, vut the latter has not been
noted in the Marshallese.

Dicteric and hyvgienic conditions in the Mar-

shall Istands have improved aver the 20 vears of

this study. In earlier vears. poor nigh vision in
children due to vitamin A deficiency was occa-
sionally found, and molluscum contagiosum was
sten more frequently: also lesions involving the
skin of the cvelids. forehead, and face. It has been
several vears since night vision impairment or
molluscum has been seen.

2. Possible Radiation Effects

Both the detonation in March 1934 and the re-
sulting fallout gave rise to scveral types of radia-
tion that might cause injury to the eves.

Longwave radiation. Direct observation with the
naked eve of the fireball of an atomic bomb deto-
nation is known to produce retinal damage with
scarring and possible blindness.33.34 The Bravo

[

tirchall was atierved by i small manber of peaple
un Rongelap, and, thougl its distance from them
previuded thermal injury o the skin from long-
wave tvisithle and infrared hichy, injury 1o the ret-
ina must be considered. The dfirehall was e
wribued by the Rongelap peaplo as appearing “like
the sun rising in the west. They probably did no
e IO greatest luminescence. when the dam-
agtng avalar ellects occur, because this comes a
fraction of a microsecond after detonation, sathat
at a chistance of 100 miles the fireball would noy
vet bave risen abiove the horizan, Also, at that dis-
tance the size of the image on the reuna would be
sntdl Thew facuns probably explain why no one
camplained of blindnass feom secing the firelall
and na retinal seans have been foand inany of the
l)(’lll)l('.

Lonizmy vadiation The fallout on Rongelap re-
sulted in a gamma dose of 175 rads to the whole
body including the eves. Beta ravs fram fallou
deposited on the ground and contaminating the
eves resulted i smne superiicial exposure of the
lids. conjunctiva. and cornca. but their low pene-
wration makes it unlikely that the lens or retina re-
cetved anv significant dose from this source. Dur-
ing the two davs before evacuation, manv of the
people complained of some itching and burning of
the eves with some lachrymation. These svinptoms
may have been related 1o radiation fram fajlout in
the eves, but phyvsical and chemical irrhation by
the caustic fallout dust mav have plaved an im-
portant part. internal absorption of radionuclides
probably did not contribute to the radiation dose
10 the eves.

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

Corneal pigmentation. Beginning at about 2 months
post exposure, in some people a pigmented line
was noted in the cornea at the limbus in the hori-
zontal axis of the palpebral fissure. which ap-
peared to be below the surface of the epithelium.
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 manths later. but the carneal
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prlamentation peesisted for several veans belore it
tinally disappearcd. These prgimented streaks are
not o be confised with conjuacuval and corneal
pizmentation of genetic origin noted insome of
these people, whivh i in the superticial epithehum
and is perancnt.

Freryeun and pgneeslae. Daring the carly supveys
the incidence of prervgia and pingueculae was
thonght w be greater in the exposed Rongelap
peaple than in the unexposed comparison popila-
non. However,as the latter groap has inereased,
this no longer appearn w be the case ssee Table T

Opacttics of the fim Opacities of the lens hase
bheen a common inding in the Manshallese osee
Fable 11 Fhey are scored i order of decreasing
sz as cataracts sarbitrarily considered as afens
opacity impairing visual acnite by 200 300, Jens
opacities, pulychranatic sheens, and flecks, Speciad
microscapic examinations for lens flecks were
nade i o6y 18

[rradiation of the lens in sutlicient dosages may
result in a spectrum of opacities ranging from
polvehromatic sheens o full-blown cataracrs.He
Only in the carly stages of cataract tormation can
changes characteristic of radiation generallv be
recognized: more matuve cataracts due to radia-
tion usually cannat be ditferentiated from those
due o aging ar discase. The developmient of lens
opacities due o radiation depends on the charac-
wristics of the radiation, the age of the individual
at exposure. and the imerval after irradiavon.
Neutrons are known to be several times as cata-
ractogenic as gamma or beta ravs and plaved an
important role in cataract development in the
Japanese expuosed to the atomic bombs and also in
cvelotron workers.37-% In the Marshallese only
gamma radiation need be considered because
no neutrons were involved in the fallout and the
beta radiation did not have suflicient energy 10 im-
part a significant dose to the lens. The gamma
racdiation had a fairly energetic spectrum (100 to
1300 keV). The 175-rad dose was delivered at a
decreasing rate over the two days of exposure. The
minimam cataractogenic dose of x ravs or gamma
rays is considered to be ~ 200 rads and the dose to
produce progressive lesions, ~300 rads.? The
latent period averages about 2 1o 3 vears. With
larger doses the latent period mav be shorter, and
with lower doses it may he 28 vears.

The smallest lens opacities ebserved with slit-
lamp microscopy were lens flecks, which are
thought 10 be defects in single lens fibers. These

discrete opacities wers at inost only a few microns
in size and could Wwono wav dmpaie vision The
uumber of flecks increased with age mcall groups.
but they deseloped more rapidhy inadolescent fe-
uates. 2 A higher score in females aged 13w 20
at exposure may have heen eelated to the radiation.
The higher wncidence of Hecks o aslolescent fe-
niades was thought to be associated with their lugh
ostrogen leveis,

Other leas opacities observed in the exposed
Mavshallese dicd not it the deseriptions of vadia-
tiot-iduced topes and were similar w those seen
i the unexposed population. Phe absence of vadi-
atiog-indueed cataracts is nat unexpected, sinee
thie dose to the Manshaliese was below the mini-
e dose of x ravs o1 gamma vavs pecded. The
Fapse of 20 vears is well bevond the usual laten:
period and itseems anlikely that any such lesions
will develop, AN the catavacts seen have been of
the senile or pressenile tvpe and no juvenile cita-
racty have been noted, Possible correlation sl dia-
hetes is discussed in Seciton L Gt The slighdy
higher incidence of cataracts in the exposed Ron-
gelap people over the vears may be velated w a
slight preponderance of older people in the ex-
pused population.

Paulvehromatic sheens, vellowish or “heaten
brass” 1o blue-green in color, were noted in some
Marshallese, hoth exposed and nonexposed. These
were not associated with any lenticular opacities
characteristic of rachiation exposure.

F. GROWTH AND DEVELOPMENT STUDIES
OF EXPOSED CHILDREN

1. Data Taken

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

The growth status of the children exposed o
fallout has heen followed regularly since the initial
examination. From 1954 to 1958 the growth data
consisted of routine measurements of stature and
weight. In 19539, roentgenographic evaluation of

*These studies were done by Dr. J. Bateman, BNJ.
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skeletal developiment ideft hand and wristy was
mitated Y and svstematic decumentation of an-
thropomietric data was startedd. The documenta-
tion was continued during the succeeding exami-
wations st subjects considered 1o be inihe growth
phase rgenerally through age 2050 The data re-
corded regulariy included standine height (stat-
uret. body weight, head circnmference, head
wiclth, head leagth, chest circumference, bi-
acromial width, and calf circemference, and spo-
radically included sitting height. chest width. chest
depth. and buttocks circumference, (See Appen-
dix 7

The developiuent of secondary sex character-
istics wis qualuatively assessed according to the
standdard eriteria generally acceepted in growth
stadies (Greualich et al 32 Shuttleworth#). Such
procedures included the staging of breast devel-
opment in girls: estimation of the type. pattern.
and amount of body hair (facial. pubic, axillary.
ete. 1 atud staging of the growth of penis and testes
in bovs. During several examinations. photo-
graphic documentation was done as part of the
assessiuent of growth status and physique.

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

2. Physical Findings

The early post-exposure examinations indicated
that the vounger children, in general, manifested
more extensive and more severe radiation injury
than the older children and adults. Following re-
covery from the acute effects 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

~1

in Nection IV, The other physical findings, which
have been carefully tabulated in the individual re-
potts for cach survey. indicate no definite pattern
of abnormalites that would differentiate the ex-
posed children from the unexposed comparison
children. The usaal spectrum of infectious and
noninfectious discases, congenital anomalics, and
physiological variations has been noted in hoth ex-
posed and unexposed chitdren.

3. Growth Status

Interpretation of the anthropometric data and
assessment of the growth status of the exposed
Reamgelap children have heen complicated by (a)
radiation injury to the thyreid gland, (b) partal
or total Givroidectomies in the children who de-
veloped thyroid neoplasia, and (¢) the administra-
tion of thyroid hormone to the entire exposed Ron-
gelap population sinee September 1965, If the
data un the three children (Nos. 3.3, dnd 63) who
were obviousty hvpothvroid and had markedly
smatl budy 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 bovs, they appeared to be delaved
bv 6 10 7 months at cach chronological age.

Earlier preliminary comparisons had suggested
that boys cxposed at age <5 vears were retarded
in statural growth compared with unexposed boys.
The current analysis excludes those with a specific
diagnosis of hypothyvroidism. The individual growth
and development curves for 13 children exposed
at age <3 and their controls are shown in Figures
21 and 22. The effect of thyroid treatment on the
two boys (Nos. 3 and 3) 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 ir utero, careful 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
bov (No. 83) 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.
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Final evaluation of stature and skeletad age will
be postponed until all the exposed children have
reached the age of 21 wo ensure that all are tully
mature,

Height and weight data on survivors of the
atormic explosions at Hiroshima and Nagasaki have
been recently reexamined by the Atomic Bomb
Casualty Commission.** Analysis of the final
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Figure 21. Statural growth and skeletal growth data for 3 o 15 20

boys exposed at age <5 vears. Dashed lines show mini-
mum to maximum spread for unexposed peer group.
Arrow indicates start of thyroxine treaunent. Subjects: @.
No. 2; 7+, No. 19; m, No. 23; =, No. 32; -, No. 34; -, No.
3; a. No. 3.

Age (vears)

0y

Figure 22. Same data as in Figure
e, No. 17; -, No. 21: a, No. 33;
-, No. 63.

for girls. Subjects:
-, Nu 42, m, No. 69;

Table 16

Summary Data on Children Exposed 7z {tero

Subject Trimester Head Skelewal

No. & Sex at exposure Stature circumference maturation
83 M third shightly tall large slightly advanced
84 M third slightly small normal normal
85 M second normal sma!l slightly retarded
86 F first normal normal normal




(adulty statures and weights, measured at age 21
or older, of subjects expased 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 ditinished
with increasing age at exposure, being greatest in
those exposed at age <5. The effect was more
promuinent in bovs. The preliminary tabulations
of growth data in the Marshallese children!6.43
showed similar trends. Subsequently, the extent of
the thyroid injury documented in the Marshallese
children provided the basis for the present assump-
tion that growth retardation reftccted primarily
the :esults of impaired thyreid function. It is an-
ticipated that when adult {finai} anthropometric
measurements become available, further evalua-
tion f the growth pattern of the Marshallese chil-
dren {including further assessment of the effect of
thvroid hormone administration) will be possible.

G. DEGENERATIVE DISEASES

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

1. Cardiovascular Diseases

Cardiovascular diseases appear to be no more
prevalent among the Marshallese than in Ameri-
cans o1 other populations, and no difference was
found between their incidences in the exposed and
unexposed groups. Hypertension appears to be
somewhat less prevaleat among the Marshallese
than among Americans. Blood pressures > 140/90
have been recorded in only about 9% of the people,
and the increasing percentage of older people in
thie study groups does not scem to have raised the
incidence of hypertension. Manv of the younger
people, particularly females, have notably lower
blood pressures (90-100/55-63). The generally
lower blood pressures in the Marshallese have been
thought to be related to lower dietary salt in-
take,7¢ 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. Routine chest x rays and ECG’s on in-
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cdividuals 40 vears old have revealed the cardiac
changes expected with aging: arteriosclerosis heart
disease with occasional cardiac decompensation.
Auricular fibrillation has been noted in a few
people: rheumatic heart discase in only two.
Peripheral vascular diseases (thrombophlebitis,
peripheral venous disease, hemorrhoids) appear to
be less common than in Aniericans. Oscillometric
studies showed peripheral pulses to be 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. Arthritis

Many Marshallese >0 vears of age complain
of joint svmptoms in the arins and legs and to a
lesser extent in the lower back. Many, particularly
the older ones, have complained also of vague
muscle pains in the arms and legs, Some older
women develop marked kyphosis in the lower
thoracic-lumbar region which may be related
partly 1o the squatting or stooping position neces-
sary for cooking over open fires. X rays show many
of the above complaints to be associated with
osteoarthritic 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. Nephrosclerosis

Primary kidnev 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
transformation is well documented and accounts
for most of the early deaths, However, develop-
ment of premature senescence with associated de-
generative diseases and immunodeficiency, as a
late effect of exposure, is also believed to account for
some degree of life shortening in animals. 749 For
humans, definite proof of such effects is lacking,
the only documented life-shortening effect being
related to malignancies. 3031 In the Japanese bomb
survivors, the correlation of life-shortening with
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malignancies is well documented,?2-33 but that with
other less well-defined aging criteria is not clear-
cut. Beebe et al. [ reporting on 1300 deaths from
1930 to 1966 among 8200 exposed Japanese,
stated: “Once cancer is removed from the list of
natural causes, mortality appears to bear no reta-
tion to radiation dasage. In none of the + time
periods is there evidence of general increase in
mortality that one might expect from the hypothe-
sis of accelerated aging.™

Since the underlving mechanisms of ordinary
aging are not clearly detized, 1t 15 ditlicult to com-
pare radiation effects with the aging process and
to recognize their interaction. Studies of longev-
ity in the relatively small Marshallese pooulation
under observation do not provide any evidence of
a possibie life-shortening effect of radiation. At this
time the average age at death in the Rongelap ex-
pused group is 64 vears compared with 63 in the un-
exposed population, and 61 among the unexposed
Unrik prople. The differences are not significant.

Numerous empirical stndies concerned with pos-
sible radiation-induced aging effects have been
varricd out on the Japanese survivors®®-3% and on
the Marshallese.®-12.14.57-61 On several occasions
Rangelap people were given a battery of nonspe-
cific tests for aging similar o those used in the
Japanese studies ™ 1213 Some of these tests were
based on subjective assessment.on a 0 1o 14 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 elasticity (skin caliper), visual accom-
modation, visual acuity, hearing (audiometric),
blood pressure, neuromuscular functien (light ex-
tinction test), hand strength (dynamometer), vibra-
tory sense {vibrometer), and lean body mass
(whole-body potassium by gamma spectrographic
analysis). Comparison of these values in the ex-
posed and unexposed Marshallese (Table 17)
showed no significant differences. The biological
age scores (average percent score), plotted in Fig-
ure 23 for both groups. are about the same.

5. Immunological Studies

Radiation is known to impair the inmunologi-
cal status of individuals soon after exposure if the
dose is suflicient to produce significant leukopenia.
During the early period, though the acute effects
on the Rongelap people included considerable de-
pression of peripheral blood elements, comparisun
of the incidence of infections with that in the Utirik
group gave no evidence of impaired immunity.
Reduced immunological reserve may likely be a
late cffeet of radiation exposvr=.52 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

Correlation of Criteria With Age and Radiation Exposure!?

Correlation
with ase

Correlation with radiation

fr vadue) Percent Significance® ( )
(;.r;“'ur“ 087 +17.0 NS (0.70)
Arcus sentlis .83 0.0 NS. { 1.00)
Accommaodation 0.81 ~ Il NS. (0.1
Skin retrzstion 0.74% + 7.3 NS, (0.68)
Skin looseness 0.70 + 16 NS, (080
\,'i'nr;_uury sense (M + 1) 0.70%" — L4\, 206 (F) NS, (090, 0.20)
Visual acuity 0.69 +1iL0 NS (0.5
Hearing loxs 0.67 5 79 NS (0.4
Hand erip (N1 + F) 067 +13.8 (M), +13.8(F) N.S. (0.15,008
Reaction tme (M + F 1 tlight extinction est) 0.64* — 20(M). =105 (F) N.S. (0.88,0.55)
Systolie hload pressure 0.55 —-11.5 NS (0.30)
Potassium (M 4 F) 0.11** — 146 (M), +106(F) NS, ((L17,0.22)
Cholesterol 0.4 ~17.2 NS, (0.05)
Neuromuscular function (M4 F) thand ally) 0.36%> + 32(M) #1011 NS, (0.85.0495)
Combined scoret 0.99 + 70 N.S. (0.27)

“N.S. net significant at ¥ level

=*1 vaiues for males and females averaged.

*Weighted according to r valuc.




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

Auntibody response. Three years after exposure a
aumber 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
serutn.%* The difference between the exposed and
unexposed groups was not significant.

Bloud cetl changes. The persistent lag in complete
recovery of leukocvtes was believed o reflect re-
duced bone marrow reserve and therefore reduced
immunolaogical reserve. The apparent recent recov-
¢rv of hemopoiesis in the exposed people to control
levels 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 Marshallese.

Immwproteins. ITmmunoelectrophoretic analysis
of serum proteins in 1962 showed neither a para-
proteinemia nor a typical picture ot antihody de-
ficiencey svndrome, but a high frequency of some of
the immunoglobutins was noted.!'"** 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 exposed prople.1©

The older people had higher levels of gamma
globulins but slightly decrcased albumin levels
(1969).23548% Immunodiffusion studies showed
that the rise in gamma globulin levels was paral-
leled by an increase in immunoglobulin.* The in-
crease in gl mosety was the most pronounced. and
it showed significant 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 thoze of IgG. IgA. and L light chains
(Table 18). However, by 1974 the gamma globu-
lin levels in the exposed people were nearly the
same as in the unexposed (Table 19).

Lymphocyte function. Tests on the phytohemag-
glutinin (PHA) stimulation of lymphocytes cul-

*Dr. R.D. Stoner at BNL did these analyses,
“*Drs. R. Biitler and A. Hassig at the Swiss Red Cross Labora-
tory did these analyses.
*These studies were done by Drs. J L. Fahev and K. Woads
of the National Cancer Immunoglobulin Center.

Percent aging
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Figure 23. Biolugical age scores.1?

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
groups. 560 In a more recent study, acetvlation of
nuclei of PHA-treated lvmphocyvtes was measured
at various times as a function of lvinphocvte wrans-
formation and of aging.6! Decreased acetvlation of
nuclei is associated with increasing age and is
roughly parallel to the decrease in lvmphoceyte
transformation. Total acetate incorporation in the
nuclei during the first hour of culture was corre-
lated with acetylation of histones, but by 20 hr
acetvlation of other nuclear materials had also
occurred.

Chromosome counts. In 1969 chromosome counts
were made on PHA-stimulated lvmphocytes cul-
tured from peripheral blood from 78 unexposed
and 27 exposed Rongelap people.%3 Both hypodip-
loid and polvploid levels were found to be related
to the subject’s age. Femles >>50 and exposed
males >50 had ~ 1.5 times as many hypodip-
loids as did the younger subjects; polyploid levels
were sharply reduced in all subjects >50. Hy-



Table 18

Correlation of Immunoeleetrophoretic and Peripheral Blood Findiags
With Age and Radiation Exposure!® (D =decrease: I=increase)

Unexposed group

Expused group

Change

Criterion with age

Correlation
with age (r value)

Percent dif. Significance

trom unexposed ( pvalue)

Lymphocvie ransformation D 0.89 — 1.1 0.68
Serum proteins
Total serum proteins 1 35 — 15 24
Albumen D A3 +15.0 01
Total globulins | o8 —17.1 Kl
Alpha-1 1 37 310 01
Alpha-2 1 A3 - 200 .0
Beta I 42 - 6.0 08
Gammia 1 7h — 183 KU
Immunoglobulins
A lagAy ] A9 —-17.0 Kin]
D len | .20 — 3.0 ug
M (daM) 1 20 — 0 4
G (legGh 1 .78 — 80 22
Kappa light chains 1 46 — 30 64
Lambda light chains 1 24 — 140 A5
K L rato 1 -H + O T
Blood findings
Hemartocrit n 7 4+ 24 A7
Sedimentation rate 1 72 +11.4 08
Toual leukocytes D EN] — 25 il
Lymphocvies D 4 — .1 Al
Neutrophils 1 oH —13.4 O
Platelets §] %) — 8.4 04
Table 19
Serum Proteins, 1973-1974
Group Total protein =~ Albumen Alpha 1 Alpha 2 Beta Gamma Total globulin
Rongelap 71.7620.70 4222050 0.20+£0.05 0.69+0.12 1.08+0.24 1.59+0.41 $.54%£0.58
Ailingnae 7997051 4402037 0192007 0.72+0.15 1.05=0.20 1.76-0.38 3.60+0.56
Utirik 7.6020.50 1202043 0.16=0.06 0.692-0.30 0.89+0.23 1.6720.45 3332050
Unexposed 76007} L1120 0192006 0.750.14 1.00=0.24 1.57 0.8 3522054

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 chromoesome size ap-
peared as factors possibly related to hypodiploid
levels. In all subjects, regardless of sex or exposure,

the largest and most frequent loss of chromosomes
was in the G(Y) group (2.3 times expected loss). In
the C(X) group, females lost 15.2% more chromo-
somes than expected and males 12.6% less. No sex
or radiation effect was apparent in the other five
chromosome groups. A series of additional cul-
tures indicated the presence of chromosome break-
age factor in the plasma of the exposed subjects. In
cultures of the latter, chromosome aberrations
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Figure 24, Age-related change in lymphocyte transforma-
tion in peripheral blood cultures showing the mean per-
cenl 1ransformation for each decade with siandard
devialion. 1}

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 vears. but no evidence that such defi-
cieney was related o disease incidence, with the
possible exception that 1the increased development
of malignancy in the exposed Rongelap people
may be an indication of reduced immunological
surveillance. Recent rises of leukocyte and gamma
globulin levcls to control values indicate some de-
gree of recovery, but better tests for immunolagi-
cal status are needed.

6. Diabetes Survey

Diabetes is a major problem in all the Marshall
Islands. and investigation of it is important for two
reasons. First, the discase is difticult 1o manage:
rules developed for U.S. and European conditions
may not apply. Choice of diet is limited. The hy-
gienic conditions favor infections and make foot care
a major consideration; also. home use of insutin 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 carly and to define the
optimum rules for management, and advice on
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this problem has been requested by Trust Terri-
tory medical personnel. Second, the situation of
scattered, sequestered population groups and the
large contrast in living conditions between home
atolls and district centers make it an ideal area for
investigating the relative importance of patho-
genetic elements. [n this respect, the situation may
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 physi-
cal examination was done to assess the presence
or absence of degenerative complications of dia-
betes. Blood was also obtained for uric acid, cho-
lesterol, and triglyceride determinations. Plasma
glucose was measured in the fasting state and/or
2 hr after the ingestion of 73 g carbohydrate (Glu-
cola). In this survey a plasma glucose level, either
fasting or post-prandial, > 120 mg % was consid-
ered indicative of abnormal glucose tolerance. In
some cases glvcosuria 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
> 13, these were not alwavs successful. The failure
to supply 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 pres-
ent form, but the missing information will be ob-
tained, if at all 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 grateful to Drs. James B. Field and Catherine Detre
at the University of Pittshurgh Schoot of Medicine for analysis
of the diabetes data.




Table 20
Diabetes Suney: Preliminary Resulis, 1974

Clyveasuria
with normal

Diabetes bloud sugar
No. No. No.
Group people®*  cases i vitses v
Rongelap
and Uririk 375 ras 25 2 T3
Male 180 48 26,7 17 R
Female 195 31 2549 1 KN
Obese 1496 R RLIXH 11 ul
Non-obest 136 R 16.2 10 T4
Uirik m a7 284
Rongelap 174 1 264
Residing at®®
Majuro 120 37 .8
Ebeve 16 29 230
Rongelap 58 16 26
Utirik 81 2] 2359

*Includes 10 subjects from other atolls, married to Ron-
gelap and Dhirik people .

**Includes both Rongelap and Utirik people residing at
these locations.

Marshall Islands is considerable and is probably
greater than in anv other population groups ex-
cept possibly certain American Indian groups.!
Although some previous reports have indicated a
high incidence of diabetes in some Polynesian
populations,536% others have suggested a low
incidence 587

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 ohese
subjects. Cataracts seemed to be much more com-
mon in the diabetics than in the nondiabetics, but
this would certainly 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 diabetes compared with
those in whom the diagnosis was made during this
survey. A significantly higher percent of the dia-

beties than of the nondiabetics had neuropathy,
but. hecause of age differcuces and other Bactors
previoushy stated. covartance must be eliminated
from the data before these observations can be
evitluated. (Newropathy was evaluated on the
basis of history of paresthesias and or objective
abnormalities in retlexes and sensory pereeption.)
The inted data available did not suggest evi-
detiee tor increased retinopathy or peripheral vas-
cular discase among the diabetics. The discase
more closely resembles maturity onset diabetes
with absence of acimie svmptoms, ketosis. and ab-
solute dependence on insulin treatment.

The datan do not sugeest any ditferences between
Rongelap and Utirik people (genetics) or between
places of residence (environmental influencer, and
there is no evidenee thar radiation exposure has
plaved a part in the pathogenesis. The diflerences
in dict and general living couditions between the
“outer islands™ and the district centers are consid-
crable and might well play a significant role in
pathogenesis. However, analysis of this factor is
diflicult because of the maobility of the people, who
constantly move between home island and the
centers: the place where an individual is exam-
ined may not be where he has spent the major part
of. sav, the last 10 vears.

Despite the limitations, the preliminary results
are considered to be of sufficient interest to war-
rant a more careful and complete investi ration.
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
msulin response to a glucose challenge would also
be of interest in assessing some of the factors that
might be important in the ctiology of diabetes in
the Marshall Islands.

The examinations are by necessity restricted to
Rongelap and Utirik 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 GENETIC STUDIES

1. Studies of Chromosomes for Radiation Effects

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



Furure 25, T'wo-hit chromosome aberrations in exposed
Marshallese. Top: arrow points to dicentric form: bottom:
arrow points to ring form.1?

>20) and 8 unexpused 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-
crrations (represented by dicentric chromosomes.
translocations. and a ring form) that are thought
10 be associated with radiation exposure (Figure

*These analvses were done by Drs. H. Lisco. New England
Deaconess Hospital. and R.A. Conard. BNIL..

[N

2507 Nawwo-hitaberrations were found in the
unexposed group. but buth graups had an unusual
number of acentric fragments, the cause of which
iv not known, Paradoxically, Rongelap people
with the Jower exposure had more aberrations
than these with the higher exposare. These studies
indicate that a small but significant number of
chromosome abierrations persisted in blood lym-
phocvies insome Marshallese as fate as 10 vears
alter expusure, The results are consistent with
those of simitar studies on the exposed Japanese
fishermen. ™ an victims of ather radiation acci-
denms. ™ and on Japanese bomb survivors,

2. Somatic Mutations

In 1974 studies® were made of the trequency of
amino acid substitution in the hemaoglobin «f the
Marshallese on blood samptes sent to Oak Ridge ™

Sinee there is no caded isoleacine™ in adult hu-
man hemoglabin AL its presence must he due to
errors i teanscription or translation or to somatic
matations arising during DNA replication. Errors
in transcription, which occur infrequently, form
altered mRNARNA and rRNA: they change
the coding in the mRNA and mav reduce the
fidelity of the t(RNA with regard o both the kind
of amino acid itaccepts and the mRNA cadons it
recognizes.”* Errors in translation®® arise through
the attachment of wrong amino acids to tIRNA
{aminoacyl svnthetase errors) and the imprecise
recognition of mRNA codons by tRNA anticadons
(translational variation). Somatic mutations result
from mistakes in replication of DNA: many single-
base-substitution muations change nonisoleucine
into isoleucine codons.’™ and the resulting mutant
cells could have hemaoglobin mRNA with isoleu-
cihe codons. For this reason. an increase i the iso-
leucine cantent of hemoglobin A would be ex-
pected in humans exposed (o agents causing base-
substitution mutations. Possibly radiation mayv
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 from 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-
leucine by the total nanomoles of all other amino
acids in each sample. The frequencies are listed in
Table 21.

*These studies were done by Drs. R.A. Popp. G.P. Hirsch. and
E.G. Bailitf st Oak Ridge National Laboratory.
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Table 21

Frequeney of Substitution of soleucine {or Other Amino Acids
in Human Hemoglobin From 25 Marshallese

Age at

Subject No. and sex expasure, vr

Age at
present, vr

Substitution
frequency (X 10—%)

Average *
SEM (¢ 10-9)

Exposed. 173 R
3M
1M
18F 24
24 F 13
WE 1
RN 1
12F
71F
Expused. 69 R
6 M
8F
+ M
15 F
81F
Unexposed
813 M
813 M
Y20 F
836 M
839F
841 F
8t F
867 F
868 F
O+ M
1347 F
1549 M

the
30

~1 10 1S

Bl

—_——

-
] —

21
a0
+

1ot -l 1
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20
24
33
41
46
+
31
16
51
49
60
21

8.813:1.96
19.79
3.58
ERLN
1345
+.74
3.19
1040
8.29

3042 1.92
6.98
12.93
+.04
3.65
212

320152

) EC de e = Wi
[ R NTREN N

L Ly e

[ IR Su [URN PR VR VIR SUN VIS
~ W O

Ut -

A slight, but insignificant. increase in the iso-
leucine substitution frequency was found in con-
wrols aged between 20 and 31: the linear regression
has a positive slope of 0.0234 X 10—-5/year. Except
for subject No. 1347, the higher frequencies were
found in samples from exposed persons, but some
of the exposed had values in the control range
(Table 21). The higher frequencies were observed
more often in individuals exposed at younger ages,
although the globin from subject No. 33, exposed
at | vear, had a low isoleucine content. The find-
ings are consistent with the higher leukemia in-
duction, among persons exposed to x rays’™ and to
atom bomb irradiation,®® in those exposed pre-
natally and at young ages.

Studies in progress strongly suggest that the in-
creased isoleucine content in the hemoglobin of
exposed Marshallese is due to base-substitution
somatic mutations. The supporting data™ include
analyses showing (1) that higher isoleucine substi-

tution frequencies occur in hoth the alpha and
brta 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. Genetic Studies

a. Possible Radiation Effects. The inheritance
of radiation-incduced mutations has been amply
demonstrated in genetic studies on animals, but it
has not been unequivocally seen in man. Large
numbers of animals are necessary to demonstrate
such an effect, and the size of the irradiated human
populations 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,8!
and it showed no clear-cut genetic effects. Exam-
inations of the much smaller group of Marshallese



children born to an exposed paremu or parenis
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 1he fifth finger, prominent head of ulna, dislo-
vated 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 pussible increase in miscarriages and suil-
births anong the expased women during the first
5 years may lead to speculations that radiation in-
duced lethal mutations in germ cells of the ovary
or, less likely, in sperm cells.* The presence of
chromaosome aberration- in peripheral blood lym-
phocvtes in the Marshallese 10 vears post expo-
surc, 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
duse of radiation and the small size of the popula-
tion. vn a prinrt grounds a clear-cut demonstration
of a genetic effect of radiation in the children born
1o exposed parents would scem unlikely. Never-
theless, given the nature of the circumstances. it
has been deemed desirable to make every effort to
collec1 such data. Since recessive combinations

* About one-half the miscarriages occurred in exposed women
married 10 unexposed men.
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may take several generations to affect the pheno-
type. recogaition of their radiation etiology may
he extremely difficult. Neel et al. are at present
carrying out more sophisticated studies in the Jap-
anese, concerned with the occurrence of variant
forms of 24 serum proteins and ervthrocyte en-
zymes. He and Dr, R.E. Ferrell kindly consented
1o exaniine blood samples collected in 1974 from
187 Marshallese children and parents (exposed
and unexposed). The results, summarized below.
included no significant findings indicating radia-
tion-induced mutations.

b. The Frequency of “Rare’’ Protein Variants.
The blood samples mentioned above were sub-
jected to electrophoretic analyses for polymor-
phisms and rare variants of proteins and erythro-
cvte enzymes. Y2 The findings were summarized by
Neel et al 2 as follows.

