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Preface

The medical examinations of the Marshall
Lslinders acvidentally exposed 1o radioactive fall-
“ars.

out in 1954 have now covered aspan of 20y
A devear period has clapsed since tindings have
been preseatedan tall, and this report includes de-
tails of this period s weltl as a summaey of the data
for the entire 20 vean., Same background informa-
tion is prosented first

The Manhall Blands were chosen as an atomic
bamh proving ground at the tme of Operation
Cironsroads at Bikim i 19196 and were subse-
quenthy used e numcerons tests at both Bikini and
Eaniwetok unnid the oratorivm was declased i
19038, These islands were chiosen because ol their
solated location in the vasto neadly cmpty acean
areqa ol Micronesia just north of the cquator, cast
of the Caroline ands, and northwest of the Gil-
bert Islands, about halfway between the Hawadian
Islands and Auseealia) The Marshall Bilands come
prise 34 inlandsandatalls spread over some THO00
sjuare mides ol ocean, Fach atoll consists o Jows
Iving chain of sandy palm covered islands cone
nected by et surrounding and proteering aeen-
tral bluc-zreen agoon: Flabitable Tind area is sar-
prisingdysmall - enly aboat Zisquare miles inthe
cative Marshall Blods The chimmate is tropicaland
the trade winds blow much of the vear. The atolls
involved in the 1951 accident are located ia the
northern Manshalls: Rongelap and Nilingnae
about 100 nautical wiles cast of Bikini, Rongerik
about 130 miles cast o Bikini, and Uitk 275
mitles cast of Bikin,

Paring the past contury the Marshallse peaple
have been governed by four countnes. Germany
purchased the NMashall Ibands from Spain in
HH8G and voverned thenunt! 15 when Japan
ook over under a League of Nations mandate;
Japandeched ownership in 1988 when she broke
froan the Leavue of Nations, The United States
Liberated the MNarsdialls in T HEL during Woeld
W Hoand was given anthorin - under a United
Nanons mandate wadminister the seattered inkads
of Micronesia as the Prast Tereitory of the Pactlic
Islinds: this was done fiest by the U8 Navy and
Liter by the Departinent of the ncerior,

The carlv explorers and traders tound the is-
lands inhabited by fricudlv, gentle, primitive
peaple living in thatched huts, tishing from oat.
neeer canoes, and sabsisting cutirely from ahe
lcal enviromment The increasing encroachinent
of civilization via traders, inissionarie

uid gove

erning authorities has changed their way of life.
The missionaries brought religion. clothing, and
changed customs. A dollar economy based on
copra production and emplovment by local gov-
ernnents 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 supenstition
and magic, and apparently did not improve under

Japanese rules During Waorld War 1 tlie Mar-

sullese were lorced 1o live on Jow calorie dicts
with tnadequate medical care. When the US. was
tuade trustee in 1947, the Navy, under the aus-
pices of s Burcau of Medicine and Surgery, un.
dertook a comprehensive medical survey of island
populations in the Trust Territory including the
Marshall Idands, using ane of its vessels, the USS
Whidher 1 The survey showed that unsanitary con-
ditions with regard to flies. garbage dispasal. and
excretory habits made for muliiple intestinal para-
sitic in‘estations and diseases. A high percentage of
the puople had positive Kahin tests, associated with
vaws, and widespread treatment with penicillin
proved extremely elfective. Discases of the eves
and sking acute and chronie respiratory discases,
and vitumin deticiencies were especially common.
No malaria tlagiasia, vellow fever, or cholera
was woen. Subsequent health care inthe Trust Ter-
vtory was hampered by Lack of trained medical
personnel and poor anspartation 1o the outer
whands, This was the statas when our special med.
wal examinations began.

Some of the events over the vears in the Mar-
shall Iands that are relevant wo the medical sur-
vevs are listed in Appendix 1.

The tirst examinations in 1954 after the Gallout
were conducted by an ciergeney medical wan,
requested by the Momie Eanergy Conumission,
dirccted by Dl OB Cronkite and composed
Lergely of Nave medical personnel whose service
expericnee proved extremely helptul for this licld-
e operation. Resurvevs were conducted at o
months under Deo VP Boad and a 12 months
under Des Cronkite. T 1936 the survevs were
phaced under the divection of the author at Brook-
haven National Laboratory, Sinee then the survevs
have been conducted in conjunction with the De-
partment of Health Services of the Trust Territory
lists
trom the Armed Forees and from medical centens

and with the participation of medical specia

A,
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in the United States, including endocrinalogists,
cardiologists, hemitalogists, internists, surgeons,
ophthalmlogists, and parasitologists (see Appen-
dix 2). The varicty of specialisis indicates the diver-
sty of the examinations conducted vver the years.

The BNL group has been fortunate in main-
tiining a close liaison with the Atomic Bomb Cas-
wahty Comunission i Japan. and several physicians
formerly associated with it have participated in
our surveys. We have afso had o cine relatianship
with the people studying the Japanese fishermen
exposed 1o the Bravo tallout; an 1964 eachange
visits were artanged lor Des Komatori and the au-
thor to attend survess both af these fishermes and
ol the Narshallese.

I May 1954 upon completian of the imtial ex-
aminations (conducted at Kwajaleing, the 82
Raongelap people. because of the contamination of
their home isands, were moved tw Majuro Aoll.
and they were exaumined there in September 1934

andd in March 195

o 1906 and 1937, They re-
wined 1o Rongelap, to live in a newly built vil-
bage, in July 1957, Giter radiological surveys had
shiown the ishiand o be sade tor habitation. The 157
Utirik people were taken hame after the nital ex-
aminations, since their istand was only shightly

e for habita-
tan, The 28 military personnel exposed on Rone
werik Atolbwere tikeato Topler Ay Hospital for
further examinations,

contaminated and was considered sq

Followine the iniual acure elfects of radiation
an the Runu('l.lp preaple. the examinations over
the next Y veans revealed fow signitican andings.
Avincrease i iscarriages and stillhirths amonyg
the exposed women during the first 3 years was
thought ta be related Lo vadiation exposure, but
general healthand discase incidence in the exposed
people were about the same as in the unexposed
Rongclap people sha had retarned from other is-
Linds and served as a comparisan population, Dur-
ing this uneventful periad, suggestions were made
ton reducing the scope or fiequency of the survess,
but these were never seeiousdy considered sinee 3t
was readized than Lude is known about the Late of-
ety of radiation on himans and etffecis might sill

appear. o 1963 the unexpected apearance of

yrowth retardation insome childeenand of thyrod
abnormalities fully jastitied this reasoning. Tn 1972
a vase of atal acute myvelotenous leukemia devel-
oped o a Peyear-old exposed Rongetap bov,
dicating the need tor additional surveillincee.
The survess therefore were expanded o include
ahematological chieck ta the exposed Rongelap

(3

people every 6 maonths. At that time also diffi-
culties were cncountered in maintaining a sunict
thyvroid treatrnent program in the exposed Ron-
gelap people, with potential serious results, par-
ucularty in the people who had had thyroid sur-
gery. The decision was thercefore made o place
a resident physician in the Marshall Islands tokeep
chicck on the treaument program and assist the
Trust Territory in gencral health care w the
Ruongelap and Utirik people.

The nicdical findings on the Marshallese have

Leen published in numerous BNL reports and
2

Journal anticles,

Soine problems have been encountered in carrv-
ing out the medical survess in the istands, Careful
planning iy required for sll necessary cquipment
and supplies 10 be on hand at the remote location.
and procedures must be adapted o field condi-
tons with proper clectronic support. Some tech-
nical procedures such as staining of blood simears
and cell cultures present problems under tropical.
humid conditions. Providing adequate transporta-
tion has been a najor dithculty. While the Navy
furnished LS T 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 mecting schedules or hazardous because
ul faulty Life-saving devices and inadequate navi-

gational equipment. Once the survey team was
lostat sea lor more than a day eving to find an is-
Lind. and nwice ships ran aground on reefs. Small-
boat travel in rouch waters was hazardous; the
wip from ship 1o hore was sometimes in outrigger
canoes and might result in wet passengers and
baugage. To overcome these problems, an LOU
was recently acquired for carrving out the AEC-
sponsared radiological and medical survevs in the
Marshall Bslands.

Other probleas included the following: The
Language barrier hampered communication with
the people. even though a limited number of re-
liable Englishespeaking peaple were usually avail-
able. The lack of adeguate vital statistics vesulied
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
atde would often give the cause of death as “too
old™). Tt was dillicult 10 obtain consent for an u-
wopsy, even at district medical centers, because of
leelnes against mutilation of the bady atier death.
Same ol the subjects thought that drawing blood
made them feel weak: and some questioned the

- R LY T vUspra




Trost Testitony cargo vesel vutiving persinel
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need for continued exinminations when no signifi-
cant findings were reported. Tnapite of such prob-
lems, the people have always been friendly, and,
except on one occasion (a case of polincal inter-
i
ated i ahe

rence, described below ), i e gencrally conper-

xaminations. Psychological reacoon
1o the Tallout has been retleced at various G
fears regarding fertilite, a beliet that Bish potsoning
was due o radivactivity rather than o the poison-
oy tature of the tishy feclings of weakness atgile-
uted so radiation, aud fear ol thveoid cancer and
eukemin allosving the death ol the Rongelap bovy,

A major concern for the pase 5 veans has been
local political interterence and questions concern-
ing the medical examinations Phe Trust Tern-
tory now s a Congress of Micrenesii (not con.
nected with the ULS, adiioasration ), which has
appointed a Special Conmnttee 1o investivale the
health status of the Rongelap and Unak people.
Unfoundedaccusitians were made by certain local
politicians that the United Stanes deliberately ex-
posed the people to Sdloat <o that they could be
used s raines plgs” westindsy the

Alects, and that
the medical team swas vconcealing deaths froun
radiition and was notreporting all ofas findings.
L Mareh 1972 the surves was interrupted by the
poliuicians and had 1o be aborted ar Ronuelap.
Afterwards the Congres of Micranesia appointed
wedical nbservers toaccampans the teamongsar-
vevin September 1

2w proninent phvsicians
from Japan (s T Fzakiand T Kuntori), one
fromm Fagland (D BV BPoclin, and one froan the
US Pubdic Health Service (D W Coles accon-
panied the team and pasticipated o the examina.-
tions, Their seport to the Congress ol Mictonesia

was thost Lavarable and has done much o quictihe
politcal accusations. The Speaat Commitee on
Rongelapand Utieik published a lenethy repon 4
of ity investizations, inclading the report of the ob-
servers and thisalbso las helped bring shout a nure
FEavorable atttude 1o the medioal exaoninanions.
Pwanujor bills have been aatiated by the Caone

wress of Micronesia, One concerns pavinent of

travel snd living expenses for anv patient fron
Rongebap and Utinik on our exanination list who
necds hospits

ization, This hill has boeva approved
hy U.S. wuthorities and s being implemented.
The other concerns compensaton tor tie Ronge-
Lap people for il ellecrs of tallouc exposure aad
provides also lor a paviment to the Unink peaple
and for special compensation 1o the parents of the
bov who died of leukeinia. (8ce Appeadin 13 We

behieve that the Rongelap peaple are entled o lurs

ther compensation for injuries receved, although,
on the basis of the effects of their previous compen-
sation i 1963, the ultimate benefits are doubtful,
and another pavinent might push them further -
ward the state of wellare and perpetual dole. Dr.
William Peck, the former Director of Health Ser-
vicesn the Trust Territory, has put this situation
twcely. ho o withhold further funds and thus
deepen the grievanee, or increase the compensa-
ton and therehy the daolor of dependence - cither
course of action seems only 1o compound their
ariginal injury.and our dilemma!™

Further problems in the Manshall Bilands are
assaciated with the retarn of the former residents
to Live on Bikind and Eniwetok, which were con.
taminated during the westing program. Numerous
radiological survevs have indicated that with cer-
tin restrictons these atolls can be habitable
again, Since a number of concrete homes have
been completed on Biking, about 40 peaple have
returned. but they must be subsidized because it
will be several vears betore the coconut and other
trees bear frwt. A number of people are expected
o return 1o Eniwetok to live in the near future.,

The medical team as well as other radiologic
sufety personnel at BNL have been assigned the
wesponsibility of personnel and environmental
motntorin 2 to assure the radiotogical safety of the
returning people. Personael monitonmg and en-
virospunental survevs at Biking were instituted a
tew vears agonand only very low levels of inter.
nally absorbed radionuclides have been noted.
ERDA s sponsoring continuing survevs of these
wtolls, Iing done by several institutions.

The medical survess have been a rewarding ex.
pericnce for all the personnel who have partici-
pated. We have been fortunate in obtaining the
services ol talented specialists and technicians and
i having the continued staunch support and as-
sistance of many people at Brookhaven National
Laboratory, ERDAL and the Trust Territory, and
the authorities at Kwajaleing without which the
succes of the surveys would not have been possie
ble. The medical wam has developed a deep
Inendship tor the Marshallese over the vears, In
spre of the injuries and hardships resulting from
the 14 aecident., they have cooperated with us
even through the period of political disturbanc
With the improved political climate and attitude
toward the examiations we fook forward to contin.
uing these important and challenging missions and
tootlering specialized health care o these Mashall

R.AL Conard, M.,

Ibanders in future vears.
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1. Background

A. THE ACCIDENT

The testing of nuctear devices in the Marshall
Ialands (see Hines®?), beginning with Operation
Crossroads at Bikiai in 1946 and ending with the
moratorium in 1958, did not resuh in significant

rdidion expasure 1o pessonnel or fallout contam.
inaion vubside the test suea except in one case.
On March 1, 1954, the dewonation from a tower of
a thermonuclear device, Brivo, in the Castle See
nes of 1ests at Bikon resulted ina serious fallout
accidr ot The vield was about 17 megatons, con-
siderably gremer than expeated, and an unpre-
dicted shift in winds in the upper atmosphere
caused the radioactive cloud 1o drift over and de.
posit fallout on several inhabied atolls to the cast:
Rongelap with 61 peaple, Ailingnace with 18
people, Rongerik with 28 Ainerican servicemen,
and Utirik with 157 people (see Figure 1L A Jap-
anese fishing vessel in the area, the Lucky Dragon,
with 23 fishermen aboard was also exposed *see
Appendix 3). The tallout is thought 1o have com-
meaced at Rongelap about 4 wo 6 br after the dets
onation, at Rangerik about 7 hr afier i, and at
Utirik about 22 he after it Its duration on the is-
Linds s uncertain but has been estimated as about
12 hir, the greater part of the Gallout accurring carly
in the period ? The estinated dose of gasuna radia.
tion 1o the island populations is discussed 123 Sec-
ton JL A The American servicemen on Rongerik
nated that the necdle ona telemetering insiru.
ment suddenly began rising and went offescale in
30 min, beginning about 6 to 7 hr alter the deto-
nmation. An alarm was radiocd o the task foree,
and a plane living low contirmed that signiticant
fatlout luad occarred.

The exposed people were evacuated by planes
and Navy ships within about 1two dayvs and taken
to Kwajalcin, 170 miles 10 the south. They were
first examined by the medical group at the Naval
Dispensary there. Eight days after the accident a
medical team consisting of 21 doctors and tech-
niciang, largely from the Navy, which had been re-
quested by the AREC, arvived at Kwajalein. For
two months the team took medical histories, did

POPULATION ACCIDENTALLY EXPOSED TO RADIOACTIVE FALLOUT

repeated physical examinations including studies
and photographs of beta burns of the skin, made
numerous hematolagical tests, and monitoied for
external and internally absorbed radivisotopes.
Complete removal of the radioactive contamina-
tion from the skin and hair required many cleans-
ing procedures; the coconut vil used on the hair
was particularly retentive. At the end of the ex.
amination period, most of the skin burns had
healed and, although significant hematological de-
pression bad occurred, no serious illnesses were
evident that could be related 10 radiation injury.
The Manshallese people were taken 10 a tent cn-
campment on Ebeve Island for a stay of several
weeks. Since Utirik Atol! was only very slightly
conmtaminated from the fallouy, it was considered
safe for habitation, and the Ulirik people were re-
turned 1here =il fresh supplics. clothing, and live-
stock, Rongelap Aol was too contaminated to al-
low immediate return and its people (along with
the 18 from Ailingnae) were taken to a temporary
village built for them on Ejet Island in Majuro
Awoll, where they lived for 3 vears uatil their ree
turn 1o Rongelap. The American servicemen were
taken to Tripler Ay Hospital for further exame
inations and later returned to duty,

8. ANNUAL EXAMINATIONS

Medical examinations of the Rongelap people
were vonducted at their temparary howe on Ma.
Juro in Seprember oF 1954 and in March of 1955,
1956, and 1957, In 1951 an unesposed group of
Marshallese living at Majuro wus chosen as a
comparison population fur these examinations,
This group, however, was composed of people
from many ol the Marshall Islands who were not
casily focated for subsequeat examinations. Unex-
posed Rongelap people gradually moved 1o Ejet
1o live with their fellow islanders. and this group
increased further on the retuen 1o Rongelap. These
unexposed Rongelap geople were included in the
examinations and have served as an excellent com-
partson population since they are blood relatives
of the exposed Rongelap people, match reasonably
well for age and sex, and live under the same en-
virommnental conditions (see Section L ALy
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By 1957, radivlogical surveys indicated that, in
spite of slight lingering radivactivity, Rongelap
Atoll was safe for habitation. A completely new
village was constructed, and in July the Rongelap
people, more than doublea in number by the in.
flux of relatives, were taken there on an LST with
all their personal belongings, bed mats, and live-
stock. Alter arviva! ceremonies they happily settied
down 1o life in their new village. T March 1958
the survey was carried out for the fist time at
Rongelap; subsequent annual examinations have
Lieen done mostly at Rongelap with supplementary
visits 1o other islands.

The Utirik people, after the inital examina.
tons, were nest examined on their home island in
1937, They have since been examined only about
once every 3 v

3 because their fallout exposure
s minimal, ‘The American servicemen have nat
been seen by our medical team since the initial
exalinations,

During recent years the Rongelap and Lhirik
people have woved in large numbers 1o the dis-
wict centers at Majuro and particulardy Lbeve
(Rwajalein Atoll), where many are emploved by
the Rwajalein Missile Range. This had necessie
tated exsnuinations at Majuro and Ebeve in addie
tion to their home islands, (Table 1 shows the
present geographical distsibution of the people.)

The many studies that have been done on the
Magshallese: are dircatly or indireatly related 1o
possible radiation ctleers. Ofien a single blooad sun-
ple drawa for routine hematology has been used
for many tests. Multiple biood sampling has been
avoided whenever possible.

ALY

C. 1970-1974 SURVEYS

Durinyg the past 3 vears a number of problems
have arisen: thyroid abnormalities coatinued to
deselop in the exposed Rongeliap people in spite of
hormone veatment; an exposed Rongelap boy

died from leukemia that may or may not have
been related o radis
deteriorated; and jx

W expusure; transportitiion
wal interference was stirted
which has been particularly frustrating and has
threatened to put a stop to the medical supervision
and care provided te the exposed people by the
wedical team.

1a 1972, following the death from leukemia, the
decision was made that more frequent hematologi-
cal examinations of the expused people were
needed, and iherefore such examinations were in-
stituted every September in addition w e March
sunvey,

Also i 1972, the decision was miade w plwe a
resident physician in the Marshall Bslands, Anin-
creasing number of exposed Rongelap peaple were
developing thyroid nodules, most of which required
surgical intervention, and many of thens were st
adhering swrictly o the thyraid weatment pro-
gran, which is consi

lered extremely important,
especially atter surgery, A vesident physician woulbd
be able o monitor this progeam and. stnee the
Trust Territory was short on medical personned,
could . osistan general health care of the Rongel:
and Carik people, The plan is toe such a phivsic
w alternate bevween BN L and the Marshall Is.
Lands every two vears. The tisst one has just com-
pleted a 2-

car tern, and another is taking his
place soon,

Transportation has alwavs been a major prob-
lem for the medical survey seams. Air transporta-
tion (o the Pacitic improved greatly with the advent
of the jet plane, hut travel by ship among the Mae-
shall Islands (several hundred miles between atolls
through rough scas) has remained dithicalt. The
trave] problem has been maygniticd by the need for
the resident physician o visit Rongelap and Utinik
Guaterly,and by the added respoasibility of the
medical anm, since 1971, for radiation monitoring
ol Biking and more recently of Eaniwetok, since the
people displaced by the bomb sesting program are

Table |

Lawatiom of Rongelap and Ctinik Peopte, 1971

Kongelap Unrik Majus Lheve Bikini Oilwr Teaal
Kungetap exposed 1§ - N 21 - 0 e
Runvelap unexgemed 37 - 1t W 7 B 13t
Clitih expumed - i 8] e - 10 (3100
Tinal [FD) [} 62 b 7 i3] IR
- o Ataoie o - . . o ,
e .




being returned 10 these islandy, 1t bhecame appar-
ent that a special vessel was needed, and in 1973
the AEC arringed for the Ary 10 provide an
LCU (landing craft utility) based and maintained
at- Kwajalein (with AEC funding). This vessel,
though smail and slow, has the distinet advantage
that it can be brachied, so that ship-to-shore trans-
fer of equipnient and personncel by small boat is
wanecessary, Three 30-ft air-conditioned trailers
have been pliced on the tank deek, one equipped
as a “sleeper,” one containing a4 whole-body
counter (shadowsshicld lead assembly and elec.
tronic equipment), and one set up for dlinical ex-
aninations with a doctor™s othice, a soall lubora-
v an xeray Gacility, The LOCU with these
teaiders is now in full wse and atlords tremendous
mprovements in the aperations,

or

Examnination facilities at Unirik consist of several
Buter-type buildings left by a weather station
group, On Rongelap several examination trailers
have been installed so that the schoolhouse need
no langer be used. Examinations trailess have abso
been installed on Ebeve and Majuro.

Major events in the Manshall Iands related w
the surveys, including the palitical problewms of the
past lew vears, are summarized i Appendix 1,

Before and alter cach susvey, village mectings
have always been held on Rongelap and Clirik ta
inform the people of the objectives of the examina-
tions, the findings, and recommended tregtments,
Because of the language barricr, the people did
not alwavs understand the need for the examinae
tions, or their results, Every etfort is now being
nide to correct this, Preparation of a questions
and-answer booklet on the eifects of the fallout
and rreatment on the Rongelap and Utirik people
was reconmended by the Coagress of Micronesiag
such a hooklet has been printed at BNL for the
Toust Territory Health Services and is being dis-
wibuged; ishould do much 1o correct many of the
lormer misconceptions (see Appendix 4),

During the 20 years covered by these reparts
drastic: changes have occurred in e Manshall
Iskands District.

The population muee than doubled from 1948
o L7, the waal going from = 1O 10~ 235,00,
The increases were mast dransatic on Majure (go-
ing from 1200 10 10.460) and on Ebeve (going
froum 750 10 5.000). On the outer islands the wta)
population changed less (Rongelap, 100 10 1675
Ulirik, 126 10 217), but the age distribution be-

came abmonal. Young adults have gravitated -

».

5

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 ofd and 30 were > 50. The
flux is great: during any given ficld wrip up 10 30
people may be arriving or leaving,

The district has opened up to forcign travel,
Majuro has a jet airport, paved roads, electricity,
and telephones, Expectations are rising, and when
public services fail 1o keep pace with increasing
demand, dissatisfaction is more vocal,

The atmospheric bomb tests ended in 1938,
Kwajulein was abandoned as a Navy Base in 1960
and was made part of the Army's missile 1est
range. For the visiting medical teams, Joss of Navy
assistance 10 tramportation has increased the
logistic problems, but the continuing support of
the Anmny 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 exposurc of the Marshallese was
due catirely 1o fallout, since the detonation site
wis Wb far away for therial, blast, or direct irra-
diation ctfects, (In constrast, direct efficts were re-
sponsible for all the injuries from the atomic bombs
in Hiroshima and Nagasaki, with listle or no fall-
out,) The fircball from the 1931 Bravo device,
duetonated from a wwer, touched the surfice of the
carth at Bikini, and large amounts of material
were deawn up and mixed with fission products in
the bomb cloud. Because of an unpredicied shift
in the winds in the upper atmosphere, fallout was
depusited in a cigar-shaped area 20 10 40 miles
wide extending ~ 200 miles o the cast of Biking
(se Figure 1), The radioactivity was due 1o fission
products and some peutron-induced isotopes: the
fallout contained linle fissile material. The radia.
tion was therefore alinost entirely from gamma
and beta rays of varying energy from numerous
fission radioisotopes, The time afier detonation
when fallout began was estimated as 4 10 6 hr at
Raungelap, ~7 hr a1 Rongerik, and 22 i at Utirik
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Senator (1, Borja (secomd Grom eft) of te Congress of
Micronesia, Chairsnan of the Consmitiee Stadying the
Medical Statas of the Rongebaprand Utirik Peogde, visit-
ing BNL i 1974 shown with Do, B Crankae (eng,
NI Beend, and KA. Conard,
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Rougelap patiens with interpeeter in New Yok, visiting

Henuatological examinations, Roogelap, 11935,
UN Building before undergoing thyrod surgery, 1941
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Table 2

Fatimation of Gamma [hee?

Na. Approx. time of Iustrument readings Best estiate
Group in conunecenent Tivnee o used in dome of wial gzinma
desigination wroup ol fublonat Cvacuatn caleulations dome in air (R)
b Rongelap ] H+4wehr LE4 50 b (16 preopiie) 35 mR, b, 147 days 175
1433 e (W people)
. Ailinguae i fl4donhr 11+ b 100 R -hr, H 49 davs [+]
11 Rongerik 8 H4nthr 11+ 280 he (8 taen) 280 mK he, l 44 - 8
e b8 L (20 meny
IV Uik 137 422 e Started at b+ 93 he Wk hr, H o+ 8 davs 1

Connpleted at b+ 78 he

andd the fallout duration as ~ 12 L, with sose off

the dose dedivered casly i that perind, The tinus

when people were evacuated liom the islands are
shownin Table 2.

2. Gamma (Whole-Body] Doss

The Ballout (where seen) resembled snow or mist
and was deposited relatively homogencously so
that the individuals on cach island were con-
sidered 10 have reccived about the same estinated
dose of gamma radiation. The children may have
Lad a somewhat higher dose than that caleulated
for the adulits because, being smaller, they were
vloser o the ground and received larger midline
doses. “This possibility is supported by the higher
incidence of carly nausea and vomiting aud the
greates depression of blood dements in the voung
children. The Bimsy houses atlorded linde attenus
ation of the radiation. The whole-Iody doses were
caleubated fronvsneasurements with radiation tickd
survey instruments held 3 00 above the groud,
made within a week alter the detonation, by exe-
trapolation to the time of exposare with the energy
spectrum and decay taken into consideration.
Table 2 shows the caleulated wimma doses for e
ditferent populations exposed. The degree of lema-
tological depression that developed later is cou-
sistent with the doses caleulated. T view of the 4z
geomenry of exposure, the midline doses w indi.
viduals were higher than those obtained with the
wsaal bikueral expesure of x-radiation.?

3. Skin Dose

‘The dase to the shin surface was much greater
than the whale-bady gurnma dose because of the
large amount of beta radiation absarbed by the
skir

The actual skin dosex, alihough impossibile 1o
caleulate, probably amounted w thousands of racds,

and their range of values, due ta ditferent amounts
of fallout sticking 1o ditferent arcas, accounted fur
the spotty nature and varving intensity of lesions,
The extensivenass of the beta burns in cach island
group correlated roughly with the amount of il
out visible on their island (see ‘Table 6). Most of
*he skin dose was due o fallout deposited direcily
on the skin, but sume 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, GOO rads at hip level, and 300 rads at the
head, on 1he basis of continuous exposure and no
shiclding).? It was fortunate that the beta radia-
tion had an average energy insutlicient o pene.
trate deeply into the skin and therefore resulied
for the most part in superticial beta burns. The
average beta pardcle probably did not penctrate
much bevond the basal Laver of the skin (~ 100 g).
However, since epilation occurred i many people,
the region of the hair follicles must have reccived
adose capivalent adleast w the minial epilating
dose of 100 rads of 200-k\Vp x ravs,

4. Internal Dose Calculations

Liernal absorpiion of radioisotopes was due 10
inhalation as the radioactive cloud passed over
and toingasstion of fud and water contaminated
with fullout, warer probably being a major source.
Drinking water is abtained by collecting raintall
from the rools into catchments, and a slight rain
was reported on Rongelap the night of the tallout,
Since the cisterns were nearly empty, the dilution
etlect was iminimal. Water was being rationed at
that time, and it was drunk in spite of warnings
fram the healih aide. On Rongernik fixd and water
were better protecied from fallout deposisiog,

Laternal levels of radivisotopes absarbed (rom
the Gallout were assessed by numerous radiochemis




Manhallese dental practitioner examining tecith
as part of uxdical survey, Rongelap, 1,
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Party given by medical team a1 conclusion
of annual survey, Rongelap, 1970,
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Net tishing ut Rongetap, 19549,

Elderty Manhatlose male, 14463,

Copra being varried ashore, Capra produetion is
the chaet o o i oo i the Marstall Blasids,
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batisnated Body Barden (e of Rongelap Peophe?