*Blouod specimens from a sample of 187 Mar-
shall Islanders were studied with reference to vari-
ants of 24 serum proteins and ervthrocyte enzymes.
Six of the traits studied exhibited genetic poly-
morphisms (adenosine deaminase. phosphogluco-
mutase,, acid phosphatase, 6-phosphogluconate
dehvdrogenase, haptoglobin. 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 Micronesians, and the frequency of rare
variants in Micronesians compared with the fre-
quencies in West European Caucasians. Japanese.
and Amerindians. There are manvy difficulties in
such comparisons. and, although the observed val-
ues for the four ethnic groups differ by a factor of

Table 22

Gene Frequencies for Six Genetic Polvmorphisms in the Marshall Islanas®?

Phenotyvpe
Svstem i 2-1 2 ‘Tora. Gene frequency
Adenasine deaminase 167 18 0 185 ADAY = 0951
Group specific component 116 30 2 168 Ciel = 0.839
Haproglobin* RU) a3 32 V77 Hp! = 0.579
Phosphoglucomutase, ** 156 26 ! 184 PGM,1 = 0912
A AB B
Acid phosphatase 101 73 11 185 APA = 0743
6-Phaosphogluconate dehydrogenase 164 21 0 185 6-PGDA = 0.943

*The Hp® type was observed in 4 individuals.

**Two cxamples of the PGM phenotype 2-7 and a single phenotype 1-7 were observed (PG M7 =0.008).
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A the Micronesians exhibiting the lowest ire-
quenev, it is felt that no conclusions concerning
ditterences between ethnic groups can be drawn
at this time.”

Table 22 shows the gene frequencies tor the six
genetic polymarphisms tound,

¢. Blood Studies far Genetically Inherited Traits
in the Marshallese.” A large body of data has
Yeen collected trom senetic studies an the NMar-
shallese people. The results are not only of great
anthropological wnterest but adso may shaw in time
some possible genetie etfects of radiation exposure
in future generations. Table 23 lists the frequency
of the various traits tested.

Blid groupmg studies show that the Marshallese
have a retatively high B gene frequency. a high N
gene frequency, an extremely high RY gene fre-
quency. and total absence of Kell and Diego fac-
tors. These characteristics difter froin those of Poly-
nesians and suggest a relationship of the Marshali-
ese prople with Southeast Asians and Indonesians.
Haptoglobin studies showed a frequency of the
Hp?! gene higher than in European populations
thus far tested and cousistent with that of popula-
tions iving near the equator. The distribution of
hapwglobin tvpes showed the population to be
relativelv homogeneous. Transterrins in all sera
were tvpe CCL the common European wpe. fi-
Aminoisobutvric 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
bady burden levels of radionuclides: this indicates
that there is probably no correlation with radia-
tion exposure. Hemaghbin trpes were considered
normal (all had type AAq). Sickling tests showed no
sickling tendency in anv of the people. Glucose-6-
phospiate deiiydrogenase of the red cells appeared to
be normal in the Marshallese. Studies of Gm pheno-
trpes showed the Marshallese to have 100% Gm'a+!
and nearly 10077 Gm™+). There was a complete
absence of Gm* and a high frequency of Gm-like
{Gm*). Serum studies for the Ag svstem reveal
that the Rongelapese compared with other world

* We are grateful w the following persons for analyses: bloud
groupings  Dr. LN, Sussmzn, Beth Israel Hospital; haptoglob-
s, transferrins, AG antigens - Dr. B.S. Blumberg, Institate for
Cancer Research, Philadelphia: hemoglobin types - Dis. R
Engle. Jr. and G. Castitlo, Cornell University Medical Center,
and Dr. S.H. Baver, Johns Hopkins Hospital: glucose-6-phaos-
phate dehydrogenase studies - Dr. Baver: BAIB studies - Dr.
S. M. Garder. University of Washington, and Dr. Blumberg,
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Geordeath Inbietiied Prans m Marshathese

Frequenes Giene

Trait (R frequency

ABOY, 3O [)rupl(‘!

O 6oi).7 R. 0.768
AN a3 oo
B 151 Q. ool
AR N

NN prople:
M 8.0 AY IR Y
MN 220 N 08un
N o

Kell 30 people: (1Xt]

Dieuo ¢ 110 people 0.0

Rh 410 peoples

RhRh, 904 R 0450
Rhjrha 12 R® (0020
Rh; Rh. A9 R®  0.0030
Rh. 0.3
Rhy, (L6

Haptogiobins (176 prople)

Types 1-1 EEW

Types 2-2 18.2

Fypes 2-1 17.2
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populations have a high frequency of C.deB. anti-
serum reactors and a low frequency of New York
antiserum reacters. The level of BAIB (B-amino-
tso-butyric acid) was the highest yet reported for
any population.

Considerable caution must be exercised in eval-
nating 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.
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These data also may be usetul as a base line, should
genetic changes appear in later generations, pos-
sibly related o radiation exposure.

IV. Thyroid Findings

A. EARLY FINDINGS

Examinations 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
sutlicient dose of radioiodine 1o result in abnor-
malities. In retrospect this proved to be quite
wrong. since thyroid injury 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
thvroid abnormalities follows.

Beginning several vears after exposure it was
noted that 3 of 19 children exposed at <10 years
of age showed retardation of growth.8:18 This was
particuiarly notable in the boys exposed at <3
vears of age (Figure 26). The cause of this retarda-
tion was not immediately apparent. It was recog- Figure 27. Growth-retarded boys exposed at age 1 year
nized that thyroid hormone deficiency from thsy roid {No. 3. left, and No. 3), 6 months afier start of treatment
. N . q . at age 11 (1966).
injury 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 asin all Marshallese
were in the normal to high range. The growth re-
tardation gradually became more apparent, and at
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Figure 26. Statural growth in Rongelap boys exposed Figure 28. Bone dysgenesis of heads of humeri in subject

at <'5 years of age, 1958-1967. No. 5, typical of hypothyroid disease (1963).



Table 24

Vhyroid Findings, September 14974

Subjevt No Est. thyvrowd Age at Age lestons
and sex dose,® rads expusure developed Diagnoss®® oS - sureery

Rongelap exposed (170 rads s 608 people bt Inted separately

IM 1130 1 12 Myvxedennie cthvroisd atrophy
5 M " 1 12400 Myxedema (thyroid atraphs
337 " 1 13 181 Adenomis
MM " 1 [ R} Sy Adenomas deukersia, died age 1)
580 " 1 13 'S Adenomas
2M Lo 2 12 (St Adenomas
17 F 1050 § 12 S Adenomas
19\ " 3 1t S Adenomas
MF " 3 12 181 Adenomas
12 M " 3
1F " i 15 81 Adenomas
RARN | ooy t i (S Adenomas
oo F " -+ 1t £ S Adenomis
P2 as 6 N 181 Carcinona o papillaryv-follicalars, adenomas
1 F 83 7 A 1S Adenomas
20 M “ 7 i 'S Adenonas
RTIA | " 7 14 S Adenonas
17 M R0 ]
i F “ 8 19 181 Adenomas
76 M 633 1 Hypertrophy, lobular
IZF [xk} 1 i 181 Adenomas
1 F 370 13
$5 M " b3
26 M " 13 Died 1962
67 F 20 1 H Nodule 0.0 em. 11,
RaRY o0 1 Hypertrophy ri lobe
HF -' 1 Lobular hvpertrophy
7t F 125 e
2F il 17
12F 335 8
PRI | " 18
37 M . 20
18 F " 21 3t (81 Carcinoma (folliculan
US| " n Thickened upper [t lobe 1974
10 M " 2t
1+ F " R
27 M " 26
7T M " 26 . I,(-pr( my
7+ F " 8
H0 M " 24 10 181 Adenomas
64F " 30 4 18) Carcinoma (papillary-tollicular)
tb F " 30
7M " 36
63 F " 36
8F ' 37
1M " 38
79 M " 39
H8 M " -+ Dicd 1971
25 M " -+ Died 1956
34 i‘ " 45
32 F " 16 Died 1963
80 M " 16
1M " 50
82 A\l " 30 N
30F “ 32 Died 1962
62 F " N) Died 1959
60 F " N3 Died 1959
I3 F " 39 Dicd 1966
—)8 F " :-).*r -
6w F " 66 - Adenomas found at 1962 autopsy?
38 M " 75 . Died 1957
16 M " 76 - Died 1956
99 M " 76 Fied 1966
37T F " 98 - Died 1963




11

‘Table 24 (Continued)

Thyroid Findings, September 1974

Subject No. Est. thyroid Age at Age lesions
and sex dose,* rads exposure developed Diagnosis®* (S =surgery)

Ailingnae exposed (6Y rads), 18 people (1 in utere listed separately)

6\ 150 1 - -
BF " 1 17 {S) Adenomas (benign?)
HM 395 + : -
wF 360 G - Hyperirophy rt. 1974
33K 320 8 27 Mass 0.3 em, It. lohe '73; neg. 74
81 F ” 8 - -
0F 1490 15 Neurofibroma neck removed (1968)
31 F 135 25 45 (S) Adenomas
31AL " 31 - Died 1958
45 F " 32 351 {S) Adenomas
30 1\1 " 31 - Dled 1971
16 M » 39 - -
M " + 63 Nodule lt. lobe
AF " 44 9 (S} Adenoma, died 1968
IF " 54 - -
29 ..\l " 63 - Di(.’d lgﬁﬁ
+3 F " 67 - DlCd 1964
BEF " 68 - Died 1965
In wtera exposed. 4 people
83 M 17542 2nd tri 19 (8) Adenomas
81 M 6947 wow B -
83 M 17542 Isttri - -
86 F 17542 non - -
Utirik exposed (14 rads), 157 people™

229 F 3 20 36 {S) Carcinoma (follicular)

208 F " 35 34 (8) Adenomas

2212F " 35 54 (S) Adenomas

2194 F " 37 33 Lobular gland

2258 M " 17 63 Nodule, died 1970

2182 F " 52 72 Nodule

P F “ 54 71 (S) Adenoma

Rongelap unexposed, 196 prople ( ~80"7 of groupy™*
938 F - 32 (S) Adenoma
820 F - - 34 {S) Adenoma
81 F - - 54 (S) Adenoma
815 M - - 30 Possible nodule
910 M - - 70 Nodule 0.5 cm, rt.
a2 M - - 20 Firm area, noduie?

1007 M - - 58 Small nodule, It. {obe
858F - - 60 (2) Large goiter, soft & movable, died 1973
898 F - - 75N Nodule 0.5 em, lt., died 1973

Likiep unexposed. 137 people, 1970 (~50% of group)**
-F - - 75 Nodular thyroid
-F - - 8 Nodule, it.
-M - - 63 Nodule, rt.
M - - 80 Two small nodules, rt.
- M - - 74 Mass 5 cm, rt.

*Includes gamma dose. Method of calculation® is described in Section I of this report.
**Includes adenomatous lesions (without distinct capsules) and Hiirthle cell adenomas.
* This case was not included in the statistics because, if it had bren possible to do more autopsies. other thyroid tumors
might have beer: found in both exposed and unexposed people.
**Only subjects with thyroid lesions are listed here.
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8 vears post exposure it was noted that two boys
were particularly stunted in growth {Figure
271.10.18 They had been exposed at one vear of age
and gradually developed atrophy of the thyroid
gland and signs of myxedema wia: pufly faces,
drv skin, sluggish reflexes, and bony dysgenesis of
the humerus and femur (see Figure 28). These twe
bovs (Nos. 3 and 3) were considerably shorter
than their brothers (Nos. 83 and 84) who were
vounger and had been exposed i utero, In 1963, a
satisfactory method for serum thyroxine analysis
by ion exchange column becaine availabie. Stud-
ies by this method showed that so.wme of the chil-
dren did indeed have low serum thyroxine levels,
Controlstudies an normal Marshallese revealed
that many of them had unusually high iodopro-
tein levels, leading to a false interpretation of pro-
tein-bound iodine (PBl)determinations. It became
apparent only then that low thyroxine {Ty) levels
in some of the children had probakbly been masked
by high levels of iodoprotein.'8-23 Several children
with slight growth retardation had lowered T,
levels. The hypothyroidism appeared tobe from
primary thyroid damage and not secondary to
pituitary damage, since tests for growth hormone
in several growth-retarded children were normal,
and their serum thyroid-stimulating hormone
{TSH) levels were elevated.

B. DEVELOPMENT OF THYROID NODULES

In 1963, 9 vears after exposure, a 12-vear-old
girl was found to have an asvmptomatic nodule of

T - " T T T 1

_ i @ Rengelap ‘
- 30— > Aillngnae _l‘
=z 1 3 Unrk
:_E 40 E .. Control A
Z 50— a— —
R
2 W~ -
i

e

el U W SR VO S P ettt S

W o1 1213 41 16 17 w1y 20

Years after expasure

Figure 29. Cumulative percentages of persons with thy-
roid lesions in exposed Rongelap, Ailingnae, and Utirik
groups and in unexpesed Rongelap control group since
1964, based on numbers of persons in the groups in 1964,
the time when radiation-induced lesions were first noted.

the thyroid gland. Developent ol thyvroid abnor-
malities in other subjects continued during subse-
quent vears 'S =N present (1974 29 of 86 ex-
posed people of Rongelap are attected, including
the two stunted bovs who developed thyroid
atrophy without nodularity. One of 4 children ex-
posed m utero 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 inereases among the lower-exposure
Ailingnae group. Table 24 lists the thyroid status
of all exposed Rongelap people and of people with
positive findings in certain other populations.

I'he thyroid nodules were usually multiple,
were not tender, and varied in size {rom several
millimeters o several centimeters in diameter. In
some of the children nodular glands were associ-
ated with low thyrosine levels and slight growth
retardation. 'The two stunted boys (Nos. 3 and 5)
showed markedly reduced thyroxine levels. None
of the adults with nodularity had low thvroxine
levels prior o surgical explaration. The growth re-
tardation with reduced thyvroxine levels appears to
be the result of radiation injury to the thyroid in
the children (see Section E, below).

Table 25 lists the incidenc. of henign and ma-
lignant lesions and the estimated dose of radiation
to the thyroid glands in the various populations.
The highest incidence of lesions (89.53% ) has been
noted among those in the heavily exposed gron
who were <_. ) vears old at the time of the acci-
dent. The absence of lesions among those of corre-
sponding ages in the less exposed Utirik group and
the unexposed groups is notable, but 2 of 6 ex-
posed childrea in the Ailingnae 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 !esions than the
unexposed groups, but one Utirik individual de-
veloped cancer of the thyroid.

C. SURGICAL EXPLORATION

In view of the possibly malignant nature of the
thyroid nodules in the exposed population, surgi-
ezl exploration of the affected thyroids, with re-
moval of nodules, was considered necessary. Thy-



Tahle 25

Thyroid Lestons in Marshallese. December 1974

Age at Est. thyroid

I Subjects? with
thyroid lesions

No. subjects
with surgery

¢ Subjectsh with
malignant lesions

Group exposure dose,® rads
Rongelap exposed (175 rads) <10 8101150
10- 18¢ 335-810
=18 REB]
All 256
Ailingnac exposed (B4 rads) < 10 2754500
1018 190
14 145
All 217
In wers exposed 17542
69 42
Utirik exposed 114 rads <10 60 -0
1018 27 60
14 27
All a0
Rongelap unexposed <10
10-18
18
Al
Likicp unexposed < 10
10
All

B8Y.5 (17719 15 3.3(1,19)
16.6(2:12) !

9.1 (4 A4 3 6.1 (233,
342264 19 1.7 (3 64
33.312:6) 1

0000 13 f]

3630 11 3
43,306 18) 4
3430 J

0.0 1 0

0.0 58 0

18 (1 21 1 1.8 (1 21y

G405 78, 3

3816 157 ' o1 157

1.1 bh 0

TR 1

5817 12 2

4.6 (9194 3

0.0(0-31) 0

1713 106 0

3.6¢5 137 0

#Dose from FITEL Y and 791 plus gamma: mean dose extrapolated from caleclations® for adults and 3-vear-olds

tsee Sceetion 1.

" Based on number of people exposed. excluding those m uters {number of cases total number in group.
“The thyroid is considered to be fully developed by about age 18.
1One additienal case of adenoma. found at autopsy. not included here

“Weighted mean dose.

 Pathologists differed as 1 whether this fesion was malignant: it was scored as benign.
< The more energetic, shorter-lived isotopes of iodine contributed less 1o the total thyroid dese in the Utirik people be-
cause the fallout occurred later there. Tt niight be surmised also that the biological eflectivencss of the thyroid dose per

rad would be less in the Uirik 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 + total thyroid-
ectories with parathyroidectomy inadvertently in
one of the latier who was thought to have cancer
at the time of surgery). Of these cases, 3 were
found to have carcinoma 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
vears.U-2% The second and third cases in this group
occurred 13 years after exposure, in a 36-vear-old
woman (age 21 at exposure) and in a 22-year-old

woman (age b at exposure). A fourth case of cancer
was found. 4 years after exposure, in a 36-year-old
Utirik woman who had received considerably less
exposure.?3 Three of 196 unexposed Rongelap peo-
ple have had surgery with removal of benign ade-
nomas. All three were women. Hospital summaries of
cases admitted at BNL are presented in Appendix 10.

1. Gross Appearance

Since the discovery of the first thvroid lesion 9
vears after radiation exposure, clinicians particu-
larly interested in the thyroid have participated in
the annual examinations. As a result. any slight
irrcgularities discovered by palpation drew special
attention. This high degree of scrutiny and sus-
picion led to the detection and removal of 1iodules
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when thev 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 masses which
were not of sufficient size to cause very significant
enlargement or to distort the symmetry of the
gland.?? 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
most 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 hyperthyroidism. The cut surface
of the thyroids revealed some nodules 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 weres indistinct,
producing a lobular character which comprised
tost of the thyroid in such a manner that the en-
tire gland appeared to be responding to a diffuse
pathologic process, not unlike the type of gland
observed in chronic iodine deficiency but in mini-
ature proportions.

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

2. Microscopic Appearance

On microscopic examination all the thyroids of
exposed Rongelap people showed varying degrees
of adenomatous change. Mauny of the lesions were
completely surrounded by a distinct capsule and,
unlike the remainder of the thyroid, had a distinct
histological pattern which ranged from microfol-
licular to fetal, solid, or embryonal types. Unex-
pectedly many of the adenomas were papillary
(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.®3.83¢ 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 ron-nodular thyroid tissue and in many cases
took up none at all (Figure 32). Only in one indi-
vidual a single lesion, which was papillary in char-
acter, took up more radioiodine than the surround-
ing normal thyroid tissue. Although reduced radio-
iodine uptake does not necessarily indicate a ma-
lignant iesion, it is commonly observed that lesions
having a capacity to metastasize take up far less
radioiodine than the extranodular tissue (usually
the ratio is < Yoo).

Most of the thyroids have been found to contain
an unusual number of minute encapsulated lesions,
some of them composed of solid cellular masses of
cells (Figure 334, B, and D), in contrast to lesions
found in most adenomatous goiters, which are
composed of follicular structures similar to but not
identical to normal or hyperplastic glands. On
careful 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 344
and B and Figure 33D), especially since several
obviously malignant lesions have been found in
this exposed population. The lesions shown are
from thyroids not harboring frankly malignant
lesions elsewhere, except the lesion in Figure 335,
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 papillary adenomata that
were considered benign on the basis of histological exam-
ination ( X 49, subject No. 13, 1969). Other minute ade-
nomata from the same subject are shown in Figure 33.4.

sisting of a solid celluiar pattern. Both lesions were
accompanied by metastases in the cervical region.
In one (Figure 35.4) the cervical metastases were
extensive although the primary lesion was rela-
tively small. A total thyroidectomy and unilateral
radical cervical lymph-node and upper anterior
and posterior mediastinal dissection were per-
formed in this case, and there has 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 vessels was noted. This subject has remained
free of recurrent disease for 10 years.

The third malignant lesion (C') was a follicular
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 positive lymph nodes. A total
thyroidectomy with regional lymph-node dissec-
tion was done. The regicnal lymph nodes did not
contain metastases There has been no evideace 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-
differentiated adenocarcinoma ~2.5 cm in diam-
eter. In many areas it was solid cellular in charac-
ter. The pleomorphic cells had breeched the cap-
sule in many places. The tumor was observed in
vascular spaces but not in lymph nodes, and no
distant metastases could be identified. The patient
had presumably received minimal radiation expo-
sure on Utirik, an outlying island quite remote

Figure 32. 4: A histologic preparation of a lesion that
developed in an irradiated Marshallese thyroid ( X 14).
B: Autoradiograph, showing area of significant 13!] up-
take to be in the “normal’ extranodular tissue, in both
upper corners of the section, and no uptake in the neo-
plasm (diffuse stippling is background}. This lesion was
not considered malignant. (Same subjcct as Figure 31.)
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Figure 33. Examples of very minute discrete lesions of various histologic patterns scattered
throughout the thyroids of many irradiated Marshallese. Many of these lesions are solid cellular
or papillary; sections 4 ( X 13), € (x23), and D ( X 40) are from subjects (No. 15, 1969; No. 8,
1972; No. 40, 1973) whose thyroids contained no frankly malignant lesions. Section B ( X52) is
from subject No. 2229, 1969. Estimated doses to the thyroid (in rads) were (A4) 855, (B) 31, (C)
450, and (D) 335.



from the areas of the more heavily exposed groups.
Three other subjects from this island with the same
exposure have had surgical excision of nadules
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 after a latent period some-
what longer than for those exposed on Rongelap.
After review of this papillary lesion by eleven pa-
thologists,* opinion is divided as to whether it
should be considered malignant (Figure 344); we
have recorded it in our statistics as benign in view
of the majority opinion.

A few lesions of the thyraid fall into an uncer-
tain category in which even the most experienced

*Drs. S. Warren, W. Meissner, and M.A, Legg, New England
Deaconess Hospital; J.D. Reid, Cleveland Metropolitan Gen-
cral Hospital; T. Winship (deceased); L.B. Woolner, Mayo
Clinic; L.V. Ackerman, SUNY at Stony Brook; R.V. Rasvoll,
Emary University; and S. Robbins, A. Vickery, and B. Castle-
man, Massachusetts General Hospital.

P~
e

=5N%
b4
A Y

9%,
L
[ I%)

2a ™

g

. W
e N

o, q

B

&

g
@,
[ Y

4&1!‘7.1 ‘60
Lvies

47

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 by 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 unequivacally 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 tulfilled. Among the Mar-
shallese patients most of the thyroid nodules either
were detected by palpation when scarcely 1 cm in
diameter or were found coincidentally to removal
of palpable adenoma. Many lesions showing atyp-
ical cellularity were so small that perhaps they
had not yet had an opportunity to manifest all the
usual criteria upon which a diagnosis of malig-
nancy may be based. Figures 33C and 344 show
one such minute lesion. This emphasizes the im-
portance of the early diagnosis and treatment of
Marshallese lesions.
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Figure 34. Examples of very minute ncoplasms, only a few mm in diameter and completely en-
capsulated but composed of cells whose pattern suggests that if the lesions were larger they might
display features prompting a suspicion of malignancy. In both examples shown (A, X 162, sub-
ject No. 8, 1972; B, X 91, No. 36, 1969) evidence of blood vessel or lymphatic invasion is lack-
ing, and the capsule, which was very thin, was not breeched. The entire lesion of 4 is shown in
Figurs 33C, where its size can be compared with that of surrounding normal follicles. Both these
examples are from thyroids that had no frankly malignant lesions elsewhere in them.



Figure 35. Four carcinomas of the thyroid found in Marshallese subjects. 4: Papillary adeno-
carcinoma with many cervical lymph nodes containing metastascs ( X 80, subject No. 72, 1969).
B; Papillary adenocarcinoma with a single lymph node containing metastatic site ( X 21, No. 64,
1965). C: Infiltrating follicular adenocarcinoma with known metastases ( X 26, No. 18, 1969).
D: Relatively undifferentiated follicular adenocarcinoma ( X 46, No. 2229, 1969).
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D. HORMONE TREATMENT

{1 1965, the seriousness of the development of
thyroid lesions in the Rongelap people was recog-
nized, and a panel of experts was called together
to review the findings and mnake recommendations
regarding the possibility of initiating preventive
therapy.!%-2% 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 thvroid 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 animals®® and hu-
man beings,®¢ might be prevented. Ethical con-
siderations ruled out randomized clinical trials of
therapy.

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

Figure 36. Left: Subject No. 3 (shorter) and his younger
brother (No. 83) in 1963. Right: Same two boys in 1973
after No. 3 had been given thyroid hormone for 8 years.

19

Figure 37. Same comparison as in Figure 36,
for subject 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 thyroxine.87 Even on this simplified treat-
ment schedule a few of the people, including some
who had undergone thyroidectomy, showed low
thyroxine levels indicating that thev were not con-
sistently taking the medication. {This was one of
the reasons for establishing the post of resident
phvsician in the Islands in 1972 to monitor the
treatment program as well as offer health care.)
For 4 people on thisregimen who developed above-
normal T levels, associated with complaints of
nervousness and palpitation, the dose was reduced.
In view of the recent appearance of thyroid nod-
ules among the Ailingnae group and in a subject
exposed 2 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
1s uncertain. Of the children exposed at age <10
vears in the more highly exposed Rongelap group.
only two have not developed lesions. The less ex-
posed Ailingnae group, in which development of
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thyvroid lesions is more recent, has not been on
treatment long enough for evaluation. The i utero
case was not placed on thyroxine treatment until
after nodules had been detected. Thyroid lesions
developed in several persons who were presum-
ably taking their thvroid medication regularly
and who appeared to be euthyroid with normal
thyroxine levels; on the other hand, thyroid nod-
ules disappeared in two cases (Nos. 33 and 40)
during thyroxine treatment (in the latter case, they
recurred and were surgically removed).

" 1. Follow-up

Careful follow-up studies on the subjects who
had cancer, including whole-body scans at Tripler
Army 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 observation is necessary.

No deaths or acute illnesses have been associ-
ated with the thyroid abnormalities. Morbidity
has been related (o the development of reduced
thyroid function resulting in varying degrees of
hypothyroidism and in one case of hypoparathy-
roidism following thyroidectomy. The lack of sirict
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. Procedures

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

*Thyroid uptake studies were done at Rongelap in 1965 and
1971 by Dr. J.E. Rall and in 1966 and 1972 by Dr. J. Robbins. At
BNL thyroid function studies were done by Dr. H.L. Atkins. PBI
determinations were made by the Clinical Chemistry Section at
BNL and by Bio Science Laboratories, Van Nuys, Calif., who
also did other serum iodine analyses. T; and T3 by RIA, and dia-
lyzable Ty, TS, and TBG by reverse-flow electrophoresis were
analyzed by Dr. P.R. Larsen at the University of Pitisburgh and
more recently at the Peter Bent Brigham Hospital, Boston. TGB
analysis by RIA was done by Drs. M. Gershengorn and J. Rob-
bins, and TG analysis by Drs. M. Izuma and J.-L. Baulieu.

toid function has been greatly improved by the
use of radioimmunoassay techniques for measur-
ing Ty, Ty (triiadothvronine), and TSH.RS8 Stud-
ies of serum todoproteins, which had resulted in
artifactual elevations in the serum PBI in the
Marshallese, 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
somawhat primitive apparatus (Figure 38). 1321
was used to minimize the dose 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 (technetium-99m)
before and after TSH stimulation; determination
of basal metabolism rate, cholesterol, autithyro-
globulin antibody levels; and a variety of clinical
chemistry tests. In a number of cases a small
amount of 131 was administered prior to surgery
and the function of excised thyroid lesions and sur-
rounding tissues was studied by autoradiography.
One 48-vear-old man {No. 40) briefly developed
acute thyraiditis after TSH administration.

2. Studies of Exposed Rongelap People
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 boys who developed myxedema

Figure 38. Thyroid function testing
under field conditions, 1966.
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Table 26

Kinetic Analysis of 27 - Accumulation and Excredon in Rongelap Subjects Without Thyroid Abnormality

Fraction of extrathyroid I - per day

Thyroid fraction,

Group Urine* Agy Thyroid** Ay a1/ (o1 +Ag1)

9 Unexposed adults, 1965 0.81 (0.17-1.99; 0.79 (0.23-1.47) 0.49 (0.26-0.77)

12 Exposed adults, 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)

*X1 is the fraction of iodide outside the thyroid excreted in the urine per day.
**Auy is the fraction of judide outside the thyroid that enters the thyroid per dayv. Means andranges given.

Table 27

Results of Follow-Up Evaluation of Plasma Thyroxine and TSH in Marshallese With Known Thyroid Lesions
(Normal values: Ty by RIA, 5.0 10 10.2 pg/dl: TSH., <1 to 5 pU/ml; abnormal valuesare given in holdface)

1972 1973 1974
TBG-binding
Subject No.  Ageat Ty, TSH. Ty, TSH, Ty, TSH, capacity,
and sex exposure Diagnaosis pg/dl pU/ml pg/dl pU/ml pg/dl pU/ml pg T,/d
Rongelap exposed
3 M 1 Myxedema 6.7 <25 89 - 2.7 13
3M 1 " 25 79 0 376 3.6 1.7
3F { Adenomas 3.7 6.8 7.4 - 10.1 32
3 M 1 " 6.5 8.2 - - - -
63 F 1 " - - 18 >120 1.7 118
2M 2 " 149 25 15.3 - - -
17 F 3, " 232 20 15.1 - 138 <10 20.4
19 A1 3 " 13.4 3.4 3.6 32 69 <10
21 F 3 I 126 <25 119 - 12.8 1.1 26.2
12 F 3 " 158 <25 10.1 - 174 <10
23 M 4 " 28 81 5.1 62 7.8 6.3
69 F + " §8 <25 6.6 - 11.1 11
72 F 6 Carcinoma <10 460 0 149 <04 116
15F 7 Adenomas 7.7 9.2 11.3 - 98 <10
20M 7 " 7.0 2.7 139 - 8.9 <10 17.4
36 M 7 " 100 <235 2.5 59 1.3 15
61 F 8 " 124 6.4 4.1 - 1.6 28
BF 12 " - - 227 - 23 5.6 43.5
18 F 2] Carcinoma 04 110 17.8 - 109 <10 253
10 M 29 Adenomas 7.2 <25 7.8 - 7.8 2.6
64 F 30 Carcinoma 76 172 10.6 - 9.0 1.2
Ailingnae exposed
1 Adenomas 7.8 20 12.1 - 140 <10
53F 8 Nodule 0.5 cm '73; neg. 74 - - 7.4 - 94 <10
531 F 23 Adenomas 7.1 26 6.3 - 6.9 3.9
45 F 32 " - - 1.6 1.9 1.6 1.7
1M 14 Naodule left lobe 3.6 27 4.5 <50 6.0 4.4 13.3
In utero exposed
83 M 2ndui Adenomas - - 6.7 - 6.2 7.0 129
Utirik exposed
2208 F 35 Adenomas - - 5.1 <50 7.0 <10 16.3
2212 F 35 " 10.1 3.1 5.0 <25 4.4 9.8 20.1
2229 F 20 Carcinoma (follicular) 25 11 59 - 5.5 1.4 35.7

221 F 54 Adenoma - - 49 <5.0 3.6 54 15.6
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with marked growth retardation (Nos. 3 and ).
T, levels betore surgery were lower in subjects ex-
posed in childhood than in unexposed controls.
Subjects exposed as adults who developed cither
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 L3 years are given in Appendix 8.