Metivity Activity

atdav | at day d2
i T - 22 O.14%
Viegia 0 44 27 0021
Kare canh groap 0 - 12 [VKEX)
YO Gacthiyresd gt ) [T (XY
Wy 0. antd -
Y4 [{ AT 1KYl
Posside mateial 0 - OO Gy 0

calanalyaes of utine siples, beginning 15 davs
i st eaposure, for M8 G ML e tare canth
wrenp, and issile aterial, As expected, e
Remgebap peaple had the highest body burdeus,
ll) iy
s harely detectable. Table 3 shows the main

anths, beta activity in the urine samples

isotopes found at day 1 eatrapolated vatues) and
at day 82, The agreement botween che Hadings at
the two labortories is vlise consdering the 1ech-
aiques avatlabbe an that tme, Tevels inthe Ailing-
nae groap weee about one-haltand inthe Amer-
wans about onc-guanter the levels inthe Rongelap
group, Only isotopes ol odine, strontum, batiam,
and o tew rare carth clements were absorbed 10
any significant degree, bnthe Kongelap group, at
Aoy LONSEand 1M were sear the masimum per-
missibile tevels, anch the estinuated total amount of
tadicactive naterial in the gastrointestinal tract
was abot 3G whether this had any relation o

the carlv gastrointestingl syiptonis is it known.#
Rodiologicad monitoring of personnel and ewviron-
ot at Roagelap and other atolls in subsequent

vears iy discussed 1 Section VR

5. Thyroid Dosimetry

The tlloat produced several possible sources of
vadhation expromure 1o he thyroid ghod, The gune
Horads
i the Rangebap peapde, o8 rads in the Nilingnae
peoples and Trads in the Utirik group. Lidowe
ooy are prodaced inrelatively high vields by
the lission provess. Some are ton short-lived o be
all consequence, but VO VR BT d V] e

b Cadiation resabted in thvroid doses of 1

sulliciently lJang-lived 10 cause a considerable dose
1o the thyroid following imernal atsorption and
concentration in that gland, and these were ab-

sorbed hoth viainhalaton and viaingestion in

9

foud and water (see Appendix 9C). Ouher internally
absorbed isotopes (sce Table 3) were not thought
10 be significantly absorbed by the thyroid and
probably contributed little 10 the dose to that
gland. Conversely, the radiviodines contributed
only slightly 10 the whole-body radiation dose,

During the carly period after the fallout, rudio-
iodine was recognized as paossibly its most hazard-
wus comstitucnt, but the estimated dose 1o the
ghand of 10U 1o 130 rads was nat considered sufli-
cient to cause later development of thyroid ab-
torinalities, No acute effects were noted inany of
the people that could e related o the internal
absorpuion of radiviodines or other radioisotopes.
Convamination of the akin resulting in extensive
Eata buras in the neck region i 1074 of the peope
(see Figure 2) probably did not contribute to the
tharoid dome because of the low eneegy of the beta
tadiation. Posibly slight alaorpuon of radio-
iodines theough the skin accurred.

When the people returned 10 Rongelap to live
in 1937, no radivactive isotopes of iodine remaimed
texcept possibly very slight amounts of 12*1), and
the principal renuining isotopes (37Cs, 51y,
which were alsorbed 1o low Tevels in the people,
probably did not contribute 10 any significan
degree 1o the thvroid dose ®

When thyroid lesions began develaping in the
Rungelap children in 3063, the dose 1 the thyraid
of the Rongelap people was reevaluated by
Jaumes 2 s estimates of the gamima dowe agreed
approximatcly with the previous estimate of 175

Figure 2. Heta burss (March 29, 1954,
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rads. Caleulation of the dosage from radioiodines
untortunately had 1o be based on a single, poolid
urine sample from Rongelap people collected 13
days post exposure. Harris?? ac Los Alawos had
reported a low Tevel of ™ in this sample and had
calculated a one-day thyroid content of 11,2 pCi
based on the assumption of 0,17 urinary excretion
of the maximum thyroid burden onthe 1 day.

Thareit wt ()

Figure 3. Weights of human thvroids in New Yaork Clity.
(From Mociuzeng v a5
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Figure 4. Thyroid dose versus age for childie
inexpumed Marshaliese grougs,

Jamnes calculated doses for absorption from baoth
whalation and ingestion. § le noted that the shvaer-
lived sotopes of odine delivered 2 1o 3 times the
estimated dose delivered by ¥ aloae, The ame
portance of these shorter-lived sotopes i pro-
ducing thvroid cffecis in daw Marshallese will b
referred 1o in Scction IV, The dose 1o the thyroid
of a Rongelap adalt (including gamina) was cal-
rads (2260010450 rads) and w
thav of o S-vear-old Rongelap child as 700010 1-00)
rads. (The spread is due to uncertaintios in esti-

culated as about 345

mwating duse trom absorption ot vadioiodines by
inhalation versus ineestion.) With the AU
thut the rtio of whole-body ganima doses 1o thye
roid doses was the samne as for the Roagelap
prople, James” calcubations were used to estinate
thivroid doses in the Ailingnae and Utink roups;
the resalts were 1D rads for the Ailingnac adulbes
and 27 rads for the Uik adulis. ‘The children’s
thyroid doss were based on the weight of the
wland av various aves (Figure 3.5 By using a0
linear velationship between the thyraad size and

the dime caleulated by James, tie doses 1o indie

vidual children were taken from e

uression lines
drawn for she theee exprsed populations (Figure 1)
thewe are given in Section IV, Do retrospect. the
atinated average dose of TR rads v twe thyroids
of voung children appears 1o be low, at least b
two bovs who develaped arophy

nd myvsedena,
The caleulated dimes are obviously rough osti-
mates. The incompatability of the observed etfeets
with the calculated doses
related pardy tothe greater dose effeet of shot.-
lived iodine sotopes (see Appendix 9C),

qdoon B most be

8. ACUTE EFFECTS

1. Effects of Whole-Body Exposure

a. Early Symptoms.  During the lint two dhins,
before evacaation, syimptoms related 1o the skin
and the gastroimestinal tract were naoted inoa

Large number of Rongelap people, ina lesser nune-
ber amony the wroups exposed on Ailingnae and
Rongerik, and in none of the Curik wroap. The
severity of the symptoms was correlated with e
amount of fallour and the radinion dose. Skin
svinptoms (ching and barning of arcas not cov-
ered by clothing) were noted in about one-fourth
of the Rongelap people, and a few vomplained of
irritation of the vyes and Lwheymation, These
sviptoms were thought wo be selated o beta irea-




diation, b the caustic nature of the fallout may
have contributed,

The G.Losymptoms in the Rongelap people
cotaizted of anorexia and nausea (in about two-
hirds of them) and 10 a ksser extent of vomiting
and diarrhea (in one-teath of them), Only a few
in the Ailingnae group complained of these symp-
toins, and o one in the Rongerik and Uririk
groups, The gamma exposure is thought 1o have
been sufficient 1o acconnt for the GoL syiptoms,
but the ingested radioactive material (estimated
atabout 3 mGi) may have contributed, The GL
svinptoms were sore prevalentin the Rongelap
childien (see Pable 1) These svaptoms Liswed
vnly abmnat two diays and had Lurgely disuppearad
Ly the time the people arrived at Kwajalein,

b. Depression of Blood Elements. T'he catly
hematological findings amd the lindings in sui-
sequent years are presented i tabular form in
Appendix 6 and graphically in Section 1L C, "The
carhy findings are summarized here and the later
aies in Section FTL C
One of the carliest findings in the Manhallese

ihicative of signiticant expesare was lowering of
leukoevte and platelet fevels inthe peripheral
Dlosadd. “Thits was most marked i the 64 people on
Rougelap who lad reccived 175 rads and Tess so
in other groups receiving less exposure. The hienus
poietic depression was roughly proportional w the
i dose of radiation received, Faven in the
157 Unirik people who received ondy an estinned

Table ¥

i atuld NVewniting in Re

twelap Geoup?

hiwcides e,

Aue at espumire, vr No Nauwa Vinniting
w0 (X i) R
Sh o " i

Mean Blasd Conpis wt Peak Deprossion
11 K

teelags oo

Percent of contnd

Age <D Age D)
Neutrophils 1]
Lyiuplenries )
Platehes RE

14 rads, it was possible 1 distinguish slight platelat
depression in the group as a whole. The smaller
groups on Ailingnae and Rongerik showed periph-
eral bload levels between those of the high and
low expaosure groups, The hematolagical depres-
sion was thought to be due entirely to ganma
radiation, since it was not considered likely that
the dose from internally absorbed radionuclides
contributed 1w it significanty. The hematological
depression was greater in the children, particu-
Larly those exposed at <3 vearsof age (see Table 3).
The changes are enimerated bekow in more detail.

Lymphapenia 1o about half the level of the come
parison Manhallose population wias evident when
the Rongelap peaple were tirst examined 3 davs
alter exposure. bo childien <5 vears of age the
Ivmphocyies dropped to 25% of the level of the
comparison children but showed a slight rise dur-
ing the following weeks. The lvmphocvie levels
showed a slight increase by one year.

Neutruphil levels showed considerable fluctuation
during the first month, possibly related 10 the
prevalence of heta burns of the skin during that
period. Neutrophil depression beeame evident by
310 6 weeks post exposure, the kevel dropping to
about half the control level in aduls and slightly
lower in children aged <5 (Table 5). Neutraphils
recovered more rapidly than lviphocyies and
reached near control levels by one vear.

Larly platddet counts showed less fluctuation
than other bload counts and deereased o about
307 of control levels by the fourth week. A spun

-

~of prvovery 1o about 7% of control levels occurred

during the next few weeks, followed by slower
recovery with mean levels never exceeeding 9010
5% of control levels during the first vear, The
platelet count is probably the most sensitive indes
of the severity of radiation exposure in the sub-
lethal range.

Ervtirapoistic depression has not been a consistent
finding, and radiation ctlects on these colls have
not been demonstrable by peripheral blood counts.

Marpholugical vhanges. During the period when
HERLFOpenin was most severe, soie people were
found o have peculiar monedcviic leukoeytes that
were thoughit 1o be Large lvimphocytes, These cells
were not found sulsequently, although an oc-
vasional binucleated lvimphoeyte was seen,

¢. Clinical Findings. "The developent of sig-
nificant depression of peripheral blood leukocyvies
and platelews during the first G weeks was cause for
considerable apprehension among the medival




examiners. However, even at the nadir of depres-
sion (platelets, 28 to 30 days; granulocytes, 42 to
16.days) no assaciated bleeding tendeney orin-
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, 104 of the Rongelap
group developed granulocytopenia of 1000 cells
and 427% had leukocyte counts 000 or absolute
granuloeyte counts <2300, During this perid an
epidemic of upper respiratory infections oceurred
involving more than half the exposed population.

P

P

The iltness in the higher exposare Rongelap group
was no more severe than in the fess exposed
groups, and individuals in all croups were able to
show an upward trend in leubocy tes during the
illness. Prophylactic treatment with antibiotics

REPEY N

was not instituted because it was considered wiser
to withhold them until a real necd might arise.
Antibiotics were give
therapy is ordinarily indicated.

i certain cases where such

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 white thikes clung to the
moist skin, got into the hair, were inhaled, and
were ingested with contaminated food and waer.
Arcas of the skin covered by clothing were largely
protected, and some who bathed inthe Lagoon
and children who waded at the water’s edge une.

knowingly were protecting thenselves sinee they
s were later found 1o have fewer skin burns, Howe
; ever, the majority of the people on Rongelbap ad
s, Adlingnae had widespread contaminatan of ex-
poscd surfices of the body: the skhin dose was proi-
ably in the thousands of rads and was due nunily
1o the beta component,

Mot of the people complamed of itching and
burning of the skin for the st 2010 48 he, and

sote compliained abso of burning and lachiryima-
tion of the eyes. This may have been due partly w
the caustic nature of the fallout. These sympioms
were lass 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 shin burns for ditferent groups.

Personnel decontamination connnenced on
board the Navy ships used for evacuation, where
wk cloti.
at Kwiijadein

the people were given siltwater showet

ing donated by the crew. Ouarny;

the skin was still contaminated, wnd decontoni-

nation procedures were continued for several days,
Clothing was laundered iepestediy, and was dis-
carded i its radiaton lesel was sotsatlicicnt]y e
‘l‘l\.l'l’,

The tirst skin burns appeared about 1210 1
davs post exposure in the Rongelap people: burns
appeared somewhat Liter in the Ailingnae and
Rongerik groups and weee bess severe and exten-
sive. About '3 of the Rungelap and Ailingnae
groups and WY of the Rongenik groups developed
lesions, but none of the Utinik people. The laions
were multiple and spouy (Figure 53 and were
characterized by superticial hyperpigmented
macules, patches, or raised plagues, shick des.
quamated within a few davs leaving thin, pink
epithelium (Fieuse 61, No cevthenin was observed
before or during development of the lesions; it
vy have been Lieking becanse of insuthicient diose
ta dermis, or it may have heen obscured by the
darkuess of the skin. Decper burns wih ulcera-
tion werenoted in about 15377 of the Roagelap
people. Epilation (Figure 71 asually accompaniad
sealp lesions and was prevaleat in 507 of the
exponed Rongebap childien ¢lable 7z it occutned

to dess degrees 1o adulis and Nilingoae groaps,

GOy Were st comnon on the anterior neck,
anillae

antecubital fossoe, and feer, but even the
atal region in some voung childien was imvolved.

Lesions of the dorsain of the feet (Figure 83 were

Shin Lasiens?

Pable v

Group Carnpumition

Fallit vimervad Shan lesons gl epalatian

Rongelap d Marshailiwe

Heany tswna b Ealeiane

Ailingnae 18 Manshaliewe Mosderate Canstlibey Lass ontetange
Kangerik 23 Whate Nneficans Moaderate (nastiihe) Shighit
3 Negro Ninencans
Lirik 137 Mansbhallie Nowwe Noww
. N .
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lief of itching and pain. Antibiotics were used in
a few cases of secondary infections. The lesions
healed within a few weeks with only minimal
sequelae (deseribed below).

These observations make it apparent that beta
burus of the skin having acute symptoms associ-
ated with the laions may be a serious consequeice
of fallout exposure. The Marshallese could have
avoided many of the lesions if they had known to
take the proper precautions such as protecting the
skin from Gallout and carly cleansing. Had the
whaole-bady radiation dose been greater, the re.
duction in immune-henmatolagical defenses might
have resulted in more serious skin infections con-
siderably complicating the skin syimptoms,

3. Eftects of Internally Absorbed Radionuclides

As pointed out in Section 1L AL radiochemical
urine analyses beginning 13 davs after the accident
indicated that the Rongelap people and to a leser
extent the other expused groups had absorbed
considerable amounts of radionuclides by inhala.
tion and by ingestion of contaminated food and
water® (see Table 3). Although serious Late effeets
have developed due 10 radioiadine exposure 1o the
thyroid, and near masimum pesmissible doses of
several other radioisotopes were absorbed, no
acute symptoms associated with absorbed isotopes
appeared, the only exception being a gxssible role
of the estimated 3 mCGi of radivisotopes in the G
ract during the tirst two davs in causing the carly
Gl svinproms.

These observations indicate that Lick of carly
svinptonw associated with ingestion of radicactive

materialin an acute fullout situation does ot pre-
clude development of Late dllevts froa such ingestion.

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

Dauring the first 10 vears, after the carly etlects
and before the developmen of thyroid abnorial.
ities, lew medical indings could be definitely as-
sociated with radiation exposure, The general
health of the exposed Marshallese appearcd 1o be
about the same as that of the unexposed Manhsli-
ese comparison population, with the same 1vpes
and incidence of discases. ‘The deaths that occurned
were not related 10 radiation exposure, In the
Rongelapese a few findings were considered 1o be

connected with radiation exposure, such as resid-
ual skin cffects; an increase in wmiscarringes and
stillbirths during the tirst 3 vears; suggestive evi-
dence of a lag in complete recovery of peripheral
bload clements; evidence of slight chiromusome
aberrations of the peripheral bload, and some de-
gree of growth retardation ina few children. Oter
studies on possible Lite effects during this period
were negative (cataracts, aging, mortaliy, longey-
ity, malignaney).

During the second decade following ex posure,
effeats developed in the Rongelap people which
had not been heralded during the fiesy decade,
The most important were the widespread devel-
opment of thyraid abnornalities, asociated with
growth retrdation 1 some children, A Gaal case
of leukemia and a possible inercased incidence of
malignancies say o may not have been radiation
related: the numbers are too small 1o o
detinite conclusions.

it any

These fudings are reviewed below,

A. GENERAL MEDICAL FINDINGS

The healds situation in the Marshall Iabands is
in many respects iimproving. Most vector-horne
discases of the wopics do notaceur, heprony is rare,
and tberculosis s not;
vascubar disciases are rare (except for diabetic gane
grene of the feet),

rious problem. Cardio-

The public and personal hvgicne leave much o
be desired. Skin infections Gmpetigo and fungus)
and intestinal infestations Guanocbae and woris)
ar after their reset-
tdement on Rongekap Aol stools were examined

are endemic, Tn 1934, one

from 6Y exposed and 12 unesposed people.®
Tlestation was widespread with niany individuals
showing multiple types o parasites, the main
pathogens being Entamocha histolytica (foumd in
18.2%), hookwaorsis (5.0%), Trcdwriy tichig (387,
and Giardia lamblia (7.7%). Flaucllates also in-
cluded Trichummnas huminis. Nov significant diller-
cnces were noted hetween the incidences in the exe-
posed and unexposed popalations. Recentdy Asarns
has been introduced into thie Marshalls fram other
districts and infestation with it has become preve

alent. Education and comstant sueveidlance will
be needed 10 overcome the parasite problem,
Eosinophilia

s conution but is not alwivs associs
ated with helmindhic inlestations,

*These stimdies were done by Dr. M. Golidinan and Mr, R,
Carver, Comtnunacable Discase Conter, Clamblir, Ga,
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With the growing dependence on imported
foods and on money as the medium of exchange,
cases of -malnutrition are encountered. Night

Llindness due 1o vitnmin A deficiency has been ob-
.

served on several occasions, mainly in children.

The most serious epidemic during the 20 years
covered by this report was the polioinyclitis epi-
demic in 1963, The *polio ward™ at the Ariner
Ishoda Memorial Hospital in Majuro (which now
uperates as a physical rehabilivation center and
orthopuedic surgical ward) was created o care lor
the victims of this disaster. Rongelap Aol was
stricken in January/February of 1963 with 23 chil-
deenand 3 adubis taken ill. One of the aduhs died
andtwool th ~children had severe residual panesis,

Venerr sase appears o be on the inerease
Dental ca. s has been a notable linding during
physical examinations of the Marshallese; ivis at-

tributed ¢ poor oral hygience, inadequate demal
care, and possibly nutritional deficiency. Some of
the younger generation are now showing the bene-
fits of improved dental care. Dentists have pantici-
pated in several surveys, and their general conclu-
sion is that poor oral hs gicne is showing its usual
results: a high carics rate in teen-age children,
severe periodontal lesions in adults (heavy caleulus,
loss of alveolar bane), and ¢dentulous mouths in
the aging. Nosignificant difference between ex-
posed and unexposed Marshallese has been seen ex-
cept for a slightly greater incidence and severity of
perindontal discase in the exposed group. [t is not
known whether this finding is related o radiation
L‘xllhum.

Fish poisoning is common 1 the Marshall
Islands. Symptoms are usually minor but ocea-
sionally severe or even faal., Inflanunation of .

Tabh: 8

Phveical Findings® in Rongelap and Utirik Adulis, 1970-1974

Rongelap exposed Rongelap unexposed Cririk exposed
L6l examinwd) (135 examined) (117 examined)
.\'!.. % N‘I. ‘; .\.(l- (k
Acue 2 24 1 0.7 - 0
Aucinia 3 14 { u7 0
Atterioncleronis (mild) 7 10,2 2 1.3 8 6.8
Artenosclerimis (miod osev) 7 10.2 1 ul (1 5.1
Asthina - 0 2 1) 2 1.7
Atrial librillation 1 1.5 2 1.3 1 0.8
Beadveardia 2 29 - Q - 1]
Candiac enlargement 3 4 3 33 1 08
Cervical cronion it 16,2 3 3.7 3 2.0
Cystourcthro-rectacele d 118 - (U - 0
Dhalinss 2 Y 3 22 - Q
Eaphyseina - [ - 0 1 08
Epilepny - 0 .7 - 0
Herpia 2 9 2 L3 2 1.7
iy perteusion It ny 16 HY 17 145
Leprony, arresied 1 1.5 - V] - 0
Mivraine 1 15 - 1] - [\]
Obenity (grose) 7 10.2 2 148 14 120
Onteoarthiritin i +4 12 B4 1 0.8
Pelvic intlammatory discase - [} 1 0.7 - 0
Prmtatic hypestrophy 4 14 ! (U - U
Rbeumatic hean discase § 1.5 1 07 - o
Rhwummoid anbiriis [} 1.5 2 [ 1 08
Spervatoceke | 1.5 2 5 - (1}
Svphitlis (2) Garrested) 2 20 k] 2 - 0
Tumar, besign (except thyroud) 2 2y 2 1.5 1 0.8
Tunsor, nualigant \ 1.5 | 0.7 - 0
Varoeek - ) 2 1.5 - 0

*Findings o uphthalimoliaey and diabetes are reponed separately.
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cous membranes from inproperly prepared arrow.
ot Hour is not unconmimon. Both have erroncously
been associated with radiation cffcets in the minds
of the Rongelap people.

Diabetes mellitus is a major problem and s dis-
cussed separately in Section 111 G,

A prograum is under way 1o build new dispen-
saries on the outer islands, On Ebeye a new hospi-
tal Luilding has provided improved conditions for
health care,

1t is against this general back sround that our
examinations tike place. We are privileged to get
generous help from the local healuy authorities in
our task, and conversely when we are on the seene
we cannot avoid getting involved i problems out-
side the scope of Gllout complications,

AMajor physical findings duting the past 5 years
are listed in Table 8,

B. VITAL STATISTICS: FERTILITY AND MORTALITY

“Thie number of Tive binths during the last 3-vear
period was 37 among the exposed and G9 among the
unexposed, Caleubated as live births per vear per
LK) population these numbers give a birthrate of
112 for the exposed and 106 or the unexposed. In
addition, there were 10 miscarriages amanyg the
exposed and 18 among the unexposed, so that, in
both groups, one pregnancy out of ive ended in
miscarniage, This is approsimately the same free
quency as observed s the past (sce Table Yy,

Lewad abortions are not performed i the Nar-
shiall Balands, and there is no reason 1o believe that
any of the pregnancey eeminations on record were
provoked. Family planning has not been practiced
i the past although it is stow v gaining ground.
We therelire believe that the fenidity and fetus
viability indicated by these statisics are the natus
ralones, and, althaugh the expased females showed
an apparent inerease in miscarriages during the
first 3 vears, there s no evidence suggesting that
the histary of exposure 10 radiation has had any
permanent ctfect on cither,

The people wha have died aie listed by vear in
Table 10, with their age and probable cause of
death (such death certiticates as are available are
not always specitic). The overall mortality rate for
the 20-vear period s ~ 12 per 100U per vear lor
the exposed Rongelap group and ~ 13 for the une.

exposed: for the List d-vear period the rates are
~Y and =21 respectively. These ditlerences are
nat statistcally signiticant; i such siall groups

Table 11

Mortality, Utirik
(Av. age at death: 61 23)

Subject Age Subject Age
Year No, & wxx Year No. & wx
19956 2118 21M 1963 67 M
1957 244 63 M 1965 ilF
1957 57 F 1965 ik
1937 GiF 1963 56 M
1908 M 1967 M
1959 87 M LW, “?F
1954 PRI 1967 bl
19549 46\ 18 62 M
10 61 F [RLE UM
Hud) NF 1ol 6i F
(SN HF Ll  F
140 6\ 149419 s F
LECH| (RIS SR 80\
14961 ¥ F 1970 M
1963 ¥ 63 M
e 3 M [NV}
1964 53 F HE
1 84 ¥ 3T M
1963 68 M 57 M
[ §T ) 3F ['vs
1974 [F'%a

ohserved over such short periods, differences this
Lirge or larger could oceur by chance ( #<0.03).
Fxven so, had the trend been in the opposite diree-
tion, we would have had reason 10 be concerned;
as an example, we are keeping a carcful watch on the
apparent increase inmalignancies (see Seetion V).

The mortality rate among the exposed Uririk
people was ~ 13 for the 20-vear period and ~ 14
lor the last 5 vears. The deaths are histed in Table
11, but causes are not given because of insutficient
data,

Recent misconceptions make it necessary 1o
clarify comparisons with district-wide siatistics.
The vital statistics of the Trust Territory have im-
proved greatly over the 20 vears covered by these
reports, but they are still not published in suthi.
cient detnil 1o permit valid comparisons with ours.
The age distributions e oo ditferent: district-
wide the median age is 16 vears, whereas inour
group itis between 30 and 40, The ditference be-
tween the mortality in the general population (~7
per 1000 per vear) and that i our groups (~13)
reflects this ditference inayge distribution and is

not rehued 1o the history of exposure. A similar ef-
fect can be seen on the birthrate (~ 40 per 1000
per vear districtewide and =~ 110 in our groups).

- o
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C. HEMATOLOGICAL FINDINGS

Since blood-forming cells are among the most
radiosensitive cells i the body, bematological ex-
aminations have been emphasized in both exposed
and unesposed populations. Evidence of such
wnsitivity in the exposed Rongelap people was
provided by the early acute depression of leuko-
evtes and platelets and by possible residoal effects
on hemopaoiesis indicated by a Lag in recovery off
blood clements w the kevels of the unesposed pop-
ulation. The development ol a fatal case of leu-
kemia may also be evidence ol residual effect,

e

1. Procedures
‘ Until 1972 vearly measurcinents were made of
. peripheral blood elements, including WBC, diller-
; cntial white counts, RBC and hematocrit and/or
y hemoglobin, and platelet counts. Since a case of
keukemia was found in 1972, such mcasurements
have been made twice a vear, The counts were
done under a microscope until electratic means
came into use (Coulter counter and General Sci-
cowe Thacma-Count MK 3 and MK 4 instru.
ments). Reticulocyte and hone marrow examina-
tions have been done onseveral occasions by stans
. dard procedures,®

A number of special hematological examina-
tions over the vears have included wstis for leu-
kemia (i.c., special scanning of blood smcars for
inunature foris, basophil counts in 1000 cells,
alkaline phosphatase staining of neutrophils,**
analvsis for Australiaantigens ),* studies of red cell
and plasina volume, chromosame analvsis, cte,
Plasina 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 blowd counts of the
combined (Rongelap and Ailingnac) exposed
group are compared with those of the unexpased
group over the 20-vear period. Daa are listed in
Tabie 12 for the past 3 vears, and in Appendix 6
lor the entire 20 vears. Figure 13 shows the cu.

*Me leDanied ot SUNY at Sty Brosk has o the il
frvatial counts b the (s sweveral years.

e, W Mudooey and Moo Lo Tullin ag Harvard Malical
Sutumd dicd the aikaline phaaphatase staning of aewsropiuls m
prenpnaerisl bhlood siwears.

i WS, Bluabeeg, Instituie G Camer Research, Plila.
delphia, did the stunlies for Nusialia antigens,
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Figure 15, Binucleated noroblas.
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mulative percentage of neutrophils, lvmphocyies,
and platelets at various times, From these data it
appears that hesmopoictic recovery in the exposed
groups was incaplete during the first 15 vears
alier exposure. Sinee that time the levels in the ex.
pesed group have been about the same as in the
unexposed group. On the basis of RBC, hemato-
erit, and hanoglobin determinations, ervtliropoi-
ctic function has been about the same in the ex-
posed and in e comparison population. The lag
in recovery of leukocytes and platelets may repre-
seut residual bone marrow injury. The resulis of

Bone anarrow and chronumome studies and the des
velopiient of a case of leukemia tend w support

this contention,

3. Bone Marrow

Although bone marrow examinations at 6
manths pust expesure showed no gross abnormal-
iies, sicans on lour exposed Rongelap people 10
years Lter showed alteration in the mycloid.
vevthroid ratio in three of them, manifested by an

incrvased number ol ved coll precarsars, I addi-
tion to hyperplasia. the indings included abnor.
malities of chiromatin nuierial with double nuclei

and an incrcased number of mitotie figures in the
normoblistic series (see Figures 34 and 19),1 Oc-
casionally, hilobed Ivmphocyies have been noted
i the periplicral blood of some exposed people.

4. Other Hemalological Findings

Tutal blomd valumie and red cell volume were
studicd 10 vens after exposare. 31 No differences
were foand beiween exposed and unexposed Ron-
webap groups, bat it was noted that blood volume
sl red cell valume wisded o be seduced inmany
Marshallese compared with Americans®® (see Fig-
Several othies hiematological observa-
tioms, not related w radiation exposure, were noted.
aphilia >57% in more than half the people
has bheen a consistent finding. This could be ace
counted for only parily on the basis of intestinal
parasitisin and may be related also to numerous

ure 16), 47

fungus intctions of the skin and other chronie n-
fections. Oher tindings posibly related 1o chronice
infections are above-normal sedimentation rates
sud bigh gamma globulin levels (both wending 1o
mcrease with age). Varving degrees of anemia
have been seen occasionally, particularly in wo-

* These studies were dane In D 1M Mever, Veterans \d-
ssiiistration [ Lapital, Bowkdvi, NV, and e, WE, Niri, Uni.
vemity of Califrnia ot Berhaeley,
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nmien of childbearing age. Price Jones sizing of red
cells in these cases showed a slight microcviic tend-
eney.® lron deficiency apparently was not the cause
sHCe serumt iron usually was in the normal range.®
Reticulocyie counts have not been significantly
wcreased in cither the esposed or uneaposed pop-
ulation. Macrocvtic ancimia has not been seen,
Vitamin Bya levels have been unusually high in
the Marshallese®; the cause of this is unknown but
dues not appear 1o be related 1o liver discase or
keukemia. The sickling trait has not been seen in
the Marshallese examined.

D. SUBSEQUENT COURSE OF SKIN LESIONS

The residual skin kesions noted in the Rongelap
and Ailingnae people since the initial lesions are
listed in Table 15, During the tirst year many of
the healed arcas, particularly on the back of the
neck, showed a roughening (rugosity) and bluish.
black pigmentation, which became less naticeable
with time (see Figures 17 and 18). Deeper lesions
exhibited carly residual scarring and lack of pig-

1
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Table 13

Residual Beta Bune

No. & wx

Subjevt

M Roughening and pigment variation on from
of neck. Several piginenied macules ACF.®
Perianal depigmentacion,

3N Matibed pigmentation ot asillae, Pignented
arca behind ket car,

M Pignwent cuanges et ACEL doesan tirs sigha
s piggnented nevi asilla

18 2 S¢

arcing andd pigmicntanon lelt ACF.
M P nted patch back of nedk,

20M Pigmenied smacules lelt asiila, frong of ek
and chest. Depigmented spuots shatlt peenia.

HF Slight pigment variation on front of ek wye
cral pugwentesd sacides dorson lefi oo,

M Scarring dorsan lelt ot Biogav at 2y
alinization of connectis e tisue ad 1hic
of blosd vessel walls of cuns. Died 19546,

ars by o
sang

26 M Scarring and depigmentaion of dors right
fout, Died 1962,

K Stighy rougheniog and pigmenation hack of
novk, Moles on tront of aeck.

39 F Slight roughening and piginentation back of
nevk; pigsient variations and slicht hiyper.
prgantatuns torsusn right ka,

9F Numerous pigmented macules both sides of
neck aned a hew oo acims asd ACE.

UM Motabed pigmentation s depigiwntation
o front of nevk, Died 1972,

MEF Mattbed pigmentasion and depigowntation
wed back o vk, Dl 1t

[ Slight rugomity and pagiented tidgos on back
ol vk,

ut¥ Mole lack of neck; slight plgment variatis
and a few macules front of ne ko Mole ik
ol ek,

6O F Pigment variation amd roughening front of
savk. Not apparent now,

67 F Depigenented scars dorsum beft foot,

F Slight pigimented arca dorsum right first e,

hin g Numcrous pedunculated moles on sides aixd

front of vk,

79\ Pigmented and depigmenied siar posterion
surface ket ear.

*ACF = antevabital fimsa.

mentation, but the scars have faded and repigmen.
ation has iended to occur in most cases. Na evi-
dence has been seen lor the development of chronic
radiation desmatitis or premalignant or malignant
changes in any case, and most people now show
little residual evidence of lesions, Hair of normal
color and texture regrew by 610 12 monthys inall
caxes except for one man who still has spotty epila-
tion on the back of his head.

Follow-up skin biopsies of residual lesions, stud-
ied at 6 months® and at 3 and 10 vean® 4 post ex-
posure, histologically showed excellent healing,
but in most cases residual evidence of exposure
was noted, such as epidermal atrophy and thicken-
inyg of the corium with collagen bands, although
linle evidence of significant vascular changes was
scen in the coram (see Figuie 1),

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

may be as long as 38 vears and may, on the aver-
age, be longer than for sune other tvpes of radia-
ton-induced salignaney. Many of the younger ex-
posed Manshallese siill have a long lile expoctancy,

There are several reasons, however, why skin
cancer nuy not occur in the Maeshallese, The fow
average energy of the bet ravs resulted i mach
less danmage o the dermis than o the epidesiis,
This would make the prognosis favorable if, as
many investigators believe, the developmeat of
skin cancer requires suflicient damage 1o the
dermis o impair nutrition of the epidermal celis,
En the Marshallese the superdicial nature of the
skin burns, rapid healing, and absence of chironie
radiation dermatitis are factors against the devel-
opment of skin cancer™; nevertheless, persisting
cellular changes are scen in their residaal skin
lesions, I, as Felol et al * believe, skin cancer re-
sults from direct irradiation of the epidernis withe-
out necessarily severe dermal injury, its occurrence
would be more likely, The appearance of neviia
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Figure 17, Persisting depigmented arcas, 6 months
after exprane, indtcas of kel sovere o

Figure 18, Far lexion healed, 6 monds
after expunure, with considerable searring.?

the neck regions that sustained severe beta burns
suggests that the development of Benign lesions may
have been enbueed by the skin ex posure (see Fig-
ure 20), Possible covarcinogenic factors such as the
ultraviolet radiation in tropical sunlight and skin
irritation from coral, trauma, and inleciions may
wikler the development of maligonant changesinthe
skin more likely, but the dark pigmentation should
otler some protection, as it bas been shown that
skin catieer is ks prevalentamuong Negroes,

E. OPHTHALMOLOGICAL FINDINGS
Routine aphthalmological examinations (in-

cluding funduscopic) have been included in the
regular phsical examinations of both the exposed

Figure 19. Section of skin from beta-burn arca on back of
neck of dievear-old woman (Na 34} at 10 years afier ex-
posnire (100X ). Nute atrophy of epideris with nartow
ing of stratum granulosum and tingerlike projections of
rete pegs. Slight atrophy of the sweat gland ducts is alse
prosent. !t

’

Figure 20, Pigmented nevuslike hesions in previous
teta-hur arca of neck (subject No. 78).1

and unexposed populations, In addition, special
examinations for possible effects of radiation on
the eves have been done at inervals by ophthal-
mologists accompanying the medical 1eam, Bt in
Mav 1934 (2 months after the accident) and then
in 1933, 1936, 19537, 1938, 1939, 1962, 1964, 1967,
1971, and 1972, The routine examinations include
testing of vision, accommadation, muscle balance,
and pupillary reactions: external examination;
and funduscopy. Vision is tested with the Sucllen
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 sliv-lamp and
fundus phowgraphy. As part of the aging studics
quantitative changes in certain eve characteristics
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(visual acuity, arcus senilis, accommodation. ret
inal ancriosclerasis) have been recorded 1332

1. General Findings

Some general observations on the eyes of the
Marshallese have indicated ditferences from the
eves of US. Caucastans which may be related to
cthaic biackground and pussibly t environmental
actors. The major eve tindings for the past 5 years
are Jisted in Table 1L

‘The high incidenwe of pingueculae and prerygia
s the nnt notable Bindicg listed i the table, This

has been found by others to be characieristic of
people living on kow coral atolls in the Pacitic wid
s thought to Le related 1w irritation of the eyes by
coral dust, salt water, and bright sunlight, The
other major findings listed were related 1o general
aging ctfects (loss of visual acuity, cataract fornge-
tion, loss of acconmodation, loss of ocular muscle
balance, r1c.) and these appeared 10 aecur 10
lesser degree in the Marshatlese than in Ameri-
cans, although the incidence of arcus senilis and
cataracts seesned higher, FPhe Manhallese hud foss
myvopit, aberrations of color vision, and nnbly.

Table 14

Ophthalimologieal Fusdings, 1970- 10971

Rumgelap iand

Nilinglae expomecd Rongelap unex puwad Utitik expumad
130 (13" {100°)

Ouular condition No. e No. k1
Anisworia | 1.4 0 ) 0 ([}
Areas wnilis 22 R S RION) N ]
A H-Robwertson pupil | | ] 1) (1] U (1]
Chalazion 4 [ 1 0.7 i (1}
Chuoroditis 2 B0 2 1.24) 1 1
Congenital defects 2 S Y] [1] (4] [
Conjunctivitis 0 (1} 2 1.5 1} 1]
Caorneal pivment 0 1] ] 0 [} 0
Conneal war 2 R Xt 3 430 ] 1
Driisest W 1] 2 1.5 0 0
Fuoplithaline 0 0 0 1] 1 !
Fnucieation 1 1.4 U 1] (1} 0
Gilaueoma, pricnary 0 [ 1] 1] 0 "
Glaucouna, svotulary ] 0 ] 0.7y 1] 1}
[ FEITH

Cataracts [ 170 N 15 M M)

Lanticular apacities " 18 1t 105 1 17

Polvelwromatie sheen 7 1o 13 o 7 17
Muacular degeneration 2 30 | 0.75 I 1
Night vision anpainnent (1] 1] ) 0 1) ]
Nustagmus | 1.4 2 1.5 1] 0
Phihisis bulls | 1.4 0 1] i 1]
Pinguecula 7 100 6 .3 i N
Positive Ronberg 1 (K] U] u (] 1]
Propumis 1 14 | 0.7 0] "
Preeygium 17 2440 41 A0 i) »)
Punis 2 30 1] 0 [} 0
Ketinal arterioscleronis 1" 157 14 Lo 1 1
Ketnal hemortiuges J 10 ] 0 w "
Retnad wars 2 10 2 1. ] K]
Retnopathy, dialwtic 0 0 " ]} 2 2
Strabivnus s R 2 1.5 4 §
Uveitis ! ] 0 0] 0 0
Vitreusus opucitics 2 30 I 0.7) 1 )
Nantlusina ] | 1] 1} (1] 0

* Nunber of pouple exannmed |
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opia. Also notable was their lack of retinoblasto-
mias, malignant melanomas of the choroid, and
Liasad cell carcinonna of the evelids, Ocular pathol-
ouy caused Dy herpes simplex or zoster viruses was
. Nu cases of retinal detachment occurred
exeept i two people as i sequela of ocular surgery,

fot

Corneal soars, macular degeneration, vitreous
ostess, and other degenerative intraocalar condi-
tions were seen in about the numbers expected in
any part of the world. No Tovocars infostation ar
ather intraoculie parasites have been cacountered,
and no ocular invoelvement by the parasites
Cnchoverca or tilaria bas been seen. b the one case
of inactive leproay on Rongelap no ocular lesions
have Loen ned. Some peaple bave residual sars
of viewa, but o active lesions have been seen dur-
g the 20-vear period.

Mt of the congenital malformations and fa-
milial ocular discass found in Ncericans were
not seen i the Marshallese, such as ocular dystro-
phias, retinitis pignwntosa (congenital night Llind.
nes), congenital eataracts or glavcoma in the
vouny or familial gaucoma w older people, and

coloboma of the aris o pasterion segment of the
eve, On the ather hand, cent

in cangenital traity
apparentiv peculiar o this tace were noted. Fhe
average size of the corneas s greater than in the

.

LS mose than o 1 olihe people examined hav-
ing corneas 2> 0 diwmeter, bn =5 colthe
people the retinal vessebs shoswed increased wortu-
ity (corkserew-like) and dilataton, This phenome
enon has sometimes been tound associated with
the sickle cell wait, bhut the Ltter has not bheen
noted in the Maeshallese,

Dictetic and hvgienic conditions in the Mar.
shall Llands have inproved over the 20 vears of
this study. b carlior vears, poor night vision in
children due o vitamin A deticieney was weca-
siopably found, and molluscuin contagiosum was
wen more frequently; also lesions involving the
[Lin of the vvelids, firehead, and face. Tt has been
several vears since night vision impairment or
walluseum bas been seen.,

2. Possible Radiation Effects

Bath the detonation in March 1951 and the re-
sulting Lillout gave vise to several tvpes of radia-
tion that might canse njury 1o the eves.

Longiouie vadiutim. irect observation with the
maked eye of the girchall of an atoic bomb deto-
ation i Known to produce retinal damage with
arring and possible blindnesc 4% The Beavo

%

firchall was observed by a small number of people
on Rongelap, and, though its distance from then
precluded thermal injury 1o the skin from long-
wave (visible and infrared)light, injury w the ret-
ina must be considered. The fireball was de-
scribed by the Rongelap people as appearing “like
the sun rising in the west.” ‘They probably did nat
wee it at its greatest luminescence, when the dame
aging veular cffects occur, because this comes a
fraction of a microswecond after detonation, so that
at a distance of 100 miles the firchall would not
vet have risen above the horizan, Also, at that dis-
tance the size of 1he image on the retina would be
siall. These fuctons probably explain why no one
complained of blindness from seeing the bireball
and no retinal scan have been found in anyof the
jreople,

Tzing radiation. The fallout on Rongciap re-
sulied in a gamma dose of 175 rads 10 the whaole
bady including the eves. Bea ravs brum fallout
deposited on the ground and contaminating the
eves resulted in some superticial exposure of the
lids, conjunctiva, and cornca, but their low penes
tration makes it unlikely that the lens or retina re-
ceived any significant dose from this source. Dur-
ing the two davs before evacuation, many of the
peuple complained of sune itching and burning of
the eves with some Lichrvimation. These svmptoms
way lave been related o radiation from fallout in
the eves, but physical and chemical irritation by
the caustic fallout dust mav have plaved an ime-
portant part. Internal alnorption of radionuclides
probably did not contribute to the radiation dose
w the eyes.

Congunctizitis. The burning and lachrymation
disappeared by the time the people were evacu-
ated o Rwajalein Lland, However, at the tine of
development of beta burns, about 2 weeks after ex-
posure, two men developed conjunctivits and in-
Hamimation of the evelids which may have been
due o betairradiation, These lesions healed within
several days,

Ceorneal pigmentation. Beginning at about 2 months
post exposure, in some people a pivmened line
was hoted i the cornea at the limbuas in the haorie
zontal asis of the palpebral fissure, which ap-
peared 1o be below the surfuce of the epithelium,
beovaried fram 0.5 1w 2 mmin length, This may
have been due o beta radiation and was possibly
related to the bluish pigmentation noted in the
uail beds. The Lter disappeared when the nail
bed grew out several months later, but the corneal
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pigmentation persisted for several yeans before it
tinadly disappeared. These pigmented streaks are
not to be confused with conjunctival and corneal
pigmentation of genetic origin noted in some of
these people, which is in the superticial epithelium
and s permanent,

Prervgaa and pingueculue, During the early surveys
the incidence of preryeia and pingueculae was
thought to be greater in the exposed Rongelap
people than in the unexposed comparison popula-
tion. Hlowever, as the latter group has increased,
this no looer apprean o be the case (see Table T4),

Opacities of the bens. Opacitios of the leas have

been a common tinding in the Marshallese (see
able 1. They are scored i order of decreasing

sze as cataracts Gawbitrarily considered as a lens
opacity impairing visual acuity by 220 30), fens
opacities, polychromatic sheens, and tlecks, Spevial
tnicruscupic eXaminations tor lens tlecks were
nude in 196018

treadiation of the lens insullicient donages may
result in a spectrum of apacities ranging from
potyvchromatic sheens w full-blown cataracts, -
Ondv in the carly stages of cataract fornation can
changes characteristic of radiation generally be
recognized: more mature cataracts due to radia-
tion usually cannot be ditferentiated from thise
due to aging or discase, The development of lens
opacities due to radiation depends on the chs
wristics of the radiation, the age of the individual
at exposure, and the interval after irradiation,
Neutrons are known o be several tites as cata-
ractogenic as ganina o beta ravs and plaved an
important role in cataract development in the
Japanese exposed 1o the atomic bombs and als in
evclotron workers, 578 In the Marshallese only

gamma radiation need be considered becanse
no neutrons were involved o the

alout and the
beta radiation did not have saflicient energy o ime
part a sivnilicant dose 1o the lens, The ganuna
radiation had a tairly cncrgetic spectrum (100 10
1500 keV). The 175-rad dose was delivered at a
decreasing rite wver the two davs of exposure, The

minimun ctaractovenic dose of 8 Favs oF aliing
ravs is considered 1o be = 200 rads and the dose 1o
produce progressive lesions, ~ 500 rads. ' The
Lkitent period averages about 2 to 3 vears. With
Lirger dases the Latent period may be shorter, and
with lower doses it imay be > 8 vears,

The smallest lens opacities observed with slit-
mp microscopy were lens flecks, which are
thought to be defects insingle lens fibers. These

disrete vpacities were at most only a few microns
i size amdd could in no way impair vision. The
number of tlecks increased with age in all groups,
but they developed nmuore rapidly in adoleseeny fe.
niabes. 4 A higher seore in fenales aged 131020 .
atexposure may have bees related o the radiaion. X

The higher incidence of leeks in adolescent fe-

males wis thought 1o be assciated with their high

ostrogen levels.
Other lens opacitios observed in the exposed
Marshaliese did naot fit the deseriptions of radia.

tion-induced tvpes and were similar w those seen
i the unexponed population, The aleeuce of vadi-
ation-induced catatacty is not uneapected, since
the dose te the Mashatiese was below the mini-
mum dose of 8 ravs o anima rayvs needed. The
Lipse of 20 vears is well bevond the usual Latem
period and iU seems unlikely that any such lesions
will develop. Al the cataracts seen have been of
the senile or presenile type and no juvenile cata-
racts hune been noted. Possible correlition with dic
Letes is discussed in Section HL GG, The slighaly
higher incidence of cataracts in the exposed Rons
yelap people over the yeans ay be related 1o a

slight preponderance of older peaple in the ex-
pemed population.
Polvchiomatic sheens, vellowish o “lws

en
brass' 10 blucsgreen in color, were noted in some
Marshalloe, both exposed and nonesposed. These
were not associted with any lenticular opacities
characteristic of radiation exponsure,

F. GROWTH AND DEVELOPMENT STUDIES
OF EXPOSED CHILDREN

1. Dato Taken

Duwing cach medical survey of the Marshallose
peoplessvatematic pediatric examinations have
been conducted onosubjects under the chronologis
cal age of 200 vears (see Table 1) with the EXCe)-
ton of adolescent girls who were pregnant or who
had had babies, The studies comistid ol o brict in-
terval history, routine phvsical examination, pal-
pation of the thvroid gland, and assessinent of
growth aud developient.

The growth status of the children exposd to
tallout has been followed regubinly sinee the initial
exaunination. From 1031 w0 1958 the growih data
consisted of rontine measurements of stature and
weight. In 1939, rocntgenographic evaluation of

* Pl stumlwes were done 1n D, ] Basetan, BN
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Tabide 15

Counpuanition of Pediark Grougpe 1972

Aur at eaprmie, vt No. makes No. fenale
Kogelap group
< 10 Y
119 ) 9
In utere 3 t
Nilingnae group
< 2 i
Unespuned group
Bty 19451973 2 1

Mo 1080190 11 7

skeletal development geft hand and wrist) was
witiated Y and systesatic docuinentation of an-
thropotietric d

1 wans started, T he docamenta-
tion wits continued during the succeeding exami-
mations on subjects considered w be e growth
phase (eenerally throagh age 200 The data re-
varded regularly induded standing heght (state-
urey, body weight, head circumierence, head
width, head length, chest circumference, bie
acromial widthoand calf circumference, and spo-
radically included sitting height, chest width, chest
depthy and buttocks ciecanterence. (See Appens
oin 71

The development of secondary sex character-
iticy was qualitiatively assessed accurding to the
standard eriteria gene
stuclies (Greulic i ot al.,

ally accepted in growth
Shattleworth ). Such
procedures included the staging of breast devel-
opment in girh: estimation of the type, pattern,
and amount of bady hair (aciall pubic, asillary,
ek and staging of the growth of penis and westes
in bovs, Duriag several examinations, photo-
wnaphic documentation was done as part ot the
amseatnient of growth statas and phivsique.

The rocntgenographic evaluation of skeletal
developmient was done by the inspectional wech-
nigue of Greubich and Pyle ' and the American
standards were used for ciuparison.

2. Physical Findings

The cinly post-expanure examinations indicated
that the younger childeen, in geactal, nanifeaed
more extensive ad ore severe radiation injury
than the older children and adalis. Following re-
covery fromn the acute cifects of radiation, the over-
all physical status of the chibdren appeared o be
normal excrpt b the subseduent developmen of
thyraid abnoemaliiies, which are discussed below

in Section IV, The other physical findings, which
have been carcfully tabulated in the individual re-
ports for each survey, indicate no definite patiern
of abnormalitics that would differentiate the ex-
pused children from the unexposed comparison
children. The usual spectrum of infectious and
noninfectious discases, congenital anomalies, and
physiological variations has been noted in both ex-
prsed and unexposed children,

3. Growth Stolus

Luterpretation of the anthropametric data and
assessinent of the growth statn of the exposed
Raugelap children have been complicated by (a)
racdiat o injury to the thyroid gland, (b) parual
or wial thyroidectumie in the children who de-
veloped thyroid neoplasia, and te) the administra-
tion of thyroid horone o the entire expused Rone
velap population since September 1963, I the
data on the three children (Nos. 3, 3, and 63) who
were obviously hypothvroid and had markedly
sinall body measurements are excluded, compan-
sons of mean stature and skeletal age indicared no
statistically significant ditference between the ex-
posed and unesposed children for cither bovs or
girls

Compared with American nonns, the incan
skeletal ages at given chronological ages fos cach
group were, for unexposed girls, quite similar, but
for unexpeosed bovs, they appeared o be delaved
by 6 1o 7 months at cach chronological age.

Earlier preliminary compa: isous had suggested
that bavs expased at age <J veans were retarded
in statural growih compared with unesposed bovs,
The current analysis exclude those with a specitic
diggnosis of by pothy roidiam. The individual growth
and development curves for 13 children exposed
at age <Jand their controls are shown in Figures
21 and 22, The etfecr of thvroid treatment on the
two bovs (Nos, 3 and 31 is evidents Several other
children (Nos, 2, 19635, 42) had a tendeneyvoe-
wiard retarded developmient, which may have been
unproved by thvroid swedication,

On the 4 childien exponed i wroe, caretul exame
inations have resulied in no unusuad phvasical tind-
ines. The growth progress of 3 of thew bas boeen
sithilar tothat ol age peers (see Table 16), One
boy (No. 83) has had a head circumiterence
sinaller than the average for unesposed males and
ashightly retarded pattiern of skeletal maturation,
but his statural growth curve was comparable with
that of unexpomed males.
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Final evaluation of stature and skeletal age will

be postponed until all the exposed children have
reached the age of 21 10 ensure that all are fully

eight and weight data on survivors of the

atomic explosions at Hirashinu and Nagasaki have
been recently reexamined by the Momic Bomb

mature, Casualty Commission.*? Analysis of the final
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(adult) statures and weights, measured at age 21

o older, of subjects exposed Lo radiation at age

< 17 indicated that those exposed in Hiroshima
attained aimean height markedly lower than nor-
wal and that the degree of retardation diminished
with increasing age at exposure, being greawst in
thuse exposed at age 3 The clfect was maore
prominent in bovs, Fhe prelimiaary tubulations
of growth data in the Marshallese childrent64%
showed similar trends, Subsequently, the exient ot
the thyroid injury documented in the Marshallese
children provided the basis for the present assump-
tion that growth retardation reflected primanly
the results of mpaired thyroid Tunction, s ans
tctnated that when adalt (inal) anthropometric
rements hecome available, urther evalua.
tion of the growth pattern of the Manhallese chil-
dren (including further assessiment ol the cilect of
thyroid hiormone administration) will be posible.

G. DEGENERATIVE DISEASES

The aging process is accompanied by an in-
creased indidence of degenerative discases, and ir-
radiated animads have shown incrcases bath in
general aging phenomena and in such discases;
therefore, in thee sudies careful consideration has
been given to signs ol aging and 1o the incidence
of cardiovascular discases, arthntis, and other de-
gunerative discases,

1. Cardliovascular Diseoses

Cardiovascular discases appear 1o bhe no more
prevalent among the Manshallese than in Ameri-
cany or other papulations, and no ditlerence was
found between their incidences in the exposed and
unesposed groups. Hypertension appears o be
soanewhat less prevalent amony the Marshallese
than among Anericans, Blood pressures > 140,90
have beensecorded i only about 95 ol the people,
and the increasing percentage of older people in
the study groups does not seem to have raised the
incidence of hivpertension. Many of the vounger
peaple. particularly females, have notably lower
bliad pressaves (90-100,/35-65), The generally
loswer blaod pressures in the Marshallese have been
thought 1o be related W lower dictary salt in-
take T8 Lug the gradually increasing use of ime-
portesd foeds of greater salt content has caused no
apparcnt increase in hyvpertension, Serum sodium
and patassinn levels have usually been in the noes
mad range. Routine chest x ravs and ECG's on in-

.

I

dividuals >>40 yeurs old have revealed the cardiac
changes expected with aging: ancriosclerosis heart
disease with oceasional cardiac decompensation,
Auricular fbrillation has been noted in a few
people; rheumatic heart discase in only twu.
Peripheral vascular discases (thrombophlebitis,
peripheral venous discase, hemorrhoids) appear to
be less common than in Americans. Oscillumetric
studies showed peripheral pulses to be excep-
tionally good, even in ulder people and in diabetic
(see below). Nu luetie, inctabolic, or nutritional
forin of heart disease has been seen,

~“772, Arthritis

Many Marshallowe 240 vears of age coplain
of juint svmptows in the arms and legs and w 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
wonmen develop marked kyphosis in the lower
thoracic-lumbar region which may be related
partly to the squatting or stooping position neces-
sary for cooking over open fires. N ravs show many
of the above complaints (o be assaciated with
wsteoarthritic changes; but many people with come
plaints do not have definite bone b anges, Arthritis
seemms ho more conunon in the exposed than in the
unexpased population, and its general incidence
does not dilfer greatly from that among Ameri.
cans. Rhicumatoid arthritis has rarcly been seen,
Examination of the sera for “rheumatic factor™
gave positive results in only a few cases (3 of 184
tested in 1939).*

3. Nephrosclerosis

Primary kiduey disca=- has not been noted fre-
quently, but acphrosclerosis has occasionally been
scen complicating cardiovascul.a discase,

4. Aging

Radiation in sublethal doses may reduce longev-
ity in animals and man, Induction of malignant
transformation is weli documented and accounts
for most of the carly deaths, However, develop.
ment of premature senescence with associated de-
generative discases and immunodeliciency, as a
Late elfect of expasure, it also believed to account for
soine deyree of life shortening in animals. $7-4 For
humans, definiie proof of such effects is lacking,
the only documented life-shortening etfect being
related 10 malignancies. ™! Inthe Japanese bomb
survivors, the correlation of life-shortening with
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malignancics is well documented, 233 but that with
other less well-defined aging eriteria is not clear-
cut. Becbie et all,? reparting on 1300 deaths from
1950 to 1966 among 8200 exposed Japancse,
stated: *Onee cancer is removed from the list of
natural causes, mortality appears to bear no relas
tion to radiation dosage. 1n none of the 4 tme
periods is there evidence of general increase in
mortality that oue might expect from the hypothe-
sis of accelerated aging.”

Since the underlving mechanisms of ordinary
aging are ot clearly detined i is ditlicult to com-
pare radiation cllects with 1he aging process and
to recognize their interaction. Stadies of longey.
ity in the relatively small Marshallese population
under observation du not provide any evidence of
a passible life-shortening etlect of radiation. At this
time the average age at death in the Rongelap ex-
poscd group is G4 vears compared with 63 in the un-
exposed population, and 61 among the unexposed
Utirik people. The ditlerences are not significant,

Numicrous empirical studies concerned with pos-
sible radiation-induced aging effects have been
carried out on the Japanese survivors™-% and on
the Marshallese 8328157610 QO several occasions
Rongelap people were given a battery of nonspe-
cific tests for aging similar 10 those used in the
Japanese studies,® 1303 Same of these tests were
based on subjective assessmient, on a 0 to 4 4 sale,

of items such as grevness of hair, arcus senilis, senile
changes in the skin, balding, ete., but most involved
direct measurements of items such as skin loase-
ness, skin elasticity (skin caliper), visual accome
modation, visual acuity, hearing (audiometric),
blood pressure, neuromuscular fu nction (light ex-
tinction test), hamd strength (dynamometer), vibra-
tory sense (vibrometer), and lean body wse
(whole-body potassiim by gamma spectrographic
analysis), Comparison of these values in the ex-
psed and unexposed Marshallese (Table 17)
showed no signiticant ditlerences, The biological
age seores (average percent seore), 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 alter exposure if the
dose is suficient to praduce significant leukopenia,
During the carly period, though the acute clivers
ot the Rongelap people included considerable de-
pression of peripheral blood clements, comparison
of the incidence of infections with that in the Uldirik
group gave no evidence of impaired immunity,
Reduced immunological reserve may likely bea
Lite cllect of radiation exposure, but it has not
been observed conclusively in man, The develop-
ment ol leukemia and other malignancies follow-
ing exposure may quite possibly be related to re-

Table

17

Correlistion of Caiteria With Age and Radiation Expomare'?

Carerelatio
with age

" Cascrclation with rdiaton

(r value) Percent Signiticiiwe® ()
Gravinss on7 +17.0 S (.3
Arcus seailis 0483 0.0 . (1.iMh
Accunnodation (IR} -4 N, (.11}
Shin retectum (1) + .3 S (0dh)
Shin foomarness .70 + 16 S (1.HY)
Vihratory seawe (N 4 F) 0iuee — LM, 4+ 200F) N, (O, 0.4
Visial acuity . (IR + 1 b0 5. (0.0Y9)
Hearing how 057 + 74 (. W)
Hand grip (M + F) [IXIYRA + 138 (M), +138(F) 3. (015,008
Reaction titme (M + F) (Light extingion 1esey [LX13 Aad = 20(M), =10.5(F) S, (LIS, 0.00)
Seutuoline hlousd pressure Q.05 -1 L (124)
Povessin (M + F) (TR TR —1L6(M), + 106 (F) REUREN IR
Chaolesienid 0.5 -17.2 (#413)
Nearomuscular function (M 4+ F) (hand allyy (I R + 320\, + L) L (5. 0.00)
Connbined sworet 0.9 + 70 NS (027
NS ol signibicant at Ve devel, *or vadues for madex and femabes averaged, Weighted aweondiog 1o r value,
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duced immunological surveillance. Our interest in
inmunological capacity is related also 10 the con.
sideration that impairment of inar.anity is thought
0 be asociated with the aging process,

Antibudy sespanse. Vhree years after exposure a
number of exposed and unexpased Rongelap
people were tested for antibody response (o pri-
mary and sccondary letanus toxoid inoculations,
with a mouse used for toxin-antitoxin assay of
seru?® ‘The difference between the exposed and
uncxposed groups was not significant,

Blwsd cell changes. "Vhe persistent lag in complete
recovery of leukocytes was believed warellect e
duced bone masrow teserve and therelose reduced
immunological resers e, Phe apparent recent secov.
ery of hemopoiesis i the exposed people 1o control
kevels may indicate an improvemeat in their ime.
munological status, Table 18 shows that reduce
tions in lymphocytes and plateles and an increase
in sedimentation rates were correlated with ine
creasing age i the Marshallese.