In 1963, the rates of urine and thyroid accumu-
lation of 132 were measured over a +-hr period in

21 Rongelap subjects, of whom 9 were unexposed
and 12 were exposd as adults.™ The dawa are
summarized in Table 26. Compared with North
American normal values obtained in 19631
(urine, Ag; ==2; thyroid, Aa; =1; thyroid traction
=0.33), both the exposed and unexposed Mar-
shallese showed slow urine and thyroid wransfer
rates of extrathyroid iodide but a high thvroid trac-
tion. Similar studies done in 1972 on 12 Ronge-
lapese without detectable thyroid abnormalities,

Table 28

Thyroid Status of Exposed Rongelap Subjects Without Recognized Thyroid Lesions, 1971

Plasma Ty, pg dl

TBG-

Subject No. Age Plasma ‘TS ** binding capacity,
and sex (1974 Pre-TSH 24 hr post-TSH Increment*® wU ml we Ty dl
LY | 58 6.9 7.8 0.9 7.0
6 M 21 6.8 8.3 1.5 39
7M 36 4.7 3.3 0.6 2.1 185
aM 12 4.5 3.3 0.8 4.5 9.1
10 M +4 9.2 12.8 3.6 < 1.0
12F 38 6.5 8.7 2.2 4.4
16 M 39 6.4 8.3 1.9 5.3 144
24 F 33 8.2 121 3.9 4.4
31F 63 7.1 10.6 3.3 6.3
33 M 33 3.9 78 19 3.1 16.7
37 M 40 1.6 0.6 2.0 2.6 217
39F 35 8.3 1.5 32 a1
41 M 64 6.0 9.4 3.4 +.4 184
8 F 26 7.2 12.2 3.0 3.2
31F 45 6.9 9.1 22 39
66 F 52 7.0 9.4 24 3.1
68 M 64 8.9 10.4 1.6 6.0
0F 33 7.9 11.8 3.9 1.5
73 M 38 7.8 12.0 1.2 2.3
76 M K 34 7.0 1.6 +.7 18.6
78 F 37 6.3 7.1 0.8 8.8 235
80 M 6bb 8.1 9.1 1.0 3.0
8t F 28 5.8 7.8 2.0 3.4 212
82 N\ 70 .8 6.7 (AN R
83 M 20 6.2 8’6 2.4 70
85 M 20 7.8 Fed 3.6 2.3
IF 74 KR |38
[RENY| 70 6.8 3.9
I+F 43 6.7 3.0
22F 57 35 27
27 M 36 7.5 2.7
13 M 24 RE:S 1.2
38 F 79 8.2 5.3
63 1 b 8.2 6.3
67 F RE 7.4 2.7
TLr 18 4.2 1.3
32\ 24 73 <71.0
47 M 28 8.1 7.0
Mcean = S.D. 66=1.7 23512

*Nermal in 13 Piusburgh subjects: 4.7 1.0 pg, dLM

**Measured in pre-TSH samples. Normal is <75 pU -ml.




who had been exposed at age 10 to 20 years. gave
results similar to those obtained in 1963, Thus
the Rongelapese do not show a trend toward de-
creasing thyroid iodine uptake as do North Amer-
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, sonie exposed Ron-
gelap people without thyroid abnurmalities are
now showing evidence of reduced function on the
basis of response to T'SH stimulation. )

Radioimmunoassavs (RIA) for Ty and TSH
have heen carried out since 1972 on the exposed
Rongelap group and on other people who have
had thvroid surgery. The results on subjects with
known thyroid lesions are presented in Table 27.
Of the 32 subjects tested, 17 or 3377 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 cuthyvroidism in these cases and
also reflect inadequate adherence to the pre-
scribed Ty replacement regimen. Inadequate Ty
replacement is apparently a chronic problem for
certain patients (Nos. 3, 23, 33, 63, 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
£U ‘ml only in subjects No. 71 and 74 - see Table
28 and Appendix 8). Presumably these subjects,
as well as several others with plasma TSH con-
centration >3 but <10 p U ml (Nos. 1, 16, 34,
47. 68, and 78). are not receiving the Ty therapy
as regularly as had been hoped. In the Rongeiap
control group plasma T concentrations were de-
termined in 109 subjects. In those with Ty <3 pg/
dl (6% of those tested) TSH was determined: no
clevated levels were found (data not shown). Only
1 of 949 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 leo.! to underestimation of the true incidence
of impaired thyroid function, since presumably
many of the patients are taking the medication as
directed. It should be noted that it is the personal

o
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experience of many of the thyroidologists involved
in this study that it is extremely difficult to make
a clinical diagnosis of hvpothyroidism in this pop-
ulation. This difliculty eruphasizes 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 thy-
roid lesions was further tested with exogenous TSH
in 1974, as described below.

3. Thyroid Status of Exposed Rongelap Pecole
Without Apparent Thyroid Lesions

In preparation for TSH testing of reserve thy-
roid function, prophylactic T; medication was dis-
continued for 2 months before the 1974 survev in
all exposed subjects without recognized lesions.
During the survev. plasma samples were obtained
hefore and 24 hr after intramuscular injection of
10 units of bovine TSH (Thyrotropar, Armour).
Both sets were analyzed for Ty and the first set
also for TSH. The results, and thyroxine-binding
globulin-binding capacities (TBG-binding capaci-
ties) in sorme cases, are given in Table 28. The mean
increment in plasma T; following TSH was 2.35*+
1.2 ug/dl (mean 2 S.D.). The mean Ty prior to
TSH injection was 6.6=1.7 pg ‘dl. Similar tests88
on 13 subjects at the University of Pittsburgh
shuwed a mean increment in plasma Ty of 4.7
1.0 pg . dl, and a baseline plasma T4 of 7.3 ug.'dl
which is not significantly different from that of the
exposed Rongelap group being tested. Thus. the
T, response to TSH is significantly less { p<0.001)
in this group of 26 exposed Rongelap subjects than
in the group of 13 subjects from the United States.
Becausc of the possibility that the smaller incre-
ment in plasma T4 24 hr after TSH in the exposed
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 T, in this group was 6.0+ 1.7
ug, dl: and the mean increment 24 hr after TSH
mjection was +.21.3 pg. dl. significantly greater
{ £<20.001) than in the exposed sub,ects.

These results and the finding of clevated plasma
TSH levels suggest that there is underlying, clini-
cally inapparent, thyroid damage in the exposed
Rongelap population. While it is conceivable that
the Ty 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 tindings also support the program
of thyroxine replacement in the exposed Rongelap
population to prevent both clinical hypothyroid-
ism and the associated rise in plasma TSH, which
may be tumorigenic.

4. Thyroid Function in the Utirik and
Unexposed Rongelap Groups

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

Table 29

Plasma Thyroxine Concentrations (Mean = S.D3
in Utirik and Unexposed Rongelap Populations,
March 1973

Subjects Subjects
Plasma T;. with value with value
Group pe dl <3.0 >113
109 Rongelap
unexposed 7.7x20 67 6
97 Uurik
exposed 60=1.8*% R v

*Significamly different, p<0.001.
**67% had values <3.8.

Table 30

Thyroxine-Binding Globulin (TBGj Levels
{Nean #= S.DD.) in Serum, 1973

TBG-binding

TBG by RIA capacity
Group n mg/d} n TR WRL ||

Rongelap

Exposed 12 1.45x0.54 14

Unexposed 13 1.82=1.22 11

Allsera 15 164095 25

All sera* 22 1312045 Ra
Chirik

All sera 27 1.40220.42 31 189+ 78

All sera* 22 140042 27 164 43

*Omilting sera with TBG >3 or TBG-binding capacity
=30
Siatistical comparisons revealed no significant differ-
ence ( p>>0.05) between any of the groups.

was signiticandy lower (6.0 L8 pp - dl). The fre-
quency distribution calculations (see Table 29 and
Figure 39) indicate that a substantial pordon of
the Utirik population has plasma Ty concentra-
tion <5 pg/dl. Measurements of plasma tri-
iodothyronine (not shown) showed similar reduc-
tions in thase patients with low T, values. Plasma

40 T T T T T .
m---» Ltirik
o——e Rongelap
March 1973
RIS .
£
2
2 ol =
3
10— —
0 L¢ !
25 a0 ) 100 125

Plasma thyoxine (pg 100 ml,

Figure 39. Percentages of people in Uhirik and in Renge-
lap unexposed groups having given thyroxine levels, 1973,

TBG (RI1A, TBG capacity
RELS b . 1
4 Uurik |
i 1
wE \’/ -
1 Hongelap

0 1 23 4 3 O 10 0 300 4 50

mg/dl pg T2 dl

Figure 40. Thyroxine-binding globulin levels
in serum and TBG-binding capacity, 1973,
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T'SH concentrations were normal. For this reason, methods were used: TBG was measured by radio-
TBG-binding capacities were determined in a immunoassay (M.C. Gershengorn and J. Robbins,
number of subjects with abnormal Ty values. unpublished observations, 1974) and TBG-bind-

TBG analyses were done on sera frorm 36 sub- ing capacity by reverse-flow paper electrophoresis.
jeets (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 Ty/dl) to TBG
mal, or high plasma T concentrations. Two {mg/dl) was 13.9. On :he basis of one mole Ty

Table 31

Total and Free Thyroxine, Thyroxine-Binding Globulin, and Thyrotropin Levels in Marshallese

Subject No. TBG, py-dl Ty pg/dl DFT, x 104 Free Ty, ng/dl TSH, pU/ml
Subjects with TBG-bind capacity <14 ug Tyrdl
427 7.6 (1.06)* 5.1 3.37 1.72 -
417 7.0 {1.20) 44 3.53 .95 31
ugl B.0 (.69} 44 3.24 143 23
2115 1.1 14 321 1.4t <1.0
2126 v.1 1.9 3.20 1.37 <5.0
2144 70 1.0 3.76 1.50 -
2174 7.1 4.1 +.23 173 <25
2193 i1t (1.03) 18 3.23 1.53 <1.0
2220 13.7 3.2 31 0.998 4.2
2248 11.9¢0.94) 38 294 112 36
2185 1.6 2.80 1.29 <25
Mean 9.02 +.34 3.33 144
S.D. =234 *0.543 =0.40 *0.230
Subjects with TBG-binding capacity 141026 pg T, dl
8O0 4.0 (1.04) 1.6 3.08 1.42 26
218 155 6.1 294 1.79 2.1
2137 199 (1.37) 9.2 2.90 2.67 26
2212 20.1 50 1.84 0.92 <25
2206 17.7 7.4 2.97 2.05 28
2182 4.4 50 2.92 1.46 <25
2218 4.3 3.0 3.04 0912 3.6
2221 156 4.8 2.68 1.29 <5.0
2232 16.2 (1.54) 18 242 1.16 6.0
2257 17.3 88 294 2.57 20
2168 141 1.2 272 1.14 <25
2136 15.5 (1.06) 7.7 213 1.66 21
7230 219 (1.28) 6.1 1.45 0.885 49
Mean 16.65 3.9 260 1.53
S.D. *=2.58 +1.87 +0.503 *0.597
Sehyects with TBG-binding capacity > 26 pug T,/dl
2138 37.0 (1.52) 9.0 2.01 1.81 24
2029 357 5.9 1.33 0.903 10.8
891 56.1 {-4.56) 129 1.22 1.54 2.1
911 17.6 (3.92) 13.6 0.872 [.19 -
27 32.8 7.0 1.88 1.32 27
2256 a1.8 18.2 0.99! 1.80 44
Mean 3.5 1105 1.42 1.43
S.D. 062 *4.63 +0.468 *0.358

*TBG by RIA, mg/ml.
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bound per mole TBG, the expected ratio is 777000
pg/37000 mg = 13.6. The results of these analvses
are summarized in Table 30 and Figure 0. 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 ali females,
and five were known to be pregnant, a condition
that can elevate the serum TBG.

The results of these analyses provide no expla-
nation for the difference in serum T4 concentra-
tions between the larger groups of Rongelap and
Utirik subjects: however, these results are based
on highly selecied sampling and therefore are not
representative of the island groups as a whole. Ex-
amination of individual Utirik and Rongelap
plasmas suggested that low T, concentrations
were associated with relatively low TBG values.
To study the interrelationship of T4 binding and
TBG levels in greater detail, the dialyzable frac-
tions of Ty (DFTy) 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
DFT, was greater than in subjects with normal or
elevated TBG. The absolute free T, was not dif-
ferent in the three groups, which indicated that
the abnormal T4 levels among these subjects re-
flect alterations in plasma hornmone binding rather
than in thyroxine production rates. Since virtually
all the subjects with low plasma T4 concentrations
in the larger Utirik and Rongelap groups had nor-
mal plasma TSH, we would expect a more syste-
matic study of TBG levels by RIA to show a

higher frequency of low TBG levels in the Utirik
group. Such a study is currently 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 America.!®30 Sub-
sequent studies showed that this clevation 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
carly years of the surveys. This unusual inding
prompted us to determine seruni iodoprotein levels
in several other Pacific Islands groups (see Table
32). Except for a group of Americans living on
Kwajalein Atoll, these groups also exhibited high
serum levels of inodoprotein. The Maui group was
comprised of persons of almost pure Hawalian an-
cestry, some of whom ate seaweed in large quan-
tity, but the iodoprotein level did not correlate
with this dietary intake. In the Rongelap popula-
tion, it is of interest that the todoprotein level re-
mained high in two athyreotic bovs: after subtotal
thyvroidectomy: and during thvroid suppression by
thyroxine administration.*® This strongly implics
an extrathyroidal (¢ndogenous) or a dietary (exog-
enous) source for the iodoprotein. The cause of
the clevation, however, has not been ascertained.
One possibility is that it is produced in poly-
morphonuclear leukocytes. These cells are known
to organifv iodine during phagocvtosis.?! Although
the Marshallese do not have unusually high leu-
kocyvte counts, they do have a mild cosinophilia

Table 32

Serum lodoprotein Levels (ug 7} in Pacific Island Populations and in Americans

Tiroup No. in group Total 1 Til Todoprowin
Rongelap exposed
No thyroid nodules 10 72x24 H021.0 25+1.1
Thyroid atrophy 2 28:+0.4 1.220.5 13200
Thyroid nodules, pre-op 7 83136 3611 42
After partial thyrvidectomy v 5%l 1418 26220
After total thyroidectomy 3 6H.0x1.1 2.6%0.1 29+1.2
Ailingnae + 7812 3.7+0.8 3317
Utirtk 3 16.1£89 38208 13+1.7
Rongelap unexposed 24 8728 10210 161305
Kapingamarangi 23 11.5%3.0 62226 3006
Pingalap 27 8420 3.6:20.6 3319
Hana (Maui) 13 6713 +1x1.1 22408
Amcricans: Kwajalein 12 6613 3.9+1.1 1.9205
US. 9 644113 +1+05% 11x1.0
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Figure 41, Percentages of pesple in various groups having
given levels of thyroglobulin (by RIA), 1973,

and a high incidence of parasitic infections. A pre-
liminary examination of North Americans with
abnormal leukocvie covnts, however, did not show
a correlation between leukocytosis and iodopro-
ein 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 diseases.*? the iodoprotein is likely to be com-
prised mainly of iodoalbumin arising irom the
iodination of serum proteins.

It is now recognized, however, that thyroglob-
ulin (TG) is a minor component of normal plasma.
At a reported concentration of 5.1 =0.149 (S.E.M.)
ng;/ml (range <1.6 to 20.7) in normal North
Americans,® and assuming an iodine content of
0.5%, this would be equivalent to an iodoprotein
iodine level of 2.62:0.25 ng/dl. Although it seems
unlikely, a priori, that circulating thyroglobulin in
the Marshallese could be elevated enough to give
an todoprotein level of 3 to 4 pg/dl {i.e.,, >300 pg
TG/dl), the possibility was investigated by radioim-
munoassay measurements { M. Izoan, J. Bavuieg,
axp J. Roseixs, unpublished observations, 1974;
see Figure 41). The assay could deteet TG levels
>5ng/ml: levels >0 ng/ml were not quantitated.

In the Rongelap and Utirik groups without thy-
roid lesions (47 und 25 subjects respectively), >80%
of the values were within the U.S. range. and no
correlation was seen between elevated serum iodo-
protein and abnormal TG levels. A few members

TG by R1A (ng, mh

(.-

e
Basal Bhr 24 hr basal 8 hr 24 fir
Post TSH

Figure 42. Effect of TSH administration on thyroglobulin
levels, 1973, -, Persons with thyroid lesions (Rongelap
plus Utirik}; e. without lesions (Rongelap).

of each group, including the U.S. normal group,
had TG values >>30 ng/ml, but the significance of
thisis uncertain. Of 24 subiects with elevated s.rum
iodaprotein, only | had serum TG >>30 ng/dl.

A striking finding (Figure 41) was that in the
Rongelap plus Utirik group with thyroid lesions
{36 people) almost 30% of the levels were <5
ng/mi, amuch higher percentage than in the other
aroups. Most of these people had had prior thy-
roid surgery or were athvreotic, and it is presumed
that they had insufficient thyroid tissue for normal
TG production. Furthermore, T suppression ther-
apyv may have contributed to the low TG levels in
the Rongelap people.

TG was also measured before and after TSH
injection in 10 Rongelap plus Utirik subjects with
thyvroid 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
between the two groups.

The unusually high level of iodoprotein in the
Marshallese people is intriguing, and further stud-
les are in progress, with 1291 used as the tracer, in
an attempt to identify 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

*Miss R.F. Straub, BNL, is doing the chemicat analyses.
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not very reliable. From our surveys of the unex-
posed people of Rongelap and Likiep (a nearby
atoll not exposed to fallout), the incidence appears
to be about 53¢, mostly present in older age groups
(see Figure 29 and Table 23). We have seen a few
cases of hyperthyroidism and myxedema at the
Majuro Hospital, but no statistics are available.
Two cases of thyroid cancer are reported fromn
hospital admissions for a 10-year period (1952-
1962y for the Marshall Islands. the population
varving between 13,000 and 20,000 during that
period. This has been estimated by Trust Terri-
tory medical personnel to be about half the actual
number of cases (therefore 8 cases per 20000
people per 20 vears was used for statistical cowu-
parisons).

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

Sample

28 U-ines (1963
19 Urines  (197H*
7 Diets  (197H*

Iedine, av. pg. day (range}
103 (19-279,
127 (25-266)
70 (48~152)

The urinary iodine excretion is somewhat lower
than the U.S. mean of 190 pg/day (18-483) in
1941.94 On the basis of the few diets analyzed, the
daily iodine intake seems to be within the recom-
mended range of 30 to 75 ug.% These iodine levels
are sor->what lower than would be cxpected in an
oceanic population but are much higher than seen
in areas of endemic goiter.#® The Marshallese diet
contains no know goitrogens, and diffuse goiters
{typical of endemic goiter) have not been observed.

The high incidence of both benign and malig-
nant thyroid nodules in the exposed Rongelap
people appears to be clearly related to radiation
exposure with alarge component due to radio-
iodine in the fallout. Numerous studies on animals
have shown that thyroid neoplasia follows expo-
sure both to x-irradiation and to radiociodines.97-99
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-
ancse atom bomb survivors!0¢-193 (Figure 43).
There is a considerable amount of data showing
that children who were given radiation to the head
and neck region for treatment of thymic hvper-

*The iodine analvses were donc by MUT. Kinsley and DUF.
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Pigure 43. Prevalence of diseases of the thyroid, fifth ex-
amination cvcle, by radiation dose and city for temales
age 0 to 19 at time of bomb. (From Belsky et al 1t

trophy. acne, aud fungus of the scalp have an in-
creased incidence of both benign and malignant
thyroid lesions in later years.195-112 Reports of
tumorigenic effects of radiviodine in man are more
limited. Sheline ct al. 1% in their follow-up study
of 230 patients treated for hvperthyroidism, re-
ported 8 having nodular goiter, of whom 6 had
been irradiated at age <20 and 4 at age <I(.
More recently a number of cancers of the thyroid
have been reported in patients previously treated
with radioiodine for hyperthyroidism.114-116 The
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.!17-122

In the more heavily exposed Rongelap group
the adult thyvroids received a dose (333 rads) about
twice that to the whole bodv 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 Marshall Islands
populations examined, about 3 to 4 cases would be
expected during the 20 vears in the Rongelap ex-
posed group, whereas 24 occurred. In the Utirik
group about 6 would be expected, and 6 occurred.
Regarding cancer of the thyroid, on the basis of
Marshall 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 dosc 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 neoplasms. Data c¢n benign thy-
roid nodularity are scarce, but the incidence in



Marshallese children appears similar, on a risk per
rad basis, to that in the x-rayed children studied
bv Hempelmann. 19719 Risk for thyroid cancerin
the Rongelap people is also similar to that re-
ported for other populations.

The data in Table 23 indicate that at the dose
levels involved there is a correlation between inci-
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dence of thyroid lesions and the estimated dose to
the gland. On the basis of the incidence per rad in
the high exposure Rongelap children, about 2
children with adenamas would be expected in the
Ailingnae group, where 2 were noted, and 4 in the
Utirik group, where none was found. The lower
effectiveness per rad in the Utirik children may be

Tahle 33

Pereent Incidence of Thyroid Losions (20 Years Observation)

Age at expnsure

< 10vr >10vr

Group Benign Cancer Benign Cancer
Rongelap 842 5.3 1.1 14
Ailingnae 334 0.0 33.3 0.0
Rongelap & Ailingnae 76.0 1.0 15.8 3.5
Utirik 0.0 00 Al 1.0
X-raved children (17 yr)t7 280 1.3
X-raved children, low dose (17 vrto7 3.0 0.13
Marshallese controls 1.0 1.8 10-% {all ages) 5.4 1.8 X 10-5 (all ages)
Worldwide av.10% 2.5 % 10-% (all ages) 2.5 % 10-5 {all ages)
United States!®? 0.36-1.7 0.5-16

Table 4

Risk* of Radiation-Induced Thyroid Lesions (Cases per 108 man-vears per rad)

Age at exposure

< 10vr > 10wt

Group (vears follow-up) Dose range, rads (tvpe)  Benign Cancer Dose range. rads ~ Benign  Cancer
Rongelap (20h T10-1150 (I8.y) 1.9 26 379 10.5 7.0
Ailingnac (200 280- 45018, v 3.6 0 135-190 151.1
Rongelap & Ailingnae (20) 280-1150 (If. v) 2.1 2.3 127 225 6.4
Ctirik (20) 60- 95 (If. v G 0 31 89.2 17.8
Rochester (17)1%7 335 (av.) (= ravs) 64.0 35
Ann Arbor (17)¥07 20 (av.) (x rays) 24.0 22
Beach & Dolphin (20)143 (% rays) 1.7
UNSCEAR (171 100~ 300 (x ravs, 05-15

ABCC (20101
ABCC (20)101

20-1000 (. 1)
<20 (y.7)

1.3 (all ages)
0.2 (all ages)

*Risk is calculated from the equation
No. - 6
Risk = No. of cases x EJ_ ]
dase X years at risk
or, alternatively,
No. of cases x 108

Risk = : .
No. of subjects X mean dose X mean No. of years at risk

Both equations give almost identical resnlts for 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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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!07 had an increased incidence of thyroid tu-
mors following a mean dose of only 30 rads to the
gland (Figure 44), and more recently Modan et
al.110 and Harleyv et al.2!! have reported an in-
creased incidence of thyroid tumors in children
who had received about 6.5 rads to the thyroid
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 as infants and therefore represent only a nar-
row age range.

1. Latent Period

In Figure 43 the development of thyroid abnor-
malities is plotted according to radiation dose and
time 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 earlier ages
in the exposed Rongelap people than in the Utirik
or unexposed groups. In the latter groups almost
all the thyroid nodularities develop in the older
people. Recent data of Hempelmann et al.1%? in-
dicate that the latent period may be > 30 years for
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Figure 43. Time of appearance of thyraid lesions in
Marshallese. Exposed at age < 10: 3, benign; =, malig-
nant. Exposed at age >>10: @, benign; &, malignant.

development of radiation-induced thyroid tumors.
Thyroid cancer has been reported as long as 40
vears after radiation exposure.!23

Correlation with sex showed that slightly more
exposed Rongelap females (18 of 45) developed
thyroid lesions than did males (11 of 41). All three
cases of cancer of the thyroid were in females.

The thyroid giand is generally thought to be
more sensitive toradiation during childhood.120.121
Pochin??8 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 Marshallese children. This is prob-
ably due mainly to the smaller size of the thyroid
glands resulting in larger doses per gram of gland.
Doniach2? 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
factor may be important, since at maturity the thy-
roid weighs about 20 times as much as at birth.
These factors would increase the chances for ma-
lignant transformation. The lower incidence of
cancer of the thyroid in children than in adults
may be related te 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 transformation.85.120,121.126.127 "T'hjg
may be the case with Marshallese children. It has
been noted that following treatment of hyperthy-
roidism with large doses of radioiodine, although
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hypothyroidism develops, the cases of thyroid can-
cer are fewer than expected.?20.121.128.129 ;e devel-
opment, in the two stunted Marshallese boys, of
thyroid atrophy with hypothvroidism but withou*
the development of tumors is in line with this rea-
soning. Offsetting, somewhat, the greater incidence
of thyroid cancer in children is the finding that chil-
dren survive longer than older people, even with
the well differentiated types.130

The possible effects of the stress of puberty in
the development of thyroid lesions have been pre-
viously noted.?3 The stress of frequent pregnan-
cies, which had occurred before the development
of malignant lesions in the three Rongelap women,
may have been a factor in developmert of neo-
plasia. Both these correlations, however, may be
fortuitous.

2. Comparison of Thyroid Neoplasias From
X-Ray Radiation and Radiciodine Irradiation

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

Thyroid dose (rads)
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ceived their dose largely from radioiodines, and
the groups receiving x-irradiation. These data are
not extensive enough to show possible threshold
effects. Since in animal experiments 131 is only
about %o to %s as effective as x-irradiation in pro-
ducing thyroid tumors,83.120.129.130 why do the
Marshallese 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,
vet only | case with thyroid tumors has been re-
ported.131.132 U .§. Public Health Service workers
recently reviewed a large number of case histories
of people who had received radioiodines for treat-
ment of hyperthyroidism.122 They were unable to
show any clear-cut increase in incidence of thvroid
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
treatment 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 ti:erapy for
hvperthyroidism.114-116 The number of cases re-
ported is lower than expected on the basis of dos-
age to the thyroid. The increased tumorigenesis in
the Marshallese may be related to the nature of the
radiaticn, more than half the dose being due to
short-lived isotopes of iodine (particularly 132],
133 and 135]), which are more energetic (see Ap-
pendix 9C). Vasilenko and Klassovskii!33 have
demonstrated that when these shorter-lived iso-
topes of iodine are combined with 131] the tumori-



62

genic etfect in rats and dogs is equal on a rad basis
to that of x rays. Walinder et al. have reported
sintilar findings.'3+.135 Dunning,!3% in estitmating
thyroid dose from absorption of radioiodines in
fallout, considers the shorter-lived isotopes to be 4
times as energetic as 11, 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 131, This might explain
why the incidence of thyroid lesions in the children
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 13!T alone would have been
{see Cole!?7), Thus the twe boys with atrophy of
the thyroid may have had doses to the gland com-
parable with 1000 to 6000 rads or more of x-
irradiation.

3. The Development of Thyroid Abnormalities
From In Utero Exposure

The development of thyroid adenomas in one
of the Marshallese boys exposed in utero is of in-
terest. Four children were exposed in 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 Rongeiap group, one at
the end of the second trimester. Only the bov
in the higher dose group and exposed in the second
trimester has ceveloped thyroid lesions. Several
cases have been reported of children who had
myxedema following in utero exposure during
treatment of the mother with large doses of radio-
iodine.138-141 However, this Marshallese boy ap-
pears to be the first reported case of thyroid ade-
nomas developing presumably from in utero expo-
sure to radioiodines.

In utero 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.!42 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. 144145
At the time of exposure of the Marshallese boy
(about 22 to 24 weeks) the thyroid should have
been actively functioning. He received 175 rads of
gamma radiation but the dose from radioiodines 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
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longer latent periods are associated with lower
doses of radiation to the thyroid, it is likely that
the thyroid in this boy exposed in utero received a
lower dose than that in Marshallese children ex-
posed at a young age. Also, this boy and the others
exposed in utero 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 trimes-
ter probably had nonfunctioning primordial thy-
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 ir utero has shown micro-
cephaly or mental retardation, which have been
noted in some of the children exposed i utero in
Japan.

V. Neoplasia

Among the late effects of radiation, the enhance-
ment of the development of neoplasia has been
welil 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 recently



Table 35

Cancer Cases Among Marshallese
up to 20 Years Post Exposure

Case No.  Age and Sex Type Year of death
Exposed Rongelap (82 people)
62 60 F Ovarian 1959
30 60 F Cervix* 1962
13 nF Uterus* 1956
68 64 M Stomach 1974
54 18M Leukemia 1372
18 3HF Thyroid
64 4HF Thyroid
72 2F Thyroid
Unexposed Rongelap (~ 190 people)
861 68 F Cervix* 1960
Exposed Utirik (157 people)
2122 87 M Rectum* 1959
2229 37F Thyroid

*Diagnosis not confirmed by autopsy

other forms of malignancy are beginning to show
correlations. 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 types cannot be ascribed definitely to radia-
tion exposure.

A.A CASE OF ACUTE MYELOGENOUS
LEUKEMIA

In 1972 an exposed Rongelap male (subject No.
54) died of leukemia at age 19.146 He had been
exposed to 175 rads 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
neutrophils, his WBC dropping to 3900 by 6 weeks
and his platelets to 140,000 by 4 weeks. He devel-
oped beta burns 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 and he was taken to the U.S. for study (Fig-
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Figure 49. Subject No. 54 at age 1 year, a month after
expasure to fallout, when he had spotty epilation and
scattered beta burn lesions on the scalp, neck, arms, legs,
and anal region.

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

ure 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. (His mother, father, and two broth-
ers also had thyroid lesions surgically removed.)



Figure 531. Left: Immature myelocytic cells (many promyelocytes) in marrow of subject No. 54,
6 weeks before death. X 1630. Right: Promyelocytes 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 findings 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 Bethesda, where examination
resulted in few physical findings besides the bone
marrow changes noted.* He had a slight inflamma-.
tion of the pharynx, periodontitis around the right

*Drs. Edward 8. Henderson, James Mabry, Joan Bull, Maria
Tomaszewski, and Jacqueline Peng of the National Cancer In-
stitute and Dr. Gundabhaktha Chikkapa of Brookhaven Na-
tional Laboratory assisted with this study.

third molar, and a left chronic otitis media. Anti-
leukemic medication included cytosine arabinoside,
6-thioguanine, heparin, oxacillin or cephalothin
with gentamicin, and later ampicillin. He received
blood and platelet transfusions, 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 (promyelocytic?) leukemia in spleen,
lymph nodes, arachnoid, and bone marrow. There
had been massive pulmonary hemorrhage bilater-
ally and inflammation of the parotid gland. It was

Table 36

Difference in Mean Peripheral Blood Levels Between Subject
With Leukemia (No. 53) and Exposed Peers

WBC (x10-3) Neut. (x 10-%) Lymph. (x10-3) Plate. ( x10-3) Hct., %
1954
Exposed peers 7.7 4.1 3.0 246 373
Leukemia case 5.7 ( ~26%) 2.5 (—39%) 2.8 (—6%) 187 ( —24%) 36.4 ( —2.5%)
1955-72
Exposed peers 8.2 38 35 293 392
Leukemia case 6.5 (—21%) 2.7 (-30%) 3.1 (—11%) 271 (~7.5%) 40.5 (+3%)
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interesting that radiochemical analysis of bune
samples showed 903r levels about the same as in
people living in New York.

Retruspective study of hematological 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 <3 years of age and of 8 unexposed boys
in the same age range (Figure 52). The percentage
differences in mean peripheral blocd levels between
subject No. 54 and his exposed peers are given in
Table 36 for the first year and for the subsequent
years. The subject with leukemia showed greater
depression of neutrophils both during the immedi-
ate post-exposure period and in subsequent years.
The least difference appearec to be in thie erythro-
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
befare.

Since the Marshallese children are prone to fre-
quent infections associated with granulocytosis, it
was of interest to compare 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 boys and only once
in 18 counts (3%) in subject No. 54. However, if
this indicated a reduction in marrow reserve in
this boy, the reduction apparently was insufficient
to result in any illness serious enough to require
hospitalization.

Other data related to leukemia were gener-
ally negative in subject No. 34, including alkaline
phosphatase levels of neutrophils, basophil counts,
Australia antigen, 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% of the cells) was noted
terminally, which may have been related to radia-
tion exposure to chemotherapy, or possibly to his
disease.

Discussion. Tt is possible that radiation expo-
sure was involved in the etiology of leukemia in
subject No. 54. Radiation exposure has long been
associated with the development of this disease (in
physicians, particularly radiologists,47.148 in pa-
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tients after radiation treatment for ankylosing
spondylitis, 1#? etc.), and its etinlogical role was
established without question by the high incidence
of leukemia in the Japanese exposed to the atom
bomib. 130151

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
vears) higher among the exposed group than
among the generai population. Also, the incidence
has been higher among those exposed in child-
hood, particularly males, in whom the granulecytic
form of leukemia has been prevalent; and the same
form has been more prevalent in cases with longer
latent periods and lower exposures.!3? On the
basis of 2 cases per vear 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 Marshallese, from the sketchy
statistics available, appears to be low, about 20
cases per vear 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 10 0.067. The ratio of radiation-
induced to spontaneous expectancy (0.33:0.02 or
0.33:0.067) indicates that chances are about 3 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, plotied 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 closer 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 marrow 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 tindiogs,
morbid evidence of the disease was not apparem
until the last few months, One vear before the diag-
nosis of leukemma the peripheral blood cells ap-
prared normal except for a possible increase in
atypical monocytes.

A preleukemic syndrome has been deseribed for
some cases of nonlymphocytic leuke mias, 33154
Linman and Saarni!® state that the trequency of
the syndrome may be as high as two cases in five
aud that preleukemic tindings “reflect the early
stage of myeloproliferative disorders which will
eventually fulfill the criteria to be classified as my-
elomonocytic leukemias.” The syndrome is char-
acterized by various findings, not all necessarily
present, such as anemia with erythrocyte abnormal-
ities, thrombocytopenia, atypical platelets in the pe-
ripheral blood, and neutropenia 33154 Chromo-
some abnormalities are reported in about half the
cases. 133 1solated neutropenia is an accasional pre-
leukemic finding; in the case reported here, the
relative neutropenia is the only finding 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.!™

The possibility that the granulocytic reserve was
reduced 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
Marshallese are exposed may have played a role
in accelerating the deveiopment 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 radiation-
injured thyroid glands, as has been seen in the
Marshallese years after exposure of their thyroid
glands to radioiodine from the fallout. The above
findings do not rule out the possibility of a viral
etiology for this leukemia.

Because of the developmsnt of this case of leu-
kemia, complete hematological examinations on
the exposed Marshallese pcpulation are now being
carried out scmiannually ins:ead of annually.

B. OTHER MALIGNANCIES

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
Utirik group. Whether oi not Jhis is correlated
with radiation expuosure cannot be ascertained.
The data must he interpreted with considerable
caution since (a) the populations are small, (b) the
unexposed population was not examined before
1957 and has undergone changes due to bath 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, and
(d) the types of malignancy were not those that
have been correlated with radiation exposure in the
Japanese expused at Hiroshima and Nagasaki.!7?

VI. Radiological Monitoring
of Personnel and Environment

A. GENERAL

During their 3-year sojourn on Majuro (1954-
1957), the Rongelap people’s body burdens of
radionuclides decreased rapidly, as shown by
radiochernical analyses of urine. By 6 months
radionuclides in the urine were barely detectable.?
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 vears after the accident) gamnia
spectrographic analvses were carried out on 4
Rongelap and 2 Utirik people at Argonne National
Lahoratory in Chicago.!3® The finding of detect-
able levels of 137Cs and 55Zn (higher in the Utiriks)
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-
vironmentat contamination were soon reflected in
increased body burdens of some radionuclides.” A
number of radiological surveys!96-16¢ 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
from 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(Cs, 908r, 65Z.n, and 35L'e, with small but measur-
able amounts of other fission products and neutron-

Figure 37 Steel room used
for whole-body gamma spectroscopy.”

Figure 34. Arrangement of lead bricks
used for whole-bady counting.
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Table 37

Radiochemical Analyses of Urine (Data in Average pCiy liter)

Year No. in group Av.vol., ml Av. Ca, mg/liter Qs ISPy 2Py din.2a0py
Rongelap
1970 20 895 1324 3.5 2700
1971 153 534 3361 3.7 2100
1972 18 F61 120.3 2.4 2600
1973 11 249 2472 6.0 G 0.21
1974 14 358 706.8 a8 500
Utirik
1974 1 542 7349 1300
Bikini
1970 Pooled 120.0 15 0.003 (1003
Urine G 1100 0.013 0.020
Urine M 9310 0.015 0.024
HASL* control 3000 160.0 12 0.003 00,003
HASL control 1000 0.014 0.022
1971 Pooled 2670 84.5 183 0.004
1972 Pooled 2700 204.0 910
1973 i1 294 1735 1500
1974 11 141 310.0 1100 0.02
(Spring)

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

Table 38

Radiochemical Analyses of Well Water From Bikini (Data in pCi-liter)

Year Sample Vol., ml LU 137Cs 3H 289.240Py
1971 *good well” 1830 6.0 =17% 600  *=1% 770240 0.0+ = 25%
“bad well™ 1830 25 = 3% =17 1040307 0.05 = 20%
“good well (closed) 1310 103 = 2% 1044 1% 0.058% 15%
*good well” (opened) 1980 123 = 3% 818 1% 576 = 6%
drinking water (camp area) 3580 0462 4% 1.3328% 0.00:4100%
1972 well water 1000 154 = 9% 800 =*=1%
drinking water 1960 0.61x 6% 1.8 8%
1973 new well 60 52 600 038 = 0%
B-1 well 225 11 0.08 = 0%
Table 39
Radiochemical Analivses of Coconut Crabs From Bikini (Data in pCi wet weight)
Year Wet wt., g % Ash g Ca per kg wet wt. S 17Cs HEPy 219py
1970 1164 23.3 81 23,300 11,800 0.06 =% 50% 1.5 =10%
1930 18.5 61 24,800 14,800 0.001 = 100% 0.07:237%
1971 1812 17.8 60 132,000 11,400
1827 215 72 412,000 8,600
1973 1190 63.5 45,700 9,290




Activity (counts/15 min)

induced activities (39Fe, 575860, S4Mn, Hi(Cs-
L4pr 957 95Nb, and W6R u-196R ). Radiological
assesstnent has included surveyvs ror gamma radia-

tion fevels on the islands; radiochemical studies of

soil profiles, lagonn bottoms, marine life, plants, ani-
mal life {e.g.. rats, coconut cralis), food items, and
urine samples; and gamma spectrographic anaiysis
of internally deposited gamma emitters in person-
nel. The medical team has been responsible since
1969 for monitoring the body burdens of the people
rewrning to Bikini, as weli as of the Marshallese ex-
posed to fallout and their controls, and more re-
cently also of the prople returning to Eniwetok.
The 1974 studies of environmental radiation on
Rongelap, Utirik, ar.d Bikini are being published
separately. 169

Until 1965 gamma spectroscopy was done in a
21-ton steel chamber built at BNL for shielding,
with additional housing for the counting equip-
ment (Figure 53). The subject to be counted took
a soap and water shower, put on paper pajamas,
and then stayed in the chamber for about 15 min,
during which soft music was piped in. Only a few
small children were apprehensive during the pro-
cedure. More recently whole-body counting has
been done with a smaller “shadow-shield™ ar-
rangement of lead bricks, a modification nf the
Hanford model'€8 (Figure 54). In 1974 spectro-
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Figure 55. Gamma spectra obtained by whole-body
counting, males, 1974 (—, Rongelap; ———, BNL madi-
cal team).
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graphs showed a characteristic peak for '37Cs and
857.n, but §¢Co was barely discernible, if at all, at
the low levels present in the people (see Figure
55).167.188 Annual collections of 24-hr urine sam-
ples from a number of people nave been made for
radiochemical analysis.

The resulis 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 was
W7Cs; 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 unexposed groups.

Figures 56 and 37 show the estimated body
burdens of gamma emitters and 89Sr for the Ron-
gelap people at various times after the initial ex-
posure in 1954. After their return to Rongelap the
body burdens increased. 85Zn was present for a
few years, 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
80Co were identified in personnel during the early
years after the return (the highest concentration
was in clams). %08r body burdens reached their
highest level during 1962 to 1965 at about 12 nCi

*We are indebted to Mr. Edward P. Hardy, Jr., Director, En-
vironmental Studies Division, AEC Health and Safety Labora-
tory, New York, N.Y., for carrying out the radiochemical
analyses.

Table 40

Radionuclides in Coconut Crabs From Rongelap

Year 137Cs, pCi/kg 908y, pCi/g Ca
1961 1,140
1962 1,224 (1,317, 1,086:
1,113; 1,378)
1964 50,281 (39,292; 43,318; 758 (865: 628; 780)
66,234)
1965 12,700 724
1969 7,775 (8.540; 7,010) 705 (910; 500)
W72 5,900 (5.600: 6.100; 353 (376; 419; 359;
6,800; 3,100) 259)
12,900* 933*
1973 37,065 (64,700; 9,430)* 3,950 (6,639; 1,267)*
1974 6,600 (5,000; 8,200) 448 (290: 606)

4,800* 290+

*From northern islands of Rongelap Atoll, where radi-
ation dese was much higher.
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Table 11

Mean Cesium-137 Levels Obtained by Whole-Body Counting, 1974

Male Female
No. nCi nCi, kg body wt. No. nCi nCi, kg budy wt.
Bikini 8 128 L8 (0A3-5.10 13 73 115 (0.22-3.26)
Utirik 9 262 4.05 (2.64-6.81) 13 133 213 (096 -3.85)
Rongelap 2 175 7.76 (4.37-16.3) 24 304 503 (271-13.46)
BNL med. team 4 293 00332 (L0134-0.079 1)
Table 42
Dose to Bone Marrow (Data in mrad: vear)
1958 1974
Rongelap Rongelap Utirik Bikim
internal
908 11 8 6 5
WiCs 120* 60 31 16
Natural (1K, etc.) + +4 44 +H
Tatal 175 112 81 65
External
Residual gamma (in village areas) 250 15 7 63
Natural (cosinic etc.) 134%* 39 19 39
Total 384 54 46 104
Combined rotal 359 166 127 169
#1375 4657,

**High value due to increased cosmic-ray dose from above-average sunspot activity. The vear 1958 was the time of peak

radioactivity at Rongelap.
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it adults and 22 nCi in children, about 6 and 1 1%
respectively of the maximum permissible lifetime
body-burden levels for the population at large. i.e.,
Yo the ICRP value.18% Analyses of hane samples
from several autopsies during the past 20 years
gave estimated %9Sr body burdens similar to those
obtained from urinalysis (see Figure 57). 1¥37Cs
body burdens also reached their peak in about
1965, at nearly 0.7 pCi (23% of the permissible
level for the general population). The body bur-
dens of the Utirik people were considerably below
those of the Rongelapese. Table 42 shows that the
estimated bone marrow doses of Rongelap people
from internal and external sources (both natural
and man-made radioactivitv) were considerably
reduced by 1974, and presents data also for Utirik
and Bikini.*

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

B. 55Fe BODY BURDENS IN RONGELAPESE

In 1971 bloud sampies from 62 Rongelap resi-
dents were analyzed** for 3°Fe, and their body
burdens were estimated by the method of Beasley
et al.!7 55Fe was known to be present in the Mar-
shall Islands in fairly high lcvels as a result of the

*Alr. R. Fairchild at BNL calculated the bone marrow dose
for the 1974 data.

**The **Fe anaiyses were carried out by T M. Beasley and
E.E. Held at the University of Washington Schoot of Fisheries.
Seatle.

Table 43

Average Body Burdens of 95Fe in Rongclapese, 1971170

No. of Body burden,
Age samples wCi
Males 16-20 8 0.31
21-31 4 0.33
3242 5 0.32
43-953 2 0.58
34-b4 6 0.53
>t 3 0.48
Females 16-20 6 0.23
21-31 12 0.34
32-42 3 0.33
13-53 7 0.66
34-64 2 0.57
=64 2 0.66

71

local nuclear testing program and alro from world-
wide fallout, and to be cuncentrated by marine
life, particularly fish. The estimated body burdens
for the Marshallese tested (Table 43) are higher
than those found for Japanese bom:b survivors and
for others tested, but they are not more than Yue
of the maximum perissible lcvels for non-occu-
pationally exposed individuals estimated with the
total body as the critical organ. The values are
slightly higher in females than in males, and sig-
nificantly higher in older persons, 35Fe emits pho-
tons of very low energy, and, since it isincorporated
into the hemoglobin of the red cells, ic results in
relatively little irradiation of nucleated cells. Some
bload samples from the 1974 survey are also being
analyzed for 35Fe.

C. PERSONNEL MONITORING AT BIKINI

In 1946, hefore Operation Crossroads, the resi-
dents were evacuated from Bikini. After stays at
Rongerik and at Kwajalein which proved unsatis-
factory, they were relocated on Kili Island in the
southern Marshalls, 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 and later on Eniwetok Atoll. 171-174
In 1967 the principal isotopes contributing to the
gamma radiation field on Bikini and Eneu Islands
were 137Cs, 80Co, 1258b, and 135Eu; 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 thie sur-
vey results for Bikini and decided that Encu and
Bikini Islands were safe for habitation, with cer-
tain measures recommended to reduce exposure
(see Appendix 13). In 1969 about 30 people started
work on Bikini Atoll (living on Eneu), and in 1971
several Bikini families moved back to Bikini Island
itself, which new 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 personnel living on



72

Bikini (see Table 41 and Appendix 12), and a
gamma survey of the island was made by Green-
house et al.1% (see Appendix 14).

On Bikini Island almost all the gamma radia-
tion is now due to '%7Cs. The gamma level due to
natural radivactivity is considerably less on these
islands than in the U.S.; this is why the average
gamma dose to an inhabitant is lower in Bikini
Village than in certain parts of the U.S. The
people living on Bikini eat a diet consisting almost
entirelv of imported food, but they ingest slight
amounts of radioactivity from local seafood. The
newly planted coconut, pandanus, and breadfruit
trees will not bear fruit in any significant quantity
for some vears vet. 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 people living on Bikini was about half that 10
the people living or Rongelap, but with the ex-
ternal dose included, the dose to the bone marrow
was about the same (see Table 42). It is reassuring
that analyses of urine for plutonium show levels
near background in the Bikini people (see Table
37). Well water on Bikini has had low levels of ac-
tivity (see Table 38). The dietary levels projected
for Bikini when the newly planted trees bear fruit
should be considerably lower than the levels based
on analyses of fruit from old trees because of the
soil retnoval procedures used at planting, but their
actual evaluation must await maturity of the trees
and further analyses. It is planned to add supple-
mentary calcium to the diet of the Bikini people
to help reduce absorption of 2°Sr. 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, diarrhea, and other
symptomns.!73

VII. Comments and Conclusions

A. THE EXAMINATIONS

The primary responsibility assigned the medical
team by the AEC (now ERDA) was the diagnosis
and treatment of possible effects of radiation expo-
sure in the Marshallese, but inevitably the exam-

ining groups have been concerned also with gen-
cral health -are at the time of their visits. The re-
sponsibilisics have been filled by carrying out ex-
tensive annual examinations, supplemented in re-
cent vears by semiannual hematology checks and
quarterly visits by a resident physician. The exant-
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 surveys is 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 ditferences in language and culture.

Some studies have been of benefit to the Mar-
shall Islands as a whole, such as the surveys of the
incidence of diabetes and of parasitic intestation.
In addition, a grea: deal of data has accumulated
from studies of genetically inherited characteristics
which may prove valuable aot only in determin-
ing possible genetic cffects of radiation but also in
anthropology.

B. COMPARISON WITH OTHER
HUMAN EXPOSURES

In contrast to other groups exposed to radiation,
the Marshallese are unique in that they comprise
the only humran population ever exposed to acute
radiation from fallout. 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 gainma and neutron radition
directly from the bombs with little or no fallout in-
volved and therefore caused no effects due 1o in-
ternal absorption of radioactive materials. In con-
trast, the Marshallese were not exposed to direct
effects of the detonation but only to radicactive
fallout 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 Lucky Dragon received an expo-
sure similar to that of the Rongelap group but



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

Evaluation of the eflects of radiation exposure
in human beings (patients, physicians using radia-
tion, accident cases, etc.) is always difficult because
of uncertainties regarding exact dosage, fractiona-
tion and dose-rate effects, partial-body exposure,
complicating diseases, ete. ‘The doses received by
the Marshallese, like maost human exposures,
could be only roughly estimated. although the
hematalogical 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 1o any
population exposed acutely to fallout. However,
the effects may be madified in other situations if
nuclear explasions accur in regions with ditferent
terrain, soil types, climate, and availability of pro-
tective measures.

€. ACUTE EFFECTS

The most serious acute effects of the exposure
in the Marshallese were due to penetrating gam-
ma radiation. These included transient anorexia.

nausea, and vomiting and significant depression of

the peripheral blood elements in many members of
the higher exposure Rongelap greup. The hemato-
logical depression was not sufficient to produce defi-
nite clinical signs and required no specific 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
cpilation of the scalp. These effects were probably
aggravated by delay in decontamination and by
perspiration due to the warm climate causing the
fallout to stick to the skin. The superficial nature
of the lesions, rapid healing with minimalr-  lual
skin changes, and regrowth of hair were nc doubt
due to the low average energy of the beta radiation
in the fallout.

The lack of recognizable acute effects from the
internal absor;*tion of radionuclides is noteworthy
in view of the serious thyroid abnormalities that
later developed.

Because of residual contamination on the islands,
radiological monitoring of personnel and environ-
ment has been an important part of the surveys in
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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 1o live
there. and they will also include Eniwetek when
its people return home.

D. LATE EFFECTS

I'he 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 can-
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 first 3 years 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 studv. The fir.d-
ings o1 persistent chromosome aberrations in cul-
tured peripheral blood lymphocyvtes at 10 vears
post exposure and a possible somatic muation in
hemoglobin in several of the exposed group sug-
gest that genetic mutations mavy also be present.
The possibiiity of genetic effects in the offspring is
of serious concern to the exposed people and de-
serves further study.

Effects 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 b-~tween 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, probablv due to insufficient radia-
tion injury to the dermis, but the possibility of skin
cancer developing must be kept in mind because
the latent period mayv be very long.

The development of a case of acute leukemia in
the Rongelap bov mav or mav 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 nateworthv that his disease was the
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mvelogenous form, since his past hemograms
showed a fairly consistent depression of nentrophil
counts compared with those of other exposed boys
of the same age.

The inability 1o demonstrate clear-cut aging ef-
fects in the exposed group in spite of repeated ai-
tempts with a variety of tests is in accord with the
generally negative results of similar attempts in
the much larger exposed Japanese populations.

The absenice of radiation-induced cataracts is
not unexpected since the dose 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 developmeunt in some chil-
dren of hypothyroidism and growth retardation
provide clear evidence for the seriousness of thyroid
injury due to radioiadine absorbed from fallout as-
sociated with atomic detonations. Had not careful
medical studies in the population been instituted
soon after the exposure and continued to the pres-
ent date, the extent of thyroid effects might not
have been discovered.

Thyroid exposure is likely to be greater when
individuals are exposed within 130 to 130 miles of
the bomb if detonated near the ground. ln such
situations, if lethal exposure to penetrating radia-
tion does not occur, the principai 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. ! 77
The incidence of thyroid cancer is considerably
higher than the moruality from it. Of 40 cases
among the exposed Japanese, 34 were living in
1973. and only ane death had been attributed to
this cause. No evidence of thyroid dvsfunetion 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 adults, but was in the
case exposed as a child.

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

to the higher duse to the child’s thyroid because of
its smaller size. The rapid growth of the glands
during childhood probably increased the chances
{or 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. This deficiency was no: recogni zed
during the early vears because of falselv hieh 2B1
tevels resulting from unusually high iuacprotein
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 noduies or
areas of adenomatous change. Many micruscopic
areas, although considered benign, were composed
of discrete areas of atvpical cells, suggestive in
some cases of malignant potential.

The risk of developing benign and malignant
neoplasms in the Rongelap people appeared to be
about the same as that noted in people exposed to
x-radiation. Clinical experience with 3] sug-
gested that the risk would have been less, but the
higher encrgy of the short-lived isotopes of iodine
(particularly V21, 133] and 1#]), resulting in
higher dose rate and more uniform exposure of
the thyroid, is thought to have heen the important
factor in increasing the number of thyroid abnor-
malities above that expected from similar deses
from " alone. It is not uareasonable 1o speculate
thzs wimoi incidence in the Marshallese would
have been considerably smaller if only '] had
been involved in the exposure. The lesser amount
of short-lived iodine isotopes in the Utirik expo-
sures (because of the later arrival of the fall-ut)
may have been an important factor in reducing
the dose elfect to their thyroids, but the number of
people involved is too smatl for any firm conclu-
sion to be drawn.

Treatment of the exposed Rongelap peaple with
thvroid hormone has been of henefit 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 thyvroid
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 & nuclear power
plant). The Marshallese accident represents ex-



posure under extreme conditions, with no correc-
tive measures taken to reduce internal absorption
of radioisotopes prior to evacuation of the exposed
people fram the fallout area. It did not involve the
~wtaminated pasture-cattle-milk cycle, which
nizght be an important pathway of radioiodine to
man in other types of accidents (sucl as the Wind-
scale accident), 176

C.ivil 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 Marshallese. Since the hazard from
radioiudine is acute for a period only of days,
carly protective measures are extremely impor-
tant. These include avoiding inhalation of radio-
iodines by shelter protection; consuming food and
water only from closed centainers: feeding cows in
contaminated areas protected fodder; and tem-
porarily withholding contaminated milk sup-
plies and 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 first week woulld provide a relatively inex-
pensive mcethod of reducing thyroid uptake of
radioiodines by isotope dilution and saturation
with non-radioactive iodine: this should rarely pro-
duce any serivus side effects and woulid 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 Marshallese, may
help prevent development of thyroid tumors. and
even after tumor development, surgical excision
may reduce mortality due to malignancy.

The thyroid effects in the Marshallese were not
anticipated at the time of the accident or during the
carly vears afterwards. 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 3! in people), and the calcu-
lated thyroid doses in the Marshallese were con-
sidered to be helow the levels likely to produce
tumors. In addition, neither the importance of the
cxposure to short-lived iodine isotopes in fallout
nor the thyroid dose ditferential in children due to
the smaller size of their gland was fully appreciated.

It 1s quite likely that the final resuits of thyroid
lesions in the Marshallese are incomplete at this
time since new lesions are still occurring. The
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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 the risk
of developing radiation-induced thyroid necplasia
is probably underestimated, since surgical removal
of potentially malignant tissues may have occurred
and the hormone treatment may have inhibited
the development of some tumors, although the lat-
ter is questionable. As has been pointed out, also,
the true carcinogenic potential of the exposure,
particularly in the - "/ildren receiving the higher
dose, may have been .nasked by excessive cellular
destruction. The recent finding that subclinical
thyroid deficiency is present in some of the ex-
posed peaple who have not shown any thvroid ab-
normalities indicates that the thyroid effects in the
Marshallese may not vet be completely manifest,
and continued careful surveillance of this popula-
tion is necessary,
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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 Kili Island in
the southern Marshalls).

Kwajalein established as U.S. Navy Base.
Operation Crossroads at Bikini.

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

Administration of Trust 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 Rengelap, Rongerik,
and Utirik evacuated to Kwajalein Atoll for examination and
treatment. Exposed people on a Japanese fishing vessel
Fukuryo Marv (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 annually, Utirik people
every 3 years.

New village constructed at Rongelap. People returned after 3
years away. Medical examinations and periodic survey of
environment continued.

Epidemi: of poliomyelitis at Rongelap and in rest of Marshall
Islands.

At Kwajalein, Pacific Missle Range under U.5. Army Command
established.

1964 Ex gratia compensation (~ $11,000 per person) granted Rongelap

people by U.S. Congress.

Thyroid abnormalities begin to appear in Rongelap 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 inhahbitants.
Five Marshallese had thyroid surgery in U. S.
1970  Oue 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.

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

Documentary movie Thyroid Neoplasia as a Late Sequella of

Radioactive Fallout filmed in Marshall Islands. Shows the
medical team in action.

1972 January: Marshallese Gongressman acvuses 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. Annual
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 houme.

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

August: Resident physician stationed in Marshall Islands.

September: Annual medical survey resumed, with cooperation from
Committee from 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 ycung exposed male, found to have acute
myelogenous leukemia, dies at National Cancer Institute, Bethesda,
Maryland, and is returned for burial at Rongelap.

Decision made to conduct hematological surveys at 6-month inter-
vals, Two Rongelap people had thyroid surgery iu Cleveland.
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1973

1974

Eniwetok radiological survey completed. Report KYQ 140
published.

Six Marshallese (3 Rongelap and 3 Utirik) had thyrnid surgery
in Cleveland,

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 Utirik people, and providing special
benefits and hospitalization privileges in case of illness from
any cause.

Documentary movie The Bikinians filmed a¢ Bikini by the Univer-
sity of ‘eorgia.

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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Name

Adamik, Emil
Anjain, Jeton, D,O0.
Argonza, W.S.

Ash, Joseph A.
Bach, Sven A,, M.D,

Barton, Johmny M., M.D.

Bateman, John L,, M.D.
Bender, Byron, Ph.D.
Bien, 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, Robert E., M.D.

Carver, Russel K.
Chapman, W.H.
Clareus, Douglacz
Clutter, W.G.

Cohn, Stanton H., Ph.D.
Colcock, Bentley P.,M.D.

Cole, William, M.D,
Cook, Lawrence

Conatrd, Rcbert A., M.D
Cronkite; Eugene P., M

Deisher, Joseph B., M,D.
Demoise, Charles F., Ph.D.

Dobyns, Brown M., M.D.

Dunham, Charles L., M.D.

Eicher, Maynard
Elanjo, Laijo

Emil, Menassa, D.O.
Ezaki, Haruo, M.D.
Farr, 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, James J.
Griffin, David, M,D.
Gusmanc, Ernest, Ph.D.
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Survey Participants 1954 - 1974
Year 19'

Technician BNL 59,61,62
Dental Qfficer TTPL 64,72
Technician US Navy,NRDL 54
Technician BNL 74
Physician US Army,AFSWP 57
Physician US Air Force,AFSWP 58,
Int. Medicine BNL 69
Anthropologist TTPL 64
Medex TTPI 70,74
Endocrinologist NIH 59
Physician US Navy,NRDL 54
Technician TTPI 61l
Technician US Navy,NMRI 55,56
Technician BNL 73,74
Physician US Army ,AFSWP 54
Surgeon Mass.Gen. Hosp, 56,57,63
Int. Medicine US Navy,NMRI 57
Pediatrician State U. Iowa 64
Parasitologist USPHS 58
Rad. Scientist US Navy,NMRI 54
Electronic Specialist BNL 61~70;72-74
Technician US Navy,NMRI 54-57
Scientist BNL 54,59,61,74
Surgeon Lahey Clinic 67
Radiologist USPHS 72
Technician BNL 63,65
Physician BNL 54,56-74
Hematologist US Navy,NMRI 54,55
Physician TTPL 66
Scientist BNL 68,69
Surgeon Case Western Reserve Univ, 69,70,72,73
Physician AEC,DBM 57-59,65,73
Electronic Specialist NMRI 57-59
Technician TTRI 74
Dental Officer TTPL 67
Surgeon Hiroshima School of Med. 72
Hematologist US Navy,NMRL 54
Technician US Navy,NMRI 54
Technician TTPI 64,65
Technician US Navy,NRDL 54
Technician TTPL 64,65
Technician BNL 59
Technician US Navy ,NMRI 59
Parasitologist USPHS 58
Technician TTPL 67,69
Rad. Scientist BNL 74
Technician BNL 57,59
Physician US Navy,NRDL 55
Rad. Technician BNL 61,65



Name

Hamby, J. W.

Hammerstrom, Richard, Ph.,D.

Hansell, R.E.
Hartley, Marion L.
Hayakawa, C., M.D.
Hechter, Hyman
Helkena, Jack, D,O.
Hendrie, J.C.

Heotils, Peter M,
Hicking Arobati, M.O.

Hollingsworth, James W., M.D.

Huggins, C.E., M.D.
Humphrey, Douglas

Iaman, John, 1M.0.

Jaffe, A.A,, D.D.S.
Jesseph, Joseph E., M.D,
Jomuie, Jude

Jones, Irving
Karnofsky, David, M.D.
Kenny, John

Knudsen, Knud, M.D.
Kumatori, Toshiuki, M.D.
Lanwi, Issac, M.O,
Larsen, Reed, M.D.
LeRoy, G.V., M.D.

Lewis, William H., M.D,
Libby, Ernest

Lowrey, Austin, Jr., M.D.

Lyon, Harvey W., D.D.S.
MacDonald, Eugene H., M.D.
Makar, Michael S,
McPherson, S.D., M.D.
Meyer, Leo M., M.D.,
Mizutani, Kosang
Moloney, William C., M.D.
Momotaro, Francis, D.O.
Murray, William G.

Obten, Antak

¢6h, Yang, H., Ph.D.

Otto, James S.

Paglia, Donald E., M.D.
Peck, William, M.D,
Pochin, Edward, M.D.,FRPC
Potter, David W.

Rai, Kanti, R., M.D.
Rall, Joseph E., M.D.
Richards, J.B., M.D.
Riklen, Ezra,M.O.