DIumunaproteing, Linmunocleciropharetic analysis
of serum proteins in 1962 showed neither a pasa.
proteinemia nor s typical picture of autibody de-
ticieney syndrome., but a high frequency of some of
the
fixation stuclies showed the Marshallese 1o have
antibodies (o most viruses except Asian inlluctiza
(assepidemic of this disease Later occurred in 3972),
The antibiuly titers appeared somewhat lower in
the exposed people

immunogiobulins was noted. * ¢ Complement

The older people had higher levels of gama
globuline but slightly decreased albumin levels
(Hosy s Byynuanoditfusion studics showed
that the rise in ganuna globulin levels was paral.
leled by an increase o immunoglobalin.? “The in-
crease in G moicty was the most prosounced, and
it showed signiticant correlation with age (r = 0.78).,
The incrcase in K light chains was also signilie
iy e

refated with age. The immunoglobulin
levels were mare depressed in thie exposed group,
particularly those of TG buA, and Lo light chains
(‘Fable 18). However, by 1974 the gamma globue
li Jevels in the exposed people were nearly the
sune s i the unexposed ((Table 19),

Lymphacyte function. “Fests on the phytobemag-
glutinin (PHA) stimulation of lvimphocyies cal-
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tured from peripheral blood showed a definite de-
of responsivencss with increasing age of the
individual (‘Fable 18 and Figure 24) but no def-
inite difference between exposed and unexposed
groups. 44 [y g more recent study, acetylation of
vucled of PHA-treated Ivinphocytes was sicasured
atvarious times as a function of lvinphocyte trans-
formation and of aging. % Decreased acetylation of
nuclei s associated with increasing age and is
moughly paraliel o the decrease in lymphocyie
wanslormation. Total acetaie incorporation in the
nuclei during the first hour of culture was corre-
lated with acctylation of histones, but by 20 hr
acctylation of other nuclear materials had also
oecurred.

Chromosume counts. In 1'69 chromosome counts
were made on PHA-stimulated Ivinphocytes cul-
tured from peripheral blood from 78 unexposed
and 27 exposed Rongelap peaple ™ Both hypodip-
loid and polyploid levels were found 10 be related
10 the subject’s age. Females >50 and exposed
males S50 had ~ 1.5 times as many hypadip-
loids ax did 1the younger subjects; polyploid levels
were sharply reduced in all subjects >50. Hy.




Table 18

Coerclation of lnmunaelectrophoretic and Peeipheral Blod Finding
With Age and Radiation Exjumuscts (1 = decrease; | = iwcrease)

Unexjumed grons

Expumadd groug

Change Canrelation Pereent il Signilwarce
Criterion with age with age (1 vahe) from unwxpumed (p value)
Lymphucyte transdocnition n oy - 11 06
Scrutn prikine
Total wrus protcing | R - 1.2 21
Mbwinen D Ad +150 KU
Total globuline | =171 K|
Mphia-1 I -0 ot
Alpha-2 ] -2 Kil
Heta | - G0 KX
Ganuna | -t Kill
Tinmuneglobaline
A ey 1 AY =170 Kiv)
D (ldn I 20 - 30
Mdezh ¥ 20 -~
G (G 1 4 - 1o
Rappa light chaine | RLH - %0
Famixba fight cluains ] 4 — L0
K, L catio | Al + 0}
Blood findings
Henatoent [}] 57 + 29 07
Sedientation rate } 32 + 1.0 KUl
Toral levkeytes 3] A - 0 M
Lymplwwyies D M - 0 M
Neutrophils ] A4 —- 4.8 K}
Platclen )] ) - )
Fable 19

Scruth Proteins, 1973-1974

Group Totat peotewn Albuinen Alpha ) Alpha 2 Beta Ganna Tual globulin
Rongelap 16050 L2200 0.20=00) 069002 L8021 L9041 3o =058
Ailingiawe AR AT bW =047 009w 0.72=015 1052020 17600 RAFES|
Ulirik T4 =000 [IETEXTN R B TR PSS [¥1 H Q=00 0I=0 1672040 33200
Unexpumed T4 0T LI =000 0192046 075008 L= L7008 352200

podiplaid levels were related also to radiation;
this was more pranounced o the males, with the
exposed having 2.8 tioes as wany hypodiploid
cells as the unexponed, whereas the exposed fe-
makes had L3 tiimes as many as the unexpuosed,
Polyploid levels were not found to be related 1o
radiation. Bath sex and chromosome size ap-
peared as factars possibly related 1o hypodiplaid
levels, b all :uhjucu. regardless of sex or exposure,

the Largest and most freguent loss of chromosomes
wis i the GOY) group (2.3 times expected loss). In
the CEX) group, females Tost 15.2% inore chnn-
sones than expected and wales 1267 kess. Noosex
vr radiation clfeer was apparent in the other live
chromosame groups. A series of additional culs
wres indicated the presence of chivososomie breake
age factor in the plasina of the exposed suljecs. In
cultures of lie fatter, chromosome aberrations
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Figure 21, Me-related change in lvimphocyte transforma-
tion in peripheral blood ealtures shosing the mean pere
vent transotiation kar cach decade with standard
dueviation, 1

were nearly doubled but ancuploid levels were
not atlecied.

I sumary, several indications have been ween
ol reduction or horduerline deficicaey of the im-
wunological status in the exposed Rongelap people
in carlicr yvears, but no evidence that such defi-
cieney was rebated to discase incidence, with the
premssible exception that the inereased development
of walignaney in the exposed Rongelap people
uiay be anindication of reduced inmmunological
sunveillance, Receit rises of leukocvie and gamana

globulin levels to control values indicate some de-
wree of recovery, but betiers tests tor imamunologi-
cal status are needed,

6. Diabetes Survey

Diabetesis

major problem in all the Manhall
Inbanads, aned investigation of it is ipartant for tweo
reasons. First, the discase is ditlicalt 1o manage:
rules developed e U8, and European conditions
may notapply. Choice of dict is limited. The hy.
gicni conditions Livor infections and make kot care
a major consideration; also, hoine use of insulin is
prechuded i all but o few cases. Tewould be o sige
nilicant contribution to the wellure af the peaple
10 diagnese the condition carly and 1o define the
optinnun rules for manageinent, and advice on
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this problem has been requested by Trust Terri-
wry medical personned, Second, the situation of
scattered, wquesiered population groups and the
Large contrast in living conditions between home
atolls and district centers make it an ideal arca for
investigating the relative importance of patho-
genetic clements, In this respect, the situation may
not be matched anywhere,

During carly 1974, 375 people from Ulirik and
Rongelap Atolls, some of whoim are now residents
of Majuro and Ebeye, were examined in order 1o
establish the incidence and nature of diabetes in
the Marshall Islands.® The 28 previously diag-
nosed diabetic patients from uther atolls were also
examined but are notincluded in this analysis. On
Majuro, 120 subjects were surveved; on Ebeye,
116; on Ltirik, 81; and on Rongelap, 58, Blood
and urine glucose determinations were made, a
quustionnaire 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-
lesterul, and triglveeride detereminations. Plasma
glucose was measured in the fasting state and/or
2 hir afier the ingestion of 73 g carbohvdrate (Glu-
cola). Ta this survey a plasma glucose level, cither
Easting or post-prandial, > 120 mg % was consid-
cred indicative of abnormal glucose tolerance. In
unne cases ghveosuria was accompanied by nor-
mal plasma glucose and these were not included
in the group with diabetes, Sume subjects with
glycosuria did not have plassa glucose deterniina-
tions (for a varicty of reasons); these are catego-
rized ax possible diabetics. Alithough attempts were
made o obtain complete data on all subjects aged
> 1), these were not alwavs successful, The Gailure
10 supply reguested inforpation on some question-
uaires accounts for the discrepancies in the nume
heps given in Table 20, The results are also caes
gorized on the hasis of whether the subject previ-
uisly knew of the abaosmality in glucose wler-
ance. Obesity s evaluated on the basis of height
and weight but (requently this information is not
complewe. The dataare being analveed in their pres.
cut Jorm. but the missing information witl be ob-
tained, if atall possible, as the program continucs,

Preliminary evaluation of the data (see ‘Table
20}, with the imitations mentioned, strongly sug-
wosts that the incidence of diabetes mellitos in the

*We are yrateful 1o Ds. Janes B Field and Catherine Detre
St the Universiy of Pistshargls Sebomd of Medicine fin analvuis
o e dialanes data,
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Table 20

Diabetes Survey: Preliminary Resulis, 1974

Glyeosuria
with normal
Diabates blowad suyar
No. No. Nau,
Group prople®  cass % Cases %
Rongel
and Utinik RYS] 103 275 29 75
Male $4] EH i1 7 u4
Feunale 193 at Y ] 5.1
Ohese 3L > d Hj w?
Nuai-obese (RN 22 0.2 10 4
Ltirik 201 57 20
Rongelap b4 46 2.
Revicling a*®
Majure 120 37 3.8
Ebeve [RIY Hell 250
Ronuelap 34 16 26
Utirik 81 21 24

*Includes 10 subjects from other atolls, married o Rone
gelap and Lirik people .
® *Includes both Rougelap and Utk people residing at
thee lacations.

Marshall Islands is considerable and is probably
greater than in any 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 4% others have suggested a low
incidence -5

‘The overall incidence of diabetics was 265, and
~ %1 of these patients were unaware of their abs
normality. The average age of the diabetios was
considerably greater than that of the nondiabetion.
The disease appears to be as common in males as
in lemales, but o definite statement most await
catmpletion of the data analysis. Obesity was much
mare common in women than in en, and the
data indicate an increased incidence among olese
subjecis. Cataracts seemed 1o be much mare com-
mon in the diabetes than i the noadiabetics, 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, Asignificandy higher percent of the dia-
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Leties than of the nondiabetics had neuropathy,
but, because of age ditferences and other Gicors
previously stated, covariance must be climinaed
fiom the data belore these obsweevations can be
evaluated. (Newropathy was evaduated an ihe
basis of history of paresihesias and/or objective
abnormalities in retlexes and sensory pereeption.)
The limited data available did sot suggest evi-
denee for increased eetinopathy or pesipheral vas-
cular discase among the diabetios, The discase
more closely resembles maturity onset diabeies
with absence of acute symptoms, ketosis, asd ab.
solute dependence oninsulin treatinent,

Thie datan o ot suguest any dillerences between
Rongelap and Utirik people (genetios) or hetween
places ol residence (enviconmental intluence), and
there is no evidence that radiation exposure has
plaved a part in the pathogenesis, ‘The dilferences
i diet and general living conditions bhetween the
=outer islands™ and the district centers are consid-
crable and might well play a significant role in
pathogenesis. However, ang vis af this Gactor is
ditlicult breause of the mobility of the people, whao

constantly move between home istand and e
centers; the place where an individaal is exaun-
ined may nod be where hie has speat dwe major part
of, say, the Lst 10 yeams,

Despite the limitations, the preliminary results
are considered 1o be of sutlicient interest to war-
rant a maore carclul and complete investigation,
Additivnal observations will be made w provide
the missing information and w ebtain more objec.
tive data regarding the incidence of newopathy,
cataracts, and retinopathy in these patients, ‘The
insulin rosponse 1o a glucose challenge would also
be of interest in assessing soime of the Gctors that
might be important in the ctiology of diabetes in
the Marshall ilads,

The examinations are by necessity restricted to
Rotgelaps and Ulirik people. When the Eniwetok
and Bikini people return 1o their home islands in
suflicient numbers, the dinbetes investigations
way be expanded 1o cover these groups,

H. CHROMOSOME AND GENETIC STUDIES

1. Studies of Chromosomes for Rodiation Effacts
In 1964 chromosome preparitions were ob-

tained from lymphocytes cultured fram the periph-
eral blood of 43 exposed (21, age <20; 22, age

%
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Figure 200 Twaohias chromosonie aheritions in exprscd
Mardiablese, Top: arraw peasnts o dhcensaic baesu; bontom:
SEROW Pows T g foro b

>20) auud B unexposed Rongelap people.® Chro-
mosome aberrations were noted in 23 of the ex-
posed and in 3 of the unexposed Manshallese, but
the exposed gronp had a number of two-break abe
crrations (represented by dicentric chromosomes,
translocations, and a ring form) that are though
10 be assaciated with radiation exposure (Figure

llewr analvus were doe by B, 18 Liseo, New Eaglasd
Deaconess §limpetal, and R\, Canacd, BNTL

25).10 No two-hit aberrations were found in the
unexposed group, but both groups had an vrusual
number of acentric fragments, the cause of which
is not known, Paradoxically, Rongelap peuple

with the Juwer exposure had more alierrations

than those with the higher exposure, Fhese studics
indicate that a small bat significant number of

chromomonie aberrations persisted in bluod lyme-

phocytes insoute Marshallese as late as 100 vears

after exposure. The results are consistent with

thase of sinilar studics on the exposed Japanese
fishermen, 2 on victims of other radiation acci-

dents, T and on Jupanese bomb survivors, 74

2. Somatic Muialions

In 1974, studies® were made of the frequeney of
amino acid sulstitution in the hemoglobin of the
Manhatlee on blood sanples sent 1o Oak Ridge,?9

Sinee there is no coded isoleucine™ in adult hu-
wan hemoglobin A, its presence must be due to
error i transcription or tramslation o to sumatic
mutations arising during DNA replication. Frrors
in transcription, which oceur infrequently, form
ahiered mRNACIRNA, and rRNA; they change
the coling in the mRNA and may reduce the
fidelity of the tRNA with regard 10 both the kind
of amino acid it aceepts and the mRNA codons it
recogizes. 7 Ereons in translation? arise through
the attachment of wrong amino acidi to tIRNA
(aminaacyl synthetase errors) and the imprecise
recognition ol mRNA codons by tIRNA anticodons
(transkational variation). Somatic mutations result
from mistakes in replication of DNA; many single-
base-substitution mutations change nonisoleucine
it isofeucine codans,™ aud the resulting mutant
cells could have bemoglobin mRNA with isoleu-
cine codons, For this reason, an increase i the iso.
kucine content of hemoglobin A would be exe
pected in hunmans exposed to agents causing bise-
substitmtion mutations. Possibly radiation may
cause basc-substitution mutations in human so-
matic cells, but this has never been established,

The isoleacine content of the hemoglobin A was
determined in blood from 33 exposed Manhallese
and 12 unexposed. The frequeney of isoleucine
substitution for other amino acids in hemoglobin
was calculated by dividing the nanomoles of iso-
leucine by the total nanomaoles of all other amino
acids in cach sample. The frequencies are listed in
Table 21,

s studios were done by Drs, R Popge. G P i, and
FGBadufan Oub Kidee Natusal Latuse asory,
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Fable 2t

Frequency of Sulmtitution of Iwleucine S Other Asuine Acids
in Hluman Hepuwglobin From 23 Marsiallos

Ageat Age at Sulmtitutun Average
Subjevt No. and scx exjumute, V0 (LG LIRS frovpucny (X 10=3%) SEM (x10-%)
Exposed, 175 R B8l =1
38 4y 2 19,79
10N ) Kl 3.
1 F 24 [ }] KXIH
NFr 13 33 14D
SIF ! 21 174
RN 2 12 42 2
(M) 2 n 10,4
F a7 i7 wo
Foxpumadd, 040 R ANz
t M ! G
8F 1Y [ AN
HM 3 i
ENy M KA
LRy 7 22
Unexpueed 1M0=1.52
His M ] 447
#5 M N 217
¥ 45 347
86 M 41 LAWY
HIOF i 1.4
Hit¥ i 3.5
si6 ¥ 31 201
w7 F i a2
Wt ¥ al [
HYERY | 40 [
Ty [ 7.0
[NIERY} 21 1.7

A slight, but insignificant, increase in the iso.
keucine substitution frequency was found in cons
trols siged between 20 and 515 the lincar regression
has a punitive slope of 0,023 X 10=%/vear. Except
for subject Na. 1347, the higher frequencies were
found in samples from exposcd persons, hut soume
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 fram subject Nou 33, exposed
at 1 vear, bad a low isoleucine content. The find.
ings are consistent with the higher leukemia in-
duction, amonyg persons exposed to x rays™ and 1o
atenn bumb ircadiation ™ in these exposed pre-
natally and at youny ages.

Studies in progress strongly suggest that the in-
creased isoleucine content in the hemaoglobin of
exposed Marshallese is due to hase-substitution
somatic mutations. The supporting daa®™ include
analyses showing (1) that higher isoleucine sulsii-

tution freguencies occur in bath the alphia and
beta chains o hemoglobin from expumsed persons,
and () that contamnination by feral hemoglabin,
which does contain isdewcine, could conteibute o
more than 7 parts per million amina acid residues
1o the values reported in Table 21,

. Genetic Studies

@. Possible Radiation Effects. 'I'lic inheritance
of radiadion-induced mutations has bheea amply
demonstrated in genetic studies on animals, but it
has not been unequivocally seen inoman, Large
numbers ol animals are pecessary 1o demonstrate
such an cffect, and the size of the irradiated lugnan
populations studied is probably too small for i to
be readily dewected. The largestscale human

study was made by Neel et al. on the childeen of

parcnts expeosed i Hiroshima and Nagasaki*
and showed no clear-cut generic elfects. Fxame-
inations of the mach smaller group of Marshallese




childsen born to an exposed parcnt or parents
have shown, on the basis of incidence of gross
anonadics, no evidence of aherited radiation-
induced mutations.

"The principal aberrations noted in Marshallese
adults and ehildren have been bilateral shorening
of the filth finger, prominent head of ulna, dislo-
cated wrist, endarged cornea, wrtuosity of retinal
ongenital nystaginus,
tea. Studies of Gaiilial

vessels, asyinmetry of face,
atud pigmentation of the ¢
patierns of such defecis have not been done; they
are not relned w expranre.

The pesibile increise in miscasriages and still.
Linthin sminang thie expracd women duting thic fin

S vears may lead oospecalations that radiation in-
duced letlad mutations in germ cells ol the ovary
or, fess fikely, o spenn cells® The proesence of
chromosene aberrations in peripheral Dlosd ye
phocytes in the Manshallese 19 years post expu
sure, and the possible sumatic mutation i the
heoglobin, descriled above, support specukitions
that mutations in the geem plasin occurred and
might be detected in the oflpring by more sensi.
tive tests, However, in view of the relatively sinall
dose o radiation and the suall size of the popuala-
tion, on @ pesns grounds a clear-cut demonstration
of o genetie ctect of radiation e childeen born
w exposed parents woukd seem unlikely, Never.

theless, given the mature of the circumstances, it
has been decimed desivable to make every eflort o
cotleet such data, Since recessive combinations

* Mot sotie-balt the tiis atniages occuired i esgesed wonken

artwed o nnes el
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may take several generations to aflect the pheno-
1y pe, recognition of their radiation ctiology may
be extremcly difficult, Neel et al. are at present
carrying out more sophisticated studies in the Jap-
anese, concerned with the vecurrence of variant
forims of 24 serum proteins and erythrocyte ene
zvines, He and Dr. RE. Ferrell kindly consented
to examine blood samples collected in 1974 from
187 Marshallese children and parents (exposed
and unexposed). The results, summarized below,
ncluded no significant findings indicating radia-
tion-induced mutations.

b. The Frequency of “Rare’ Protein Variants.
The blood sonples mentioned above were sub-
jeeted 1o clectrophoretic analyses for polymor-
phisins and rare variants of proweins and erythro-
cvte enevmes ™ The findings were summarized by
Nevl et al® as follows,

* Blood specimiens from a sample of 187 Mar-
shall Islanders were studied with reference to vari-
antsof 24 scrum proteins and erythrocyte enzyimes,
Six of the traits studicd exhibited genetic poly-
morphisins (adenosine deaminase, phosphogluco-
mutasey, acid phosphatase, 6-phosphogluconate
dehydrovenase, haproglobin, group specific com-
ponent). There was in addivion one ‘rare’ variam
tof albuminy in 4047 determinations. Fhese resulis
on rare variants have been combined with those of
others on Micronesians, and the frequency of rare
vartants in Micronesians compared with the fre-
quencies in West European Caucasians, Jupanese,
and Amenindians, Fhere are many diflicalties in
such comparisons, and, although the observed val
ues for the four ethnic groups ditfer by a factor of

Table 22

Gene Frequencies for Six Genetie Polyimorphisis in the Manhall Islandse?

Phetsy pe

Nyaten 1 21 2 Total Gene frequemy

Adenonine deaniinse 67 I8 1] W RYSAYS = Ul
Giromp speecitic contigwenent 13 1 2 Ith (ot = i
Haptowelobin® . o wi £2 1T iyn

Pliaplunmtlovontise *® 150 B 1 {EH ] PGAML Y = wug

A AR 1

Acid phonphiatase 1ot 74 11 2y Al = (T4
e P hemphusocone delindsogenaee: al i 1} 185 a-PGHDY = Ul

*Uhae Hp avpee was observed in Eindividhoals.,

**Pwiesamnples of the PGM phenany pee 227 and acsingle phenoivpe 1:7 were obsenved (PG M Tz 00w,
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3, the Micronesians exhibiting the lowest fre-
quency, itis el that no conclusions concerning
ditlerences between ethuic groups can be drawa
at this time.”

Table 22 shows the gene frequencies for the six
genctic polvimorphisims found.

¢. Blood Studies for Geneticolly Inherited Troits
in the Marshallese.® A\ large body ol data has
beea collected Trom genetie studies on the Mare
shallese people. The resulis are not anly of grea
anthropological interest but also may show in tune

soune possible genetic etlects of radiation exposure
in future generations, Fable 238 lists the freguency
o the various s wested.

Hlond gronpang studics show that the Maeshallese
hawe apelatively high B gene trequency, o high N
gene frequency, an extremcely high R gene fre-
quency, and total absence of Kell and Dicgo fae-
1ors. These charactesisties ditfer from those of Poly.
nesians and suggest a relationship of the Manhall-
exe people with Southeast Asians and Indonesians,
Haproglobin studies showed a frequency of the
Hp! gene higher than in Earopean populations
thus far tested and consistent with that of popula-
tuns living ncar the equator. The distribution of
haptoglobin types showed the population 10 be
relatively homuogencous. Tramferins in all sera
were type CCL the contmon Furopean wvpe. fi-
Aninaisobutyric acid urinary levels showed e
Muarshallese to be the highess exereters of this acid
of any population thus Lar reported. Levels in the
exposed group were about the same as in the un-
exposed group, and po coreclation was found with
body burden fevels of radionuclides; this indicates
that there is probalily no correlation with radia-
ton expasure, Hemoglabin tipes were consicdlered
noemal Gl had tvpe AL Sickling tests showed no
sickling tendency i any of the people. Glucuse-t-
pleonphate deksdvagenave of the red cells appeared to
be normal in e Marshallese. Stadies of G ple s
tipes shawed the Manhallese 1o have 1000 Guts
and nearly 100% G, "Plhere was a complete
absence of Gan® and a bigh frequency of Ga -like
(G ). Serumn stadies o the Ay svsiem revead
that the Rongelupese compared with other workl

CWe are wratefub o the Tellowing persanis for atadvses hloat
grognags - e LN Sussaisan, Beth et Hiosganal; bapinglods
s, rgmsteerins, M antivens - e B S Blumbeerg, lnsitale e
Canier Kesearch, Phladelphoa; bemoghein tvpes - s, K
Eagle, Jrowaed G Castillo, Corell Usiversity Medical Center,
atdd Deo S AL Baver, ol dopkine Hoapital: gl e di [ dum-
phate delvdrogenaw stadies - D Baver; BALE stadies - 1y,
S M Garder, University of Washin@eon, and e, Blumdarg.

Tabde 23

Grenevically Indwrited Traits in Manboalle

Freguency Gene
Tran {0 l}l'l|lu'|u)‘
ABO U poople)
O .7 R, 05
A 0.7 | LT I 1
[} 1.1 Q. 0.
Al {3
MN Gjo |ru||ll')
M LX) Mol
MN 2 ATY'TH
N 0.0
Kot CH jueapile) (121]
Dhego (510 Inn.h'b (X1
Rh (310 l""!l"‘"
Ry Rhy “wH RY 090
Rlirhg [ R? 0o
R R 39 LS TXTRT)
Rha 0.3
Rho (XD
”.ﬂml\.:luhim (i 'nnph']
Types 143 RN
s 202 12
Ty 240 5.8
Tyjas 0 & rare il
A wstenm (187 lu'upl«'j‘
Cdels. Ll
New Yirk o
Hemoglobin i 171 jresple)
AN 140 1)
RALH (18808 poaley
High excretoes wH

Australia antigen (874 Pnnj)lq-)

populations have a high frequeney of Code B antie
serapne reactons and a low Trequeney of New Yark
antiserun reactors, The level of BALB (foamino-
ae-butyric acid) was the highest yetreported for
any population,

Clonsderable caution muast be exercised ineval-
wating the resalis of these studies on geneticalty
inherited characteristics because of the siall
nuber of sunples tested. The data do seem toin-
dicate relative bomogeneity of the population and
clonest Kinship with peaple of Southeast Asia.




These data also may be useful as a base line, should
genetic changes appear in later generations, [xms
sibly refated to sdiation expusure,

1V. Thyroid Findings

A. EARLY FINDINGS

unisations for possible thyroid abnoralities
i inportant part of the program from e be-
winoing, A the thne of the accident i wis not
comsidered likely that the thyroid had reccived o
suticient dose of radiolodinge to sesult in aboor-
madities. In rarospect this proved o be quite
wrong, since thyroid injury and its sequelae have
been the most serions Late result of the fallout ex-
posure i the Manshallese people. A chronological
review of events leading 1o the development of
thyraid abnocmalities follows,

Beginning several years alter Caposure it was
noted that 5 of 19 children exposed at <10 years
of aue shiowed retardastion of growth,» 1% Fhis was
panticalarly notable in the boys exposed at <5
vears of age (Figure 26). The cause of this retasda-
tion was bot inunediately apparent, [t was recog-
nized that thyroid hormone deficiency from thyroid
injury could result in such growth retardation,
FHowever.e

uinations during this carly period did
not revealany thyroid abnormalities, and the PBI
levels in these children as well asin all Marshallese
were in the normal to high riunge. Fhe growth re-
tardation gradually hecine move apparent, and at
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Figure 26, Stawral growth i Rongelap bovs expums)
at <3 years of age, 10O8-1967.
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Figure 27. Growth-retarded boys expowd at age | vear
(N, 3o deft, and Now 5), 6 months afier start of treatinent
atage J1 (1), X
K.
Figure 28, Bone dvsgenesis of beads of humeti in subject : .

No dutypical of hy pothyeoid discase ¢ 149%03),

T gt Ao e



i ’ Table 24
¥ e
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Tharaid Findings, September 1974
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8 vears post expasure it was noted that two boys
were particularly stunted in growth (Figure
270000 Phey had been exposed at one year of age
and gradually developed atrophy of thie thyraid
ghand and signs of myxedema with pully faces,
dry skin, sluggish retleses, and bony dysgenesis of
the bumerus and femuar (sce Figure 28). These two
bovs (New. 3 and 3) were conniderably shorer
than their brothers (Nos. 83 and 89 who were
vounger and had been exposed o aters, b 1965, a
witistuctory imcthad for serum thyrosine anaiy sis
Ly ioun exchanyge columin became available, Stod-
ies by this method showed that some of the chil-
deen did indeed have low serum thyrosine leveds,
Control studies on normal Masshallese revealed
that many of them had unusually high iodoprao-
win levels, teading o fabse interpretation of pro-
win-bound iodine (PBLdeterminations., L bocame
apparcent only then that low thyrosine (Fy) levels
in sotne of the children had probably een masked
Ly high levels of iodaprotein >3 Several children
with slight growth rerardation had lowered 1y
levels. The hypothvroidisin appeared wabe from

primary thyroid damage and not secondary to
pituitary danmage, since tests for growth hormome
in several growthereturded children were noemal,
and their serum thyroid-stimulating hormone
CUsH devels were elevited.

8. DEVELOPMENT OF THYROID NODULES

In 1963, 9 vears after exposure, a 12-vear-old
girl wits lound w have an asviptosatic nodule of
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Figure 20 Cumulative percentayges of persons with thy.
ruidd lesiona in exponed Kongelap, Ailingnace, and Uririk
graups and in unexposed Rongelap contral yroup since
[t b, haaserd o namnbaess of persons i the groups in 14l
the titne when radiation-induced laions were first noted.

T e - cne e

the thyroid gland. Development of thyroid abnoe-
malities in other subjects continued during sulbse-
QUEBE year I3 AL present (19741 249 of 86 ex-
psed people of Rongelap are atlected, including
the two stunted boys who developed thyroid
atrophy without nodubasity, One of 4 children ex-
posed i atere developed thyroid nodules in 1974,
Figure 29 shows that, considering the population
resngining s risk (peesens living in 1964, at 1he
time of appeariee of the thveoid aboormalities),
the trend is for continued deselopinent of levions

with recent increases among the lower-exposise
Ailingnae group. Table 21 lisis the thvroid status
ol all eaposed Rongelap preople

and o people with
positive indings i certain other populations.