Riklon, Kimra

Survey Participants

Technician
Scientist
Technician
Technician
Physician
Statistician
Dental Officer
Technician
Technician
Medical Officer
Int. Medicine
Int, Medicine
Photographer
Medical Officer
Dentist

Surgeon
Technician
Technician
Oncologist
Technician

Int, Medicine
Physician
Medical Officer
Endccrinologist
Int. Medicine
Cardiologist
Technician
Ophthalmologist

Dentist
Physician
Technician
Ophthalmologist
Hematologist
Technician
Hematologist
Dental Officer
Photographer
Technician
Scientist
Technician
Hematologist
Physician
Radiologist
Scientist
Pediatrician
Endocrinologist
Physician
Medical Officer
Technician
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1954 - 1974

Year 19'
US Navy,NMRI 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
TTPT 62-68
ABCC, Japan 59
US Navy,NMRI 56
BNL 70
TTPL 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
NI Radiological Sci. Jap: 54,72
TTPI 59,60,64,65
Univ. of Pittsburgh 72,74
AEC, DBM 54
Memorial Hospital, N.Y. 59
TTPI 67-¢ 1,71-73
US Army (Ret) 56-59,62,64,67,
71,72
US Navy,NMRI 59
TTPI 60,61
BNL 69-72
US Navy,NMRL 55
V.A, 61-65,67,72,74
TT?1 67,72,74
Boston City Hospital 62,63
TTPL 72
NRDL 57,58
TTPL 62
BNL 71
US Navy, Naval Med. Center 58
UCLA 68
TTPI 72
-U., Coll. Med. School, London 72
BNL 58,59
BNL 70
NIl 57,65,71
UsS Navy,NMRI 56
TTPL 59-63,69,72,73
TTPL 72



Name

Rubbins, Jacob, M.D,

Survey Participants

Endocrinologist

Robertson, James S., M.D.,Ph.D. Scientist

Rothmanr, John C.
Saul, Jospeh
Schork, Paul K.
Scott, William A,
Severson, C.D,
Sharp, R.

Shoniber, Sebio
Shulman, N.R., M.D,
Sipe, Clyde

Smith, L.J.

Smith, Robert F,
Snow, Lloyd D,
Soras, Philipo
Steele, Johm, M.D.
Strome, C.P.A.
Sutow, Wataru W., M.D,

Tenorio, Pacifico
Tomesch, Charles

Urschel, Harold C., Jr., M.D,

Waithe, William

Watne, Alvin C., M,D,
Weden, E.A., Jr., M.D.
Weldon, Thomas

Wolff, Jan, M.D.
Wolins, William, M.D.
Woodward, Kent T., M.D.
Zetkeia, Nelson

Technician
Technician
Technician
Technician
Technician
Rad, Scientist
Technician
Hematologist
Technician
Rad. Scientist
Photographer
Technician
Technician
Pediatrician
Technician
Pediatrician

Technician
Physician
Physician
Technician
Surgeon
Physician
Technician
Endocrinologist
Int. Medicine
Radiologist
Technician
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1954 - 1974

NIH

BNL

BNL

TTPL

US Navy,NMRI
BNL

US Navy,NMRI
US Navy,NMRI
TTPL

US Navy,NMRL
BNL

US Navy,NRDL
BNL

US Navy,NMRI
TTPI

TTPIL

US Navy,NMRI

MD Anderson Hosp., Texas

US Navy,NMRI
BNL

US Navy,NMRI

NY University

Univ. of West Virginia

US Navy,NRDL
BNL
NIH
BNL

US Army ,AFSWP
TTPI

Ycar 19'

66,72
54,58,65
74

71,72
54,57
58-74

54,55,56
58,59,61-63,65,
67-69,71,72
58,59

71

58

64

64

54



Appendix 3

A Summary of the Findings over the 20 Year Period
on the Japanese Fishermen Exposed to Fallout inl1954

On March 1 in 1954, 23 Japanese fishermen aged from 18 to 39
were exposed to radioactive fallout produced by the thermo-nuclear
test explosion which was performed by the U. 8. 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, A/ter landing, all the fishermen
were found to have been injured by the radicactive 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 irn May 1955, except one fatal case who
died on September 23, 1954. After being discharged, most of them

have been examined so far as possible un an anual basis.

A. Sizte of Irradiation and 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



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 behavior on the boat and the
position of his cabin.

The integrated dose to thyroid glands from 1311 was inferred as
about 20 - 120 rad. Urine samples which were collected at 4 weeks after
the explosion revealed significant amount of radioactivity. However,
the radioactivity decreased rapidly, e.g. at about 6 months post
detonation the activity was barely detectable. In the analysis after
8 1/2 years and 10 years the levels of l3?Cs and 90Sr in urine were
the same to those of normal Japanese. At the same time the results
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 of them nausca and
vomiting occurred.
2. Skin lesions

Skin lesions were caused by beta irradiation. 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 complete 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 depigmentation, pigmentation and capillary dilatation are observed.
Atrophy of epidermis with narrowed stratum granulosum werc clear
in histological section of these area examined 10 years after the expasure,

3. rlematology

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/mm3, 13 less than 3,000 and 5 less than 4,000.

In one case, the leukocyte level depressed to 800. A correlation

was 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.

¢. TPlatelets : Platelets counts showed increasing depression,
reaching minimum at the 4th -~ 7th week ( 15,000 - lOO,OOO/mmS).
Slight eocagulation disturbances observed in a few cases.

d. Bone marrow : In severe cases bone marrow was highly
hypoplastic at the critical stage, which changed to hypoplastic and
turned into almost normoplastic. Recovery was not complete even
after a year. At the recovery stage coeuistence of hypoplastic area
and hyperplastic area was observed in histological sections.

e. Morphological abnormalities : Several morphological
abnormalities, e.g. abnormal granules in lynmphocytes or neutrophils,
vacuoles in various leukocytes and megakarycocytes, giant nuclei and
hypersegmentation 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'" 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 ¢ ritical stage. Though the curves of
erythrocytes and piatelets lay on normal Japanesc onus 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 chromosome obscrvations in blood cells has been
performed since 1964. Even 20 years after exposure, cells v..th
chromosome abnormalities {(both Cu and Cs cells) exisi 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%. The frequencies of the chromosome
abnormalities were found to be corresponding to the severity of injuries
indicated by minimum ieukocytes count at the critical stage. In the
bone marrow, cells with chromosome abnormalities {Cs cells)
occurred rather constantly with frequencies of more than 2% in all the

4 times of samplings carried out 13- 17 years after exposure.

5. Spermatopoicsis

Number of spermatozoa decreased abcut 2 months after exposure,
and azoospermia was found. Both fall of motility and morphological
abnormalities of spermatozoa were alsc 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 spermatopoiesis.

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. One 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 werce 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.

Tratpul ltni

Toshiyuki Kumatori, 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 Amswer Questions of Rongelap and Utirik Peoplo

How dovs radiation cause
discases in our hodies?
Radiation in Lallout caused
injury 0 parts of the body.
Later on these parts beeame -
sick and cannot do their job
properly. There is very linde |
raciation left in the bady now.

How can we tell if we have radiation in our bodies?
It is difficult for vou to know if vou have radiation in vour body because there is so
little. Only the experts can well by checking vou every vear with special machines,

How can we get rid of the radiation in our hodies, trees, growind, crisbs, ete?

Your body will remove some of the radiation natarally when vou use the benjo
but this takes a long time. The only way to get rid of the radiation in the trees, soil,
craths, eic. is to collect them and dump therm into the ocean. But, since the radiation
is weak there is o reason 1o do this.

: s 4 ~ )
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v

Lush growth on Rongelap
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Did we people on Ultirik get as much radiation as the people on Rongelap?

No, beciuse Utirik is farther away from Bikini than Rongelap. One way to mea-
sure racliation is by counting the “rads™. Below is the number of rads the peaple
ot 90

Peaple on Rongelap . .. V7 rads
Prople on Ailinginae .~ 69 rads
Americans on Rongerik 70 rads
People on Utirik 14 rads
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175 ruds 70 rads 1'# rads

i
:Ii
!
/r
oo P
O L)
. "~
_

Bikim

N because Uik o further aicay fram Bikent. I as like five. The closer you get to
Jove the hatter of gets. Heat i measured by degrees. Radiation is measured by rads.
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Is there still radiation in the ground? How long will it taste?
Yes, there is a little radiation left in the ground but it gets weaker and weaker as
time goes by,

Woman washing clothes
It is like dirty clothes. If you wash them and lay them in the sun the dirt and potson
will come aicay. The ground is too big to wwash like clothes so the ran does it for you.

If the radiation is still in the soil of these islands, why is there no restriction of
people moving into these islands?

The radiation in the ground is so weak that it is safe to live on the islands and cat the
foods. There is no place in the world that does not have some radiation in the soil.

Feast on Rongelap



Why can’t we et coconut crab and arrowroo?

You can eat the coconut crehs from the sauathern boids of Ronge

- .
Toap overty fae

not cat more than three crabs per week, Pheie s sull some radiavon su the crabs
beoause they eat their old shelh when they grow new ones. The peeple on Utirik
iy eat all the crabs they wants Arrowroot may he caten on Rongelap and Utirik

Is there anyvthing eise that we are not supposed to car?

Nu,oveu nun sat anvihing else that is good tor vou.

Person eating pandanus
Ioia rnay eat anything else like pandanus.

If the ULS. can reach the moon, how come they did not know that the wind was
going to he shifted over 1o the islands?

There were some mistakes made. The U.S. can reach the moon because the equip-
ment used 1o 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.



Are miscarriages caused by the fallout?

Some of the miscarriages in expased Rongelap women during the first years after
the fallout may i.ave been due to radiation exposure. Since that time there were
only a few miscarriages and this is normal. Women no longer have to worry about
miscarriages due to radiation.

Children and women
They are healthy.

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 thy-
roid, they will give you medicine. If you listen to the doctor and keep taking your
medicine, you will stay strong 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 will they be compensated?

There is practically no chance that any of these people will develop any radiation
sickness since the amount of radiation left on the islands is so small. If it did happen
the government probably wouid consider cr apensation.
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Why doesn’t the AEC remove the radiation from the soil and plants?

It is impossible to do 30 and since the radiation is so small, there is no reason to
do this.

Why did=’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 this kind to happen after a nuclear
weapon test.
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Bomb explosion

Why did the U.S. not take extra precaution?

The U.S. taok the precaution of trying to keep people out of the area where they
expected fallout to occur.
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I was not expased to radiation so why do I have to be examined?

The ductors 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 vou were not exposed and got sick and your hrother 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 vou are
examined. Also, vou are receiving a free medical examination by the best doctors
in the world.

“-r. —t

Doctor examines a patient
You are examined to make sure rothing is wrong.

Why do I have to be examined every year?

Doctors still do not know everything about radiation sickness so they are checking
you to make sure that you are healthy. They check you every vear 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 are some people becoming sick now 20 years after the test?

The radiation was in their bones and certain parts of their bodies such as the thy-
roid gland. Doctors still don’t ::inderstand all about radiation disease. That is why
they are checking you every year to make sure you are healthy.
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Why de you have to take our bleod? urine?

The doctors check your blood to find out if you have blood disease. They check
vour 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 ke
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 examination and then throw some of it away?
The doctors 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
lose a little.

» Part saved for msre tests

Tested and thrown out

Blood test
Part of the blood is tested and can be thrown away.
Another part is saved for other tests at Brookhaven.

Why do you have to drill into our bones?

Radiation can cause blood disease and your blood is m=de inside of your bores.
The dactors drill your bones fo see if they are healthy.
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Why 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 drilling teeth
Dentists drill your teeth, too, but you do not die.

One man became blind after the fallout . . . Will I become blind too?
No one bzecame blind from fallout and we don’t expect anyone to become blind
from 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 vou 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 Instituie of Health Hospital in Maryland. Even
the President of the United States goes to this hospital when he is sick because they

have the hest doctors and the best equipment in the U.S. 1t was sad that Lekoj died
but the doctors did everything thev could to treat him.
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Why do I need to take medicine for my thyroid?

If you had an operation and your thyroid gland was removed, the medicine will
do the job that your thyroid used 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 want to stay healthy.

What kind of radiation caused thyroid sickness and leukemia?

Thyroid sickness in the Rongelap people exposed to fallout was caused 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 develop 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. Time
is about past for anv 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 Utirik?

They don’t have to worry because there is practically no chance that any of the
people will get sick from radiation since there is so very little radiation left on the
islands.

Feast - Peaple
‘They are Romgelap peopie. They are healthy, too,
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Why do the doctors feel our neck?

Your thyroid glands are in your neck. The doctors feel your neck to find out if you
have a sickness in vour thyroid gland. Another way to check your thyroid is with a
special machine.

Thyroid exomination
Special machine for checking thyroid gland.

What is the thyroid gland?

Your thyroid gland does a certain kind of work in vour body. Your ears allow you
to hear, your eves make you see and your thyroid makes you grow normally and
stay healthy. Because radiation affected their thyroid glands, some of the buys in
Rongelap grew slowly after the fallout. In 1965, they were given special medicine
and the+ grow normallv. If you have a
thyroid operation, it is very important
that you take the medicine that is given
to you. The medicine will do the same
work as your thyroid and it will keep
vou healthy.

Aike and Alet
They were sick before. They are healthy now.




What is cancer?

Cancer is a disease which happens when a certain part of your body becomes sick
and doees not do its job. The sickness can spread to other parts of vour 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 others must be stopped by oper-
ation. Some types of cancer, such as leukemia, cannot be cured. Cancer is dan-
gerous but if the doctors examine vou and find it early, they have a better chance to
help vou.

So far, what are the health findings? Are we healthier or sicker?

The medical examinations show that you are a healthy and strong people. The
only significamt differences have been the early fallout effects on the blood and skin,
the higher number of miscarriages in 1957 and 1958 and the thyroid troubles.

What is our future in regards to our health?

Dr. Conard and the other doctors feel that most of vou are healthy and that vou
do not need to worry about the future. This is also true for the unexposed people
who moved onto the island after the fallout and for the children who were born after
1954. Some of vou may become sick but vou 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 vou and if vou follow their advice. vou should be able tolivea
normal, healthy life. Examinations of thousands of children of exposed parents in

Japan have not shown any diseases from radiation. Examinations of your children
also show that they are healthy.
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Appendix

Reported Cases of Notifiable Diseases, Trust Territory Districts

Jan. 74 Jan 75
Disease Total  Total Masshalls Ponape  T'ruk Marianas Yap  Palau

Category “A"

AA  Cholera

AB  Plague

AC Smallpex

AD  Yellow fever
Category "B

BA  Dengue fever

BB  Dipiuheria

BC  Dysentery - amoebic 180 203 66 o8 70 t 5

BD Duysentery - bacillary

BE  Encephalitis

BF  Measles

BG  Meningitis - meningucoccal

BH  Meningitis - other forms 2 1 1

Bl Pertussis 23 1 1

BJ] Paliomyelitis

BR Relapsing fever (louse-borne)

BL  Severe epidemic fever

BM  Typhoid fever

BN Typhus (fea-borne)

BO  Typhus (mite-barne)

BP  Typhus (louse-borne)
Catcgory ~C"

CA  Gonorrhea 78 18 1 16 2 7 6 6

CB  Infectivus hepatitis 18 1 - 2 - 2

CC Influenza 1075 1762 817 60 295 139 176 266

CIy  Leprosy

CE  Rheumatic fever 1 1

CF  Syphilis

CG Tewanus

CH Tubcrealosis  pulmonary i+ 8 2 2 ¢ 1

Cl  Tubereulosis - other forms

CJ  Yaws (treponematasis) 2 2
Category ~D”

DA Chickenpos 24 94 33 15 18 28

DB Conjuactivitis - acute infectious of newhorn

Canjunctivitis  infections 1 pink yve) 150 - 150

DC Dsentery - unspevified wvpe

LD Filasiasis B 9 - ]

DE  Fish puisoning 17 27 37

D German sueasles

DG Musps 7 14 10 1 3

Pl Septic sore thraamt 42 9 5 4
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Appendiz 6

Mean Blood Counts at Various Times Aftor Exposure

LJEE; Neur- pr .' ty Lympho::gtes Platt:lfz BR% Hematocrit, RB'_ZG
(x10~3) AU {xl073) {(x107%) z (x1470)
Male Male Female Total Male Male Female Male Male Female
Postexposure Day <5 »5 <5 23 <5 >5 <10 »10  All Ages Croup <15 »15  All Ages <15 >15  All Ages
{a) Exposed Rongelap (173 rads; 64 people plus 3 in utero)
3 9.0 8,2 6.4 4.7 1.8 2.2 ———— == mee - - e -— ——= === e
7 4.9 6.2 - —— - - - it —— == = — —-—== _ = Rninded
10 6.6 2.1 3.5 4.5 2.6 2.1 8.2 22.7 24.9 24.8 ——— e ———— —== === -~
1 $.9 6.3 3.5 3.9 2.1 1.7 ——— e - ——— e -—— ——- -
15 5.9 6.5 3.2 4.1 2.4 1.9 27.1  21.3 21.7 22.5 -—— ———— ———— -— —— -
14 6.7 7.2 3.6 47 2.4 21 21.8  19.1 21.8 21.0 - e - —== == ~———
a2 7.0 7.4 4.3 5.0 2.6 2.1 16.8 14.86 15.2 15.3 37.5 43.9 39,0 — —_— ———
26 5.7 6.1 3.0 3.9 2.3 1.8 13.2 12.9 10.% 11.9 36.3 41.6 37.5 ———— — ———
10 7.6 7.8 4.0 5.3 3.2 2.1 4.1 12.3 11.8 12.3 37.9  42.2 37.1 m——— e~ ~——
33 b.5 6.2 3.1 3.8 3.2 2.0 17.9 16.6 15.1 16.0 37.4 42.2 36.8 —— ———
39 5.7 5.5 3.0 3.3 2.6 2.0 29.5 22.0 22,4 22,8 37.8 42.4 7.4 ——
43 5.2 5.2 2.0 2.6 2.9 2.3 26.8 20.9 23.2 23.2 37.3 41.8 37.6 ——— — -
47 5.9 5.8 2.6 3.3 3.1 2.4 24.6  20.6 23.9 23.1 39.0 43.4 38.3 -—== ——— -
51 6.7 5.6 2.6 3.5 3.4 2.1 22.1 17.5 al.2 20.3 ——n- ———- -—— —— —— -
56 7.0 6.0 3.5 3.5 3.7 2.4 ———— —me— — -—— ——— ———— —== ———— ——— ——
63 7.7 6.0 3.9 3.6 3.7 2.3 23.1 18.2 20.2 20.1 — —— ——— — — ———
70 7.6 6.5 3.8 4.0 3.3 2.2 _—— - - _—— ———— — -—=- _— ———— ——
74 -— —_— - _ —— —— 26.2 21.7 24,7 24.1 ———— ——— —— —_— —— ————
bemo survey 8.5 6.6 4.6 4.2 3.6 2.2 24.4 20.3 23.2 22.6 38.0 41.7 38.2 ——— ——— ———
1-yr survey 10,1 8.1 4.7 4.8 4.6 2.8 26.6 19.5 27.6 24.9 37.5 41.1 36.9 —— —_—
2-yr survey 11.8 6.6 5.9 4.8 4.7 3.1 30.0 21.4 25.5 24.7 38.7  4l.2 38.1 ——— - —
3-yr survey 8.6 6.9 4.1 3.7 3.7 2.7 32.0 22.1 28.1 -—— 35.6 38.7 35.4 ——— ——— -—
4-yr survey 5.9 7.5 3.3 3.4 4.6 3.6 32.5 27.1 30.8 —-—— 35.6 41.0 35.8 —— —— ———
5-yr survey 13.5 9.5 6.9 4.8 6.0 4.0 32.3 24.4 27.6 - ——— —-——- ——— 4.45 4.71 4,21
6-vr Burvey --=~ 6.5 === 3.5 -~ 3.7 ———— em—— ——— -— m——— e —— —— e—— —
7-¥r survey -~ 7.4 -—- 3.9 -— 2.9 ——-  24.8 27.3 ———- 37.6 41.7 37.0 4.54 4.45 4,11
B-yr survey 6.9 - 3.6 ~--— 2.6 32.8 32.1 ———— 38.5 43.0 39.3 4.68 4.67 4.44
B-yr survey ——— 7.4 -— 3.7 -— 3.0 23.1 28.4 39.1 43.7 38.4 4.29 4£.38 4.12
i © survey -—-- 8.2 —-— 3.k -— 3.5 -~ 32.8 372 ———— 40.4 43.5 39.3 ——— —— —
Ll-yr ey —— 7.4 —_— 3.7 —_— 3.0 ———— 26,3 28.5 ——— 39.9 44.0 37.7 4,65 4.60 3.94
12-yr surv. —-e- 6.8 -~ 3.6 -—— 2.5 —— - —— — 38.8 427 38.3 ——— eeme ———
13-yt survey —-—- 7.2 ~--= 3.7 -~ 2.8 -——-  22.9 25.1 —— 41.4  44.5 40.0 3.B4 4,52 4.00
14~yr survey --== 1.0 ~--- 3.8 -~- 2.6 ——— mee— ~—-- —- 41.5  45.7 39.1 —— e ———-
15~yr survey -—== 6.5 — 1.0 -~- 3.0 —— 15.9 19.1 -—— ——— 46.2 39.9 ———— 4.26 3.66
lé~yr survey 6.4 == 3.5 -—~- 2.3 c—em maee - ——e- .- 43,2 38.1 ———— ceee —
17~yr survey ———— 7.3 -— 3.9 --- 3.1 20.3 24.6 —— 42,9 38.7 ~——— 4,31 3.b4
18~yr survey - 5.9 === 3.9 -~ 2.4 —-m= 2322 29.1 ——-- 44.3 37.0 = 4,97 4,01
L9~yr survey Mar - 7.4 - 1.9 - 2.6 ——— 22.0 26.0 ———— ———— 44.7 36.9 —— 4.72 4.15
19-yr survey Sep  -=-= 7.6 - 4.2 === 2.5 “--- 2.8 28.7 ———- ~—-= 411 36.0 wee= 4,89 4,13
20-yr survey Mar -——- 7.6 -— 4.3 -——= 2.4 “——= 23.5 28.0 ——- w—— 42.0 36.6 ——— 5.20 4,9
20-yr survey Sep  ---- 4.1 --- 44 -—- 2.8 e 1804 20.2 ———- ~-=-  48.7 41.9 === 5.60 4,66

Microscople rounts first 2 vr.

Coulter electraonfc counts yvr J through 18. General Sclence

#*Phase microscopy through 14 vr. Coulter electron{c counts 15 through 18 vr. Gene: ' Science (Mi4) electronic counts vr 19 and

..x3J} electronic counts yr 19 and 20.

[
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Appendix 6 (continued)

WBC* Neutrophils Lvmphocytes Platelersk® Hematocrit, RBC
(x1079) (x1073) (x1073) (x107%) i (x1079)

Male Male Female Total Male Male Female Male Male Female .

Postexposur2 Dav <5 ~5 <5 >5 <5 ~5 <10 *10 All Ages Group ~15 >15 All Ages <15 ~15 All Ages ’

}

(b) Ailingnae Group (69 rads; 18 people plus one ium urero) {

3 6.0 7.0 3,0 5.0 2.8 2.2 e ——— ——-- mome e m—— m——— meme .= :
7 5.5 6.4 -— - - = = === ——-- ——— e mme - mwms meme R
10 6.3 7.3 4.2 4.2 1.9 2.2 2.5 22.6 20.9 21.5 ——== === === e —e=-
12 6.3 7.6 1.8 4.7 3.1 2.2 —-— ——— —-— ——— —-— —-—-= -—-== ——— - e
15 7.1 7.0 2.3 4.5 4.2 1.2 29.0 20.2 24.6 3.9 - == -—== e =
13 6.8 7.8 2.9 5.0 3.3 2.4 7.5 21.7 24.9 4.3 wm—— mmew ——— mee— me=es -
a2 3.9 8.7 5.3 5,4 2.7 2.9 23.5 17.0 22.9 21.3 37.5  43.7 39.2 mee e -

26 8.4 7.0 4.8 4.4 .z 20.0 13.8 17.4 16.7 36.5 43.2 36.8 ———— oo

30 9.6 8.6 5.3 6.2 3.7 2.0 19.5 12.8 18.2 16.8 36.0  44.6 3.7 —_—— —me- ;

13 7.7 1.8 3.3 5.2 3.5 2.2 2.0 15.8 2.7 17.6 35.5  43.8 37.3 —mme s - .

39 7.5 6.2 2.9 4.2 4.7 1.9 26.5 20.8 27.0 25.2 35.0  4a.6 37.4 R - A
43 6.9 6.5 2.7 3.6 3.9 2.7 28.0 19.6 25.3 24.0 36.0  45.2 36.8 —mes e mm-
47 7.3 6.7 3.5 3.8 3.6 2.7 27.0  20.0 26,1 24.5 —==- 46,5 40,2 -—-- - m——-
51 8.4 6.3 3.8 3.6 4.0 2.2 32.0 18.2 25.0 23.9 ———e mmes - ———— eee- -
34 4.6 6.3 2.8 3.5 3.2 2.5 37.0 19.8 23.8 24.2 ——e— = - —.—m e -
6~mo survey 7.7 6.5 4.8 3.9 2.7 2.2 25,2 19.2 23.9 2.7 37.5 40,1 37.3 —_—— === -—=-
1-yT survey 1.1 7.8 4.2 4.7 6.5 5.6 38.7  21.4 28.3 27.5 33.0 446 36.2 -

2-yr survey 11.0 9.1 4.9 5.1 4.8 3.2 51.2 17.4 26.4 26.7 35.7 44.4 37.5

3-yr survey 12.1 7.0 5.5 3.9 5.6 2.% 40.8  22.4 31.2 —— 37.5 40.6 35.6 ——--
4~¥r survey 11.5 7.5 2.8 3.7 7.0 3.3 332 247 33.6 -— 36.1  43.1 35.7 —-—-=
3-yr survey — 9.7 - 5.1 -—— 3.7 40.9  26.3 26.8 -—- ———- mme- -— 4.46  5.15 4.31
6-yr survey -— 7.3 - 3.6 --- 3.0 e ———— -— ———— ee—e ——== —— m——— -—-
7-yr survey -—- 7.7 - 4.1 -— 3.1 -—-= 25.6 28.1 e 6.0  44.2 37.0 4,56 5.11 4.19
3-yr survay —=-= 6.5 -—-- 3.4 -—— 2.6 -—-=  33.4 32.7 -—— 37.0 42.5 37.8 4.51 5.12 4.35
9-yr survey —— 7.1 -— 4.0 - 2.4 - 23.5 23.6 ———— 36.0  44.0 38.3 3.77  4.09 4.10
10-yr survey -—— 7.5 -— 3.6 --= 3.1 32.4 41.5 == 37.0  43.0 38.3 ——— e -—--
ll-yr survey -——— 7.1 -— 3.8 —-—— 2.7 33.5 3&4.7 17.3 46.0 37.6 4.33 5.09 4,11
12-yr survey ——— 6.2 -— 3.3 -— 2.3 —— -—— _— — 13.5 44,2 37.8 —— ——— P—
13-yr survey ———— 6.4 -—= 3.0 -— 2.9 ——— 20.7 22.8 ——— 36.0 43.6 36.5 3.84 4.948 4.14
l4-yr survey === 5.6 --- 3.8 --- 222 - - ———— ———- 38.0 46.5 39.3 ——m= mee- -
15-yr survey -— 5.8 -~ 3.2 -—— 2.2 -——— 17.2 21.4 ~—-- ----  45.0 35.6 -—== 4.67 3.59
16-yr survey -——- 6. -=- 4.0 --- 2.0 —— - -—— - —-——-  40.6 38,0 —— -
17-yc survey -—— 6.7 -—-  3.a -~ 2.6 -——- 17,2 2B.4 -—— —-—-- 43 35.5 -——-  4.33 3.81
18-yr survey -—-- 7.5 -——— 4.6 - 2.2 -=-- 19.5 33.0 ——— —=--  42.5 35.5 -=== 5,01 4.29
19-yr survey Har -~--- 7.1 - 3.7 -~ 2.3 24.0 25.1 — --—-  38.7 i8.6 4,54 4.11
19-yr survey Sep ---- 7.1 -~ 3.9 -— 2.2 - 24.1 26.2 -—--  42.1 38.9 4.92 4.55
10-yr suyrvey Mar —-—— 7.8 .= 4,6 -— ] —— 24,9 30.1 -— —-———— 444 35.2 -—=- 6.30 4.34
20-yr survey Sep --=~ 6.6 —-—— 3.4 -— . ———17.2 19.8 —— ---- 30,6 404 0 - 3.64 4,50




Appendix 6 (continued)

WHBC™ Neutrophils Lymphocgtes Plateletakx Hematocrit, R.BS
(x10-9) (x10~3y (x1073) (x107%) (x1076)
Yale Male Female fotal Kale Male Female Male Male Female
Fostexposure Day <5 >5 <5 =5 “5 »5 <10 ~10  All Ages Group <15 »15  All Ages <15 215 All Ages
(¢} Utirik Group (14 rads; 158 people)

& 9.4 8.2 4.7 4.2 4.9 3.2 - e —-— m—-- e e = = e —_—
14 10.0 8.6 4.1 3.2 5.1 2.9 —— - - et et - ———= e i
19 ——— —— — ——- —— - 38.9  28.1 35.6 ——— 39.9 - ——— ——— mme- -——
29 18.1 8.7 4.9 5.8 4.6 .2 34.5  25.6 31.7 ~—— 39.9  45.1 39.4 ———— e -——

3-yT survey 9.8 6.9 4.0 3.4 4.7 .9 32.6 26,9 30.0 ———— 35.6  41.0 35.9 —- mm—e —

9~yr survey -—~~= 7.6 --= 3.9 - -0 -=—-  33.6 38.9 —— 37.9  42.4 37.7 4,42 4.39 4.12
12-yr survey ———— 8.1 - 4.5 - .0 === == Eaiaind — 39.8 45.1 9.5 hatand ——— -
15-vr survey —— 7.5 --- 3.8 -—= 2 m=—— = -— —-— -——= 455 39.5 et —-—— -
18-19-yr survey ---- 8.1 -——- 4.6 -—- 5 ~—-- 246 33.6 —— —-—-=  hl.4 38.0 -——= 4,64 415

{(d) Unexpused Rongelap Controls

Majuro controls 13.2 9.7 4.8 4.8 7.4 4.1 41,2 25.8 36.5 33.4 9.8 46.0 39.9 —m—— e ———
Rita cont. 6-ma  1lG.7 7.6 5.4 5.2 4.7 3.7 35.0 27,3 30.9 30.4 -—-- - - m——— - ——--
Rita cont. 1-yr ——— eae ——— = —— e 37.5 24.5 29.4 27.6 —em— ~——e ———- e ——— -——-
Rita cont. 2=vr 1l4.0 8.9 . 4.4 5.6 .6 35.5 24.1 il.2 29.5 8.9 42.1 39.8 ——— e ——-
Rong. cont 3-yr 9.8 6.9 4.0 3.4 4.7 .9 32.6  16.9 30.0 -— 35.6  41.0 35.9 o—m- e -——
Rong. cont  4-yr 11.2 8.0 4. 3.6 &.2 .7 38.8 30.7 34.0 -—— 35.5 42.8 35.1 ——— ——— ———
Rong. coant  5-yr 13.7 10.1 6.2 5.2 6.2 .1 35.8  28.0 33.6 —— = —- 4.60 4.80 4.40
Rong. cont  7-yr ——~-- 7.4 .- 822 -—= .1 --~- 28.5 3l.4 37.2 444 37.0 4,52  4.68 4.12
Rong. cont B-yr -——- 7.7 -—— 4.2 -—= 9 4.8 34.5 38.3 44.1 35.0 4,60 4.90 4.47
Rong. vunt  9-yr  ~ee- 7.7 -—- 3.9 -~ .1 ---- 29.1 2.5 39.4  43.8 38.3 4.33  4.50 4.13
Rong. cont 10-yr ---- 9.1 -=~ 4.8 - .5 -~=~  35.4 37.9 37.4 0 a4l 38.3 ———— e -—
Rong. cont ll-yr  ---- 7.} ~-- 3.9 - .8 ---~ 4.1 28.3 39.6  64.4 37.¢6 4,65 4.71 4,14
Rong. cont 13-vr  ~e-e 7.3 --- 3.9 --— 2.7 ---~ 13.8 26.0 -— 39.8 4433 39.0 4,26 4.43 4.04
Rong. cont 15-vv - b.b - 3.l -—- .9 - 17.1 20.7 — - 46.7 39.9 ——- +.30 3.76
Roag. vont 17,

18-yr 7.5 —— 1.9 -—- .1 ———— 2l.6 26.6 ——— ———— 45.1 38.2 ——- 4.47 3.96
Rong. vont 19-vr ~em- T4 ——— k2 —— .7 -—— .6 21.6 ——— -~ 42,8 37.2 ——— 4.63 .22
Hong. cont 0 Sep

s Mar  ~--- 7.3 - &l --- A Rt 39 § 6.1 ——— - 42.3 36.6 ~—--  5.14 4,74
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Appendix 7

Pediatric Anthropometric Data (Height and Weighu), 1970-1974

1970 1971 1972 1973 1974
Subject Age at Ht Wt Ht Wi Ht Wt Ht Wt Ht Wi
No. & sex exposure cm Ib cm b cm lb cm b cm 1)
Rongelap exposed

83 M In wtero i6d5> 126 1645 128

8+ M "non 161.2

85 M "wow 158.8 99 1620 110

86 F " ow 96 150.4 Y4 150.4

M ly 167.6 1679 170

65 F Iy 2m 146.7 86 147.0 147.0
5M 1 4 146.0 146.4 98 151.0 109 151.0 110
3M 1 5 1540 1579 151 159.0 136 1595 122 1349.5
2M 1 + 167.6 124 167.6 134 128 167.6
6 M* 1 4 159.3 160.8 160.8

33F 17 160.5
8F* 1 8 15340

12 F 3 149.0 100 14494

21F 3 150.8

17F 3 4 132 159.0

23 M 3 3 171.0 156

32M 3 6 163.0 165.5 138

69 F 3 7 1585 150

Rongelap Date
unexposed of birth

805 F 2725 54 138.5 1585 142

811 F 2/14/34 147.6 480 1Y

812 F 27 /54 157.3 114 121

813 M 17 2 54 161.0

814 M 1/ 5/52 161.0 161.0

815 M 5/ 4,30 166.7

817 M 10/19/50 172.0

818 M 3/ 4/51 177.0

879 F 1 /54 130.5 150.5

909 F 3/11,/50 1444

911 F 3/ 8/33 146.5 148.0

912 M 6/ 1,33 163.0

925 F 3/ 4/30 149.4

926 F 2/26/51 158.7

9355 F 3/11/52 133.0

960 F 12/ 5/51

978 F 10/20/50 154.0

980 F 10/ 3/52 153.0

981 M 8/ 8/54 161.0

996 F 1/16/353 147.7

*Ailingnae.
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Appendix 3
Serum lodine Levels in Marshallese, 1958-1374

Kev: Plain numbers are T, values; arrow indicates change in Tq with TSH;
TSH = thyrold stimulating hormone; numbers in parentheses are PBI values;
5 tndicates surgery; TR indfcates beginning of hurmone treatment.
TR
Subject Age at
No. & sex wurposure Ulagnosis 1958-61 1962 1963 1964 1965 1966 1967 1968 1969 197¢ 1971 1972 1973 1974
Rangelap Exposed With Thyroid Leslons
83 M Io uteru Benign (8.1) (7.4) (0.6) 7.5 6,7 6.2+6.6
(20d trt) adenomas TsH 7.0 5
3N 1 Myxedeza (8.4) (7.2) (L.9 (1.4) (3.2) 5.% 2.0 3.3 (0.6) 5.9,4.1 6.7 8.9 2.7
1.3 1.6 3.1 12.5 TSH<2.5 TSH 12.5
TSH 81
5 M 1 Myzedenma (4.6) (2.5) (2.5} {(3.1) 1.8 1.8 1.6 (0.8) 1.3 2.5 0 3.6
(1.9) (2.1) 3. 1.6 TSH 79.0 TSH 376 TSH 1.7
2.9 TSH 163
33 F 1 Benign (7.1) (7.0) (6.2) 10.3 9.3 22.3 3. 7.6 10.1
adenomas (5.6) 5 TSH 6.8 TSH 32.0
7.3,5.01
9% M ) Benign (7.8) (8.3) (5.0) 7.8 7.5 (6.1} 9.6 6.5
adenomas 7.0 g TS5H 8.2
Died Nov 72
n5 ¥ 1 hen{pn (7.1) (6-7) (6.8) (7.0 {3.1) 3.7 (8.7) (7.9) 16,9 1.8 1.0 1.7
adenomas 3.1+7.6  (5.1) § 5. 9.0 TSH 215 TSH 143 TSH 118
6.6
2 M 2 Benign (6.0 (10.2 (7.9) (5.2) 7.8 {10.7) 10.5 12.0 14.9 15.3
adenomas (6.2) s 4.2 4,2 5.7 T5H<2.5
6.8
17T 3 Benlgn (1.1 (6.8) (2.3) (1.6) 2.3 4.2 9.6 7.8 6.3 23,2 15.1 13.8
adenomas <0.8 TS% 2.0 TSH<1
19 M 3 Benlgn (6.4) (5.6) {7.7) 5.4 10.1 (4.2) 9.1 15.4 3.6 6.3
adenonas (%.1) 3.3 S 6. TSH 3.4 TSH 32 TSH<l
21 F 3 Benign (7.4) (7.7} (8.1) {0.7) (1.3 2.6 1.3 8.5 (8.2) 16.9 12.6+14.3 19.9 12.8
adenomas 0.8 15, TSH 1.3 11.9 TSH 1.1
Al ¥ 3 Benign (8.8) (9.0) (5.0) 9.8 (14.1) 11.4 15.8 10.1 17.4
adenunas (6.5) 8 11.9 TSH<2.5 TSH-1
7.8,7.3
30 kY Benign (9.6) (10.3) 3.7 7.3 2.3 6.5 3.9 2.8 5.1 7.8
adenomas S 1.6 TSH B1.0 TSH 62 TSH 16
TSH 36.0
L] ¥ & Benign (12.2 (7.8) (8.7) (10.2 (7.1) (5.7 10.3 20.3 9.8 6.6 1.1
adenomas (2.8) {7.3) TSH<2.5 TSH 10
2.8
T ¥ b Carcinoma (3.2 (5.3 6.9 6.9 (0.6) 1.3,0.3 0 0.4
S 3.3 0.2 TSH 49  TSH 116
TSH~200
15 F 7 Benign (1.8 (6.4) 6.3 10.7 (9.5) (7.9) 8, 7.7 11.3 9.8
adenaomas 6.3 8 7.7 TSH 9.2 TsH<l
U 7 Benign (7.00 (5.5) (7.2} 8.0 2.8) 14.0 7.0 13.9 8.9
adenomas (6.1} § TSH 2.7 TSH«1
6.8
18 M 7 Benlign (10.6) (2.7 (4.1) (4.2) 4.2 4.2 4.2 4.6 4.9,4.7 10.0 2.5 1.3
adenomas (4.2) S (3.8) 5.0 TSH<2.5 TS® 59 TSH 15
7.0 TSH 24
61 F ] Benign (11.%) (11.5) (6.4) (8.3) (11.6) (3.9) 16.0 12.4 4.1 4.6
adenomas {7.5) s 6.2 6.3 TSH 2.8
7.3,8.0
5 F 12 Eenlgn (4.7) (4.5) (8.1) {10.0) 18.9 2.0 23.0
adenomas S 3.3 TSH 5.6
LY 14 Nodule {6.6) (6.8} (9.1} 11.9 6.5 5.6 7.4
0.5 em, TSH 1.35 TSH 2.7
1t. lobe
18 F 21 Carcinoma (11.7) 6.3 15.5 9.9 0.4 17.8 10.9
10.2 s (10.7) TSH 110 TSH<1
A 29 Benign 7.0 (10.3) 9.0 13,0 8.0 12.7 7.2 7.0 7.8
adenomas TSH<2.5 9.6 S TSH 2.6
64 F i0 Carcinoma (10.7) (12.0) (10.0) 3.3 3.3 2.9 {10.3) (7.0) 8.6 7.6 10.6 9.0+7.5
(7.5) s 6.8 12.4 TSH60; TSH 1.2
5.5 172
56 F b6 Benlign Died 62
adenomas
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Appendix 8 (continued)

TR
Sublect Age at
No. & sex  exposure Dlagnosls  1958-61 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
Rongelap Exposed Without Thyroid Lesions
a5 M lo utero 1.5 6. 5.6 7.8+11.4
“(tse crt) TSH<2.5 TSH 2.3
8n ¥ In utero (12.0) (9.2) (8.2) (7.1) (5.8) 10.6 12.5 9.1
{lst trd) 9.8 8.4 TSH 3.3
i M ) (10.8) (8.7 (4.6) 4.9 6.5 (6.2) 14.2 6.5 7.5
6.5 TSH<1
a7 M 8 (8.4) .9 7.2 10.7 17.4 7.4 13.0 8.4
TSH<2.5 TSH 7.0
] 1 (7.4) (4.4) (5.6) 5.0 .7 9.9 8.2 4.5 L4+7.0
5 TSH 2.9, TSH 3.3 TSH 4.7
]
M 12 Died 62
e F 13 20.2 9.3) 16.6 8.2 18.2 8.2+12.1
TSH 6.5 15.3 TSH 4.4
"o
150 13 (6.0) (4.6) (3.0) (5.5) 8.5 4.7 6.8 5.9+7.8
8.0 TSH 3.6 TSH 3.1
49 F 15 (6.6) 9.4 9.6 7.5 4.8
. TSH 3.1 TSH 2.1
4 F 16 (10.4) (4.9) 9.9 10.4 8.2
TSH 1.95:
7.2:16.3
2 F 17 (13.6) (9.3) 14.5 (6.7) (4.9) 11.7 10.2 24.4 3.5
1.52+6.0  18.5 TSH 2.7
38 F 17 (10.0) (11.9) (6.2) (10.4) 14.7 8.6 25.6 8.3+11.5
9.7 TSH 6.0  20.4 TSH 5.1
12 F 18 (6.6) (8.8) 18.4 (10.7) 13.4 9.0 7.4 6.5+8.7
TSH 4.8 TSH 4.4
73 0w 18 (8.4) (11.6)  Q11.9) 9.9 9.7 6.5 7.8+12.0
16.3 TSH<).0 TSH 2.3
i7ToM 20 (11.6) (5.3) (4.5) 5.2 5.2 15.3 4.6~6.6
TSH<2.5 TSH 2.6
a M 22 (6.8) 7.2 5.7 11.4 4.5%5.3
14 1.9 10.2 TSH 4.5
w4 2 (11.8) (9.5) (12.0) (8.3) (8.3) 9.3 16.6 8.9 9.2+12.8
(7.0) TSH<2.5 TSH<1
s 25 (10.8) 8.3 (7.1) 12,2 6.5 6.2 6.7
TSH 2.6 TSH 3.0
27 N 26 (11.0) (7.1) 6.7 (8.3) 11.9 18.2 15.6 7.5
9 TSH 1.4 TSH 2.7
77 M 16 {7.3) 1D.6 13.6 5.3
TSH 2.8
71 F 28 8.7 6.2 4.7) 5.2 3.3 4,2
TSH 11.6 TSH 7.0 TSH 10.3
b6 F 30 (8.0} (11.8) 14.0 21.8 10.7 7.0+9.4
TSH 3.5 TSH 3.1
70w 6 4.9 (1z.1) 10.1 8.9 7.1 4.7+5.3
TSH 2.3 TSH 2.1
6) F 36 (9.6) 10.9 10.7 18.0 8.2
TSH<2.5 TSH 6.3
It F 37 (5.1) 10.6 12.0 15.4 5.2+6.7
TSH 4.5
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Appendix 8 (contiaued)

TR
Subject Age at
Nu. & sex exposure Diagnosis 1958-61 1962 1963 1964 1965 1966 1967 1968 1969 1570 1971 1972 1973 1974
Rongelap Exposed Without Thyroid Lesions (continued)
[ 38 8.6) (5.7) 11.1 7.3 12.0 6.9+7.8
TSH 6.0 TSH 7.0
9 M 39 (8.4) 13.8 T8H 1.7
15 M 42 Died 56
68 M 44 7.5 9.4 7.0 (9.3) 16.9 14.2 10.5 8.9+10.4
TSH 1.2 TSH 6.0
Died 74
34 F 45 7.5 10.6 5.9 (10.4) 21.3 15.9 13.1 7.1+10.6
TSH 1.9 TSH 6.3
80 M 46 (8.2) 8.5 12.7 9.2 8.1+9.1
TSH 1.6 TSH 3.0
82 M 50 (8.6) (6.8) 12.7 11.2 9.4 5.8
TSH 1.4 TSH 3.8
1L M 50 (1@ 5> (11.06} (8.4) 15.7 6.1 10.8 12.1 6.8
TSH 1.7 TSH 3.9
52 F 56 Died 63
60 F 56 {10.8) (5.6) 9.0 TSH 6.4
Died 72
62 F 57 Died 59
13 F 58 5.5 6.3
5§ F 59 (8.6) (9.2) 9.9) 16.0 15.3 8.8 8.2
TSH<2.5 TSH 5.3
30 F 59 Died 62
38 M 69 Died 57
55 M 75 6.2 5.4
Died 66
46 M 76 Died 62
57 F 100 Died 63
Allingnae Exposed With Thyroid Lesions
8 F 1 Benign (9.0) {5.7) (5.4) 8.8 6.7 (5.7} 7.8+15.4 12,2 14.0
adenoma (?) 6.5 10.7 TSH 2.0 5 11.9 TSH<l
53 F 8 Mass 0.5 (8.2) (8.5) 5.2 (8.3) 14.0 7.4 9.4
cm, 1t. lobe 12.4 5.4 TSH<1
73, neg. 74
51 F 25 Benign 9.7 6.5 7.1 6.3 3.4
adenomas TSH 2.6 6,929,185
TsH 3.9
45 F 3z Benign (9.1) (8.4) 4.9 9.0 3.7 4.6
adenowas 5.58 TSH 1.7
TsH 4.9
41 M 44 Nodule lt. (6.7) (6.2) 5.5 5.6 4.5 6.0°9.4
lobe TER 2,7 TSH<5.0 TSH 4.4
59 F 44 Benign 9.8) (11.0) (8.6) (6.4) 9.6 11.6
adenomas (11.1) 7.3 8§ Died 68
8.6 8.1
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Appendix 8 (continued)

TR
Subject Age at
No. & sex exposure Dlagnosis 1953-61 1982 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
Ailingnae Exposed Without Thyrold Lesions
8 M 1Io utero (9.3) (6.2) (4.0) 9.6 6.7
2ud tri) 5.9 7.7
6 M 1 (10.7) (9.7) (7.9) 13.8 (5.0) 3.6 6.2 7.5 6.2 8.4+14.4 7.2 6.8+8.3
(8.7) 7.2+7.9 5.9 TSH 2.6 TSi{ 3.9
45 M 4 (10.2) (7.9) (4.7) 5.8
(6.7) 7.8 TSH 4,2
48 F 6 Hypertrophy (8.8) 7.8 9.6 (7.3 (7.8) 9.6 11.9 7.6 7.2+12.2
rt. 74 12.4 TsH 3.9 TSH 3.2
81 F 8 (7.0) 4.4 (5.7) 7.5 2.9 3.9 5.8+7.8
6. 5.4+12,4 TSH 7.5 TSH 1.5
TsSH 2,035.9
70 F 15 Neurofibroma a.n 6.7 7.0 (6.8) 8.0 8.3 4.7 7.9+11.8
neck TSH 2.8 TSH<5.0 TSH 1.5
KT | EH Dled S8
56 M 34 (3.2) (i0.1) 10.7
Dled 71
16 M 39 (5.0) 7.7 5.7 3.7 6.4+8.3
TSH 5.0 TSH 6.0 TSH 5.3
1 F S4 (12.0) (9.4) (6.6) 8.3 8.1 5.9 5.1
TSH 2.3 TSH 1.4
29 M 65 Died 66
43 F 67 Died 65
28 F 68 Died 65
TR TR
Utirik Exposed With Thyroid Leslons
2229 F 20 Carcinoma 2.5 5.9 5.5
(papillary) S TSH i0.8 TSH 1.4
"o13.7
2208 F 35 Benign 3.9
adenoma 6.2 8§
TSH<5.0
2212 F 35 Benign 9.3 3.7 4.4
adenoma TSH 3.1 6,3 5| TSH 9.8
2194 F 37 Lobular 8.4
gland
(normal?)
2258 M 47 Nodule Died 70
2182 F 52 Nodule 4.3 6.9
5.6
2221 F Sk Sm. nodule 4.4;5.2
rt. lobe T5H<5.0
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Appendix § (continued)

TR

Sub ject
No. & sex exposure Diagnosis 1958-61 1962 1963 1964 1965 1966 15967 1968 1969 1970 1971 1972 1973 1974 ’
Rongelap Unexposed With Thyroid Lestfons ’
938 F Benign (5.6) (3.9) 5.2 8.0
adenoma s
82% F Benign (8.6) (1.1 5.7 3.055.2 \
adenoma TSH 5.4 5TSH 1.9
d41 F Benign 9.6 12,
adenoma gf
845 M Possible 9.2
nodule
910 M Nodule 6.8
0.5 cm,
re.
912 M Firm area, 6.5
nodule
1007 M Sm. nodule, 5.0 6.5
1t. lobe
858 F Large goiter, Died 73
esoft, movable
838 F Nodule 0.5 cm, 8.9
1c. Died 73

- 115 -



Appendix 9

A. Urinary lodine Excretion

24=hr 24=hr
outpat 1, ug/ml 1, up/24 hr output 1, up/ml I, sgfdd he
7¢O 0.105 73 1380 0.090 124
700 0.133 93 1160 0.022 25
840 0.162 136 5330 0.129 68
740 0.145 107 849 0.112 94
840 0.104 87 800 0.333 2566
1190 0.121 144 580 0.275 160
1230 0.214 263 540 0.136 3
1050 0.207 217 680 0.097 66
780 0.305 238 620 0.069 a3
¥al26.7:74.5
B. Dietary lodine (Recommended intake: 50 to 75 upfdav)
Estivated 1
Sample Total wt., Total I, intake,
meal No. g Contents up/mesl wglfday
1 443 Breadiruit 60,9 152
Clam
Rice
Cocoanut
2 430 Breadfruit 35.4 88
Octopus
3 300 Clam 41.8 104
Pandanus
Cocoanut
4 255 Pandanus 20.7 52
QOctopus
Arrowroot
5 294 Pandanus 23.5 59
Octopus
Arrowroot
6 236 Pandanus 19.3 48
Qctopus
7 610 Pandanus 36.1 90
Arrowroot
%=34.0£14.7 84.7£36.6

- 116 -



appeadiz 9 (continued)

¢, ata on Principle Isotopes of ladine Contributing to Thyroid Dose

(From “lahalation of Hadioiedine froz Fallout:
Bazards and Counterseasures® by 2. Coleld?)

" eV felative fange ina sgi-bose
“max® abundatieo, £ eigsue, wm radius,* oo

ledine~131 Getas

0,246 2.2
0.312 10.6 1,000 150
0.606 6.4 2,100 30
0.807 0.8
jodine-132 Sctas
9.681 15 2,500 s
0.934 20 3,900 625
1.150 22 $,400 920
1.583 23 5,400 1,300
2.111 21 11,960 2,400
lodiac~133 Batas
0.49 7
1.34 913 6,500 1,200
fodine~134 Botas
0.87 5
1.55 65 §,100 1,460
2.65 25 15,800 3,300
3.51 5
fodina-135 Betas
0.40 35 1,300 195
1.00 40 4,300 690
1.43 25 7,300 1,360

*The 50%-dose radius is defined, for a point source im tissuc, as the distance
within which 50% of the dose, for that energy, is distributed,

kx5ince this isotope with 53-min half-life is iwportant only for about 6 hr, it
was not considered in the Marshallese thyroid dose calculations.
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Appendix 10

Nospital Records of Thvroid Cases, 1972-1974

Rongelap 75
HDSATAL Or THE MIDICAL RESEAKCH CENTER. - NANE
HOOKHAVIN NATIONAL LABORATORY
UPTON, NEW YORK 1973 08-42-33 R
Args Coda 516 YAphank 4-8262 {UNIT NO)
DISCHARGE SUMMARY
ABMITTED: 7 Novenmber 1972 DISCHARGED: 13 November 1972

This 29-year-old Marshallese lady was

admitted to this Hospital for evaluation
of thyroid nodularity and physical status for thyroid surgery,

RISTORY OF PRESENT ILLNESS: She was brought to this Hospital from

the Marshall Islands with another
Rongelap girl who also had thyroid nodularity. Both had been exposed to radio-
active fallout in 1954, They were accompanied by a Marshallese interpreter.
Thorough thyroid studies and cvaluation of her general physical status prior to
surgery were carried out,

Before the detection of her thyroid

abnormality in September 1972, the
thyroid cxaninations have alwiys been negative and she had always appeared euthyroid
with normal thyroxin levels, The patient was exposed to a whole body dose of
175 rads of garma radiation and the thyroid gland received an estimated dose of
500 rads, largcly from absorption of radioiodines in the fallcut,

Following her exposure to fallout, the
patient experienced slight nausea and

some itching and burning of the skin. She developed supericial beta burns over
pares 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 past history had
been generally negative except for the occurrence of virus pneumonia as a child.
Her growth and development had been normal and she has had six normal deliveries
and one miscarriage. Her FAMILY and SOCIAL HISTORY were noncontributory,

...... Tte patient is a well-developed and

well-nourished, alert and cooperative
individual. Except for thyroid findings, the physical examination was essentially
negacive. The thyroid examination revealed a 2-cm mass in the upper right lobe
which was non-tender and only moderately hard, The lower part of the right lobe
was cnlarged but the left lobe was barely palpable. No nodes were palpated
except for a small one in the posterior cervical chain,
LABORATORY & X-RAY DATA: Thyroid scan with 2°™Tc showed both
functioning and non-functioning nodules
in the right lobe of the gland. T4 level was normal (8.3 pg%) and showed good
increase after TSH stimulation, Before TSH administration (10 units) the 1231
uptake was 39.97% and after the administration of the hormone the uptake was 55,5%.
Thyroxin levels will be recorded later. BMR and cholesterol were normal, The
remainder of the Laboratory and X-Ray Workup was negative, except for the
presence of trichuris trichuria and ascaris lumbricoides in the stools.

-1-
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Rongelap 75
HOSPITAL OF THE MEDICAL RESEARCH CENIER, — -

(MAME}
BROOKHAVEN NATIONAL LAEORATORY
UPTON, NEW YORK 11973 08-42-33 R
Area Code 5156 YAphank 4-6262 UNIT- NG,
DISCHARGE SUMMARY
HOSPITAL COURSE: Her hospital course here was uneventful

and she was found to be in good condition
for surgery, Prior to discharge the patient was given 25 uCi 1311 to ensure
complete removal of thyroid tissue in case complete thyroidectomy was indicated
in the eventuality of malignancy, She was discharged 13 November and transferred
to Cleveland Metropolitan General Hospital,

At the above hospital on 14 November 1972
thyroid surgery was performed by Dr,
Brown Dobyns. Grossly both lobes of the gland were found to be multincdular.
The right lobe exhibited a 1,5 « 2 cm. nodule in the upper part of the lobe and a
smaller nodule in the lower part, The left lobe was filled with smaller ntiules,
Both lobes were removed and a small nodule was excised from the isthmus and the
remainder of the isthmus was left intact. Microscopic examination revealed num-
erous benign, adenomatous nodules with prominent microfollicular areas in both
lobes, Recovery from surgery was uneventful and the wourd was healing nicely
when she was discharged for return to the Marshall Islands on 19 November 1972,
Details of her hospitalization in Cleveland, including surgical and pathological
reports, are attached.

FINAL DIAGNOSIS: Benign adenomatous nodules of the

thyroid gland.

DISCHARGE MEDICATION: The patient was advised te continue
taking her thyroxin medication
(Synthroid) rigorously, A copy of the Hospital Summary and advice about post~-
surgical treatment as well as treatment of her intestinal parasites is being
forwarded to the practitioner at the Majuro Hospital in the Marshall Islands,.
The patient will also be carefully followed up on subsequent medical surveys,

/f/u’vf‘- ? K-p S

Robert A, Conard, M,D.

cfh
Received: 12/21/72
Typed: 12/21/72
Poge 2 of 2
BNL 720A
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Rungelap 8
HOS7ITAL OF THL AIZICAL RUIAZEM CINUR m—— L
SIDTEHAVIN NATIONAL LASCRATORY
UMGH, KIW Y338 199 08-42-34 R ]
Mswa Code §15 VApharh 424142 e BT YY)

QISCHARGE SUMMARY
APMITIED: 7 November 1972 DISCHARGED: 13 November 1972
ploa 0L

Thi s 19-yoar-old Havshallese givl was
admitted to cthis Hospital fer evaluntion
of thyroid nodularity and phystcal conditfon prior te thyroid surgery.

MEDICAL HISTORY: Examination in duptember revealed

— nodulavicy in the right upper lobe of the
thyroild gland, Onc nodule was fairly fiem ar® about 1 cm. in diameter and che
other was smaller and sofr fn consistency. No lymph nedes were palpated, and the
paticnt appeared to be euthyroid. Previcus exams over tho past 18 ycars have not
revealed any thyrold abnormalitics and she has always appeared cuthyrold with
thyroxin levels in the normal range, During the September 1972 cxamination she

was noted to be anemic, cause unknown.

She was 17 montls of age at the time
of exposure to faliout and received
an estimated whole-body dose of 69 rads of gamma radiation and a thyroid dose of
about 500 vads, largely Erom absorption of radioiodines in the food and water
consumed, This is the first case of thyrold nodularity in children of this
lower Rengelap exposure group (Ailingnae group),

Imnediate effects of fallour werc few:

development of mild superficial beta
burns of the skin and sli.nt epilation which healed within a few wezks, with normal
regrowth of hair; development of mild platelet depression and leukopenia which
returned to normal levels by one year, Since 1954 she has been in good health
with no significant illnesses or injuries and her growth and development have
been normal, Another sister, who was also exposed to fallout, developed benign
thyroid adenomatous nodules which were removed surgically several yesrs ago.

PHYSICAL EXAMINATION: This slender girl is well-developed

and well-nourished, The thytoid
examination revealed the upper part of the right lobe ta be irregular with a
soft, l.5-cm. nodule in the upper part. The left lobe was barely palpable. Mo
cervical nodes were palpated and she appeared to be euthyroid., The remainder
of the Physical Examination was essentially negative except for a small
papilloma in the perineum.

LABORATORY & X-RAY DATA: Thyroid scans using *°™c showed

nodularity with reduced function in
the upper right lobe. T4 level was normal (9.3 ug®) and showed good increase
after TSH stimulation, Tie 123I uptake was slightly elcvated and the respanse
to TSH was fair, The laboratory and X-ray data were otherwise normal except for
the presence of Trichuris Trichuria in the stools,

-1-
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Rongelap 8
HOSPIAL Of THE MIDICAL RESTARSH CINIR. FTYTy)
[ m\lxor.m. uicsu\mav
VFIOH. NEW Y0R8 1323 08-42-34 R
Arey-Code 515 YAphank -4-4252 ONIT 80
DISCHARGE SUMMARY
HOSPITAL COURSE: Her Hospital coursc was uneventful and

it was gtatifying thlt: in viw of
the anemia noted in Scptember, her blood picture was now within namnl linits and
no contraindications to surgery wera noted, The patient was given 25 uCi 1311
prior to discharge to ensure complete removal of thyroid tissue at surgery in the
cventuality of malignancy. She was discharged on 13 November 1972 and transferred
to Cleveland Metropolitan “suecral Hospital.

At Cleveland Merropolitan General
on l4 November 1972, surgery was
performed ty Dr. Brown Dobyns. At surgery the right lobe of the thyroid was
quite nodular with one  firm black nodule about 2 cm in diameter in the superior
pole, and smaller ones in the remainder of the lobe, The left lobe appeared
relatively normal, Complete vight lobectomy was performed and a thorough search
revealed no lymph nodes in the vicinity of the thyroid gland on eiiher side,
Hicroscoplc cxaminatior of the excised tissues revealed small area of papillary
carcinoma®. The remainder of the lobe exhibited multiple benign adencmatous lesions.
Recovery from surgery was uneventful with no complications. By 19 November 1972, the
wouind was healing nicely and the patient was discharged to return to the Marshall
Islands with the interpreter and the other thyroid patient. A summary of her
Hospitalization, including surgical and pathological reports, at the Cleveland
Metropolitan General Hospital is attached,

HAL DIAGNOSIS: ?Papillary carcinoma of the thyroid.
DISCAARGE MEDICATION: The patient was placed on thyroxin medica-
tion (Synthroid) 2.1 mg weekly.

Follow-up advice and treatment instructions are being forwarded to the practitioner
in charge of her case at the Majuro Hospital in the Marshall Islands, Careful
follow-up exams will be carried out on this girl at the time of our anmual

medical exams and at six month intervals, She will also have periodic exams

at a hospital for thorough thyroid studies to rule out extension of her disease,

*
Further pathological review of the sections is in progress.

,'W < /awﬂj\

Robert A, Conard, M,D,

Received: 12/20/72
Typed: 12/21/72

cfh Page 2 of 2

QC- Dp comvardon '/’/73
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Rongelap 40
HOSPITAL OF THE MEDICAL RESEARCH CENTIR. AN
BROOKHAVEN NATIONAL LARCRATORY
UPTON, NEW YORK 11973 08=45-42R
Abb Codw S1& YAphink 4-8262 =Nt NO)
DISCHARGE SUMMARY
ARMETIED: June 2, 1973 DISCHARGED: June 10, 1973

This 48~year old Marshallese man
who hied been exposed to radioactive
fallout in 1954 was admicted for cvaluation of thyroid nodularity and physical status
for possible thyroid surgery.

HISIORY: A small nodule in the right lobe of the

) thyroid was first detected in 1965. He,
aleng with other people of Rongelap who had been exposed to radiation had been placed on
L-thyroxin treatment and the nodule disappeared on thiz treatment. However,during the
recent examinations in March, he was again dls—overed to have a hardenecd arca in the
right lobe with indiscinct boundaries. No ~ smphadenopathy was noted. He has always
appedred euthyroid aad his thyroxin level. have generally been in the normal range, with
only one reading slightly slow.

tie was expoged to 175 rad of gamma
radiation from accidential fallout of 1954
and his thyroid gland probably received about 330 rads partly from radioactive iodines

absorbed. He had early acute effects with hemological depression and mild "beta" burns
of the skin which he recevered from within a year. Examinations over the past 19 years
have revealed only a few findings: The histcry of yaws in childhoad, measles, occasion=
ally bronchitis, one possible attack of pneumonia, a fistula-in-ano which was surgically
corrected. He has remained in very good health and is a hard worker and leader of his
people. He was magistrate of the village at the time of the fallout. Wis wife was
operated for cancer of the thyroid, three sons for benign thyrcid lesions, and 1 son
died at 19 years of age with acute leukemia (possible from radiation exposure).

JTHYSICAL EXAMINATION: This well developed, muscular, alert man

appeared quite healthy and euthv.oid., The
thyroid findings noted were the same as were reported above for the March examination.
The only other findings were bilateral pi¢rs...c , missing teeth and gingivitis.

 LABORATORY AND X-RAY DATA: Thyroid scans showed no distinct nodularity
but slightly increased slze of the right

lobe. Radicactive iodine uptake was normal and response to TSH stimulation was fair.