The thyroid padules were usually muhiple,
were not tender, and varicd in size from several
millimeters to several centimeters in disieter. In
sorne of the children nodular ghands were aswwi
ated with low thyroxine levels and slight growih
retardation, The iwo stunted bovs (Nos, 3 and 51
showed markedly reduced thyrosine levels, None
of the adules with nodularity had low thyraaine
levels prioe wo surgical exploration. The growih res
tardation with reduced thyraxine levels appears o
be the resule of radiation injury to the thivroid in
the children (s Seetion 1, below),

Fabsle 25 lists the incidence of henign ad nus-
ligtiant lesions and the etimated dose of sidiation
o the thyroid ghands in the various popualations.
The highest incidence of Tesions (8950 ) lias been
noted wmong e in the heavily exposed group
who were <10 vears old at the e of the acei-
dent. The abisence of lesions ammong those of corre-
sponding ages in the less exposed Utk groug amd
the unexpesed gronps s auatable, Lut 2 o boex.
posed children in the Nilingnae group have re-
vently developed lesions, Fhe incidence of thyid
lesions oy the expracd Rongelap adildes i con-
siderably ower than that among the children but
higher than among the Cirik or unexposed
groups, Fhe Utirik groap does ot appear o have
had a higher incidence ol thyroid leswons than the
unexposed groups, but one Utinih individaal de-
velaped cancer ol the thyreoid,

C. SURGICAL EXPLORATION

In view of the possilly malignant satare of the
thyraoid nodules i the exposed population, surgi-
cal exploration of the atfected thyroids, with re-
moval of nodules, was considered necessary. Thy-




~ Table 25

Thyroid Lesions in Manshallese, Decenber 1074

Age at Eat. thyruid % Subjects® with No. subjects % Suhjects® with
Group exjxmure dime,® rinds thyroid lesions with surgery malignant lesions
Rumgelap exposed (175 rads) <10 $10-1150 89.5(17/19) 15 5.3(1/19) )
10-14rF 335810 IHGND Lo e
> 339 9.0 (3/354 - 3 6.1 (2/:?3)
Al S5H” 314 (22764 19 4.7 (3/64)
Ailingnae exponed (659 cads) <y 275-450 333 (2/°6) 11
10-18 114 0001 ] -
Y 145 36301/ 3 .
All ke irid 33.3(6/18) i =
Diuternexpumad 175+ 3531/ 1 e
(B R 0.0 V/)) 0 N
Utirik oot (1 i) <10 PTRIN 00 (0/58) 0 -
HIEH R 1480120 ! 18120
~18 27 G/ 3
All e 3H(6/157) i 0.6 (1/157)
Romgelapr utwespuead <10 1.6 (161 o
1018 1.7¢11%) I
S 87120 2
All 16(9/191) 3
Likiep unexposed <10 0.0 (0/31) 0 .
>0 4.7 (3/106) 0 -
Al 36 (5/147) 0

S from BB R G R plus gamina; mican duse extrapolated from caleulations™ for adulis and J-year-olde

(e Section B

Y Raved an number of people exposed, ex~tading thime in stero (nusiber of cases /total number in group),
Fhe theraid is cotsidered 1o be fully doooped by about age 18,

SO additional
“\We

hited aeian dose.

ase of adenoma, found at autopsy, sot included hicre,

f Patholigists ditferend as 1o whether this lesion was malignant; it was scored as benign,
£ Fhe more energetic, shortes-lived ssotopes of idine contributed less to the ttal thyroid dose in the Utirik people bes
catise the fallont swccurred Later there, 1o might be sunmised also that the biological etfectivencss of the thyroid dose per

vad would b Jess i the Uurik group.

roid surgeey has been carried out on 24 of the ex-
posed Ronuelap people with retnoval of varving
anonnts ol thyroid tasue depending on the extent
of the fesions (20 were subtotal and 1 otal thyroid-
cctomies with parathyroidectony inadvertently in
one ol the Latter who was thought 1o have cancer
at the time of surgery), OF these cases, 3 were
found to have carcinmna of the thyroid and 21 10
have beaign lesions of the thyroid,

The diest case of carcinonma of the thyroid oc-
curred ina A0-vear-old woman (29 at the time of
exposure) i the heavily exposed group, The ier-
val between exposure and diagnosis was 11
vears. S8 The second and thivd cases i this group
occurred P veam afler exposure, i a 36-year-old
wonin (age 21 at exposare) and ina 22.vear-old

wornan (age 6 at exposure). A fourth case of cancer
was found, 1 vears after exposure, in a 36-vear-old
Ctirik woman who had received considerably Jess
expasure.** Three of 196 unexposed Rongelap peo-
ple have had surgery with removal of benign ade-
noenas. Ml three were wonmen, Hiospitad sumnuries of
casox adhmited at BN L are presented in Appendix 10.

1. Gross Appearance

Since the discovery of the tirst thyroid lesion 9
yearsafter radiation exposure, clinicians particu-
larly interested in the thyroid have participated in
the annual examinations, As a result, any slight
irregularitics discovered by palpation drew special
attention, This high degree of scrutiny and sus-
picion led to the detection and removal of nodules
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when they were much smaller than nodules usually
encountered in general clinical practice. Few of
the desions were visible (rom the exterior, and none
wits accompanied by symptoms.

At the time of surgical exploration most of the
thyroids in the expased Rongelap people were lobu-
lated and contained small discrete masses which
were not of suflicient size to cause very significant
enlargement or to distort the symmetry of the
gland.#? Muost of the glinds in the expowd Ronge-
Lip peopic with only one palpuble nodule proved o
have multiple nodules. Often the palpated nodule
was nat the lesion that uliimately prompted the
most concern on histological examination,

‘The gland in sume cases showed many 1ortuous
hair-like vessels on the surface, reminiscent of thy-
roids that had previously beea treated with radio-
active idine for hyperihyroidism. The cut surfuce
of the thyroids revealed some nodules which ap-
pearzd to be discrete with distinct capsules (Fige
ure 30). In some instances these discrete lesions
were very firm, pale brown or whitish, In some
there were hemorrhagic or degencrative cyas, The
margins of some other nodules were indistinet,
producing a lobular character which comprised
mwst of the thyroid in such a manner that the en-
tire gland appeared 10 be responding 10 a diTuse
pathologic process, not unlike the type of gland
ohserved in chronic iodine deficiency but in mini-
ature proj.ortions.

Figure 30, Grass serial sections of an irradiated Manhall.
s thyroid, showing multiple discrete adenomata devels
oping throughout bath lobes of che thyroid, Scarring is
cvident between these nodules,

2. Microscople Appearance

On microscopic examination all the thyroids of
expased Rongelap people showed varyving degrees
of adenomatous change. Many of the lasions were
completely surrounded by a distines capsule and,
unlike the remainder of the thyroid, had a distinet
histolngical pattern which ranged from microfol-
licular ta fetal, solid, or embryvonal types. Unex.
pectedly many of the adenomas were papillary
(Figure 31), but all except two of thase that were
papilliey were considered benign, Most of the in.
dividuals operated on later in the sories were given
a small tracer dose of ¥ so that the functional
nature of the adenomatous arcas could be studied
for radioiodine uptake. ¥4 Mualtiple autoradio-
graphs prepared from tissues from the fast 13 pa-
tems have shown that esscotially all the discrete
lesions ook up signilicantly less radioiodine than
the non-nodular thyroid tissue and in many cases
wak up none at all (Figure 32). Ouly in one indi-
vidual a single ksion, whicl was papillary in char-
acter, took up more radioiadine than the surround-
ing normal thyroid tissue. Although reduced radio-
dine uptake does not necessarily indicate a ma-
lignant lesion, it is commaonly olserved that kesions
having a capacity 1o metastasize take up far less
radiviodine than the extranodular tissue (usually
the satio is < Yo,

Most of the thyroids have been fuund 10 cantain
-an unusual numiber of minute encapsulated lesions,
some of them composed of solid celfular wmasecs of
cells (Figure 334, 1, and ), in contrast o lesions
bund in most adenomatous goiters, which are
compused of follicular structures similar 1o but not
identical to normal or hyperplastic glands. On
carcful gross examination of the glands, these mie
nute lesions appeared as tiny whitish dots ~ 1 mm
in diameter (pinhead size). The atypicality of these
Iesions and the presence of mitoses in the eclls of
some of thein give rise to speculation regarding
their ultimate malignant potential (Figure 3.4
and #and Figure 330 especially since several
obviously malignant lesions have been found in
this exposed population. The lesions shown are
from thyroids not harboring frankly walignant
lesions ehwewhere, exeept the lesion in Figure 334,
which waus found in a thyroid that also bad a
highly malignant lesion in o distant pare,

Of the four malignant lesions found (Figure 35),
two were papillary adenocarcinomays displaying
some arcas that were bew well ditferentiated, cone




Figure 31, Two proliferative papillary adenomata that
were comsidered benigt on the Lasiy of histological exame
ination (%49, sulject No, 13, 1964), Other iinute ade-
nomata from the same subject are shown in Figure 33,1

sisting of a solid cellular pattern, Both lesions were
accompanicd by metastases in the cervical region,
Tu ope (Figure 32.4) the cervical metastases were
extensive although the primary losion was rela-
tively saall. A total thyroidectomy and umilateral
radical cervical lvinph-nade and upper anterior
and posterior mediastinal dissection were pers
forined in this case, and there has been no evie
dence of recurrence in 3 years, The second case
(1) was also treated by total thyroidectomy and
regional lvmphaude dissection, Only a single
Ivinph node adjicent 10 the thyraoid contained
metastatic tumor although invasion 1o contiguous
bliesl vessels was noted, This subject has remained
frew of recurrent discase for 10 years,

‘The third madignant fesion () was a follicular
adenocarcinoma which showed considerable infil-
tration of adjacent normal thyroid tissue but was
conlined 10 the region of one superior pole and was
notaccompanicd by positive lvinph nodes, A total
thyroidectomy with regional lymmph-node dissee-
tion was done. The regional lymph snodes did not
contain metastases. ‘There has been no evidencee of
recurrene il vears. The above 3 patients with
carcinoma were from Rongelap, where the expo-
sure 1o Gallout was greatest.

The fourth carcinoma (1) was a relatively un-
differemiated adenocarcinoma < 2.0 emin diam.
eter. I many arcas it was solid cellular in charac.
er. The plesmwrphic cells had breeched the cap-

sule i many places. The tumor was obsesved in
vascular spaces but not in lymph nodes, and no
distant metastases could be identilicd. The patient
had presumably received minimal radistion expo-
sure on Uik, an outlving island quite renwte

A

Figure 32, 40 N histologic preparation of o lesion that !
Aeveloped in an ircadiated Macshallese thyroud (X 1),

B Aworadiograph, showing ares of signilicant ¥4 up.

take 1o be in the “normal™ extranodular tissue, i bath fr.
upper corners of the wation, and no uptake in the neo- .
plasin (ditfuse stippling s background). This laion was s

ot cossidered malignant, (Same subject an Figure 3.

Bl e T Lol e b Ay



wer ) puetgcy
CNV0 () ‘oo (1) asam (spra ur) prosdys mp oy smop R LR BN REN B R EN S TS RILTY
SUIZEC) g ten1Dag sty pueaReen S9q0r o POeied sprus i moys (g 161 RUNSHITA]
HOONCTROGLCT ON) s0algns oy are (pg X)) @) puR €2 X ) ) e X ) g sonam ssavppded s
AVIDEAY PUOS 2R OB UL J0 AU CFNERIRLY POIRIDELIT e jo sporiip My eogRnen
Pasanes sied 2ROpNNY 0TS Jo somap Aamp AN L2138 jer saprhmexy gp asnin g




e

Rl Y * :;;*ﬂlé.l*

from the arcas of the more hicavily exposed groups,
Three other subjecs from this island with the same
expasure have had surgical excision of nodules
which proved 10 be benign adenomas.

A il lesion that was papillary (the size of a
match head) was found in a subject from an islund
where the expusire was intermediate (Ailingnae);
severad other individuals exposed there have de-
veloped benign lesions afier a farent period some-
what longer than fur those exposed on Rongelap,
Alier review ol this papillary lesion by cleven pae
thalogists,® opinion s divided as 1o whether it
shioukd be considered malignant (Figure 34.1); we
have recorded it in our statistics as bhenign in view
of the majority opinion.

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

Do, S Wagren, W Moisoer, and MO Lo, New England
Deawonens Hlomputals )00 Reid, Cleveland Metropobiian Gen-
cral Hhpisal; T Winship (deceasd), LB, Wooluer, Mayo
Clinie; LV, Mckerman, SUNY at Siony brook; K.V, Rusvoll,

Euunv Univenity; and 8. Robbing, A. Vickery, and B. Castles
an, Mo hasetis General Blaspital.
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pathologists are unable to reach a firm opinion as
to a diagnasis of malignancy. Some of these lesions
ultimately proved 10 have been malignant as evie
deneed by a distant metastasis some years alter re-
moval of the primary lesion. 1t scems that a neo-
plasm must reach some significant size belore it
can uncquivocally satisly the criteria for a diag.
nosis of malignancy even though sinaller lesions
may have ccliular characteristics that suggest
malignant capabiiities. In clinical practice many
lesions are of suflicicnt size that vhe criteria for
malignancy are readily fulfilled, Among the Mar-
shalloe patients numt of the thyroid nodules cither
were detected by palpation when scarcely Jemiin
diameter or were found coincidentally 1o remaoval
of palpable adenoma. Many lesions showing atyp-.
wal cellularity were so small that perhaps they
had not ver 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 carly diagnosis and ircaument of
Manhallese lesions,
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Figure 34, Examples of very minute neoplasms, only a few mm in diameter and completcly en.
capmulated but componed of cells whuome patiern suggests that if she ksions were larger they might
displisy features prompting a suspicion of malignancy. In both examples shown (4, X 162, sub-
JOUNOBL 0T, X 91, No. 36, 1969) evidemce of blood vessel or Ivmphatic invasion is liwk.

iufu. and the capsle, which was very thin, was it breeched, The entire kesion of 4 i shown in
Figure 4, where it size can be compared witly that of surrounding nornal follickes. Botl these
exanples are fons thyraids that bad no frankly saligiant lesions chewhere in them,

T ek 5 A WW~xmh-LM§

R A LAY Bt A A S emma bt s e e bk e %

e | Pl o (1 0 Bk W it 2 Wy S




- - et s T

L)

AT R AR
RTINS
winin)

3 <
v

PPCARTS

Ve e - l‘" -.'
.’ l.". &v \-._.S.:l. “ )

[})
ha
‘.,7: ..
iy ":}?.3’\;“'{?'[.'%,&’.
aN W) I'o"‘uli- ol I
w\’,"» (e $v'f; -\\_’g:,“'. v} 7
e &-fth"}.,'h’.:,:;"‘e W g 3t T :
T AT P RN ;
ANt e !
WL D
\-.‘ A} .
N ]
-{-" PN
. By .
by i
Lt -l P
e . ; .
)

Figure 35. Four curcinomas of the thyroid found in Marshallese subjects, 4: Papitlury adeno-
carcitenna with many cervical lymph nades cantaining metastavs (X80, subject No. 72, 19GY),
&; Papillary adenocarciseuma with a single lymph node containing metastatic site ( 21, No. 64,
1965). C: Infilirating kellicular adenocarcinoma with known =etastases ( % 26, No. 1, 1969).
D Relatively unditierentiated follicular adenocarcinoma (X vo. 2229, 19GY).
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D. HORMONE TREATMENT

T 1963, the seriousness of the developaent of
thyenaid lesions in the Rongelap people was recog-
nized, and w panel of exprerts wis called together

W review the lindings and make reconumendations

renarding the possibilivy of initiating prevennve
ther;

v 2 e concensus was that the more

heavily exponed Rongelap group should be placed
ot aeplin st thyroxine Jor lile i order 1o block
TSHE seeretion by ahe pitaitaey gland, Tt was
Bapedd that nallifving the stiulanng activity of
this hotmene on the thvroid wounld inhihit devel.

apnent ol benign aid wadignant nodales, and
i growth and development i the bormone-
deticient chilldren would be improved. The possie
Lality ol development of pituitiry tumors, whieh
Bias been noted i hypothiyroid animals*? and hue
man beinga™ might be prevented. Ethical con-
siderations ruled out randomized Cdimcal trials of
theapy.

Svuthetic tethyroxine (Svinthroid, Flint Druy
Cas ) which might be e stable than dessicated
thyroid under wopical conditinns, wis recome
mended at i dose ol 003 g, day tor people <350
sears of age and 0.2 g dav for those > 00 Treat-
ent wis snpervised by the health aide, bat dit
culties i maintuning o sricty regular treatiment

Figute 36 Left: Subject Naw D (shortery and his vounger
hrother (Ne. 03y in 14 Right: Sine two bovs in 197 4
altler Nou O had been given thvrod horosone or 8 vears,

Figure 37. Same compurinun as in Figure 3,
for subject No. 3 and his younger brother (Na i)

regimen soon became apparent. Inan ctloa o
overcame this problem it was found that giving
the entire weekly dose at one time was etlective
and safe, and resulted in maintenance of normal
fevels of thyroxine® Even on this simplified treat-
wentsehiedule a few of the people, including sane
whe had undergone thyeotdectomy, showed low
thyroxine levels indicating thar they were not cons
wstenthy aking the medication, CPhis was ane of
the reasons fur establishing the post of resident
physician in the Isfands in F972 1o maonitor the
treatenent progeam as sell as otles hiealth care)
For 1 peaple an this regiimen who developed above-
normal Ty levels, associated with complainy of
nervousnes and palpitation, the dose was reduced,
Lu view ol the revent appearance of thyroid nod.
ules sumong the Ailingnae group and ina subject
exposed an uters,all persons expasedd on the atoll
are now inchucded in the treatment program.

The hosmone theeapy has unguestionaldy en-
hanced wrowth and developiment in the growthe.
rded Roneelap children (Figures 21, 36, and
47 show the improvement in the two most stupied
bovsy However, the benetit of such treatment re-
garding development of nadularities i the thyroid
i uncertain, O the children expuosed at age <10
vears i the more highly exposed Rongelap group.,
only 1wa have not developed Tesions, The Jess ex-
poned Ailingnae group, in which development of

S 577 rankas. m
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thvroid hsions is ore recent, has not been on
treatment long enough for evaluation. The oot
tnest until

cane was not placed on thvroxine v
after nodules had heen detected. Therowd Lesions
developed inseveral persons who were presam-
abhv taking iheir thvraid medication regulariy
amd who appeared to be cuthvemd with normal
thyroxine fevels: on the other land, thyrond and-
ules disappeared in two cases (Noso 53 and
durtng thvroxine tregtnent tn the itter case, they
recureed and were surgically removed).

1. Follow-up

Carctal follow-up stadies vn the subjects wha
Tripler

had vancer, including whole-body scans
Army Medical Center, have shawn no signs of ve-
currence. No clear-cut evidence has been seenalf
further development of nodularines i the thyroid
remnants in the benign cases. Because papillary
thyroid carcinoma progresses very slowly, fongg
continued lollow-up observation is necessary.

No deaths or acute illnesses have been assact-
ated with the thvroid aboormahities. Morbidity
has been related to the development of reduced
thvroid function resulting in varving degrees of
hypothyroidism and in one case of hypoparathy-
roidism tollowing thyroidectomy, The Tack of strict
compliance with the thyeoid geatinent 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 freguently seen.

E. STUDIES OF THYROID FUNCTION*

1. Procedures

Mceasurement of circulating thyroid hormone
has been an impaortant pare of the evaluation of
thyroid function in these surveys. During the first
10 vears it was done by PRI analysis and subse-
quemtly by jon-exchange chromatography (thy-
roxine by columiny. Since 1972 evaluation of thy.

* Fhvvind uptake stadies were done at Rongelapin 19%% and
1971 by Dy, LK Rall and i 1'tiand 1972 by Dr. J. Robhios. A\
BNL thseand fumcuon stadies were done ta Do L Mkane 1PBI
determinations weee siade by the Clincal Cheniistry Sectin at
KNL and v B Science Laboratonies, Van Navs, Calif.. who
alvidid orher serum andine analvses. Ty and 13 by KIA, and dia-
Ivzabie Ty TSH. and TBG by revene- tlow electrophoress were
analvecd by Dre. PR, Larsen an the Ciiversity of Pittsburgh and
more resenddy at the Peter Bent Bricham Hospital, Bosten TGH
anialvsis by RIA was done by e M Genhengorn and J. Rols-
it and TG analvas by Des. M. Jzuma and J.-L.. Baulicu.

rond funetion has been greatly improved by the
vne of cadiotmpunoassay weclngques lor mcisure
ing U Uy ceriodothivroninerand TUSELS Sl
s of serumiodoproteins, which had resulted vn
artifetual elevations i the serame PRE i the
Mueshablese, are discussed Below  as e more -
cent measarements ol thyvrasine:binding protcins
and serun thvroglobaling

Stadies of thyroid tunction have alsomeluded
tests of radiotodine uptake and exeretion on sev-
cral occasions, Tothe field these were done witds a
sonewhat primitive apparatos (Figare 380 0491
wirs used (o nuninnze the dose tathe thvroid. More
extensive and sophisticated teses were done onpae
tents brought w BNL for evaluation prioe (o sur.
gory elseshere, These included tests o thvroud
radiotdine uptake and scans (echnetium-94m)
ik after TSEEstimolation: determination

before
of basal metabalism rate, cholesterol, autithyro.
wlobulin antibedy Tevels; and o variety of clinicat
chiemistry tests. I a number of cases a small
amount of Y was administered prior to surgery
and the tunction of excised thvraid lesions and sur-
liograph

eald iman (Nac A0y brictly developed

rounding tissues was studied by o
One 18-
acute thyroidits atter TS administration,

2. Studies of Exposed Rongelap People
With Thyroid Abnormalities

Evidence of thyvroid bypotunction and reduced
reserve was seen ina lew ol the children prior o
2,020, 33, and 65 and 1o a greaer

degree in the two bovs who develaped iyvsedema

surgery (Nos,

Figure 38, Mhivroid Minction testing
under Gicld conditions, 1.
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Table 26

Kinctic Analysis of 1121= Accumutation and Exeretion in Rongelap Subjects Without ‘Thyroid Abnormality

Fraction of extrathyroid §= per day

Thyroid fraction,

Group Crine® Ay Thyroid®® Ay Aai/tAz +Aay)

9 Unexposed adubts, 1140 08) (0.17-1.99 0.79(0.23-1.47) 0.49 (0.26-0.77)

12 Exposed adules, 1965 110 (0.31-2.57) 067 (0.33-1.27) .38 (0.24-0.G5)
12 Peuple exprmed at

age 10-20, 1972 118 (0.72-1.49) 0.90 (0.57-2.06) 0.43 (0.19-0.58)

* Ny s the fraction of idide ostside the thvroid excreted inthe urine per day,
*o Mg is the fraction of indide outside the tiy rond that entens the thyroid per day, Means andranges given.

Tabile 27

Resmalis of Follow-Up Evaluation of Floaa Thveoxine and TS in Marshatlese With Koown Thyroid Lesions
(Nosrmad values: "1y by REN 5000 102 g dlESHL, <o 3 p U7l abaoemal valuwsare given in boldface)

1972 1973 1974
TBG-binding
Subject No. Age at T TSH, Ty TSH, Ty TSI, capacity,
and wx oxpoure Diagune p dl pU/ml o pg/dl pUsmb o opgrdl Ul wy Ty di
Rougelap exposd
3M ] Myaedena 6.7 <235 89 - 2.7
3\ | “ 2379 1] 376 3.6 1.7
RN d 1 Adenonie 3.7 6.8 i - ]
YRS ! " [P 8.2 - - -
W F 1 " - - 18 >t 1.7
2\ 2 " 1HY <25 153 - ~ -
17 F [ " 2.2 2.0 13.1 - 138 <10 20.4
1\ 4 " [RR ] 34 3.6 32 6% <10
aF 3 " 126 <25 1y - 124 i1 26.2
2F 3 " I8 <25 10.1 - 174 <10
24\ 4 " 28 8l 3.1 62 .8 6.3
(PN 4 " vy <25 0.0 - 111
2F [ Carcitonma <iH H60 [1] HY <04
1> F 7 Adenonia 7.7 4.2 1.3 - 98 <10
20\ 7 “ 7.0 2.7 159 - 89 <10
KB\ ] 7 " 100 <25 3 39 13
6l F i " 124 ('8 ] 4.1 - 146 8
F 12 " - - 227 - 23 3.6
W K| Carcinonu 0+ 110 178 - 1Y <10
[TVBY ] Pl Adenomas 70 <25 7.8 - 7.8 20
o F 30 Carcinoma 74 172 10.6 - 2.0 1.2
Ailingtiwe exjumed
wy ] Adenis 74 2.0 121 - 140 <10
MiF 8 Nowdule 0.0 am 73, neg. 71 - - 4 - 94 <10
AF 25 Adesnnas 7.1 2.6 6.3 - 6.9 34
i F 32 . - - 4.6 4.9 4.6 1.7
41 M 41 Naodoike beft lolxe KXN 27 4.5 <50 6.0 4.4
In utros expumad
LIXINY | 2oad i Addenomas - - 6.7 - 6.2 7.0
Ltirik expused
208 F 35 Adenonnas - - 5.1 <50 0 <10
202F 35 " 10.1 3.3 5.0 <25 4.4 9.3
MF 20 Carcinona (follicular) 25 11} 59 - 55 14
22F M Ademnna - - 49 <50 346
T S S SAM o o .
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with marked growth retardation (Nos. 3 and 3).
Ty levels before surgery were lower i subjects ex-
pased in childhood than in unexposed controls,
Subjects exposecd as adults who developed cither
benign or malignant thyroid lesions did not show
notable impairment of thyroid function, The
seram dudine levels of exposed and unexposed
people for the past 13 vears are given in Appendix 8.

I 1963, the rates of urine and thyroid accuniu.
Lation of 11 were measured over a 4-hr period in

21 Rongelap subjects, of whom % were unexposed
and 12 were exposed as adubis ' The da are
sumarized inTable 26, Compared with Nonh
American normal values obtained in 1H6H I8
(wrine, Moy =x2: thyroid, Ny & 1 thyroid fraction
=0.33), both the exposed and unexposed Mar-
shallese showed slow urine and thyroid wranster
rates of extrathyroid jodide but a high thyreid trac-
tion. Similar studies done in 1972 on 12 Ronge-
lapese without detectable thyeoid abaormalities,

Table 28

Thy raid Status of Exposcd Rosgelap Subjects Without Revognized Tl roid Lesions, 1971

Plasina Ty, pg l TlIds-
Subyeet Now A 1lasa PSS binhine capacity,
and wex [RE0A {'re FSHE 2Hhr et USH fovrenses® al’ ol e 1yl
i i [IR) s 04 T
6\ 21 u 4.3 15 AL
M 3 34 04 L1 185
9\ 42 33 (1X] 1.5 w1
10 M i 128 RN < L
12 F R 8.7 L4 i
16\ o 8.3 19 3.4 (AR
0r 33 20 i i
JiF () [[TXH 3.5 64
35M 34 .48 19 RN 1.7
37\ w tity 2.0 26 247
St 35 115 32 1
41 A1 (] W 34 i 12N
¥ 4 2.2 20 R
S3tF EN] .1 22 K]
W ¥ an 91 24 41
b M o [N} 1.6 IXt]
WwF 35 1.4 39 1t
PN | 38 110 4.2 LR
31 7.0 i.h VL7
57 7 it
o 91 4
8 T S 202
0 67 RRH
20 H6 70
2 (1R ] 20
7 ti
7u 1.4
45 RI1
k¥ 23
S 29
i L
] b
m (%)
N1 2.9
[t 1o.4
Eg] <10
i bl
Mean = 8.1, =17 2=12

*Novmal in 13 Piteshureh subjecis: 4.7 21,0 jg/d) >

** Measured in pre-FSEH samphes. Nowonal is <205 ulU b,
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who had been expased at age 10 10 20 years, gave
results similar 1o those obained in 1963, Thus
the Rongelapese do not show a trend 1oward de-
ereasing thyroid iodine uptake as do Narth Anere
icans (attributed o increased dictary iodine in.
tke) ™ Phe main purpose of the Later study, howe
ever, was 1o see whether the expased individuals
i the intermediate age group might be develop-
ing thivreid failure despite the absence of thyroid
noduldes; its resubts indicated no evidence for this,
(However, as diseused below, some exposed Ron-
gelap people without thyroid abnoraalities are
now showing evidenee of redaced function on the
basis o response o IS stimulation.)

Rudisinnnunaassavs (RN for Ty and 'FSTH
have been carried out since 1972 on the exposed
Rangelap group and on other people wha have

had thyroud surgery. The sesults onsubjects with

known thyroid lesions are presented in Table 27
OF the 32 subjects tested, 17 o 33°7 had at least
ane TS evel above the upper it of normal
{hese are in bold b

i Table 270 These findings
indicare than the residual thyroid tissue is inade-
quate toosustain cuthyioidisim in these cases and
abso retlect inadequate adhetence to the pre.
swribed Ty replacement reginen, bnadequate 1y
replacement is apparenty a chironic probilem for
certain paticnts {Nos, 3028, 88,65, and 720, Bl

vations of phisoia TSH have heen abserved abso
i a saiher of exposed people without known
thyvroid lesions (the TSH concentration wias > 10
U, mbondy ansubjects Noc Tand 74« sec Table
28 and Appendin i, Presamably these subjects,
avowellas several others sith plasia TS H cone
centration 20 but <10 U il (Naos 4, 16, 31,
17,68, and 78, are not receiving the Ty therapy
as vegularly as had been hoped. Ta the Rongelap
control group plasma Py concenteations were de.
tevtnined in 1t subjects, T those with 1y <0 g/
L' of those tested ) PSTE was detesmined; no
vlevated fevels were found (data not shown), Ouly
Lot o Utinik subjects tested has had an elevated
serutn PSH level (Na, 223820,

These novmal tindings in the unexposed and
Utirik groups suggest that in the iradiated Ron.
gebap group there is impaired thyroid function
withowt palpable lesions which could beeame
svanptomatic i the hatare, Fhe west results prob-
ably lead o underestimation of the true incidence
of impaired thyroid function, sinee presumably
nany of the patients are taking the medication as
directed. Toshould be nated thatinis the pensanal

- pmewm e

33

experience of many of the thyroidologists involved
in this study that it is extremely diflicult to make
a clinical diagnoais of hypothyraidism in this pop-
ulation. This difficulty einphasizes the imponance
of the plasma TSH measurement, which is now
recognized as the maost sensitive indicator of pri-
mary thyroid dysfunction. The status of thyroid
function in exposed poaple without apparent thy-
roid lisions was further tested with exogenous TS1H
in 1971, as deseribed below,

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

L preparation fur TSH resting of reserve thy-
roid function, prophylactic Ty medication was dis-
continucd for 2 monthy before the 1971 survey in
all exposed subjects without recognized lesions.,
During the survey, plasma samples were obtained
before and 24 hr after intramuscular injection of
10 units of bovine ‘TSH (Thyrotropar. Armour).
Both sets were analvzed for Ty and the finst set
also for ‘TSEL ‘Fhe results, and thyroxine-binding
globulin-linding capacities CVRG-hinding capaci-
ties ) insomie Cases, are wiven in Pable 28, The mean
increment in plasta Fy following TSH was 2
1.2 pg bl omcan = 8.0, The mean Ty prior o
IS injection was 6.6 = 1.7 gy dl Simvilar tests™
on 13 subjects at the University of Pittsbuargh
showed a mean inerement in plasma 'y of 4.7 =

1O g dband acbaseline plasma Ty of 7.3 pe dl
which is notsigniticantly ditferent from thar of the
exposed Rongelap group being tested, Thus, the
Ty respanse 10 FSH s significantdy less (p<<0.001)
in this group of 26 exposed Rongelap subjects than
in the group of 13 subjects from the United

Mo,

lecause of the possibidity that the smaller inere-
ment in plasia F 24 hr after TS in the exposed
subjects was due to factors other than deercased
thvroidal roserve, HE stimulation tests were
done on 10 cuthvroid unexposed Rongelap and
Uirik people during a subsequent survey, Fhe
mean initial plasaa Ty in this group was 6.0 L7
- dband the mean inerement 20 hr after ISH
njection was 3.2= 1,3 py dl signiticantdy greater
{ <001 than in the exposed subjects,
These results and the tinding of clevated plasima
TSHHevels suguest that these is underlving, clini-
cally inapparent, thyroid damage in the exposed
Ruongelap population. While it is conceivable that
the Ty replaceent program may have led o de-
creased thyroid reseeve, the test resulis indicate a
need lor continued close follos-up of the exposed
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population. The findings also support the program
of thyroxine replacement in the exposed Rongelap
population to prevent both clinical hypothyroid.
s and the associated rise in plasma TSEHL which
may be tumorigenic,

4. Thyroid Function in the Utirik ond
Unexposed Rongelap Groups

During the 1973 survey, Ty and ‘TSH concen-
trations were measured in plasma from 19 usiexs
posed Rongelap and 97 exposed Utisik subjects
(e Table 29% The mican Ty in the unexposed
Rongelap wroup, 7.7 pyg. dl was the siune as in
the United States, and, as in the United States,
the plasaa Ty concentrations were skewed o the
upper range. by the Uik group, the mean 1y

Table 29

Plasma Thyrovine Concentrations (Mean = 510
in Utirik and Unexposed Rongelap Populations,
March 197}

Subjects Subjecta
Plasia 1y, with value with value
Group pyg ol <H0 >118
1A Rungelap
unexpused =20 (i (1]
o7 Uik
exprmad w1 He priee 0

*Signilicantly ditferent, p<Z0.001
00" had valies < 38,

Talde 30

Thy roxine-Rinding Globalin CFBG) Lavels
(Mean = S0 Sera, 19473

T binding

TBG I RIA Capacity
Giroup » g dl n ue Uy dl
Rangelap
Eoxjumed P2 IR YEEIAT] E 2102 60
Unexpuned K] R S | I b )
Al wera 25 KR R TR] 25 2801 =115
Alwra® 22 L= 2 = 62
LUtirik
M wra . P02 R Y= 38
AMbwra® n L =0 A T e W

COminting wea with TG > 3 or THG-hinding capsacity
>,
Statistical comparisns revealed no signibcam ditfer-
eone (000 between any of 1he grongs.

was significantly lower (6,02 1.8 jeg “dl). The free
quency distribution caleulations (see Table 2 and
Figure 3 indicate that a substantial portion of
the Utirik population has plasmia Ty concentra.
tion <5 pg/dl. Mewsurements of plasma ti-
odothyronine (not shown) showed similar reduee
tions in those patients with low T values, Plasina

" T T T T T
o---8 Lk
e Ruuwelap
Mach 1978
"= -
)
3
3
i
H
Nk —
k]
H
b
= —
w41 1 ! [
i Dt T lrn 1

Plasinug thasosiwe (ug 18l

Figure 19, Percentages of people in Utisik aod in Ronge
lagrunesposed granpms Baving given thyrosine levels, 19474

Thes (KLY B Capum v
N haams
Bl G )
| g [
Hie ;/ )
i ‘\ Rougelap .

Figure 10, Thvrocie-hinding glodsalin levels
i serutn and FRG-banding o apuu iy, 1973,
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bound per mole TBG, the expected ratio is 777000
Hg/57000 my = 13.6. The results of these analyses
are summarized in Table 30 and Figure 40, There
was o significant dilference in THG beween the
Rongelap and Utirik groups or between the ex-
posed and unexposed Rongelap groups. Eight sub-
Jects had high TBG levels, These were all fomales,
and five were known to be pregnant, a condition
that can clevate the serum TBG.

The results of these analyses provide ne expla.
nation for the difference i serum 1y concentrae.
tions between the Larger groups of Rongelap and
Utirik subjects; however, these results are based
on highly selected sampling and theretore are not

representative of the shud groups a i whole, Exe
amination of individual Utink and Rongelap
plasmas suggested that low Ty concentrations
were associated with refatively tow TBG values.
To study the interrelationship of 1y binding and
THO tevels in greater detail, the dialyvzable frac-
tions of Iy (DFT) were determined in a number
of plasma samples with low, normal, or elevated
THG-binding capacitics. The results are presented
in ‘Table 31, In subjects with fow THG, the mean
DEF, was greater than in subjects with normal or
clevated THG. The absolute free Ty was nod dil-
ferent in the three groups, which indicated than
the abnormal “Fy levels among these subjects re-
tlect alwerations in plsima hormaone binding rather
than in thyraxine production rates. Since virtaally
all the subjects with fow plasima Iy concentrations
i the larger Utirik and Rongelap groups had nos.
mal plsima TSH, we would expect a more systes
matic study of TBG levels by RIA 10 show a

higher frequency of low TBG levels in the Uiirik
group. Such a study is currently in progress,

F. IODOPROTEIN STUDIES

Analyses for protein-bound iadine in sera of
AManhallese people revealed a level signiticantly
higher than that seen in North America %30 Sub.
sequent studies shiowed that this clevation could be
atributed w an increase in the iodoprotein frac-
tion and indicied thag this was responsible for in-
correct evaluation of thyruid function during the
carly vears of the sarveys, ‘This unusuai linding
prompied us todetermine serun idoprotens wevels

i several ather Pacitic Ilands groups (sec Table
A2). Fxcept for a group of Americans living on
Kwajalcin Atoll, these groups also exhibited high
serum levels of iodaprotein. The Maui group wos
comprised of persons of alimost pure Hawaiiang ane
cestry, some of whom ate seaweed in large quan-
tity, but the iodoprowin level did not correlate
with this dictary intake. In the Roagelap papuala-
tion, it is of interest that the iodaprotein level re-
untined high in owoathyrentic bhovs; after subtotal
thyroidectomy; and during thyroid suppresion by
thyroxine adiministration.? Uhis strongly implies

an extrathyroidal (endogenous) or a dictary (exoy-
enous) source for the iodaprotein, “The cause of
the clevation, however, his not been ascertained.
One possibility is that it s produced in poly-
morphonuclear leukocytes. FPhese cells are known
10 oeganify idine during phagocytosis*t Al
the Marshallese do nat have unusually high lew-
koeyte counts, they do bave a mild cosinophilia

Table 82

Serum bdoproicin Levels (ug 7 ) in Pacific Bkaxd Populations and in Mnericin

Group Nowin group Total Tol fodoprcin
Rongelap expuosed
Naothvraid noduies 1Y T2z Lo=10
Thyvroid atrophy 2 2H=00 1.2=ih
Thyroid nodules, presop 7 Bz [ N
After partial thyreidectomy @ 2=t i=s
Alter total thyridociony k] hi=1.1 H=t
Ailingnae 4 =1 3708
Utirik K bt =44 S04
Rongelap unexprsad 21 8724 =0
Kapingausarangi 28 L= 30 IR X
Pingalap 27 Bix20 R TR] R RS 1]
Hana (Maui) 13 HI=13 IR
Americans: Kwajalein 12 Hhih=1 du=1 La=05
(5. % Y [ ot X L1205 [ 9% g V)
ERLERIV A . e "
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Figure 43, Percentages of peopls in various groups having
given levels of thyroglobulin (hy RLA), 1973,

and a high incidence of parasitic infections, A pre-
liminary examination of North Americans with
abnormal leukoevie counts, hawever, did not show
a correlation between leukacytasis and iodopro-
tein level, Furdther studies on this are indicated,
The chemical nature of this iodoprotein is also une
Known. By analogy with findings in various thy-
mid disease he iodaprotein is likely (0 be com.
prised mainly ol iodoalbumin arising from the
iodination of serum proteins,

It is now recognized, however, that thyroglob.
ulin (F'G) is a minor component of normal plasina,
Atareported concentration of 3.1 2049 (8.E.\M.)
ng/ml (range <1.6 10 20.7) in normal North
Anweric +and assuming an iodine content of
0.5, this would be equivalent to an jiodoprotein
odine level of 2622025 ng/dl. Although it seems
unlikely, a privri, that circulating thyvroglobulin in
the Marshallese could be elevated enough 1o give
an iodoprotein level of 3o -4 g/l (e, >500 pg
TG/, ehe possibility was investigated by radioim-
munoissey measurements (M. Izes, Jo Baviagu,
axp ). Rowmss, unpublished observations, 1974;
see Figure 1), The assay could deteet TG levels
>3ng/ml; levels > H) ngsmlwere not quantitated.

{0 the Rongelap and Utinik groups without thy-
roid lexions (47 ard 235 subjects respectively), p80%
ol the values were within the U.S. range, and no
correlation was seen between elevated serum iodo-
protein and abnormal TG levels, A few miembers

el rar IEINRI IVIS I s e 4

TG by R'A (ng/ml)
s R %

s

Baaal Bl 24l basal Bhe Sihe
Pomt TSI

Figure 42. Effect of TSH administeation on thyroglobulin
levels, 1973, o, Persons with thyroid lesions (Rongelap
plus Utirik); o, without lesions (Rongelap),

of cach group, including the U.S. normal group,
had TG values > 30 ng/ml, but the significance of
this is uncertain. Of M4 sul ¢ '« with clevated serum
iodoprotein, only 1 had .coam 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 <3
ng/mi, a much higher pereentage than in the other
groups, Most of these people had had prior thy-
roid surgery or were athyreotic, and it is presumed
that they had insutlicicat thyrod tissue for normal
TG production. Furthermore, Ty suppression ther-
apy may have contributed 1o the low TG levels in
the Rongelap people.

TG was also measured before and after TSH
irjection in 10 Rongelap plus Utirik subjects with
thyroid lesions and in 20 Rongelapese with none
(Figure 42). la every case, TSH resulted ina rise
in T'G level, and there was no apparent ditference
between the two groups.

The unusually high level of iodoprotein in the
Manhatlese people is intriguing, and further stud-
ies are in progress, with 2] used as the tracer, in
an attempt 10 identily the protein.®

G. CORRELATION OF THYROID ABNORMALITIES
WITH RADIATION EXPOSURE

Statistics on the incidence of thyroid abnormnal-
itics in people living on the Marshall Islands are

*Mise IUF, Straub, BNLL b dbing the chiemicat analyses.

faae 1.0 TP Rt T Ay




not very reliable. From our surveys of the unes-
posed prople of Rongelap and Likiep taonearby
atoll not expesed 1o fadloun), the incidence appears
w0 be abaut 370, mosthy prosent in older e groups
pee Figure 29 and Table 25), We have seen afew
cases of hvperthveoidism and mysedema at the
Majuro Hlaspital, but no statistios are available.
Two cases of thvroid cancer arve veported from
hospital admissions for o 10-vear period (1952
196.2) for the NMarshall Llands, the population
varving between 15000 aad 20,000 during thi
period. This has been estimated by Trast Perri-
ey medical personnel o be about hall the actual
number of vases (therefore 8 cases per 200000
People pee 20 vears was used Tor statistical comne
pririsans

Data on iodine intake and excretion in the
Marshallese fabulated below and presented in
detait in Appendix 9) indicate thar dodine-deti-
cieney goiter would not be expected in this
population.

Sample Loddine, av. e dav (ranee

28 Usines (10
19 Unnes (9740
7 Dies et e TUAB-

1= 27t
ey

The urinary iline excretion is somewhat lower
than the US. mean of 19 pgdiy (18-483) in
1 Onthe basis of the few diets analvzad, the
daily iodine intake secms to be within the recame-
mended range of 30 10 75 pg* These iodine levels
are somewhat lower than would be expected inan
oceanic population but are inach higher than seen
inarcas of endemice goiter® The Manhallese dict
contains no know gaitrogens, and diffuse goiters
(typical of endemie goiter) have not been observed.

T'he high incidence of both benign and malig-
uant thyroid nodules i the exposed Rongelap
prople appears to be clearly related o radiation
exposure with a large component due 1o radio-
jodine in the tallout. Numerous studios onanimalds
tuve shown that thyroid neoolasiac follows expo-
sute both to x-irradiation and to radiolodine 7
Such tumars may be benten or malignant and ap-
pear o be dosesdependent 1o some degree. The
incidence of thyroid tamors is increased in Jap-
atese atom bomb survivors 2 (Fleagre 43).
There s a considerable amount of data showing
that children who were given radiation to the head
and neck region for teatment of thymic hvper-

CEe wabine analvws wete done e MU Kinsdes and DF
Paabinv o BN

e A
W
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Figwne b8 Prevalence of diseases of the th raoad, ifih ex-
aination oy che, e radiation dose aad iy for feniles
e Ut 19 e ot beanda, cFroms Belshy ey al 108,

trophy, acne, and fungus of the sealp have ania-
creised incidence of both hentgn and malignan
thyroid lesions in Luter years 202 Repons of
tumorigenic ellects of radioioadine inmaa sue more
fimited. Sheline et al U i their follow-up suudy
of 250 paticnts veated for hyperthvroidism, re-
ported 8 having nodular goiter, of whon 6 had
been arradiated at age <20 and 4 oat age <10,
Maore recentty a number of cancers of the thyvroid
have been reported in patients previously treated
with radioiadine for hyperthyroidisn 314116 T he
nutnber of such cases reported is, however, lower

than might he expected an the hasis of the wide-
spread use ol P perhaps because the cells are
inore likely w undergo tethal damage 1371

Lo the more heavilv exposed Rongelap group
the adubt thvroids received a deose (380 vads) aixnn
twice that to the whole hody and those of smaldl
children (700 w 1100 rads) about 8 tmes that to

the whole body, Onthe hasis of the incidence of

Denign nodudes incthe unexposed Marshall flangds
populitions examined. abaut 3 o 3 cases would he
expected during the 20 vears i the Rongelap ex.
posed group, whereas 20 occurved. Tnoche Uik
group about o weuld be expected, and 6 ocearred.

Rewarding cancer ol the thyroid, on the basis off

Maasbkall Islands statistios. abeont 0,033 cases would
be expected in the Rongelap group over the 20-
vear period, wherens 3 occurred. ba the Uik
population about G.06 cases waukd be expected.
sud D occurred: in view of the low dose of radiae
tion itis unlikely that thas

ase iy radiation induced.

Tables 33 and i1 show the incidence and the
risk per rad an e Mashallese compared with
diatin ather populations fur bath benign and ma-
iignant thyroid neoplasis. Data on benign thy-
rord nodulavity are scarce, but the incidenee in

.'.
.-




NMashillese cléldren appears similar, on risk per
vad Iasts, o that in the seraved childeen studied
by lenmpelmann 39530 Risk for dhyroid cuwerin

the Rongelap people is also similar o that re-
ported for other poapulations.

indivate that at the dose

The datacin Table
levels involved there is o correlation betweeningi-

a

dence of thvroid laions and the estimated dose to
the gland. On the basis of the incidence per rad in
the high exposare Rongelap ehildren, about 2
children with adenomas would be expected inthe
Ailingnae group, where 2 were noted, and 4 inthe
Utirik wioup, where none was found. ‘Fhe lower
ctfectiveness per vad in the Utitik children may be

Table 44

Percent tncidenoe of Thyroid Sasions (20 Vears Obwervation

Ae at expumurne

D ITRY PRELIRY S

Groap Benien Cancer Benien Cancer
Rongelap LR 24 1.1 [}
Nilingtiae iy o RER 0.4
Rongelap & Ailingnae th 10 178 A0
Uik [ [T} A v
Neraved children (17 yegit? Mo [}
Neraved children, o dome 017 vt 1o 014
Marshalles contrnlsy 1n L 105 all agen) 3 THX 0= (all agesy

Wanldwide av
Lrained Sttt

[IIRTT W)

201075 Gl agesy

230" tall aees)
Wo-1e

Table 41

Rask® of Radiation-Induced Thyroid Laesions (Cases per 18 iin s cats per tads

Ade at expunare

< l0wr > iy
Groap tvears follow-up Phse tange rads (vpey Benign Caneer Dose range, raks Benign  Cancer
Knnuvl.lp [ T0-10 (1 41 26 Rl 10.5 .0
Ailingtae (Ah 280~ IDO(IA N 130 1} IRNIS R 1511 1]
Rongelap & Ailingnae (20 2000 L1018, 121 2.4 w27 5 6.4
Utieik 420 W W g 1] 0 Rl w2 18
Rowhester (17307 AUt o sy 1)
A b (179197 MIEFISIEN AT 2o
Beach & Dalphin (20134 (N Favsy
UNSCEAR (17128 1 300\ fans)
ANRCC NUBTITTREE
ABCC 20 o Crom
*Risk i valeubated tram the equation
Rivk = } ol vaaes X H_"'_ )
dow Xovvars at risk

orabiernatively,

Rick = Naobvitses x 119

No of sabjects X mean dine X uean So.of vears o risk

Boh equations give alimost identical resalts for the Manhalleses becanse of the aniformity of the dita. No correction
has been made for expected number of cases because the expectation among unesposed subjects is ton kow o atfect the

resulis (see Vabie 830,




Feivent e

I [, -y —

1

Mashalles

o

i

a— -

/' Mashallese
— Rindusten —
A \itaw

0 8 aManshallee N I

U Ly inag

Fhivrond dome cradss

Figure 44, Tncidence of benign thvroid mdules.

partly related to the smaller contribution o the
dose from short-lived isotopes of jodine, Neverthe-
lexs the Ann Arbor chitdren in Hempehmann's
study % had an increased incidence of thyroid e
mors following a mican dose of anly 30 rads 1o the
gland (Figure 441 and more recently Modan et
al. 11 and Hardey et al. ! have repored an in.
creased incidence of thyraid tumaors in chiklren
who had received about 6.5 rads w0 the thyraid
gland during x-rav treatment of the scalp for fun-
gus infecuion, Maodan et al, state that “one would
strongly suspect amini-cpidemic of thyroid ade-
nama’™ in the group studied, In considering the
risk data of Hempelmana's and Modan’s groups.
the large element of Jewish people (who have ine
creased susceptibility 1o thyroid tumors) should
be kept b mind. Abo. Hempelmann's were ieradi-
ated as inlants and theretore represent only i nare-
TOW age range,

1. Latent Period

In Figure 43 the development of thyroid abnor.
malities is ploted according o radiation dose and
tine alier exposure: the Liteat periad appears to
Ixe longer with lower dones, Freures 46 and 47 show
the relationship between dise and age at devel-
opment ol thyroid lesions, These data indicate that
the radis

on-induced lestons occur at earlier ages
in the exposed Rongebap peaple than inthe Uiirik
or unexposed vroups, Inothe latter groups adnost
wllthe thvroid nodularities develop in the older
people. Recent data of Hempelmann eval. P ine
dicate tat the Latent period may be > 30 veans for
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Figure 13 Time of appearance of thyraid lesivos in
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development of radiation-induced thyraid tumors.
Thyroid cancer has been reported as long as 40
vears after radiation exposure. V3

Caorrelation with sex showed that slightly more
expased Rongelap females (18 of 45) developed
thyroid lesions than did males (11 o411, Al three
cases of cancer of the thvroid were in females,

The thyroid gland is generally thought 1o e
more sensitive wo radianon during childhood 4502
Pochin'* estimates a pereent incidence per 100
rads of 0.3 1o 1.0 for adults and 1.3 for children.
Certainly the fargest number of benign lesions o
curred in the Marshallese children, "Fhis is prab-
ably due mainly to the sialler size ofthe thyvaid
elands resulting in Lirger doses per gram of gland.
Doniachi3 theorizes that thyroid tumors are pro-
duced by an initiating Lactor (radiation) plus a
proweating tactor CESEHD which increases mitosis
and enhances the expression of a possible malig.
nant clone. In addition, in chilkdeen the wrowth
tactor iy be important, since at maturity the thy-
mid weighs about 20 tmes as much as at birth,
These factors would increase the chances lor ma-

Lvnant transformation. The lower incidence ol
cancer of the therold i children than i aduhs
way be velated v the Lack ol dose dependence aof
the carcinogenic ellect of radiation at high doses.
Seve  tavestigators have shown that high doses
ol rachantion (hoth 8 vavs and radiowodine) e as.
TR with a lower incidence of thveoid mali-
nancy han lower doses, posibly because the high
doses produce enough cell destruction o prechude
This
may be the case with Marshallese children, T has
been noted that fallowing treatinent of hyperthy.
roicisim with large dos

malignant wanslormation.

s of radioiodine, although
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hypathvroidisi develops. the cases of thyroid can-
corare fewer than exprected. !

9 The devels

opment, in the twostunted Manshallese bovs, of

thyruid atrophy with hypothyroidisi but without
the development of tumans is in line with this rea-
soning. Offsetting, somew hat, the greater inadence
ol thyroid cancer inchildrenis the linding that chal-
dren survive longer than alder people, even with
the wetl ditferentiated 1 pes, V3

The possible clfeers of the stress of puberty in
the developmient ol thy sad Hesions have been pre-

viously noted# The stress ol frequent pregnan-
cies, which had occusied betore the development
of malignant lesions in the three Runuvl;lp wonKn.,
may have beena Betor i development of neo-
plasia. Both these carrelations. however, may be
fortuitous.

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

The datacin Tables 3 and 31 show that the risk
per rad fur the developuicut of thyroid neoplasins
in the Mashallese was quite siimilar to that in
populations exposed 1o x-irradiation. The data in
Figure 44 indicate a hncar relationship between
nodularity in the NMashallese children, who re-
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sons develop in Manshallese, o, Beaign: . malignant.

ceived their dose laurgely from radioiodines, and
the groups receiving x-irradiation. "These data are
not extensive cnough o show passible threshold
cffects. Sinee in animal experiments "1 is only
about e to s as elfective as x-irradiation in pro-
ducing thyroid tamors ».120.030.030 hy do the
Marshaliese data indicae near equality of effect?
1t is estimated that thousands of children have re-
ceived diagnostic F9 (2010 50 pCiy in the past re.
sulting in thyvroid doses up to hundreds of rads.
vet only 1 ease with thyroid tumors has been re-
ported. 1312 US. Pyblic Health Service workers
reeentiy reviewed a large number of case histories
ol people whao had reccived radiviodines for wreat-
ment of hvperthyroidism 322 They were unable o
shoaw any clear-cut increase in incidence of thyeod
wmors in this group compared with a group
treated by surgical thyroidectomy. Increasing
numbers of the patients trcated with ¥ devel-
oped varving degrees ol hvpothvroidism in later
vears, The low incidence of tumans following such

reatment may be related o the high doses of

radiation given to the thyroid, sullicient to destroy
its regenerative capacity.

It should be noted, however, that in the past
few vears o number of thyroid malignancies have
been reported follawing radiniodine therapy tor
Ivperthyroidism 309 The number of cases res
poried is lower than expeeted on the basis of dos-
age to the thyroid, The icreased tumorigenesis in
the Marshallese may be related tothe natare o the
vadiation. more than hali the dose being due o
short-tived isotopes of jodine (particularly =1L
AL and B0 which are more energetic (see Ap-
pendix 90 Vasilenko and Klassovskii? ™+ have
demonstrated that when these shorter-lived iso-
topes ol jodine are combined with 141 the tmori-
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genic eflect in rats and dogy is equal i a rad basis
w that of x rays. Walinder et al. have reported
similar Hndings B985 Dunning, Y in estimating
thyroid dose from absorption of radiviodines in

fallout, considers the shorter-lived isotopes to be 4
as energetic s 3981 The more energetic beta
radiation with i higher dose rate and longer range
gives i ore wm

ties

wm Lissue distribution of radia-
tion thau is produced by 3431 This micht explain
why the incidence o thyroid fesions in the children
receiving 1000 radds falls ona line corresponding o
1000 rads of x-eadiation (Figure 44, or it mighe
wndicate that the radioidine exposure was about

1O e as etfective as S adone would have been

tsee Colet 7y Thus the 1wa bovs with atrophy of
the thyroid may have had doses to the gland come.
parable with 3000 10 W00 rads or more of -
wradiation.

3. The Development of Thyroid Abnermalities
From In Utero Exposure

The development of thyreid adenomas in one
ol the Manshallese bovs expaosed i uterois of in-
terest. Four children were exposed o uters: wn the
higher radiation group. one at the end of the s
ond trimester and two at the end ol the fiest tri-
mester: in the lower dose Rongelap group, one m
the end of the second trimester. Only the boy
in the higher dese group and exposed in the second
trimester has developed thyraid lesions. Several
cases have been reported of chifdren who had
myxedema following s wters exposure during
wreattent of the mother with large dimes of radio-
jodine ¥ owever, this Manshallese boy ap-
pears to be the finst reparted case of thyroid ade-
namas developing presumably from o wiess expo-
sure 1o radiowxdines,

In wiers thyroid dose caleulitions are not possis
ble. since insullicient data are available on fetal
thyvroid uptake of radiciodines lrom the mother ac
various stages of gestation, 132

igure 48 shows thy.
roid function of the human fetus, The gland is not
thought to begin to function and 10 accumulate
iodine until about the 12th week of gestation Hid1s
At the time of exposure of the Marshallese boy
(about 22 to 24 weekss the thyroid should have
been actively functioning. He received 175 rads of
gamma radiation but the dose from radioiodine is
uncertaing In view of the high uptake of radio-
iodines per gram by the fetal thyroid at 22 weeks,
the thyroid dose might be expected o be high,
Hawever, since it appears from our data that

dekad - N
(RIS N
Wy er - .
LTI .
E .
1o~ .
{tAT34
W J . I . |
M W

S T TR i v Chald ¢
Fetal aee. in wevks (TS bl

Figure 38, Thvradal uptake of ¥10070 por grann
venas age. (From Evans et al 't 34

longer latent periads are associated with lower
doses of radiation to the thyroid, it is likely dn
the thvroid invhis boy exposed i sters received a
lower dose than thatin Marshallese children ex-
posed ata voung awe. Al

i, this bov and the athers
exposed i alere have shown o impairment in
growth and development. Teis of interest thae the
mother of this bov has not developed any thvroid
abnormalities and appears 1o be cuthvroid, The
two children exposed at the end of the fist trine.
1er prabably had nontunctioning primordial thy-
roid glands at dun tme so that the glands geceived
only the gannma exposure and were therefore less
likely 1o deveiop thvroid abuormalities. Nane of
the four childeen exposed o nters has shown micro-
cephaly or memtal retardation, which have been
nuted in sowe of the children exposed o uternin
Japan,

V. Neoplasia

Awmong the Lite etfects of radiation, the enhance-
ment of the development of neoplas

+ has been
well documented. T ievadiated animals, malig-
nancics not onhy may be induced at an carlier age
but appear in increased numbers, In the Japanese
atom bomb suevivars, leukemia and thyroid neo-
plasia have shown the most clear-cut association

with radiation exposure, though more recently




Fatale 35

Caneer Camns Arnong Manhallese
s 10 20 Yean Post Exposure

Cawe Na, Aue and Sex Ty Year of death
Fonpurard Rongelap (b2 people)
hl [riNa Ovarian (K]
(1] ¥ Carrvin® [SL B
] B3 [ SSTTVIN 195
vdt IY Stonach 1M1
" 1N Faoukenna LR
11 il Thiveowl
tal LN Ryt
: P Ky Ths veend
Unienjaned Ronee by ¢~ 181 pespley
1%l wdy | Catnin® 1'wdib
Eapweadd Uik 0 107 paeaapiley
2 HT M Revtuan® 1
e lavromd

*Diagtenis et coninined by gutopay

Figure 49. Subject Mo. 34 at age 1 vear, a moath afier
expemure to fallout, when he had spouy cpilation and
wattered beta burn kesions on the sealp, neck, arms. legs.
and anal redion,

other forms af malignaney are beginning to show

correlations e

The cases of malignaney recorded amanyg the
various Mashallese populations under stady dur-
g the past 20 veawrs are listed i Table 330 1n
these people, thyvraid malignancies (discussed
above) show i correlation with radiagion exposure;
other tvpes cannot besseribed delinitely wo eadia-
o exprmune.