T~4 levels are not reported yet. Serum was nonreactive for antithyroid globulin anti-

bodies. Chest X~Ray was normal. Hemogram was normal. Syphilis serology was reactive

(titer of 4) but this low level was not considered significant in view of his history

of having had the yaws. Tests of kidney function and liver function were normal. Elec-

trolytes normal, EKG normal, proteins normal, electrolytes and lipids normal. Stools
were positive for whipworm.

HOSPITAL COURSE: During the 8 days of his hospital stay,
the patient was a symptomatic until

the Sth day when following TSH injection (given the previous day) he developed an

acute thyroiditis with low grade fever, nausea, anorexia and slight neutrophilia. Scan

showed some enlargement of the gland.. The thyroiditis reduced rapidly and at the

BNL 720A
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Rongelap 40

HOSPITAL OF THE MIDICAL RESEARCH CENIER.

A AME)
MIODKHAVEN NATIONAL LAGORATORY m ’
UPION, HEW YORK 11971 08~45-42R
Arsk Code 518 YAphank 4-8262 UNIT NOJ

DISCHARGE SUMMARY

«2n
HQSPLITAL COURSE CONTLIUED:

time of discharge on June 10th, he was symptom free and his thyroid of normal size. The
cause of this episade is unclear.

AT the Metropolitan General

Hospital thyroid surgery was performed by
Dr. Brown Dobyns. 25 microcuries of 131 iodine were glven orally the day before for
autoradiographic studies of removed thyroid tissues. In surgery a firm area was noted
at the junction of the right lobe and isthmus which contained several swmall nodules and
also several areas of nodularity were noted in isthmus. The lower part of the isthmus
and part of the right lobe were removed., The pathologist reported the lesions benign
with varying degrees of hyperthrophy, hyperplasia and fibrosis. The patient withstood
the surgery well and his convalescence was uneventful. He was discharged on June 18th
to return to the Marshall Islands., Copies of the Hospital Summary and Pathological
Reports from Cleveland incorperated with the BNL records.

DIAGNOSIS: Thyroid lobular hyperplasia and hypertrophy
with slight fibrosis.

S CATION: Continued treatment with L~thyroxin (3 MG~
day) is recommended since he is part of

the more heavily exposed Rongelap group, all of whom have been placed on such treatment
since 1965.

~ - . S
Hodo:? &7 Lovmern ~ -

Robert A. Conard, M.D.
Received: 6-28-73
Typed: 6=-29-73
er
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Rongelap 45
HOSPITAL OF THE MEDICAL RESEARCH CENTER. AR
BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW YORK 11973 8-45=41R
Aied Code 516 YAphank 4-6262 ORIT NO)
DISCHARGE SUMMARY
ADMITTED: June 2, 1973 DISCHARGED: June 10, 1973

This 51-year-old Marshallese woman was
brought to this Hospital for study of
possible thyroid nodularity and evaluation of physical status for thyroid surgery.

MEDICAL HISTORY: The examinatioa in March revealed a

suspicious area of firmness about 2.5
centimeters in diameter in the region of the lower right thyroid pole. There was
uncertainty as to whether it was in the thyroid gland, but because of her radiation
history it was thought surgical exploration was indicated, There was no lymph-
adenopathy and ghe appeared euthyroid.

She was exposed to fallout radiation in

1954, receiving about 69 rads whole-body
gamma radiation and about 134 rads to her thyroid gland from absorption of radio-
iodines from the fallout. She had mild radiation effects with slight tramsient
hematological depression and superficial beta burns to the skin. She recovered from
these effects within the year and in subsequent years only minor medical findings
were noted. Among these were pleural thickening of the right hemidiaphragm, chronic
endocervicitis, gonorrhea, pingueculae (left} and partial prolapses of the vaginal
wall. She has always appeatred euthyroid and several thyroxin levels were in the
normal range, though the March level was somewhat low.

PHYSICAL EXAMINATION: This lady was well-nourished and somewhat

overweight. The thyroid examination
revealed an area of firmmess as described above, in the lower right thyroid region
near the clavicle. Again, it was uncertzin as to whether this was actually thyroid
tissue being palpated. The patient appeared euthyrvid and no lymphadenopathy was
noted, The physical examination was otherwise generally negative except for slight
cardiac enlargement and eye findings noted above.

LABORATORY AND X-RAY DATA: The thyroid scans showed no evidence of

thyroid nodularity and the thyroid gland
appeared normal. The RAY uptake was normal and the response to TSH stimulation was
good. Her chest x-ray showed slight cardiac enlargement and some tenting of the
diaphragm on the right from scarring, probably due to an old inflammatory disease.
The hemogram was normal except for a high sedimentation rate (which is frequently
seen in the Marshallese, particularly the women). The blood chemistry findings
were generally normal.

HOSPITAL COURSE: During her 8-day stay here, she remained

generally asymptomatic except for slight
pain iun the right shoulder at night relieved by aspirin, and nasal congestion rn
several occasions which was relieved by nose drops. She was discharged
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Rongelap 45

HOSPITAL OF THE MEDICAL RESEARCH CENTER,

(NAME}
BROOKHAVEN NATIONAL LASORATORY _
UPTON, NEW YORK 11973 §-45-41R
Arsa Coda 516 YAphank 4-6262 NIT NO)

DISCHARGE SUMMARY

2
on June 10th, 1973 and transferred to the Cleveland Metropolitan General Hospital.

At the Cleveland Metropolitan General

Hospital, on Junme 12th, surgical exploration
of the thyroid and upper mediastinum was carvied out. No mass was found in the right
lower thyroid region and it was thought thai a somevhat thickened lower edge of the
sternocleidomastoid muscle may have been deceiving. However, a small cyst was
discovered in the lower left pole of the gland which proved to be a degenerating
cystic adenoma. Convalescence was qui'.e uneventful., A summary of the hospitaliza~
tion including surgical and pathological reports at Cleveland is included in her
BNL record.

FINAL DIAGNOSIS: Adenoma with cystic degeneration.
DISCHARGE MEDICATION: On the basis of her thyroid status,

thyroxin treatment is not indicated.
However, a decision is pending as to whether to give thyroxin supplemental treat-
ment in this group of islanders who received a smaller dose of radiation. She
will have periodic follow-up examinations including determination of serum thyroxin
levels at six-month intervals.

S ' .
. /nﬂ-ﬂ-,‘?‘(., /z‘l-{.f:—p‘ —_—
Robert A, Conard, M.D,

RA:bwa
Dict: 6/27/73
Typed:6/28/73
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Utirik 2208

HOSPITAL OF THE MEDICAL RESEARCH CENTER, TARE
BROOKHAYEN NATIONAL LABORATORY
UPTON. NEW YCRK 11973 08-45-40R
Area Code 516 YAphank 4-6262 [UNIT NO)

DISCHARGE SUMMARY

ALHITTED: June 2, 1973 DISCHARGED: June 10, 1973

This 54 year old Marshallese woman who had

been exposed to a slight amount of fallout
in 1954 was brought to the United States and admitted to this hospital for evaluation
of thyroid nodularity and physical status for possible thyroid surgery.

BISTORY: Examination, this past March revealed 2

rather hard masses in the right lobe of
the thyroid. These had not been noted on previous examinations. No lymph nodes were
palpated and she has always appeared euthyroid. Her T-4 level ¢n™Mérch was 3.7 MenZ.

She was accidentally exnosed in 1954 to

about 14 rad of g@emma. radiation and an
estimated dose of 22 rads to the thyroid from fallout while she was living on Utirik
Island. She showed no affects to this slight exposure. Following her initial exam
ination she was not again examined until 1969 at which time she was found to have blood
pressure readings of 200-220/100-110 and a systolic murmer was noted. Also reported
was an umbilical hernia and a possible fibroid of the uterus. Her only complaints have
been headaches, chronic joint pains, particularly of the right arm.

ZHYSICAL EXAMINATION: This intelligent, alert, somewhat obese

Marshallese lady appeared to be healthy
and euthyroid. The thyroid findings were as described above for the March examination.
Other findings included inversion of the nipple of the right breast; enlargement of
the heart with a harsh systolic murmur, heard best over the aorta and PMI areas; blood
pressure 180/86 with no evidence of decompensation; EKG was within normal limits;
tenderness around the umbilicus though the hernia was net actually palpated; Pelvic
examination revealed 3 small areas of hyperplasia of the cervix.

LABCRATORY AND X-~RAY DATA: The thyroid scan showed a poorly function-
ing nodule in the lower half of the right

lobz. The radiocactive iodine uptake was normal and the response to TSH stimulation

was good. T-4 report is not yet in. Serum was non-reactive fer antithyroid globwlin

antibodies. X-Ray of the chest chowed moderate cardiomegaly and arteriosclercsis.

The lungs were clear. The hemogram was normal except for an ESR of 40 (high values

are noted in the Marshallese). Serology was negative. Serum proteins negative, and

electrolytes generally normal. Urine was negative and liver and kidney function tests
normal.

HOSPITAL COURSE: During bor 8-day hospital stay, she

remained generally a_asymptomatic except
for some pain and stiffness in her right arm which was relieved with aspirin. Her
appetite was good and she was completely ambulatory. Her blood pressure remained
normal after the slight elevatior noted on admission. She was discharged on June 10th
for travel :. Cleveland.
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Utirik 2208
HOSPITAL OF THE MEDICAL RESEARCH CENTER, (RAME)
BROOKHAVEN NATIONAL LABORATORY
URTGIN, NEW YORK 11923 08=45-40R
Area Coda 516 YAphank 4-6262 [UNIT NO.)
DISCHARGE SUMMARY
~2e
HOSPITAL COURSE CONTINUED: At the Cleveland Metropolitan General
H°5Pi§fl’ surgery was performed by Dr.
Brown Dobyns. One day, prior to surgery 25 a Ci I was gilven orally in order to

do autoradiographic studies of removed thyroid tissues. Surgical explération revealed

a single mass in the mid-right lobe which was removed along with a part of the right
lobe. The pathological diagnosis was thyroid adenoma with degeneration. The tumor

was "cool" based on radiation counting. The patient withstcod the surgery well and
convalescence was uneventful. She was discharged to travel back to the Marshall Islands

on June 18th. The Hospital Summary and Pathological Reports from the Cleveland Hospital
are incorporated in these records.

JEINAL _DIAGNOSIS: Degenerative cystic thyw@édadenoma,

D D ONS AND 0 A S: In view of the fact that the patient had

adequate thyroid function and so little of
the thyroid was removed at surgery, no supplementary thyroxin treatment was prescribed.
The patient was advised to have the lesons of her cervix checked at intervals. We will
carry out regular followup examinations on this case.

R

.y ,;{‘,,,7 & é}ﬂ-;d'r'&
Robert A. Gonard, M.D.

Received: June 29, 1973
Typed: July 2, 1973
er
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Utirik 2212

HOSMTAL OF THE MEDICAL RESEARCH CENTER, NS
BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW YORK 11973 8-45-38R
Area Code 516 YAphank 46262 UNIT O]

DISCHARGE SUMMARY

ADMITTED:  June 2, 1973 DISCHARGED: Jume 10, 1973

This 54-year-old Marshallese woman, who

had a slight exposure to fallout radiation
in the Marshall Islands in 1954,was admitted here for studies of thyroid nodularity
and evaluation of physical status for thyroid surgery.

MEDICAL HISTORY: In 1966, a small 0.5 cm nodule wus found
in the right lobe of the thyroid., Subse-
quent examinations showed an increase in the number of nodules of the gland,and in
March of this year three distinct nodules were palpated, two im the left lobe and
1 near the isthmus, the largest being about 2 cm in the lower part of the left lobe.
The nodules were slightly tender to palpation. No lymphadenopathy was noted. She
noticed the "ilumps" on swallowing. She appeared euthyroid though her T-4 level in
March was slightly low (3.7 ug%).

She was exposed tv 14 rads of gamma

radiation and about 22 rads to her thyroid
gland in 1954 from fallout exposure. No eifects from this exposure have been dis-
cernible. Examinations over the 19 years since the exposure have revealed the
following: occasional cough, frequent worms in stools, joint pains with arthritic
changes, tonsillar hypertrophy, multiple lipomata.

FAMILY AND SOCIAL HISTORY: Non-contributory.
PHYSICAL EXAMINATION: Positive findings on physical examinations

included: slight obesity, multiple
lipomata (asymptomatic), reduced hearing left ear and BP generally normal, but
slightly elevated at times; slight cardiomegaly with no evidence of decompensation.
Her thyroid findings have not changed since those outlined above for the March ex-
amination. She appears euthyroid.

LABORATORY AND X-RAY DATA: Thyroid scan shows a large non-functioning
nodule in the lower left lobe. Radioactive
iodine uptake and respomse to TSH stimulation were adequate, T-4 level is not
available yet. Her Serum was non-reactive for antithyroid globulin antibodies.
Chest x-ray showed cardiomegaly but the lungs were clear. EKG showed incomplete
bundle branch block which was not considered significant. The hemogram showed
slight lymphocytosis (46%) and eosinmophilia (14%) and increased ESR to 28.. She was
found to be diabetic with FBS of 262 mg% and spillage of sugar im the urize. Her
kidney function was somewhat reduced with BUN of 27 g%, urine albumin 50 mg%,
creatinine clearance 40.5%, urea clearance 30 mg%Z. The AG ratio was 1.13 (not
vnusual in the Marshallese), cholesterol 264 mg%, rriglycerides 148 mg%, electrolytes
and liver test gemerally normal, The syphilis serology was reactive (titer of 2)
but was not considered significant in view of past history of yaws Iin So many of
these people. Her stools were positive for trichuris trichura.

HOSPITAL COURSE: She remained generally asymptomatic during

her 8-day hospital stay here except for a
slight cough and non-specific muscle pains at times. With the finding of diabetes,

she was placed om a 1400 calorie (ADA) diet. Since she continued to spill some sugar
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Utirik 2212

HOSPITAL OF THE MEDICAL RESEARCH CENTER,

{NAME)
BROOKHAVEN NATIONAL LABORATORY
URTON, NEW YORK 11973 8-45-38R
Atea Cade 516 YAphank 4-6262 UNIT NQ))

DISCHARGE SUMMARY

-2-

in the urine, she was placed on 15 units NPH Insulin daily which controlled her
diabetes. With the diabetes controlled, the slightly impaired kidney function was
not considered serious enough to preclude surgery and she was discharged June 10th
Eor rvansfer to Cleveland.

At Cleveland Metropolitan General Hospital,
thyroid surgery was performed by Dr.

Brown Dobyns. The day before surgery she was given 25 WCi I in order to do
autoradiographic studies on the removed thyroid tissues., At surgery, a left
lobectomy was performed removing several cystic nodules from that lobe. A diagnosis
of Hurthle cell adenomata on frozen section prompted the complete removal of that
lobe. A further adenoma was removed from the isthmus and several tiny nodules were
removed from the right lobe. The patient withstood surgery well and her convalescence
was uneventful. She was continued on insulin and dietary treatment.

FINAL DIAGNOSIS : Mixed follicular cell and Hurthle cell
adenomata of the thyroid.

Borderline hypertension with slightly
reduced kidney function.
2,

DISCHARGE MEDICATION: Under normal circumstances with a left

thyroid lobectomy and subtotal on the
right, somewhat depressed metabolism might be expected and 0.1 to 0.2 mg of L-
thyroxin would be given daily. However, since this lady is uvlder, has diabetes and
a tendency to hypertension, it was deemed advisable to observe her for a few months
before making the final decision on treatment, She was advised to attend the diabetic
clinic at the Majuro hospital and maintain her diet. The practitioner accompanying
the patients was advised to continue the insulin therapy. If the patient later was
moved back to her isolated home at Utirik Island, the treatment would have to be

re-evaluated. . .
ST & Conpen e

obert A. Conard, M.D.

RAC:bwa
Dicts: 6/27/73
Typed:6/29/73
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Utirik 2221
HOSPT/L QF THE MEDICAL RESEARCH CENTER. AND!
L OOKHAVEN NATIONAL LARORATORY
UPTON. NEW YORK 11973 8-45-31R e
Arga Code 516 YAphank 4-6262 UNIT NO)

DISCHARGE SUMMARY
ADMITTED: June 2, 1973 DISCHARGED: June 10, 1973
MEDICAL HISTORY: This 7l-year-old Marshallese woman was

found to have a small thyroid nodule
at the time of the vegular annual examination of the Marshallese exposed to radio-
active fallout this past March. The nodule was pea-sizec, freely movable, and in
the midportion of the right lobe. There was no lymphadenopathy noted. She was
brought to the U.S. and admitted to this Hospital for thyroid studies and evaluation
for thyroid surgery. Her previous thyroid history had been nczative and she had
alwavs appeared euthyrcid with low-to-norwal thyroxin levels. Because of her
radiation exposure, surgical expluratiun was deemed advisable.

She was exposed on Utirik Island in 1954

to about 14 rads of gamma radiation from
fallout with a thyroid dose of about 22 rads (partly from radiciodine absorption).
She showed no effects of the slight exposure, and the principal medical findings
over the 19-year period since exposure have conccrued the development of essenmtial
hypertension with possibly slight kidney involvement, Complaints have largely
centered around arthritic pains and stiffrmess of the knees and legs and the develop~
ment of poor vision.

FAMILY AND SOCIAL HISTORY: Irrelevant.
PHYSICAL EXAMINATION: This slender, elderly, alert lady appeared

healthy, euthyroid, and well-preserved for
her age. The thyroid findings were as described above and during thi March exam-
ination. Other findings included an early cataract formation of the left eye and
the preserce of hypertension (BP 200/96), and a moderately laws$ systolic murmur.
The heart was not thought to be enlarged and there was no evidence of cardiac de=-
compensation. Pain and stiffness on moving the knees and legs may have been
associated with arthritic changes.

LABORATORY AND X-RAY DATA: The thyroid scan showed a "cold" nodule

at the lateral border of the right lobe.
Radioactive iodine uptake was low-normal, and TSH administration showed reduced
thyroid reserve. Her serum was non-reactive to antithyroid globulin antibodies.
Chest x-ray showed cardiomegaly and aortic sclerosis; slight increase in density
near the cardiac apex "probably due to old inflammatory disease”, and a slight
deviation of the trachea. X-ray of the knees was negative. EKG was within normal
limits. The hemogram was normal except for 8% eosinophils and an ESR of 38.
Aldosterone level was normal. Some kidney dysfunction was evidenced by BUN of 27,
urine albumin 50 wgk with 8-12 RBC/HPF, urea clearance 557 and creatinipe clearance
39%. Other clinical chemistry tests were generally negative, including tests for
liver function, electrolytes, lipids, and serum pruteins. Stools were positive
for ascaris lumbricoides and trichuris trichura. Syphilis serology was slightly
positive (titer of 2) but this i-w level is not considered significant, particularly
in view of possible yaws in the past which was prevalent in these people.
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Ueirik 2221
HOSPITAL OF THE MEDICAL RESEARCH CENTER, (NAME
SRODKHAVEN NATIONAL LABQRATORY
UPTGH. NEW YORK 11923 845-37R
Aten Cody S16 YAphank 4~6262 T WHIT ND
DISCHARGE SUMMARY
2~
HOSPITAL COURSE: Her B-day stay at this Hospital was un-

eventful and she remained generally
asymptomatic except for a few non-specific muscle pains. Her cardiovascular/renal
disease was not considered sufficiently advanced to preclude surgery and she was
discharged June 10th,1973, and taken to Cleveland. Just prior to discharge, she
was given 25 uCi of 1317 to cnsure complete removal of the thyroid at surgery
and for study of activity of thyroid tissues removed.

At the Cleveland Metropolitan General
Hospital, Dr. Brown Dobyns performed

thyroid surgery on June lith. A 1.3 cm nodule was removed from the righat lobe
and a right lobectomy was performed. The pathulogical diagnosis was ''thyroid
adenomatg"”,She withstood surgery well, with no complications. Post-operative
convalescence was uneventful and she was discharged Jupe 18th for return to the
Marshall Islands. The hospital summary and pathclogical reports from the
Cleveland Hospital are inserted in her BNL record.

FINAL DIAGNOSIS: Thyroid adenomata.
Hypertension.

Reduced kidney function, secondary to
hypertension.
DISCHARGE MEDICATION: In view of her low thyrcid reserve and

right lobectomy performed, supplementary
thyroxin treatment was considered but, in view of her hypertension and age, it

was considered better tc observe her and see if supplemental therapy was necessary.

She will, therefore, be observed at regular intervals on her return home to check
on her thyroid status.

‘(/,,4:.}7/1- énﬂx«,&ﬂ' —_—
Robert A. Conard, M.D.
RAC /bwa

Dicts 6/27/73
Typed:6/28/73
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Rongelap unexposed 829
{NAME)

HOSPITAL OF THE MEDICAL RESEARCH CENTER,
BROCKHAVEN NATIONAL LABORATORY
UPTON, NEW YORK 11973 08=45=39R

Arsa Coda 518 YAphank 4-6262 (UNIT NOJ
DISCHARGE SUMMARY

ADMITTED: 6/2/73 DISCHARGED: 6/10/73

During the Merch medical survey in the

Marshall Islands, this 36 year-old
Marshallese woman who is part of the comparison population unexposed to fallout was
found to have a thyroid nodule and was brought to the United States and admitted to
this hospital for thyroid studies and evaluation of physical staius for possible thyroid
surgery.

s sd
MEDICAL HISIORY During the March examination aznodule,

a discrete spherical mass was aetected
which was moderately firm, movable and slightly tender to palpation. No lymphadeno-
pathy was noted. She appeared euthyroid and previous examinatiorns showed no evidence
of thyroid abnormalities,

Along with the population exposed to
fallout she has been examined as part of
the 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 miscarriage, cervical erosion and occasional fungus infections of
the skin. Her FAMILY and SOCIAL HISTORY are non-contributory.

PHYSICAL EXAMINATION: This slender, well nourished Marshallese
lady appeared alert and euthyroid. The
thyroid findings were the same as those reported above during the March examination,
The remainder of the physical examination was essentially negative except for slight
abdominal tenderness and discomfort which she experiences prior to menstruation.

LABORATORY AND X-RAY DATA: Thyroid scans showed a 2 cm, poorly
functioning nodule in the lower left lobe

of the gland, Radioactive iodine uptake was normal and response to TSH stimulation

was good. Serum was nonreactive for antithyroid globulin antibodies. Tests X-Ray

and EXG were normal. The hemogram showed slight lymphocytosis and an elevation of

the ESR to 38 (which is not unusual in the Marshallese.) In view of her previous

anemia it was interesting that her fe and TIBC were within normal limits. Tests for

liver and kidney function, electrolytes and lipids were normal. Serum proteins were

somewhat high (9G) but the electrophretic pattern was not unusual for the Marshallese

(high gamma globulin levels). The stools were negative for ova and parasites.

HOSPITAL COURSE.: During Fhe early part of her 8-day stay,
here, she had premenstrual abdominal
discomfort and anorexia. With onset of menstruation these symptoms disappeared and
she remained a symptomatic for the rest of her hospital stay here. Just prior to
discharge on June 10th, for travel to Cleveland for surgery she was given 25 m Ci 1313

orally in order to carry out autoradiographic procedures on thyroid tissues to be
remcved at surgery.
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Rongelap unexposed 829

HOSPITAL OF THE MEDICAL RESEARCH CENTER, AN
BROOKHAVEN NATIONAL LABGRATORY
URTON, NEW YORK 11973 08-45-39R
Arsa Code 516 YAphank 4~6262

(UNIT NO.}
DISCHARGE SUMMARY

~2e
HOSP, COURSE CONT. Dz Thyroid surgery was carried out June llth
at the Cleveland Metropolitan General
Hospital by Dr. Brown Dobyns. A discrete 2 cm diameter mass was found in the left lobe
and removed along with subtotal lobectomy. The remainder of the thyroid appeared to

be normal and no lymph nodes were noted. A pathological diagnosis was PAPILLARY CYSTIC
fdenoma and 2 small thyroid adenomiifawere also found. She withstood the operation well
and her convalescence was uneventful. She was discharged June 18:h and returned to

the Marshall Islands. Copies of the Hospital Summary and Pathological Reports from

the Cleveland Hospital are included in our records.

FINAL DIAGNOSIS: Papillary cystic adenoma and thyroid
adenomata.
DISCHARGE MEDICATION: Since thyroid function was good in this

patient and so little thyroid tissue
removed at surgery no supplemental thyroxin or other treatment was prescribed. 8he will
be followed in subsequent examinations in the Marshall Island.

) 7 -
K [(—Ah?(‘ﬂ 4-\.-:;9 pla‘z—’—
Robert A. Conard, M.D.
Received: June 29, 1973

Typed; July 2, 1973
er
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Rongelap 83
HOSPITAL OF THE MEDICAL RESEARCM CENIER, NAME)
BROOKHAVEN NATIONAL LARORATORY
UFTON, NEW YORK 1973 08-50-54 R
Ates Coda 516 VAphank 4-4262 [UNIT NO.)
OISCHARGE SUMMARY
CIRC 63
ADMITTED: 27 May 1974 DISCHARGED: 3 June 1974

This 20-year-old Marshallese boy was
admitted for thyroid studies and
consideration for possible surgery in Cleveland.

MEDICAL HISTORY: In September 1973, a smali nodule was
noted in the left lobe of the thyroid,
During the receat March 1974 survey, an additirnal slight enlargement of the
right lobe was palpated, He has always appeared euthyroid and the T4 levels
have been within normal limits, This boy was one of 4 Rongelap children
exposed in utero. He was exposed near the end of the second trimester to 175
rads whole body gamm radiation from acrcidental fallout, and the thyroid also
received an indeterminate dose frum radioiodines iythich had been abaorbed by
the mother, Whern tirst seen, 2 months after birth, the only possible indication
of radiation exposure was a transitory depression of iiis blood platelets, He
has been examined regularly by our medical team and no serious findings have
been noted, He has had the usual childhood infections, and on one occasion

he had a brief hospitalization for acute URI. His growth and development have
been normal,

PHYSICAL EXAM ON ADMISSION: This Marshallese boy is well-developed

and well-nourished, We appears
euthyroid. Physical exam is generally negative except for the thyroid findings,
A small, 2 mm, freely moveable nodule was noted in the left lobe and a bumpy

irregularity in the upper right lobe. No tenderness of the gland or iymph-
adenopathy was noted.

LABORATORY & X-RAY DATA: Thyroid scans showed a discrete area

123 of decreased radicactivity in the
middle portion of the left lobe, I uptake was 24,67, T4 level was 6.7 pg%
in Marcli. The hemogram and blood chemistry data were within normal limits.

HOSPITAL COURSE: The hospital course was uneventful,

He ate and slept well and was com-
pletely acymptomatic., The patient was given 20 pcCi 1311 just before discharge
to Cleveland for autoradiographic analysis of excised lesions,

At the Cleveland Metropolitan General
Hespital on 4 June 1974, thyroid
surgery was performed by B, M. Dobyns, M,D. Ihere was a 3-4 mm mass in the
left lobe near the istimus, a 1 cm soft mass in the superior pole and the
right lobe contained a 1 cm soft mass. These were removed and the histological
diagnoses were benign adenomas, one of which was trabecular in pattern, His
recovery from surgery was uneventful with nc complications. By 9 June the
wound was healing nicely and the patient was discharged for travel back to the
Marshall Islands. A summary of his hospitalization including surgical and

-1-
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Rongelap 83
HOSPITAL OF THE MEDICAL RESEARCH CENTER,

INAME)
BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW. YQRK 11973 08-50-54 R

Araa Coda 516 YAphank 46262
DISCHARGE SUMMARY

{UNIT NO)

CIRC 63

pathological reports from the Cleveland Hospital are being incorporated into
the chart of this hospital,

DISCHARGE MEDICATION & INSTRUCTIONS: The patient was resumed on thyroxin

medication (Synthroid®) 2,1 mg/weekly,
Dr. Knudsen, the resident physician in the Marshall Islands, will carry out
careful followup examinations on this patient,

DISCHARGE TinCNMOSIS: Benign thyroid adenoma, surgically
removed,
oo @ Eiani™—
Robert A, Conard, M.D.

cfh

Received: 6/25/74

Typed: 6/27/74
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Rongelap unexposed 841
HOSPITAL OF THE MEDICAL RESEARCH CENTER, NANE
WROOKHAVEN NATIDNAL LAKORATORY
UPTON, NEW YORK 11972 08-50-53 R
Ared Code 516 YAphank 4-6262 ONIT NOJ
DISCHARGE SUMMARY CIRC 63
ADMITTED: 27 May 1974 DISCHARGED: 3 June 1974

This 4l-year-old Marshallese woman was
admitted to this hospital for thyroid
studies due to nodularity in the gland, and evaluation for possible thyroid
Surgery.

MEDICAL HISTORY: In March 1974, during routine physical
examination, the patient was found
to have a firm nodule in the lower left pole of the thyroid gland and possibly
another tiny nodule in the upper right lobe, The nodules were non-tender and
no lymphadenopathy was 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 becn generally good, but with an
increasing tendency to obesity and a recent development of hypertension. Her
weight increased from 145 lb in 1957 to 170 1b at present. The past few years
she has had frequent headaches, and the BP has become elevated to around
170-180/100-115, She has had about annual pregnancies, resulting in 9 healthy
children, 2 miscarriages, and 1 child dying at the age of 1 year, Except for
occasional joint pains and presence of worms in her stools, her history is
otherwise negative generally., She has had no symptoms referable to kidney
disease.

PHYSICAL EXAMINATION: The patient is somewhat obese and is

20-22 weeks pregnant, She appears
euthyroid and generally in good health. Exam of the thyroid reveals a 1 cm
nodule in the lower left iobe with a companion nodule also in the mid right
lobe, The nodules were non-tender and no lymphadenope!y was noted., Her BP
was 150-180/105-115, The heart and lungs appeared normal, as well as the
peripheral vascular system. Fundusccpic exam was generally negative except for
slight increase in light reflex. The physical exam was otherwise negative
except for the presence of a cystocele and rectocele.

LABORATORY & X~-RAY DATA: No scans or thyroid uptak.: studies

were performed because of her
pregnancy. X ray of the chest showed the heart to be top-normal in size, but
otherwise negative, EKG was normal., Cholesterol was 336 mg%, and triglycerides
were 182 mgZ, Creatinine clearance was slightly low., Aldostercne was 50 mg/
24 hr, VMA vas normal. The urine showed 20 mg albumin, but was otherwise

negative, Stool examinations revealed the presence of whip worms and
trichirus trichura.

HOSPITAL COURSE: During her hospitalization, the
patient remained asymptomatic, and ate
and slept well. She was completely ambulatory. Her BP varied from 130/90

to 160/110. From t%e lab findings a diagnosis of mild essential hypertension

-1-
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Rongelap unexpoged 841

HOSPITAL OF THE MEDICAL RESEARCH CENTER,

(NAME)}
BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW YORK 11973 08-50-53 R
Arzs Gode 516 YAphank 4-6262 (UNIT NO.)

DISCHARGE SUMMARY CIRC 63

seems appropriate and should not preclude surgery,

At the Cleveland Metropolitan General
Hospital on 4 June 1974, cthyroid
surgery was performed by B. M, Dobyns, M.D. The gland was found to be 2-3 times
normal size, soft and very vascular (presumably related to pregnancy), There
were 2 adenomas, one in the right lobe and one in the left; one filled with
colloid and the other with necrotic liquid. 'The pathological diagnoses were
thyroid adenomas, one with cystic degeneration and the other "a regenerzting-
degenerating microadenoma” Recovery from surgery was uneventful and the wound
healed nicely, There were no complications related either to hypertension or
pregnancy. The patient was discharged for travel to the Marshall Islands on
9 June 1974. The hospital summary and a surgical and pathological report
are being included in the chart of this hospital.