A. A CASE OF ACUTE MYELOGENOQUS
LEUKEMIA

L 1972 an expored Rongelap male (subject No.
at age 19399 Te had been
expased ta 170 rads of ganmna radiation on Ron-

dhciced of levukenis

welap at age 1 vear, and hod experienced carly
tanient svplams, nauses and vomiting and
itching and burming of the skin, He showed nuxd-
crate depression of lvmphocyies, plnelets, and
neutraphils, his WHC dropping to 3900 by 6 weeks
and his platelers to 10000 by 4 weeks. He devel-
oped beva hurns of the sking particularly over the
neck, arms,and legs, and some epilation of the
sealp (Figure 49). These fesions healed unevent-
fully. His blood elemenms showed slow recovery
wward normal levels by 1 year. He remained gen-
crally healthy, with usual childhood infections,
until age 13, when nodules developed in the thy-

roicd and he was taken 1o the US. for study (Fig-

Figure M. Subject No. 34 being examined at age 13,

ure 30). The nodules removed atsurgery (includ-
ing a Hirthle cell adenoma) were benign, He was
placed on continuous thyroid hormone treatment
and remained cuthyroid, with normal growth and
development. (His mother, father, and wwo broth-
ers alxo had thyroid lesions surgically removed.)
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Figure 31. Lezt: Fnmature myekaoytic cells (many promyvelicyies) in marrow of subjoct No. 34,
t werks betore death, X 16, Right: Prownveloevies with Auer rods were nuswerous. X a0,

During the 1972 annual examination the sub-
jeet was found 10 have a WBC of 2000 and a
platelet count of 120,000, He showed no other sig-
aificant findings and appeared o be a healthy and
husky 19-vear-old. He was brought to BNL, where
a bote marrow exaunination revealed wpical acute
myelogenous leukemia, predominately of the pro-
myeloeviic tvpe with numicrous Auer ruds (see
Figure 51). He was trunsferred to the National
Cancer Institute at Bethesda, where examination
resulted in few physical findings besides the bone
marrow changes noted. ® He had aslight inflamma.
tion of the pharynx, periodontitis around the right

*Drs. Edward 8. Headerson, James Mabry, Joan Bull, Matia
Tomaseewski. and Jacqueline Feng of the Nauonal Cancer fu-
witwte and Dr. Guikdabhakiha Clukkapa of Brookbaven Na-
tonal Labwwatory assisted witli this sty

third maolar, and a left chronic otitis media. Anti-
leukemic medication included evuasine arabinoside,
Gethioguanine, heparin, oxacillin or cephalothin
with gentamicin, and kater ampicillin, He received
blood and platelet transfusions, some from an
older brother tlown in from the Marshall Ilands,
but compatible platelets were naot available. Plage-
let levels continued low, and within 2 weeks he de-
veloped signs of a hemorrhagic diathesis with
marked hemithorax, He was placed ina respirator,
but his condition worsened, and he died 6 weeks
after admission, (Sce Appendix 11 for hospital
sununary. )

T'he principal autopsy findings included acute
mveloblastic (promyelocyviic?) leukenmia in spleen,
lymph nodes, arachnoid, and bone marrow. There
had been massive pulmonary hemorrhage bilater-
ally and inflasmimation of the parotid gland. Tt was

Table W

Ditference in Mean Periphae

ral Bl Laovels Beoween Subjoct

With Leukemia { N0, 34) aned Expesed Peers

WRC O xi0-Y)

Neut (x 10-%) l.ymph. { x 10=%) Plase. ( X 10=1) e,
1934
Fxpomed peers 7.7 1l BX)] 6 478
Leakemia case ST (=20 25 (=) QR =0 W7 (=211 Wod (=207
1055.72
Exponed poers i2 3.8 1.5 Lk 2
Laukemia cawe 60 (=211 27( =307y 1 (=11 29 (=70 HED (4 84
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interesting that radiochemical analysis of bone
samples showed Y8 levels about the same as in
prople living in New York.

Retrospective study of hematvlogical data. The hema-
tolugical data gathered over the 18-year period on
the subject with leukemia (No. 54) were compared
with the mean kevels of 8 other Rongelap Loys ex.
posed at <5 years of age and of 8 unexposed boys
i the same age range (Figure 52). ‘The pereentage
differences in mean peripheral blood levels between
subject No, 54 and his exposed peers are given in
Table 36 for the finst year and for the subsequent
years. The subject with leukemia showed greater
depression of neutrophils both during the immedi-
ate post-expasure period and in subsequent years,
The least dilference appearec to be in the erythro-
poictic system, Morphalogical studies of peripheral
blaod smcars revealed no significant abnormalitics
until the development of leukemia; unfortunatcly
no bone marrow examinations had been made
before,

Since the Marshallese children are prone 1o fre-
quent infections assaciated with granulocytosis, it
was of interest tocompare this response inthe sub-
jeet with leukemia and in the other exposed boys.,
The records showed that the white ccll count ox-
ceeded 10,000 arotal of 36 times in 131 counts
(274) in the other 8 exposed boys and only once
in 18 counts (3%) in subject No. 34. However, if
this indicated a reduction in marrow reserve in
this boy, the reduction apparently was insutlicient
to result in any illness serious enough to require
hospitalization.

Otlier data related o leukemia were gener-
ally negative in subject No. 34, including alkaline
phosphatase levels of neutrophils, basophil counts,
Australia antigen, and blood proteins (except for
aslightly elevated gamma globulin level, which is
conmunon in the Marshallese). Chromosomie stud-
s of the peripheral blood made 12 vears afier ex-
posure and of the bone marrow during his termi-
nal illuess did not show aneuploidy or structural
changes of the chromosomes. However, increased
chromosome breakage (1% of the cells) was noted
terminadly, which may have been related o radia-
tion exposure 1o chemotherapy, or possibly to his
discase,

Discussion, 1t is possible that radiation expo-
surc was involved in the ctiology of teukemia in
subject No. 54, Radiation exposure has long been
associated with the developnient of this discase (in
physicians, particularly radiologists 147345 iy pa.
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tients after radiation treatment for ankykming
spondylitis, 1 ¢te.), and its ctiological role was
astablished without question by the high incideve
of leukemia in the Jupanese exposed 1o the atom

bomb, 150,134

Some findings in the Japanese tend to support
radiation ctiology in this Marshullese boy. 1 his
case the latent period was quite lung, but the in-
cidence of keukemia in Japan s still (after >25
years) higher amony the exposed group than
among the general populiation. Also, the incidence
has been higher amuonyg those exposed in child.
houd, particulacdy males, ioowhom e granulacytic
form of leukemia bas been prevalent: and tie sune
forin has been more prevaldent in cases with longer
Lstent periods and lower exposures. 92 On the
basis of 2 cases per year per million people per
rad amony the exposed Jupanese, the expectancy
among the expowd Manhailese 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 10 70
in the U.S.0 thus the nuiber of spontancous cases
expected among the exposed Marshallese would
be a towal of 0.02 10 0.067. The ratio of radiation.
induced 1w spontancous expectaney (0.33:0.02 or
0.33:0.067) indicates that chances are about 3 1o
13 vignes as great that this Manshallese case was
radiation-induced as that it was spontaiwous,

Review of the hematological data on suliject
No. 34 over the 18-year period before the develops
ment of leukeiais of interest. ‘The greater degree
of hematologic depression in him than in the other
exposed bovs indicates cither a greater radiation
dose to the hematopaictic tissues or greater sensis
tivity or proclivity 10 marrow depression. {None
of the peripheral granulocyie levels in the other
boys, exposed o unexposed, plotied individually,
were as low as hix ) Perhage bis radiation dose was
actually greater, since he wis the voungest Rone.
gelap child exposed and imay therefore have been
in closer contact with the fallout source on the
ground. Being younger might also imply greater
radioscnsitivity,

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

ncar death. In spite of the long-term findings,
maorbid evidence of the discase was not apparent
until the last few smondhs, Qe year before the diag-
iy of leukemia the peripheral bload cells ap.
peared normal except for a possible increase in
atypical nonocytes,

A preleukemic syndrome has been deseribed for
arne cases of nonlymphocytic leukesmias, 150154
Litunan and Saarnit®* state that the frequency of
the svidrone may be as high ax two cases in five
and that preleukemic findings “rellect the carly
stage of mveloproliferative disoeders which will
eventually fultill the eriteria to be classiticd as my.
clomonoeytic leukemias.” The svudronwe is chiag-
acterized by various tindings, not all necessarily
prosent, such s aneaia with ervithrooy e sbooral-
ities, thrambocytopenia, aty pical platelets in e pe.
ripheral bluad, and neutropenia. 33854 Chromo-
some abnormalities are reported in about half the
cases. 133 Lsolated neutropenia is an occasional pre.
keukemic finding; in the case reported here, the
relative neutropenia is the only finding that migtn
be considered as preleukeic, I the preleukeniic
phase is considered o date back 1o near the time
of radiation exposure in this case, then it had a
longer course than is usually noted, V4

The possibility that the granulocytic reserve was
reduced i subject Now 34 as a result of radiation
exposure was indicated by his granulocyie response
being lower than that of his peers in response (o
challenge by childhood infections. One might spee.
ulate that the frequent infections 10 which the
Marshallese are exposed may have played a role
in accelerating the developuient of a radiation-
induced mutant leukemic done, This would be
similar in some wavs to the role thought 10 be
plaved by the thyroidestiniulating hormone in en.
Lancing the development of tumors in radiation-
injured thyroid glinds, as has been swen in the
Marshallese vears afier exposure of their thyroid
glands 1o radioialine from the fallout. The alxwe
findings do not rule out the possibility of a viral
ctistogy for this leukemia.

Because of the development of this cise of ley.
kemia, complete hematological examinations on
the exponed Marshallese population are now being
carricd out semiannually instead of annually.,

B. OTHER MALIGNANCIES

Mualignancies ather than thyroid cancer and
leukentia (see Table 35) appeared 10 have a higher
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incidence in the exposed Rongelap people than in
the unexposed group and the low-level exposed
Utirik group. Whethier or not this is correlated
with radiation exposure cannot be ascertained,
The data wust be interpreted with considerable
. caution sinee (a) the populations are sinall, () the
P unexpesed population was not examined before
i 1957 and has undergone changes due to both at-
trition and addition, (¢) the diagnosis of malig-
nancy is not certain in all cases because of the dif-
ficulty of obtaining autopsices for verification, and
) the types of malignancy were not those that
have beencorselated with radiation exposure in the
Japranesa exposced an Hivoshina and Nagasaki 177

VI. Radiological Monitoring
of Personnel and Environment

A. GENERAL Figure 53. Steel room used
fur whole-bady gamma spectroscopy.?
During their 3-vear sojourn on Majuro (1934.

1957), the Rongelap people’s body burdens of Figure 54. Arrangement of lead bricks
rudionuclida decreased rapidly, as shown by usd for whiole-bady counting.
rudiochemical analyses of urine. By 6 mouths
radionuclides in the urine were barely detectable?® N d
The Lhirik people were moved back 1o theis home ’ ?
island after the indal examinations and were ex- )
posed to very low levels of residual radioactivity
there, Ta 1957 (3 vears afier the accident) gamma
spectrographic analvses were carried out on 4
Rongelapand 2 Ulirik people it Argonne National
Laboratory in Chicago.'*» The finding of detect.
able levels of Y90S and %20 (higher in the Utiriks)
indicated the feasibility of using this technigue in
the islands, When the Rongelap people returned
o their home iskand in 14

7, the low levels of en-
vironmental contamination were soon reflected in
increased body burdens of somie radionuchides.™ A
number of radiological surveys?#-184 40 Rongelap
and Utirik have bheen carried out in conjunction
with personnel monitoring, largely by University
of Washington statl and more recently also by a
group from the BNL Health Physics and Safety
Division. These studies have provided imponant
information on the movements of radionuclides
from the sail through the marine and plant food
chain 10 man and should prove useful in predict-
ng future uxdy-burden patterns of people retume
ing 10 Bikini and Eniwcetok. The principal residual
racdioactive clements on Rongelap and Utirik were
BHECx, W08, S ncand 0 Fe, with small but measur.
K able amountsof ather fission products and neutron-
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Table 37

Radiochemival Analvses of Urine (1ata in Mverage pCi/liter)

. Year No. in group Avovol,ml A Gy lier e 130y Tinhy Iy 3awIpy, ' .
Rongelap
1970 ] B 1524 15 2700
1971 15 NRY) KRN 3.7 Jhu} .
1972 18 L[ 1204 24 )y P
1973 " 29 N2 M) RIELY] o 1
1974 u 08 ULl REH 4504 ,
Utirik
1974 I a2 FATRU i3 IRT1
Bikini
i) Hoolald 1200 | 4 115 [IX] T3] XL TR}
Urine G 11 .2 UL 120
Urine M 93 1y uoets e ‘
1ASL? contral SN} 1600 10 "2 UELTR) [IXL T :
HEASL control LN (X1 00t 2 ; .
1971 Pooled WY 815 1.7 i 0.004 4
1972 Pomalenl 2000 20 1.2 Hi0
1973 1 204 1785 6.7 1540
1974 1 141 R0 20 oo (TN 3
(Spring)
*US AEC Healih and Satety Laboratory, New York, XY,
Tauble M
Radichemical Analyses of Welt Water From Bikiog (Data o pCi-liver) |
Year Sample Vol., ml iy 1330 4 ERLELE N
1971 Sgond well™ 130 60 =17% o =1 770 Wi LM = 2%
“had well” 180 X - B =1 OO0 =W [ XD, } 21
ol well (closed) 1810 thy = = oy =1 0ost= 19
ol well” (oprened) 1) 12y = 4% #18 =1 WOy CO- S T
drinbing water (Camp arca) S W= 4 1.30 287 O0H = TINF ¢
1972 welb water 1060 1 = T wH =10
drinking water 110 LIXTY - 1 1.8 = 3
1978 new well ) 32 ] 0 o= g 3
Bl well 0 ! 721 (X1 '] 4
Table 5
Radiochemical Analyses of Coconut Crabs Frosn Bikini (1ata in pCi swet weight)
Year Wet wt., ¢ ‘v Ash u Ca prer A wet wt =Nr LU &Y Sy sy,
1970 1ni 243 H1 21, M 11.,44M) 1.6 = Mr; 15 rurs
1436 1.0 (7] 24340 (KXY T OANIL 2 LNy 00T =875
19751 2 17.8 ) 1420003 IR ILY]
1827 2.5 72 412000 HXFLE

1973 110

15,700

$.200




S min)

Activity (o

induced activities (%Fe, $T3880(% M\, WG,
app wiZe N, and R u- 1R h). Radiological
ascanent bas included surveys for ganna radia-
tion Jevels on the islands; radiochemical studies of
wil proliles, Lagoon bottoms, marine life, plants, ani-
wal life (e.g., rats, coconut crabs), food items, and
urine sunples; and gamima spectrographic analysis
of internally deposited gamma emitters in persons
nel. The nwdical team has been responsible since
19GY for monitaring the body burdens of the people
returning to Biking, as well as of the Marshatlese exe
posed o fallout and their controls, and more re-
vently also of the people returning 1o Eniwetok,
The 1974 sudies of environmental radiation on
Rungelap, Ctirik, and Bikini are being published
wikirately, 10

Until 1965 gamma spectroscopy was done in a
21-ton sreel chamber built at BNL for shielding,
with additional housing for the counting equip-
ment (Figure 53). The subject 10 be counted took
a soap and water shower, put on paper pajamas,
and then staved in the chamber for about 15 min,
during which soft music was piped in. Only a few
stnall children were appreliensive during the pro-
evdure. More recently whole-bady counting has
been done with a smaller “shadowsshicld™ ar-
rangetnient of lead bricks, a modification of the
Hanford maded™ (Figure 515, In 1974 spectro-

3 v oy v -+ 3
AN — i
VOANNY —
H — Rungclap male ?
Seuw — —eee BNL meddical team q
. nutle 1
Lo = Y\ J
. 3
W= A 3
- ~
. ~ /R
_ S o 4
N, *
o i '
= y =
- o
’P 1
10 [ PR AU WU SR i " L
(1) Wi uy LX) 144

Fawrgy (MeV)y

Figure 53, Gamma specira obtained by whole-body
counting, males, 1974 (—. Rongelap; = - -, BNL mdi-
cal tcam),

graphs showed a characteristic peak for $37Cs and
857.n, but %Co was barcly discernible, if at all, at
the low levels present in the people (sce Figure
55),167.168 Annual collections of 24-hr urine sam-
ples from a number of people have been made for
radiochemical analysis,

The results of radiochemical analyses of urine,
water, and crabs over the past 5 years are sum-
marized in ‘Tables 37 10 40; the results of indi-
vidual urinalyses are given in Appendix 12.* By
1974 the only detectable gamma emitter was
$ICs; s levels are given for Rongelap, Utirik,
and Bikini individuals in Appendix 12 and for
groups in Table 41, Since the retura 16 Rongelap,
no differences have been seen between exposed
and unexpased groups,

Figures 56 and 37 show the estimaied body
burdens of gamma emitiers and 08¢ for the Ron.
gelap people at various times after the initial ex-
posure in 1954, After their return to Rongelap the
body burdens increased. %5Zn was present for a
few years, apparently from fish in the dict; 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
®Co were identified in personnel during the early
years after the return (the highest concentration
was in clams). #5r body burdens reached their
highess leve! during 1962 10 19635 at about 12 nCi

*We are indebied 1o Mr. Edward P. Hardy, Jr., Director, En.
vimunental Studies Division, AEC Health and Safery Labora-
tory, New York, N.Y., for carrying out the radiocheniical
analyecs.

Table 0

Radionuclides in Coconut Crabs From Rongelap

Year 137Cs, pCi/kg wSr, pCi/g Ca
19461 1,140
1962 1,224 (1,317;1,086;

1964 50,281 (39.292; 45,318; 758 (B6S:

15 12,500 T34
14 7,773 (8.540; 7.010) 705 (910; 500)
1972 5900 (5,600; 6,100: 353 (376; 419; 359;
6.800; 5,100) )

12,900 93
1973 37,065 (6:4,700; 9,430)* 3950 (6,639; 1,267)°
1974 6,600 (5,000; 8,200) 48 (200; 60G)

1.800°* 2000

*From northern islands of Rongelap Atoll, where radi-
ation dose was much higher,
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Table 41

Mean Cesium-137 Levels Obtained by Whale- Tty Counting, 1974

Male

nCi/kg body wt, nCi/kp Iuxly wi,

Rikini 8 128 LU4 (0.A43-5.11) 13 73 156 (0.22-3.26)
Ulirik 9 2652 14.05 (2.64-6.84) 13 133 . 203 (0.96-3.85)
Rongelap a2 375 7.76 ( 1.37-16.3) 24 304 543 (2.71-13.46)
BNL swed. team 4 293 0052 (V13400791

Table 42

Duse 1o Bone Marrow (Data in meiud/vear)

1958

Rougelap Roagelap

3 Intcrnal :
; _— i
- ws 1 8 6 5 :
- 1330, 120* (1] 3 145
p Natural (K, etc.) +H H H +#
Total 175 12 1 6
Fxternal
Rosidual ganmuna (in village arcas) 230 15 7 65
Natural (cosmic eic, ) 134 39 RVJ R 1]
Total 384 54 16 101
Combined 10tal 5 166 127 169
" *131Cy + 820,
", **High value due 10 increased cosmic-ray dose from above-average sunspot activity. The year 1958 was the tinwe of peak
radioactivity ar Rongelap.
T T T X T T T T T T T T T T T T
o L} .~ S 3G Rongelap ;
0.6 - . AL ~. - ¢
P e P el
. 'ﬂ .“ s: " -'— |‘
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. ~ I
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03~ z 5 3 - \
5! 1820 Rongelap . 5 ! & : ;' \ ”.
. : Y\ ¢ [',' T ' 1Y N7
0.2 2! \ - PEL e ;o
’ ' ' Uirik Vool v Twea s
3 H ‘. N " 1 : ¢ “' b
3 ol | Bikini | Vo A 1Sikinsi @
¢ ‘ \ te—  Medical wan L Ulirik »
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: Figure 56, Body burdens of garmina cmitters, obtained by Figure 51. Bedy burdens of strontium -0, obtained

whale-budy gamma spectroscopy (0, 7Cs; o, %9Za). by radiochemical analysis of urine.
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in adulis and 22 uCi in children, about 6 and 11% “f* local !
wide fallout, and to be concentrated by marine.
. life, particularly fish, The estimated body burdens
¢ for the Marshallese tested (Table 43) are higher

respectively of the maximuin permissible lifetime
body-burden levels for the population at large, i.c.,
Yo the ICRP valuc.'9® Analyses of hone samples

- . o
from several autopsies during the past 20 years 53

gave estimated YSr body burdens similar (o those !
obtained from urinalysis (sce Figure 57). 137Cs 1
body burdens also reached their peak in abouy -
1965, at nearly 0.7 gCi (23% of the permissible
level for the general population). The body bur.
dens of the Utirik peaple were considerably below
those of the Rongelapese. Table 42 shows that the
wtimated bone marrow doses of Rongelap people

from internal and external sources (both natural -

and man-made radioactivity) were considerably
reduced by 1974, and presenis data also for Ctirik
and Bikini.*

e i ». '

t:mlcnr testing program and also from wold-

than those found for Japanese bomb survivors and
for others tested, but they are not more than Yies
of the maximum permissible levels 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. 3Fe emits pho-

. tonsof very low energy, and, since it is incorporated

into the hemoglobin of the red cells, ic resulie in

- relatively little irradiation of nucleated cells. Some

blood samples from the 1974 survey are also Oeing
analvzed for **Fe, ‘

The coconut erab was banned from the dieton - S C. PERSONNEL MONITORING AT BIKINI

Rongelap because of its high leved of rudioactivity,
but about 2 years ago the han was lifted on the
southern islands of the atoll because the radioac-

tivity had decreased suflicientiy (see Table 40), <%
i+ factory, they were relocated on Kili Island in the

B, *'fe BODY BURDENS IN RONGELAPESE

In 1971 blood samples from 62 Rongelap resi-
dents were analyzed®* for **Fe, and their body
burdens were estimated by the method of Beasley -
et al ¥ 85F¢e was known 1o be present in the Mar-
shall Islands in fairly high levels as a result of the

*Mr. R, Fairchild at BNL calculated the bone marrow dise
Bor the 1974 duta,
D 2Fe analyses were carricd out by T, Beasley and
E.E Held an the University of Waslingon Scbool of Fisheries,
Neattke,

Table 3

Average Body Burdens of Fe in Rongelapese, 197119

Na,of Body burden,

Age xitnpes L8

Males -0 B 0
2-0 i 0.33

REER M 3 .32

[RENN} 2 0.58

St-trh " 0.3

> 3 048

Femalks 1620 0 0.23
-y 12 [UKE)

B2-42 N 0..143

LR iR} 7 066

-t 2 0.57

S ! 0.66

In 1946, before Operation Crossroads, the resie

_ dents were evacuated from Bikini. After stays at

Rongerik and at Kwajalcin which proved unsatis-

southern Marshalls, which also proved unsatisfac-
tory. The Eniwetok people were relocated at
Ujelang Ataoll, to the west, afier their evacuation.

After the 1958 moratorium on atmospheric nu-
clear testing, numerous radiological surveys were
done on Bikini and later on Eniwetok Atoll.171-134
In 1967 the principal isatopes contributing to the
gamma radiation ficld on Bikini and Eneu Islands
were V7Gx, WCo, 1298h, and Y Eu; slight amounts
of Pu were also found. Considerable variation was
scen in the contamination of individual islands
comprising the atolls of Bikini and Eniwetok since
different wests had been conducted on various ones,
The contamination of Rongelap and Utirik was
wiore uniform, being due largely 1o lallout from a
single detonation, Bravo,

1n 1968 an ad hue commitee reviewed the sur-
vey results for Bikini and decided that Eneu and
Bikini Islands were safe for hubitation, with cer-
tin measures recommended to reduce exposure
(see Appendix 13). In 1969 about 30 people started
work on Bikini Atoll (living on Encu), and in 1971
scveral Bikini familics moved back to Bikini Island
itself, which now has about 50 Bikini people plus
a few administrators and construction workers,
Annual monitoring of personnel has been carried
out since 1969, In 1974 radiochemical analyses
were done on urine (sce Table 37 and Appendix
12) and other samiples, whole-body gamma spec.
troscopy was carried out on persanncl living on
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Bikini (sce Table 41 and Appendix 12), and a
vamma survey of the island was made by Green-
house ¢t al 1% (see Appendix T4
On Bikini Island almeost all the gamma radia-
tion is now due to M Cs. The ganmma level due to
watural radivactivity is considerably less on these
islands than in the U.S; this is why the average
gnma dose to an inhabitant is lower in Bikini
Village than in certain parts of the U.S. The
prople living on Bikini eat a dict consisting alimost
eatirely of imported Tood, but they ingest slight
amounts of radioactivity trom local seatoori. The
newly pianted coconut, pandanus, and bread{ruit
trees will not bear [ruit in any significant quantity
for some vears vet. Th= urinary radionuclide level
of the Bikini people s - ow several times as high ax
when they were living on Kili Island, but still con-
siderably below the permissible range. The totad
estimated internil bone marrow dose in 1974 10
the people living on Bikini was about half that 10
the people living on Rongelap, but with the ex-
ternal dose included, the dose 10 the bone marrow
was about the same (see Table 42). It is reassuring
that analyvses of urine for plutenium show levels
neer background in the Bikini prople (see Table
375 Well water on Bikini has had low levels of ac-
tivity Giee Table 32, The dietary levels projecied
for Bikini when the newly planted trees bear frait
showd be considerably lower than the levels Lases]
on analvses of fruit from old trees because of the
soit retnoval procedures used at planting, but their
acual evaluation must await maturity of the trees
and further analyses, Itis planned e ..dd supple-
mentary calcium o the diet of the Bikini people
w b e educe alsorption of %98y, Experiinents are
ut. o way o investigate the tolerance of Mar-
shallese people for powdered milk as a source of
caleium. Races other than the Caucasian are re-
ported 1o have a lower wlerance for milk because
of a genctie inability wo digest lactose which gives
rise to abdominal discomfort, diarrhea, and other
svptoms 17

VIl. Comments and Conclusions

A. THE EX AMINATIONS

The primary responsibitity assigned the medical
i by the AEC (now ERDA)Y was the diagaa s
and treatment of possible etfects of radiation [N
sure in the Manshallese, but ineviably the exam-

ining groups have been concorned also with gen-
eral health care at the time of their visis, The re-
sponsibilities have been filled by carryving out ex-
tensive annual examinations, supplemented in re-
cent vears by semiannual hematology checks and
quarterly visits by a resident ph
inations, which have been carried out with the
assistanee of the Trust Territory Tealth Services,

1an. The exam-

have resulted in extensive medical histories and
records lor cach individual and have made ic peos-
sible to diagnose and treat many discases and ill-
nesses at an carly stage.

Animporant aspect of the medical surveys is 1o
naintais rapport with the people, to keep them
informed of the medical lindings, o explain the
need for examinations, and at times to correet un-
foun ‘cd rumors about fallout clleas. Unfortu-
nately this has not alwavs been successfully kept
up because of ditlerences in language and culture.

Some studies have been of benefit to the Mar-
shuil Islands as a whole, such as the surveys ol the
incidence of diabetes and of parasitic infestation.
In addition. a great deal of data has accamulated
from studies of genctically inherited characteristics

which may prove valuable not only in determin-
ing possible genctic effcets of madiation but also in
anthropology.

8. CCMPARISON WITH OTHER
HUMAN EXPOSURES

In contrast W other groups expeosed to radiation,
the Marshallese aire unique in that . ey comprise
the only human population ever exposed to acute
radiation from fallout. The accident " used at-
wzards of fallout

tention for the lirst time on the
frann nuclear detonations, The atomis: blasts abov

Hiroshima and Nagasaki resubted in casualties
due 1o penetrating gamma and nevtron radition
diveetly from the bombs with livile or no fallout in-
valved and thercfore caused no elfeets due 1o in-

werine] absorpsion of vadioactive matenals. Incon-
rast, the Marshallese were ot exposed 1o direct
vileets of the detonation but only to radioactive
fallout resulung in whole-body, shin, and inerual
exposure. Trauma and extreme psychelogicat dis-
turbances did not contribute 1o the effecis in the
Manhallese as they did inthe Jupanese. The -
purtanee of the h
radioactive indine has beesr “learly demaonstrated
by the Marshallese experience, The 23 Lananese

1B
fishermen on the Lucky Dragea reccived an expo-
sure sitnilar 1o that of the Rongelap group but

wd from hternal absorption of




probably with less internal absorption of radionu-
elides, sinve their stored water and food were cov.
ered, and they have had o thyraid effects (see
Appendix 2).

Evaluation of the eflects of rzdiation expasure
it hurian beings (paticnts, physicians using radia-
Hon, accident cases, ete.) is always dillicult because
of uncertaintios regarding exact dosage, lractiona-
tion and dose-rate ellects, partial-body exposure,
complicating discases, vte. "I'he doses received by
the Marshallese, like most human exposures,
could be only roughly estimated, ahhough the
hermatological data were campatible with the cal-
culated whoie-body doses. Even greater uncertaine
ties were encountered in estimating the doses due
16 internal absorprion of radionuclides.

The data on the elfects of fallout radiation in
the Marshallese have provided important infor-
mation that will apply in a general way o any
population exposed acutely o fallout. However,
the etlects may be modified in other situations if
nuclear eaplosions accur in regions widh ditferent
werrain, soil tvpes, climage, and availability of pro-
WCCHiVe easures.

C. ACUTE EFFECTS

The most senous acute elfects of the exposure
in the Marshallese were due ta penctrating gam-
ma radiation. These included transient anorexia,
nauseid, and vomiting and significant depression of
the petipheral hlowd elements inmany membens ol
the highoer exposure Rongelap group. The hemato-
logical depression wis notsutlicient to produce defi-
nite chinical signs and vequired nospecific therapy.

Contamination of the skin in the Rangelap
wroup resulied in wide-spread beta burns o parts
ol the Lody not covered by clothing and in spouy
epitation of the sealp. These etfects were probably
aggravated by delay in decontamination and by
perspiration duc o the warm climate causing the
fallout to stick 10 the skin. The superticial nature
of the lesions, vapicd healing with minimal residual
skin changes, and eegroswth ol hair were no doubn
due 1o the low average energy of the beta radiation
in the [alloat,

The Lack of recognizable acare ellects from the
internal absorption of radionuchdes s noteworthy

view of the sernious thyroid abnormaldities that
witer developed.

Becanse of residual contamination on the istands,
radiological monitoring of personnel and environ.
ment has been an importam part of the survevs in

4

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

D. LATE EFFECTS

The pussible emergence of late effecis of expo-
sure in the Marshallese has received considerable
auention in follow-up examinations. Except for
the thyroid lesions and the one case of leukemia,
only a few findings possibly related vo radiation
exposure have been seen: otherwise the general
incidence of illnesses and the overall physical con-
dition have been simitar in the exposed and in the
unexposed comparison groups. The increase in
miscarriages and stillbirths amony the exposed
Rongelap women during the first 3 vears afier ex-
pasure may or may not have been related o radi-
ation effects. No genetie effeets have been noted in
the children born of exposed parents: this is not
surprising in view of the generally negative find.
ings in the much larger Japanese study. The find-
ings of persistent chromosome aberrations in cul.
wired peripheral blood lvmphocytes at 10 years
post expaosure and a possible somatic mutation in
hemoglobin in several of the exposed group sug-
gest that genetic mutations mav also be present.
The possibility of genctic effeets in the oflspring is
of serious concern to the exposed people and de-
scrves further study,

Effects of radiation un life shortening or mortal-
iy are diflicult 1w evaluate because of the smmall
nusnber of prople and the differences in aye dis-
wibution between the exposed and companson
groups. The only death that mav be related 10 ex-
posure is that from leukemia, The oceusrence of a
few additional cases of cancer (other than thyroid)
cannat be ascribed definitely o radiaton expo-
sure. The lack ol skin cancer from beta burns may
be related 1o the minimal naure of the residual
skin chanees. probably due o insutlicient radia-
tion injury w the dermis, but the possibilite of skin
cancer developing must bhe kepn in mind because
the Latent periad may be very long.

The development ol a case of acute leukemia in
the Rongelap bov may or may not be refawed o
radiation exposure. However, this discase appears
to be even rarer in the Marshall Islands than in
the ULS. Tt is notewarthy that his disease was the
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myelogenous form, since his past hemograms
showed a fairly consistent depression of neutrophil
counts compared with thase of other exposed boys
of the same age.

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

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

E. THYROID EFFECTS

The high incidence of thyroid neoplasms (in 27
of 86 exposed Rongelap people, including 3 with
carcinomas) and the development in some chil-
dren of hypothyroidism and growth retardation
provide clear evidence for the seriousness of thyroid
injury due 1o radioiadine absorbed from fallout as-
sociated with atomic detonations. Had not careful
miedical studies in the population been instituted
soon after the exposure and continued 10 the pres-
ent date. the extent of thyroid etlects might nat
have been discovered.,

Thyroid exposure is likely to be greater when
individuals are exposed within 100 to 130 miles of
the bomb if detonated near the ground. T such
situations, if lethal exposure to penetrating radia-
tion does not occur, the principal hazard apocars
o be the late development of thyroid tumors and
leukemia. Since the latter is ulti-ately fatal, i is
more serious than thyroid malignancies, most of
which are well dillerentiated and have an excel-
lent prognosis. The relative incidence of thyroid
malignancies lrom radiation appears to be about
the same as that of Tukeriae napor ead™h, - 47
The incidence of thyroid cancer is considersably
higher than the martality from it OF 40 cases
among the exposed Japanese, 34 were living in
1974, and onlv ane death had been atributed 1o
this cause. No evidence ol thyroid dysfunction had
been noted at the time ol diagnosis. Tnthe Mar-
shallese reduced function was not found in twao of

the cancer cases exposed as adults, but was in the
case exposed as a child.

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

1o the higher dose to the child’s thyroid because off
s smaller size. The rapid growth of the glands
during childbood probably increased the chances
for neoplastic changes. The growth retardation
in some of these children was thought to be related
to reduced thyroid function resulting in lower hor-
mone levels. This deliciency was not recognized
during the early years because of falsely high PRI
levels resulting fram unusually high iodoprowein
levels, which turned out w oceur gencrally in the
Marshallese and are now being further studicd.

Maost of the thyroid glands of the exposed people
underguing surgery contained multiple nodules or
arcas of adenomatous change,
arcas,

Aany microscopic
although considered benign, were composed
ol discrete arcas of avpical cells, suggestive in
some cises of malignant potential,

The risk of developing benign and malignant
neaplasins in the Rongelap people appeared to be
about the simie as that noted in peoaple exposed to
x-radiation. Clinical experience with ¥ sug.
gested that the risk would have been less, but the
higher energy of the short-lived isotopes of iodine
(particularly V1380 qnd 1351, resulting in
higher dose vate and more uniform exposure off
the thyroid, is thought 10 have been the important
Lactor in increasing the number of thyroid abnor-
malities above that expected from similar dosex
from ¥ L alone. 1eis not unreasonable 1o speculate
that tumor incidence in the Marshallese would
have been considerably smaller if only %11 had
been involved in the exposure. The lesser amout
of short-lived iodine isatoges in the Utirik expo-
sures (because of the later arrival of the fallou)
may have been an impaortant factor in reducing
the dose etfect o their thyroids, but the number of
prople involved is too small for any lirm conclu-

sian o he drawi,

Treatment of the exposed Rongelap people with
thyvroid hormaone has been of benefit in enhiancing
growth and develapment in the growth-retarded
chitdren and in maintaining a normal ictabolic
state i the operated cases. Fis not certain whether
it has prevented the development of thyroid
nodules.

The documentating of these thyroid ellvets has
unpartance not ouly for the people involved bus
also for the advancement of medical knowledge
and for planning with regard 1o Civil Delense and
remotely possible future accidents invalving re-

lease of radioiodines (e.g

Aronca nuclear power
plait). The Marshallese accident represents ex-



pesure under extreme conditions, with no correc-
tive measures taken 0 reduce internal absorption
of radioisotopes prior ta evacuation of the exposed
people from the fallout area. 1t did notinvolve the
comaminated pasture-cattbe-milk cvele, which
might be an imporant pathway of radiviodine to
man in other types of accidents {such as the Wind-
scale accident) V4

Civil Defense planping can provide for several
weasures 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
radioiodine is acute for a period only of days,

carly protective mcasures are extremely iimpaor-
tant. These include avoiding ihalation of radio-
odines by shelter protection; consuming food and
water only from closed containens: leeding cows in
comtaminated areas protected fodder; and wem-
porarily withholding contanunated 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 1o food or water dur-
ing the st week woulld provide a relatively inex-
pensive method of reducing thyroid uptake of
radioiadines by isotope ditution and saturation

with non-radioactive ixline: thisshould rarely pro-
duce any setions side ellects and would be of par-
tealar vadue in children and pregnant women.
When exposure of the thyroid has already oc-
curred. prophylactic veatment with thyroid hor-
wone, now being used in the Manhallese, may
help prevest development of thyvroid tumors, and
even alter tamor development, surgical excision
may reduce imortality due 1o malignaney,

The thvroid elfects inthe NManshallese were not
anticipated at the time olthe accident or during the
carly ves alterwards. T retrospeet this is nog sur-
prising, lor several reasons. At that time the thy.
raid wi

thonght to be relatively radioresistant,
particularle with regard (o radioiodine exposure
ton the basis of inimal studies and diagnostie and
therapeutic use ol Y n people. and the caleu-
Lated thyroid doses in the Marshallese were cone-
siddered 1o he below the levels ikely wo produce
tamors, Inaddigon, neither the iansportance of the
exposure o short-lived wodine isotopes i fallous
nor the thyroid dose cifferennial in children due o
the smaller size o their gland wastully appreciated.

Teis quite Bikely than the final esuls of thyroid
tesions i the Marshallese are incomplere at this
lime sinee new Josions are still oceurring. The

mean latent period for radiation-induced thyroid
tumors may be as long as 30 years. Cases have
been seen as late as 40 years after exposure. Fur-
tiermore, on the basis of the present data the risk
of developing radiation-induced thyroid neoplasia
is prolably underestimated, since surgical removal
ol potentially malignant tissues may have occurred
and the hormaone treatment may have inhibited
the development of sume tumors, although the lat-
ter is questionable, As has been pointed out, also,
the true carcinogenic potential of the exposure,
particularly in the children receiving the higher
dose, may have been masked by excessive cellular
destruction. The recent finding that subclinical
thyraid deficieney is present in some of the ex-
posed people who have not shown any thyroid ab-
normalities indicates 1that the thyroid effects in the
Marshallese may not vet be completely manifest,
and continued careful surveillance of this popula-
Lo 15 NECessary.,
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comprising the control population. We wweasure
the friendship and trust ol these prople. We are
grateful to many Rongelap and Uik people for
assisting the examiaing teams over the vears, ine
cluding the Magistrates of both isfands - at Ron-
welap: John Anjain, Billicr Edmond, Jabwe Jorju.
and Niktimos Antak: e Udirik: Kabto Campus,
Maja Lenas Harold, the school principal. and
Joata the health aide.

The senior author is most gratetul to the many
tine medical and other speciadists (listed in Ap-
pendix 27 who have so willingly given of their time
and tilents, without remuneration. to participate
i the surveys, Without their dedicated etforts the
surveys could never have succceded. He s also
greatly indebted o the many technical assistants

who have contributed much 1o the suceess of the
survevs, particuiarly to Mro W Scot and Mr, D,
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Clareus of BNL for long years of faithiul service
and also to Mr. P. Heotis and Mr. M. Makar. o
the Trust Territory, Messrs. 8. Shoniber, N.
Zetkeia, K. Mitzutani, J. Saul, and P. Bien, Mes.
R. Harris, and many others have provided inval-
uable assistance over the vears.

At Brookhaven National Laboratory contribu-
tions have been made by many individuals and by
many departiments and divisions, including Medi-
cal, [nstrumentation, Health Physics and Safety,
Photography and Graphic Ars, Purchasing, Sup-
ply and Materiel, Staff Services, and vthers. We
are indebted 1w the following personnel it BNL for
their advice and support: in the Director’s Oflice.
Drs. L. . Haworth, M. Goldhaber, GUHL Vige-
vard, and V.P. Bond, and Mr. P. Rathvon: in the
Medical Department, Drs. E P, Cronkite, R4,
Aronson, L. Atkins, LK. Dahl, A/ D. Chanana,
G. Chikkappa, J. Iwai, J.5. Robertson, L.V,
Flankes, C.H. Wu, R.D. Stoner, and D. Slatkin,
Messrs. WAL Finn, C. Goldiman, W. J. Walsh, and
W. Hanson, Mrs. 1. Montanez for secretarial help,

+d the nursing stall and orderlies who gave the

ashallese patients excellent care; in the Health
Fhysics and Safewy Division, Mr. C.B. Mcinhold and
Mr. N.AC Greenhouse, Jr; in the Tustrumentation
Division, Dr. MUV, Radceka. We are also grateful to
Mr. KL Thompson for statistical computations
and Mrs. M. Dienes for editorial assistance, We
are mast appreciative to the people of BNL for
generous donations of clothing, books, and 1oys
for the Marshallese.

We are indebted 1o the Atomic Encrgy Conunis-
ston (now ERDA) for their staunch support, par-
tcularly o Drs. J. Touer, J.L. Liverman, C.E.
Carter, WAV, Burr, CAV. Edington, S. Marks, and
N.F. Barrand alsoto Dr. MLB. Biles and Messrs, J.
Deal and T.F. McCraw; and at the Nevada Op-
crations Otlice to Mr, NLE. Gates and NMro R,
Ray. We wish 10 acknowledge the autstanding
contributions of the Pacilic Area Support Office in
Honolulu, by Messes, W Bonnen, WL Hills, J.
Miller, W Morrison, J. Abreu and particularly
W.S. Sircenan, whose devoted service was essene
tial to the successful completion of the surveys. At
the AE.C Health and Safety Laboratory we ap-
preciate the assistance of D, E.P. Hardy, Jr. and
J. Harley in carrying out radiochemical analyses.

In the Deparment of the Interior, Messrs. 8.8,
Carpenter, J. DeYoung, and HL.U. Brown have
been most cooperative. In the Trust Territory
many individuais have been of tremendous assist-

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

At Kwajalein (Kwajalein Missile Range) we
are grareful for the splendid support of the U.S.
Army Group: Col. J.L. Fishback, Col. R 1. Rus-
sell, Col. R.AL Ehlert, Col. R.F. Sullivan, Mr. J.5.
Beavers, and Mr. R, Haley; and o pessonnel from
Global Associares: Mr. R. Bevant, Mro 1.1 Me.
Alee, Dr. J. Schaeler, and particalisly Mr. F.
Grannich and Mr. HL Hauck: w Trust Verritory
representative Mr, W, Qwnbey: and our special
thanks go o the crew of the LCU (Liktanar ),

la Japan we are indebted 1o the stall of the
Atanic Bomb Casualty Commission (now Radia-
tion Effects Rescarch Foundauon) particularly
Drs. G. Darling, L. Allen, H. Maki, and . Nagai
for generous support and assistance in maintain-
ing liaison between the vwao studies: also o D1
Kumatori and others of the statf af the National
Institute of Radiological Sciences at Shiba.

Tu England it is a pleasure 1o acknowledge the
advice and help of Dr. E.E. Pochin of the Univer-
sity College Huospital Medical Schoal, London.

Aunong medical specialists from other insttutions
we are most grateful to s, Shields Warren, W,
Meissner, J. Reid, A. Upton, and 1).A. Wood for
their personal interest in the examinations and for
their advice on pathological diagnosis; also 1o the
following pathologists who have contributed: Dis.
L.V, Ackerman, B. Castleman, L Cotier, 1.
Johnson, GUH. Klinck, M.AL Legg, S, Lindsay, S,
Lippincot, S.J. Robbins, RV, Ruosvall, AL
Vickery. I, Winship (deceised), and L., Woalaer.

We appreciane very much the assistanee of Cal,
K. J. Kamin ana his staffat Tripler Army Medical
Center in caring for Marshallese patients brooght
10 Honolulu,

Atthe Univensity of Washington Drs. AL Sev-
mour, E. Held, and V. Nelson have advised and
cooperated in studies of mutual ipterest.

Weare most graneful to the charitable organiza-
tion New Fves for the Needy, Tne. (Short Hills,
N.J.) for donating hundreds of pairs of eveglasses
for the Marshallese, They were fited and distrib-
uted at the time of the surveys and probably no
other gilt has been more gratelully received by the
people.




\We have been greatly saddened by the recent
deaths of several individuals in the Marshall Is.

Mr. E. Libhy, Dis. A. Hicking and 1. Ishoda,
and Mr. M. Lacjohn. We express our heanfelt ap-
preciation for all they did for us.
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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 Kil{ Island in
the south~rn Marshalls).,

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

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

Administration of Trust Territory transferred to U.S. Department
of the Interior.

Eniwetok people moved to Ujelang.

March 1: TFallout accident following detonation of Bravo, a
thermonuclear device., Exposed people from Rongelap, Rongerik,
and Utirik evacuated to Kwajalein Atol' .or examination and
treatment. Exposed people on a Japan: ;e fishing vessel
Fukurvo Maru (Lucky Dragon) return to .okyo.

June: Utirik people returned te home atoll; Rongerik servicemen
transferred to Tripler Army Hospital. Rongelap pcople rescttled
{n temporary village at Ejit Island, Majuro Atoll.

Scptember: Sccond medical examination of exposed Rongelap people.
Decision made to cxamine Rongelap pcople.dnnually, Utirik people
every 3 years.

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

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

At Kwajalein, Pacific Missle Range under V.S, Army Command
established, "

Ex gratia compensation (~ $11,000 per person) grantcd Rongelap
people by U.S. Cungress,

Thyroid abnormalities begin to appear in Rongelap exposed people.
Thyrold surgery performed on 3 children at the Cuam Naval Hospital.




1965 - 1968 Thyroid surgery on 12 Rongelap people carrled out in
Boston,

1969 Cleanup of Bikini for return of inhabitants.

Five Marshallese had thyroid surgery in U. S.
1970 ~ One Marshallese had thyroid surgery in Cleveland.

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

Return of two Bikini families to Bikini to live. BNL medical
team assumes rosponsibility for radiological monitoring of re-
turning Bikini and Eniwctok pcople.

Documentary movie Thyroid Neoplasia as a Late Sequella of
Radiocactive Faliout filmed in Marshall Islands. Shows the
medical team in action,

1972 January: Marshallese Congressman accuses the U.S. of knowingly =
and consciously allowing the Marshallesc people to be exposcd
to radiocactive fallout in order to study the cffect of radiation
on human beings; accuses medical tcam of using Rongelap people
as guinea pigs and not giving them proper medical cxaminations
and adequate trecatment, - In March he told the Rongelap and
Utirik pcople not to cooperate with the medical team, Annual
medical survey not completed. Also & pacients who had been
operatel for thyrold cancer and were to be reexamined at
Tripler Army Hospital were stopped and told to rerturn home.

April: Congress of Micronesia establisliés a Specfal Joint
Committee concerning the medical examinations ar kengelap and
Utirik atolls, Chairman: Scnator Olympir (. T.

) ] August: Resident physician stationed in Me. .- l. l:lands,

september: Annual medical survey resumed, #i  .coperation from
Committee from Congress of Microncesia and partivipation of four
appointed medical observers from scveral countrics. Comnrchensive
report gencrally favorable to the medical examinations published.

October/November: A young exposed male, found to have acute
myelogenous lcukemia, dies at Natlonal Cancer Institute, Bethesda,
Maryland, and {s rcturned for burial at Rongelap.

Decision made to conduct hematological surveys at 6-month inter-
vals. Two Rongelap people had thyroid surgery in Cleveland.
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1973  Eniwctok radiological survey completed. Report NYO 140
published,

fidui b Loy e g

Six Marshallese (3 Rongelan and 3 Utirik) had thyroild surgery
in Cleveland.

1974 BNL survey group organized for radiological surveys in Marshell
Islands. To be coordinated with medical surveys and personnel =
monitoring of returning Bikinl and Eniwetok people, E.

Special bills passed by Congress of Micronesia regarding further
compensation to Rongelap and Utirik pcople, and providing special
benefits and hospitalization privileges in case of illness fxwom
any cause. :

Documentary movie The Bikinifans filrmed at Bikini by the Univer-
sity of Cecorgia,

Three Rongelap pecople had thyrold surgery f{n Cleveland; one case
exposcd in utero.

LCU obtaincd for medical and radiological surveys. Christened
Liktanur.




Name

Adamik, Emil

Anjain, Jeton, D.O.
Argonza, W.S.

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

Burder, W.K.

prown, Robert A.
Browming,L.E., M.D,
Cannon, Bradford, M.D.
Carter, Edwin L., M.D,
Carter, Robert E., M.D.
Carver, Russel K.
Chapman, W.H.

Clarecus, Douglas
Clutter, W.G.

Cohn, Stanton H., Ph.D.
Colcock, Bentley P, ,M.D.
Cole, William, M,D,
Cook, lawrence

Conard, Robert A., M.D,
Cronkite, Eugene P,, M.D,
Deisher, Joseph B., M.D.

Demolse, 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.

Cideon, Kalman
Cilmartin, James T.
Classford, Kenncth
Coldman, Morris, Ph.D.
Comecz, Wentolin
Creenhouse, Nathanicl
Greenough, James J.
Griffin, David, M.D,
Cusmano, Ernest, Ph.D.
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Appendix 2

Survey Particlipants

Technician
Dental Officer
Technician
Technician
Physician
Physician

Int. Medicine BNL
Anthropologist TTPL

Medex TTPI
Endocrinologist NTH

Physician US Navy,NRDL
Technician TTPI
Technician US Navy,NMRI
Technician BNL

Physician US Army,AFSKWP
Surgeon Mass.Gen, Hosp.,
Inn, Medicine US Navy,NMRI
Pediatrician State U. Iowa
Parasitologist USPHS

Rad, Scientist US Navy,XMRI
Electronic Specialist BNL

Technic. 'n US Navy,NMRI
Scientist BNL

Surgeon Lahey Clinic
Radiologist USPHS
Technician BNL

Physician BNL
Hematologist US Navy,XMRI
Physiclan TTPL
Scientist . BNL

Surgeon Case Western Rescrve Univ.,
Physician ’ TTUAEC,DBM
Electronic Specialist " NMRI
Technician TTRL

Dental Officer 1394

Surgeon Hiroshima School of Med.
llematologist US Xayy,NMRI

Technician
Technician
Techniclan
Technician
Technician
Technician
Parasitologist
Technician
Rad. Scicntist
Technician
Physician

Rad. Technician

1954 - 1974

BNL
TTPI
US Navy,NRDL
BNL
US Army,AFSWP

Year 19

59,61,62
64,72

5%

74

57

US Air Force,\FSWP 58,

US Navy,NMRI
TTPL .
LS Mavy;NKDL
TPL
NL

US Navy,NMRI

USPHS

TTPI

BNL

BNL

US Navy,NRDL
BNL

- 86 -

56,57,63

57

64

58

54
61-70;72-74
54-57
54,59,061,74
67

72

63,65
54,56-74
£4,55

66

68,69
69,70,72,73
57-59,65,73
57-59

75

67

72

54

54

64,65

5%

64,65

59

59

58

67,69

74

57,59

55

61,65




Name
ilamby, J. W.
Hammerstrom, Richard, Ph.D.
tlansell, R.E.
Hartley, Marion L.
Hayakawa, C., M.D.
Hechter, Hyman
lelkena, Jack, D.O,
llendrie, J.C.
llcotls, Peter M.
llicking Arobati, M.0.
Hollingsworth, James W., M.D.
Huggins, C.E., M.D,
Humphrey, Douglas
Iaman, John, M.O.
Jaffe, A.A., D.D.S.
Jesseph, Joseph L., M.D.
Jomule, 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, Erncst
Lowrey, Austin, Jr., M,D.

Lyon, Harvey W,, D.D.S.
MacDonald, Eugene ., M.D,
Makar, Michael S,
McPherson, S.D., M.D,
Meyer, Leo M., M,D.
Mizutani, Kosang

Moloney, William C., M.D.
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Survey Participants

Technician
Scicnrist
Technician
Technician
Physician
Statistician
Dental Officer
Tcechniclan
Technician
Medical Officer
Int, Medicine
Int, Medicine
Photographer
tedical Officer
Dentist

Surgecoen
Technician
Techaician
Oncologist
Technician

Int. Medicine
Physician
Medical Officer
Endocrinologist
Int. Medicine
Cardiologist
Technician
Ophthalmologist

Dentist
Physician
Technician
Oplhithalmologist
Hematologist
Technician
Hematologist
Dental officer
Photographer
Technician
Scientist
Technician
llematologist
Physician
Radiologist
Scientist
Pediatrician
Endocrinologist
Physician
Medical Officer
Technician
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1954 - 1974
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Year 19'
US Navy,NMRI 54-57
BNL 63
US Navy,NMRI 54
US Navy,XMRI 58
Tokyo, Japan 72
NRDL 57,58
TTPI 60 !
US Navy,NRDL 54 ;
BNL 73,74
TTPL 62-68
ABCC, Japan 59 !
US Navy,NMRI 56 ;
BNL 70
TTPL 59
TTPL 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. Japan 64,72
TTPI 59,60,64,65
Univ, of Pittsburgh 72,74
AEC, DBM 54
Memorial Hospital, N.Y. 59
TTPI 67-69,71-23 .
US Army (Ret) 56-59,62,64,67, B
71,72
US Navy,\MRL 59
TTPI 60,61
BNL 69-72
US Navy,NMRI 55 .
V.A. 61-65,67,72,74 -
C s TTP1 67,72,74 )
Boston City Hospital 62,63 *
TTPI 72 3
NRDL 57,58
TTPL 62
BNL 71
US Navy, Naval Med, Center 58
UCLA : 68
TTPL . 72
-U, Coll. Med. School, London 72
BNL 58,59
BNL 70
NIN 57,65,71
US Navy,NMRI 56
TTPI 59-63,69,72,73
TTPIL 72




Arc miscarriages caused by the fallout?

Sowne of the miscarriages in exposed Rongelap women during the first years afier
the fallout may have been due 1o radiation expuosure. Since that time there were
only a fow miscarriages and this i= normal. Women ao longer have to worry about
- miscarriages due to radiation.
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Children and women
They are healthy,

If I have trouble with my thyroid, will [ be healthy again?
Ifvou are treated properly and you (llow the dintor’s advice, vou shauld be —
healihy and strong like anybody else. You should be examined every vear so the
ductor can tind out il vou have thyroid discase, 11 the doctors uperate on yvour thy-
roid, they will give you medicine. I vou listen o 1he doctor and keep taking vour
medicine, vou will stay strong and healihy, f

Since prople who were not exposed to Fallout have heen living on the islands for
some time, have the Brookhaven doctars fonnd any signs of radiation sickness in
them and if so will they be compensawed?

There is practically no chance that any of these people will develop any radiation
sickness since the amount of radiation Wft on the islands is so small. 15 i did happen
the government probably would consider compensation.
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Appendix 3]

A Summary of the Findings over the 20 Ycar Period
an the Japancse Fishermen Exposced to Fallout inl954

On March | in 1934, 23 Japancsc fishermen aged from 18 to 39
were exposced to radiocactive fallout produced by the thermo-nuclear
test explosion which was performed by the U. S. Authoritics at
pikini Jagoon. 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, thcy saw a huge red light in the west and heard detonation-
like sounds 7 - 8 minutes later while they werce fishing for tuna.

At about 7.00 a.m. whitc ashes began to fall on the boat which continued
far about 4 1/2 hours. After 14 days navigation *hey returned to their
harbor, Yaizu, on March 14, 1954, After landinyg, all the fishermen
were found to have been injured by the radiocactive materials. Secven 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
discharyed [rom both hospi:tals in May 1955, except one fatal case who
died on Scptember 23, 1954, After being discharpged, most of them

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

A. State of Irradiation and Estimated Radiation Dosc

When fallout fell most intensively they could not keep their mouths
and cyes open. Fallout deposited on the deck as thick as their {oot
prints were marked. The persons werce irradiated in the following
three ways @ 1) From the radiocactive materials adhered to the skin
2) Externally from the radioactive materials in the cabins, on the
deck cte. 3} Internally from the radioactive materials entered various
orpans.

The eztimation of radiation dnsc to skin as well as the dose by

internal cxposure were difficult.  On the other hand, the estimated
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external radiation dose was approximately 170 - 600 rad for 14 days,

about half or morce beinyg irradiated on the first day. The dosce to

cach person diftercd depending on his behavior on the boat and the
position of his cabin.

The integrated dosce to thyroid plands from I:”I was inferred as
about 20 - 120 rad, Urinc samples which were collected at 4 weeks after
the explosion revealed significant amount of radioactivity., lowever,
the radiocactivity decreasced rapidly, c.yg. at about 6 months post
detonation the activity was barcely detectable.  In the analysis alter
8 1/2 years and 10 years the levels of 137Cs and 905: 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 scveral organs of the

fatal casc was higher than controls, but low. E

B. Clinical and Laboratory Findings

1. General symptoms and signs

Soon after the initial exposurce most of the fishermen experienced
anorcxia, fatigue, and lachrymation, and in some ¢f them nausca and
vomiting occurred.
2. Skin lesions

Skin lesions were causced by beta irr#;!'iation. Shortly after the
exposurc, they suffered from erythema which was followed by cdema,
vesicle, erosion, ulceration or necrosis. Epilations were observed
in 20 cases, cspecially 2 cascs who did not wear hats during ash-[fall
revealed complete epilation,  These skin lesions were similar to
ordinary radiodermatitis nistoloygically., The skin injries recovered
gradually. At present, namely 20 years after the exposure, ina few 1
cases depigmentation, pigmentation and capillary dilatation arc observed.
Atrophy of cpidermis with narrowed stratum granulosum were clcar
in histolugical scction of these arca examined 10 yecars after the cxposurc.
3. Hematology '

a. Lcukocytes : Total number of leukocytes decreased gradually,
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showing minimum count at 4th - 8th weck. 5 cases revealed a count

of less than Z.O()O/n\m3. 13 less than 3,000 and 5 less than 4,000,

In onc case, the leukocyte level depressed to 800, A correlation

was fuund between these minimum count and the externally irradiated
gamma doscs of cach individual, At first lymphopenia was noticed

and then neutropenia became marked. Since 8th week recovery was
proved. In many cascs remarkable cosinophilia was observed at

that tinwe. In somwe cascs immaturce ncutrophils appeared in peripheral
blood slightly.

b, Erythrocytes : In severe casces slight anemia was observed,
uccompanicd by the depression of reticulocytes.  Color indices
were higher than 1.0, The Price-Jones curves of erythrocytes
diamecter were displaced to the right of normal one at first, which
returned to alimost normal after onc ycar.

¢. Platelets @ Platelets counts showed increcasing depression,
reaching minimum at the 4th- 7th week ( 15,000 - 100.000/n\m31.
Slight coapulation disturbances observed in a few cases.,

d. Bone marrow : In scevere cases bone marrow was highly
hypoplastic at the critic;.lb stage, which changed to hypoplastic and
turncd into almost normoplastics Recovery was not complete cven
after a year. At the recovery stage coexistence of hypoplastic arca
and hypernlastic arca was obscr.\'bd’in histological sections.

¢. Morphological abnormalities : Scveral morphological
abnormalitics, ¢.e. abnormal granules in lymphocytes or ncutrophils,
vacuoles in various leukocytes and megakaryocytes,, giant nuclet and
hyperscementation of neutrophils, binuclear lymphocytes, abnormal
mitosis of vrythr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>