DISCHARGE MEDICATION: Dr. Knudsen, the resident physician

in the Marshall Islands, was
advised that the obstetrician on this case suggested that if hypertension
persists after pregnancy termination, some form of medical management should
be instituted. It was not considered necessary to start this patient on
supplementary hormone therapy,

DISCHARGE DIAGNOSES: 1. Benign thyroid adenomas, surgically
removed,

2. Essential hypertension (mild),

SFad? & Lrsairn €

Robert A, Conard, M,D,

cfh
Received: 25 June 1974
Typed: 27 June 1974
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Rongelap 51
HOSPITAL QF THE MEDIGAL RESEARCH CENTER, TARE)
BROOKHAVEN NATIONAL LABORATGRY
UPTON, NEW YORK 11973 08-50-52 R
Area Code Si& YAphank 4-6262 [UNIT NO.)
DISCHARGE SUMMARY CIRC 63
ADMITTED: 27 May 1974 DISCHARGED: 3 June 1974

This 45-year-old Marshallese female

was admitted for evaluation of her
thyroid status in anticipation of possible surgery.

MEDICAL HISTORY: In September 1973, a small nodule

0.5 cm in diameter was noted in the
region of the lawer left lobe of the thyroid., By Marck 1974, the nodule
appeared to have grown slightly in size, She had always appeared euthyroid and
her T4 levels were in the normal range. The patient was accidentally exposed
to fallout radiation in 1954 at age 24, She received an estimated 69 rads of
whole body gamma radiation which caused mild depression of her blood elements
during the first few weeks after exposure. Fallout contamination of the skin
caused mild, transitory, beta burns of the skin during the first few weeks also.
She also absorbed internally some radionuclides, the most serious of which were
radiciodines. She remained generally healthy until about 1970, except that she
was somewhat underweight and had an early menopause (age 42), after having had
one miscarriage and one child. Since 1971 she has complained of frequent bouts
of coughing, dyspnea, night sweating at times, and chest pain, She has had
white-to-yellowish sputum, but denies hemoptysis. She claims !~ become dyspneic
on exertion, and during the bouts of coughing sleeps propped up on pillows,

LABORATORY & X-RAY DATA: Thyroid scan using 1231 shows a focal

area of decreased radioactivity in
the middle and lower 1/3 of the left lobe of the thyroid laterally. Her RAIL
uptake was 15.8%. Chest x ray showed increased lung markings, possible due to
chronic bronchial disease, Numerous exams for AFB of the sputum were negative,
both on smear and by culture. No other consistent pathogenic organisms were
found in the sputum. The EKG showed some T-wave abnormalities, which were not
necessarily considered significant. Her hem _pgram was negative except for
increased eosinophils which may have been related to the finding of whip-worm and
trichuris trichura in her stools, She had slightly increased blood proteins,
particularly globulins, which is not an unusual finding in the Marshallese
people. She had a positive syphilis serology, reactive, titer II. (In the
Marshallese, infection with yaws, which was endemic years ago, not infrequently
results in positive serology.)

HOSPITAL COURSE: During the first few days of hospital-~
ization, the patient remained in bed

a good deal of the time. She coughed frequently and had slight increase in

respiration, bringing up a whitish-yellowish sputum, She became dyspneic on

exertion. She had a low-grade fever in the evenings, Her appetite was poor,

In view of possible TB infectionr, isolation procedures were instituted, though

subsequent tests and sputum findings did not substantifat@such a diagnosis.

Considering the possibility of bronchial infection, she was given tetracyclines

and Tedral for cough, She improved in the last few days of hospitalization
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and was able to get up and walk around, with an increase in appetite, She
was considered fit to travel to Cleveland on 3 June 1974,

When the patient arrived at the

Cleveland Metropolitan General :ospital
she was improved, Her chest x rays were reviewed by a chest specialist and
the EKG by a cardiologist. Their opinions were that the ? hilar shadcws were
not suggestive of tuberculosis but of bronchitis, and the T-wave changes in
the EKG were not considered significant, Their conclusions were that these
conditions did not preclude surgery., Positive pressure wentilation and other
pulmonary exercises were instituted and resulted in removal of large amounts
of bronchial mucus with marked improvement in the patient's status prior to
surgery.

On 5 June 1974, thyroid surgery was

carried out, 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 was filled with necrotic fluid and a
smaller 5 mm tongue of adenomatous tissue removed from near the isthmus, The
pathological diagnoses for both masses were "adenomas",

The patient's postoperative con-
valescence was uneventful with no
pulmonary problems. A positive serological test for syphilis was reported.
This was confirmed on re-check,

DISCHARGE MEDICATION & INSTRUCTIONS: Dr, Knudsen, the resident physician

in the Marshall Islands, was notified
of the return of this patient and advised about the positive serological test

and the desirability for continued postural drainage procedures. She was
resumed on thyroid hormone treatment (Synthroid©) and given a supply to take
back to the islands with her, She will be given careful followup exams,

DISCHARGE DIAGNOSES: 1.

Benign thyroid adenomas, surgically
removed,
2, Chronic brokchitis.

SFta T LS

Robert A, Conard, M.D.

cfh

Received: 6/25/74

Typed: 6/27/74 .
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Appendix 11

Hospital Summary of Leukemia Case

Admitted on 10-~2-72 to National Cancer Institute, Hematology and Supportive Care Branch

The patient is a 19-year-old man from the Marshall Islands, who transfers from

the hospital of the Brookhaven National Laboratory with a tentative diagnosis of acute
leukemia.

PRESENT ILLNESS:

This patient has been fcllowed with yearly physicals and blood counts by the
Medical Research %enter of the Brookhaven National Laboratory csince age one, at which
tice he suffered an accidental radiation exposure of 175 total body rads. He had a
transient leukopenia one month following exposure but since then has had normal blood
counts at his yearly examinations. At the time of a routine evaluation in August 1972,
his peripheral blood white count was 1,200, platelet 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 bruising or bleeding, joint or muscle aches, or an increased number of infec-
tions. At the time of admission on September 29, the hemoglobin was 12.5, white blood
cell count 700 with 26% polys, 28% lymphocytes, and the remainder abnormal monocytic
precursors. Urinalysis, liver function tests, and prothrobin time were all within
normal limits. A bone marrow aspirate in the left posterior iliac crest was performed
and revealed a predominance of early myeloid precursors with some dissociation of cyto-
plasmic and nuclear maturation and presence of Auer rods in the cytoplasm of myeloblasts.
On September 30, the patient had an asymptomatic temperature elevation to 101°F. Phys-
ical examination then revealed slight injection of the pharynx and a chronically scar-
red left tympanic 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 afebrile, and arrangements were made to
transfer him here,

PAST HISTORY:

Operations: Subtotal thyroidectomy.

Accidents: None

Medicines: Occasional "Anacin" tablet; synthroid, 0.3 mg. daily from 1968 until
May 1972.

FAMILY HISTORY:

Mother, father, six brothers, and three

sisters are all living and in good health
in the Marshall Islands.

CLINICAL RECORD
w History and Physica! Examination
O Summory

Rongelap (54) 09-44-40 3
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SOCIAL HISTORY:

The patient was born and has lived all his life in the Marshall Islands except for
one visit to Boston, where he was hospitalized for a thyroidectomy in 1967, He graduated

from high school last year. He has working knowledge of English, although he is not
fluent.

REVIEW 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 scratches. In addition, he has had boils on the buttocks over the last

few months and a mildly prutitic, depigmenting rash over the thorax for the last six
months.

Endocrine: Subtotal thyroidectomy 5 yrs prior to admission for multiple benign
adenomas. On synthyroid simce.

PHYSICAL EXAMINATION:
vital Signs: Blood pressure 110/60; pulse 90; respirations 16.
General Appearance: This is a well-developed, muscular, young man in uc distress.

Head, Eyes, Ears, Nose and Throat: The head issymmetric. There is no bony or
scalp tenderness. Pupils are equal, round, and reactive to light and to accommodation.
The extraocular movemeuts are intact. Visual fields are intact to confrontation test-
ing. There is no nystagmus. The fundi are normal. The Weber test does not lateralize.
The right tympanic membrane is slightly scarred and retracted; the left tympanic mem-
brane is distorted, dull, particularly in the postero-inferior quadrant, with a slight
tan exudate at the base., The pharynx is normal. There is slight inflammation surround-
ing the right mandibular third molar, which is partuially covered by a soft tissue flap.

Neck: Supple. There is no venous distention. Two well-healed horizontal sur-
gical scars are present anteriorly over the neck. No palpable thyroid tissue is present.

Chest: The chest expands symmetrically. The lung fields are clear to percussion
and auscultation., The lungs bases move to percussion.

CLINICAL RECORD
ﬁ History and Physim! Examination
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Cardiac: The point of maximm intensity of the cardiac impulse is in the fifth
intercostal space in the midclavicular line. Cardiac rhythm is regular, There is a
Grade II/VI soft systolic murmur head best at the aortic area, radiating slightly
toward the left sternal border but not toward the neck. The second heart sound
splits normally.

Bones, Muscles, and Joints: The bones are not tender. There is no costoverte-
bral angle tnederness,

Abdomen: The abdomen is soft, nontender. Bowel sounds are normal. Hepatic
span to percussion is 10 cm. Liver spleen, and kidneys are not palpable, and there
are no abnormal abdominal masses or bruits.

Genitalia: Normal male.

Rectal: Examination 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 ir places.

Neurological: Examination is entirely within normal limits.

IMPRESSION:
1. Acute granulocytic leukemia.
2. History of resection of thyroid nodule, clinically euthyroid now.
3. Tinea versicolor.
4. Mild cutaneous furunculosis.
5. Chronic left otitis media.
6

. Partially erupted right lower third molar with periodontitis.

PROGNOSIS:

Fifty parcent chance of achieving remission of his leukemia; median survival
about one year in other patients with a similar disease,

James Mabry, M.D./C/10-4-72 JM:kr D-X 10-5-72

CLINICAL RECORD
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Admitted on 10-2-72 to National Cancer Institute,
.Hematology ‘and “Supportive.Care Branch

Expired on 11-15-72 from:National Cancer Institute;
Hematology and Supportive Care Braach

HOSPITAL COURSE:
Probiem No. 1 - Acute Proganulocytic Leukemia:

On the morning of the second hospital day the patient had a posterior iliaec crest
bone marrow aspirate revealing decreased normal marrow elements and infiltration by
cells with prominent eos1noph11i.c cytoplasmic granules and prdmitiént nucleoli, Some
of these cells had Auer rods in the cytoplasm. The impressi.on was that the marrow °
showed cuanges of acute promyelocytic leukemia. A honé marrow biopsy shawed hyper-
cellularity and infiltration by abnormal cells. Despite extensive marrow involvement,
however, the patient did not have severe anemia or circulating abrprmal cells when he
first presented here. On October 12 he was discharged, feeling well, to be follawed
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 earache and ahd a low-grade fever. He was
therefore readmxt:ted and on October 15 begun on therapy with cytosine arabinoside, 100 mg.
per meter squared intravenously every 12 hours, and 6-thioguanine, 90 mg. per meter
squared orally every 12 hours. The patient’s base-line prothrobin tme, part:.al thrombo-
plastin .time, thrombin time, fibrinogen, fibrin split products, and ‘factor VIII were
within the normal range; nevertheless, because of the associdtion of intravascular coagula-
tion with acute progranulocytic leukemia, he was treated prophylactically with heparin,
0.5 mg. per kg. intravenously every 6 hours for the first five days of chemotherapeutic
drugs. On the first day of treatment the white blood count was 1,700 with 217 neutrophils,
567 lymphocytes and Z0% abnormal precursors; platelets were 32,000 (after transfusion)
and hemoglobin 10.3. His white count »emained low throughout the remainder of his hos-
ital course; abnormal forms disappeared from the peripheral blood on the ninth day of
treatment; 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 807 abnormal cells; on day seven, hypercellular
marrow with 907 progranulocytes; on day twelve, hypercellular marrow with.95%-progranulo-
cytes; on day fourteen, hypercellular marrow with 82% progranulocytes; on day nineteen,
normocellular marrow with 80% progranulocytes; on the day prior to death, after twenty-two
days of treatment, a hypocellular marrow with persisting foci of abnormal promyelocytes.
On the day prior to death the patierit's hemoglobin was 8.3, vhite cell count, 2,100 with
1007 lymphocytes, and platelet count 11,000. He had receiz:d 10 units of packed red
blood cells and had received plag:elet transfusions on 18 days of his hospital stay.

During the last two weeks of life he had very poor increments in platelet count after

platelet transfusions, probably because HIA identical platelets were not available for
transfusion.

CLINICAL RECORD
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Laboratory Values on Admission: BUN 13, creatinine 1. 3, sugar 98, amylase 46,
cholesterol 1165 electrolytes normaly, calc:.um, ‘magnesium and ‘phosphite- niormal,- alkaline
phosphatase -50, total protein 8.5, “albumin 4.1, total bilirubin ‘0.1, 'SGPT, SGOT and 1DH
all normal, uric:acid 5.8, While being treated with cytosme arabinoside the SGPT and
SGOT ‘rose ‘ot of ‘the normal range and in the one week ‘prior to death he ‘had bilirubin
elevations to as hlgh as 6 as well. There was never any evidence of disseminated intra-
vascular coagilation on twice weekly coagulation screening tests.

Problem No, 2 - Thyroid Status:

Clinically, the patient was euthyroid. Thyroxine level was 3.7. Throughout his
hospital stay he was continued on L-thyroxine, 0.3 mg. daily.

Problem No. 5 ~ Otitis Media:

The patient was treated with oxacillin and gentamicin followed by ampicillin for
a total of seven days with resolution of his left otitis,

Problem No. 6 ~ Periodontitis:

The dental consultant recommended managing his molar periodontitis with frequent
local lavage, which was done under his supervision. The initial inflammation resolved
after several days, but during the last three weeks of his hospitalization he had severe
peridontal inflammation, worse on the right. In addition, a right subauricular swelling
appeared late in the second hospital week and persisted until the time of deatk. Ear,
nose and throat consultant thought this represented parotitis, but reactive adenopathy
from the periodontitis could not be excluded, During the last three weeks of hospital-
ization he was on nearly continual antibiotic treatment with oxacillin and gentamicin
or keflin and gentamicin. On November 8 Proteus mirabilis and Pasteurella multicida
were cultured from the blood. These organisms had previously been cyltured from the
mouth as well, and a likely source of sepsis was his periodontitis, He continued to

be febrile throughout the rest of the hospital course, but subsequent blood cultures
were sterile.

Problem No. 7 - Pnevmonitis:

On November 7 the patient kad gram-negative sepsis; on November 8 he complained
of a brassy cough; on November 9 he was generally tachypneic and quite anxious, with
cyanotic nail beds. Physical examination revealed right axillary rales and chest
x=-ray showed a patchy alveolar infiltrate in the right upper, middle and lower lobes.
Arterial oxygen saturation was 45 mm. of mercury on room air and pCO, and 20 mm. of
mercury. Cultures of the scanty blood-tinged sputum grew only a few colonies of
Klehsiella. Over the next two days he had increasingly severe respiratory distress
with gradual opacification of both hemithoraces on chest x-ray. His sputum became
frankly bloody. On November 12 he was intubated by the nasotracheal route and placed
on a volume cycled respirator. He was begun on treatment empirically with pyrimethamine
and sulfadiazine for the possibility of Pneumocystis carinii pneumonitis. Management
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during the last two days was complicated by the patient's egitation and inability to
cooperate with the respirator, so that he was eventually given curare. The terminal
event at 2:40 a.m. on November 15, 1972, seemed to be an intrapulmonary hemorrhage
followed by hypoxewia and hypotension.

FINAL DTIAGNOIES:

1. Acute progranulocytic leukemia

2. Resected thyroid nodule.
3. Tinea versicolor.

4. Mild cutaneous furumculosis.

S. Chronic left otitis media.

6. Periodontitis with subsequent sepsis.

7. Pneumonitis with terminal intrapulmounary hemorrhage

James Mabry, M.D./C/12-5-72
JM:nht K-I 12-11-72

Attachment: Admission History and Physical Examination

Rongelap (54) 09-44-40 3
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Appendix 12

Personnel Monitering

A. Urine, 1970-1974

Subject Ca, 905:, 137CS;
Year No. Vol., ml mg/liter pCi/liter nCi/liter
Rongelap
1970 7 2500 180 2.2 1.5
9 2680 68 1.0 0.80
11 1100 91 1.4 1.0
34 270 220 4.2 3.1
48 920 34 5.8 3.1
53 980 170 7.3 2.5
67 455 75 6.4 5.2
70 135 52 2.4 1.3
73 525 97 2.3 4.1
80 1540 200 2.0 1.7
805 275 110 7.4 4.4
811 265 600 6.5 3.9
835 330 110 5.7 4.1
881 540 74 1.7 2.8
882 1180 76 1.0 0.87
934 920 150 2.5 3.5
948 800 180 2.0 0.77
1050 620 120 1.6 2.1
1520 355 220 3.3 4.0
1523 1520 220 3.4 2.6
X = 3.5 X = 2.7
1971 34 625 130 3.7 5.9
41 590 130 2.1 1.2
61 1260 67 2.6 0.45
66 560G 160 2.4 2.7
67 260 870 8.3 4.6
73 830 210 2.6 2.1
77 700 87 3.1 2.7
802 210 160 9.7 3.7
825 470 110 6.3 2.5
827 330 200 2.5 2.0
834 320 280 3.3 2.2
864 830 140 2.6 2.2
932 1220 55 1.3 1.4
948 440 33 0.90 0.34
1520 470 240 3.7 2.5
X = 3.67 X =2.4
1972 1 580 100 2.3 1.2
14 960 91 2.6 2.6
17 680 23 2.2 5.9
34 85 84 <1.0 6.1
48 250 29 1.7 7.0
73 980 86 3.4 4.2
845 385 360 2.3 2.9
878 290 60 2.2 5.0
882 470 110 1.3 1.3
896 330 190 6.4 2.1
1050 350 150 1.3 2.9
1517 510 40 1.5 1.0
2228 240 190 2.4 0.8
2257 330 170 1.6 1.2
2136 625 200 0.9 1.3
2172 640 66 0.6 0.6
2193 120 160 <0.8 0.7
2195 470 56 1.0 0.5
X = 2.4 X = 2.6
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Appendix 12 (continued)

A. Urine, 1970-1974 (continued)

Subjeclr. Ca, 9051’, 13'Cs, 239'2“)1%).
Year No. Vol., ml mg/liter pCi/liter nCi/liter pCi/liter
Rongelap

1973 5 417 200 8.0 1.8 0.02

12 180 210 7.7 2.7 0.05

17 200 74 8.3 7.7 0,09

48 410 32 2.8 1.9 0.02

&4 170 430 12.5 5.8 0.05

66 432 190 2.8 2.1 0.05

73 440 270 3.8 3.7 0.02

80 215 620 5.1 5.3 0.06

832 37 130 4.3 6.2 1.7

835 120 73 4.8 6.0 0.11

843 125 490 10.9 8.1 0.11

X = 6.453 =4.5 X =0.21
1974 5 1160 350 0.9 0.7
41 840 560 2.0 0.7
66 800 1010 1.4 0.7
80 310 1100 5.8 4.0
855 260 170 3.8 4.9
869 680 540 4.2 35.0
16001 620 230 1.7 1.8
1525 220 140 2.3 8.9
1050 460 1120 2.3 1.8
7 530 760 1.9 lost
73 440 1160 4.5 1.6
834 580 2000 6.9 2.4
878 540 2585 2.3 2.6
932 370 460 3.1 1.8
X =706.8 X 3.1 X 5.5

Uririk

1974 2212 37 220 0.4 0.7
2164 840 1304 2.2 1.7
2102 700 910 1.0 1.3
2160 400 480 0.7 1.6
2128 840 640 0.6 1.1
2102 190 240 0.7 0.9
2111 200 705 5.1 2.8
2124 700 1305 1.0 0.9
2172 1190 1020 0.6 0.9
2137 130 440 2.4 1.8
2150 740 820 0.9 1.4
X = 734.9 X =1.4 X =1.4

- 147 -



Appendix 12 (continued)

A. VUrine, 1970-1974 (continued)
Subject Ca, gozr. 137Cs- 238 219
Year No. Vol., ml mg/liter pCi/liter nCi/liter Pu Pu
BiklIni
1970 Pooled 3640 120.0 1.2 0.100 0.002 0.002
Pooled 3365 120.0 1.3 0.130 0.003 0.003
urine G 1100 2.2 0.013 0.020
urine M 930 1.9 0.015 0.024
HASL* control 3000 160.0 1.0 0.012 0,003 0.003
HASL control 1000 1.6 0.014 0.022
1971 Pooled 3920 54.0 0.96 0.217 0.004
Pooled 2960 74.0 0.89 0.194 0.004
Pooled 3300 110.0 1.22 0.211 0.004
Pooled 500 100.0 3.9 0.110
1972 Pooled 2700 204.0 4.2 0.910
1973 Tonne 260 120.0 8.9 2.1
Jawel 280 109.0 5.7 1.1
Acme 250 240.0 5.5 2.6
Jone & Cheako 65 160.0 7.4 4.1
Nebal 150 230.0 6.2 0.9
Ruth 115 360.0 11.6 2.1
Pelepel ~E-P 350 80.0 4.8 1.2
Bima Bikini, M-7 485 120.0 2.2 0.6
Distian Rep., family 300 210.0 5.6 1.5
Samwel 380 300.0 5.4 0.5
Aprizi 460 79.0 2.0 0.4
Ameta 220 130.0 18.9 1.3
Santos 410 100.0 1.9 0.4
Jormea 390 200.0 7.8 2.0
X = 173.5 X=6.7 X =1.5
239,240Pu
1974 Andrew 275 0.02
Spring Edmila 220 0.06
Akiji 350 0.01
Tatus 370 0.01
Roja 350 0.01
Joji 1050 0.01
Libwe 1380 0.02
Bina 1230 0.004
Jormea 780 0.01
Beno 490 0.009
Mayao 155 290.90 1.2 1.0
Wanna 90 160.0 0.1 1.0
Tojiro 105 440.0 3.0 0.6
Bonn 95 300.0 2.5 0.5
Tonny 50 160.0 <0.4 0.4
Enlik 140 220.0 2.4 0.8
Bear 200 360.0 3.2 1.7
Samuel 160 320.0 4.6 1.2
Ruth 300 380.0 3.8 3.2
Aetae 150 490.0 <0.1 0.5
Bokrok 110 290.0 <0.2 1.5
X = 310.0 X = 2.0 X =1.1 X = 0.016

*Health and Safety Laboratory, AEC, New York, N.Y.
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Appendix 12 (contionued)

B. Gamma Spectographic Data, 1974

Subject Wr., He., Potassium, l37Cs
No. Age kg cm g nCi nCi/kg body wt.
Rongelap males

963 48 61.8 154.4 153.9 764 12,40
4 60 64.1 162.8 125.0 466 7.26
915 80 56.8 157.1 104.3 358 6.30
878 50 74.5 167.3 122.5 539 7.23
16 62 57.7 156.0 113.9 257 4,44
5 22 46.4 152.0 121.3 403 8.69
11 65 46.4 152.0 95.7 283 6.10
881 41 86.8 166.9 157.6 441 5.08
1517 53 64.1 154.6 150.5 442 6.89
41 64 52.3 159.1 109.9 307 5.86
814 22 59.5 161.7 158.0 969 16.3
863 24 66.4 165.4 185.5 590 8.89
7 57 54.1 155.5 123.7 509 9.41
850 60 59.1 160.5 130.6 444 7.52
834 40 63.6 156.3 159.4 721 11.34
845 52 68.6 161.2 157.6 368 5.36
882 41 55.5 161.3 133.3 243 4.37
82 70 53.6 151.1 101.3 400 7.46
80 66 56.4 147.9 105.5 287 5.09
27 48 66.4 156.8 153.3 666 16.03
1524 31 60.9 164.0 129.5 326 5.35
73 3§ 70.5 173.0 182.7 664 9.42
X = 61.2 135.2 475 7.76

(4.37 - 16.28)

Rongelap females

812 2 51.8 157.0 100.6 516 9.97
816 23 54.5 154.5 80.5 252 4.63
821 23 46.8 148.8 94.9 201 4.30
82 29 65.5 157.5 109.3 187 2.85
1050 39 75.9 155.9 112.3 393 5.16
H 42 60.0 150.4 64.1 373 6.22
1541 47 65.9 151.5 105.8 888 13.46
1525 31 57.7 134.4 63.2 249 4.32
B43 45 53.6 146.0 80.6 209 3.90
1001 40 58.2 151.7 99.9 346 5.94
1 b4 70.5 141.4 68.2 252 3.58
651 65 65.9 148.0 82.6 204 3.09
896 32 50.0 140.4 83.5 249 4.98
70 35 46.3 150.3 77.9 165 3.56
64 42 65.9 152.5 81.1 314 4.77
932 39 53.6 147.0 84.2 145 2.71
832 36 55.9 147.7 73.0 217 3.87
48 26 50.5 154.8 88.2 462 9.16
67 34 (8 mo preg) 80.5 156.7 109.4 266 3.31
66 50 63.6 155.0 82.7 283 4.45
835 40 60.0 147.0 72.7 190 3.16
78 59 69.1 156.3 76.5 431 6.24
58 79 51.8 143.2 57.2 202 3.90
859 81 52.3 143.7 62.7 298 5.69

= 304 X = 5.13

L

(2.71 ~ 13.46)
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Appendix 12 (continued)

B.

Gamma Spectographic Data, 1974 (continued)

137

Subject Wt., Ht., Potassium, Cs
No. Age kg cm 3 nCl nCi/kg body wt.
Utirik males
2125 56 69.5 171.5 144.4 184 2.65
2123 34 61.8 176.8 162.2 305 4.94
2137 38 76.8 165.5 160.2 526 6.84
2102 22 60.9 165.1 157.8 230 3.77
2167 38 92.7 168.6 155.8 228 2.46
2152 38 84.1 160.6 165.9 222 2.64
2166 7 54.5 160.4 144.3 230 4.21
2233 21 6l.4 173.5 156.3 222 3.62
2185 50 59.5 159.5 156.4 208 3.46
X = 262 X = 4.05
(2.64 - 6.84)
Utirik females
2139 44 6l.4 152.0 87.3 141 2.29
2172 32 89.5 159.0 128.9 147 1.64
2210 20 65.0 152.7 98.1 208 3.20
2160 24 68.2 137.5 108.5 132 1.93
2220 44 65.9 150.4 98.1 130 1.97
2244 63 77.3 153.5 74.9 74 0.96
2229 33 8l.4 159.1 98.9 121 1.48
2164 36 77.7 147.8 84.5 128 1.64
2254 25 37.7 145.0 81.1 145 3.85
2161 48 34.5 131.2 65.8 103 2.99
2228 27 59.1 152.7 92.4 178 3.01
2193 50 (preg) 85.0 151.5 80.2 133 1.56
2212 33 (ctd. at BXNL) 72.7 151.2 88.7 89 1.23
X =133 X=213
(0.96 - 3.85)
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Appendix 12 (continucd)

B. Gamma Spectographic Data, 1974 (continued)

Months 137
Subject on We., Ht., Potassium, Ce
No. Bikini Age kg cm [3 nCi nCi/kg body wt.
Bikini males
1 60 42 77.3 158.0 170.3 168 2.18
8 60 49 67.7 188.1 149.0 71.8 1.06
18 48 30 39.5 167.0 158.5 103 1.73
7 48 30 75.0 165.0 156.1 124 1.65
5 36 25 82.3 18,1 169.9 93.3 1.13
4 24 47 78.6  165.5 172.4 402 5.11
11 24 43 56.8 161.8 140.6 55.9 0.98
14 2 31 78.6 170.0 (197.6) 222 (2.82)
16 24 60 83.6 162.3 142.9 77.5 0.93
17 24 39 63.6 166.0 160.8 122 1.92
10 26 30 60.5 155.1 129.6 80.7 1.33
9 24 55 76.3 161.9 165.2 50.5 0.66
6 14 22 70.0 161.2 147 .8 94.5 1.35
15 9 17 50.0 165.7 125.5 77.3 1.55
13 8 44 60.0 157.6 133.4 155.5 2.59
3 6 (from Rongelap) 49 85.1 165.9 162.5 290 3.40
12 4 16 70.0 172.4 168.3 75.5 1.08
2 3 54 100.5 170.1 158.8 42.9 0.43
X =128 X = 1.84
(0.43 - 5.11)
Bikini females
8 60 54 534.5 149.6 88.7 30 0.55
5 36 23 96.4 155.4 124.1 73 0.76
7 36 29 64.5 151.9 110.6 108 1.68
13 36 15 46.8 146.4 85.6 36 0.78
9 24 45 70.5 149.3 101.5 116 1.65
10 24 27 57.7 142.7 106.9 25 0.44
11 24 28 46.8 145.8 85.2 92 1.96
6 18 44 50.0 146.0 94.6 58 1.16
12 12 13 49.1  145.1 106.4 77 1.74
1 7 31 77.3  149.9 91.4 252 3.26
2 4 45 82.3 150.7 59.4 18 0.22
3 4 60 73.6 152.5 93.7 33 0.44
4 4 20 62.3 156.9 94.0 29 0.47
X = 95.6 X=73 X = 1.15
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Appendix 13

Report af The Ad Hoc Committee to Evaluate
The Radiological Hazards of Resettlement of The Bikini Atoll, May 1968

The Committee was convened to consider the question of whether
the Bikini Aroll 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. 1In
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 TII. On the basis of the iniormation provided, we have reached
the following conclusions and recommendations:

1. The exposures to radiation that would result from the
repatriation of the Bikini people do not offer a
significant threat to their health and safety.

2. Such exposure may 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 immediate food crops
o Eneu. No radiological precautions will be
needed on Eneu because of its very low con-
tamination level. (See App. V)

c. Any viliage construction on Bikini Island should
involve the covering 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 Island,
two inches of topsoil should be removed from the
planting sites. The arza of removal frum each
site should be equal to the area covered by the
crown of mature trees.
Determinations should be made of body burdens of Cs137 and
Sr90 at the end of the first year of residence on the Atoll
and ac appropriate thereafter. Baseline surveys prior to
relocation would be desicable, Resurveys of environmental
radiation levels on the Bikini Atoll and estimates or radio-
nuclides in food should be made periodically.
Special efforts should be made to ensure a balanced and
adequately nutritious diet., A dietary supplement of
powdered milk would materially reduce Srgo 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

Camma Radiation Measurements on Bikini Island, 1974

External pamma exposure rate measurements were made by N. A. Greenhouse
and V. A, Nelson in the village area on Bikini Island during December 1974.
The measurements were made with a Reuter-Stokes envirommental radiation moni-
tor, model RSS-111, which uses a pressurized ion chamber as a detector. The
response of this instrument is relatively independent of gamma-ray energy
(+5%) for incident photons from about 0.2 .. 4 MeV. (The largest contribu-
tor to the gamma background at Bikini is 13/cs with a gamma energy of 0.667
MeV.) The resulis, which includ- smic-ray background (v4 uR/hr; 35 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 exposture rate ~1 m above

floor or ground, uR/hr Annual gamma exposure, mR

Location Inside Back yard Inside Back yard
Louse #4 7.8 13.2 68 116
House #20 8.6 7.7 70 67
Hous~ #28 9.3 15.5 81 136
House #40 9.3 15.5 81 136
Average 75 114
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