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The medical examinations of the Marshall
Lslinders acvidentally exposed 1o radioactive fall-
out in 1953 have now covered aospan of 20 years.
A devear period has clapsed sinee tindings have
been preseatedan tall, and this repart includes de-
tails of this period s well as a summaey of the data
for the entise 20 veans, Sonie background informa-
tian is prosented first,

The Manhall Blands were chosen as an atomic
bomh proving ground at the tme of Operation
Crossroads ot Bikinm in 196 and were subse-
quenthy used for numcerons tests at both Bikini and
Eniwetok unnil the moratorivim was declased in
195308, Vhese islands were chiosen because ol their
solated location in the vast, neadlv cmpty acean
area ol Micronesia just north of the cquator, cast
of the Caroline lands, and northwest of the Gil-

bert Islands, about halfway between the Hawadian
Islinds and Ausecalia. The Marshall skands come
sapread over some THO 000

prise 3 skinds andara

sjuare mides ol ocean, Fach atoll consists o Jows
Iving chain of sandy palm covered islands cone

nected by el surrounding and proteering aeen-

tral blue-green fagoon. Flabitable fand area s sur-
prisingdysmall - enly aboat 7isquare miles inthe
eative Marshall Bhlaods The chimate s tropical, and
the trade winds blow much of the vear. The atolls
involved in the 19510 accident are located ia the
northern Manhalls: Rongelap and Nilingnae
about 100 mantical miles cast of Bikini, Rongerik
about 130 miles cast o Biking, and Uitk 275
taod Bikini.

Puring the past contury the Marshallese peaple

tiles e

have been governed by four counnies. Germany
purchased the Nashall Ibands from Spain in
186 and voverned thenunu 1950 when Japan
ook over under a League of Nations mandate:
Japandeclred ownership in 1988 when she broke
from the Leavue of Nations, The United States
libeated the Narsdialls in T9HEL during Woeld
W Hoand was given authorit - under a United
Nanons mandate wadminister the seattered iskauds
of Micronesia as the Prast Tereitory of the Pactlic
Islins: this was done fiest by the U8 Navy and
Later by the Departinent of the nerior,

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

Preface

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-
ernents 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
sck often involving a large element of supenstition
and magic, and apparently did not improve under

Japanese rules During Waorld War 11 tlie Mar-

shullese were loreed 1o live on low calorie dicts
with tnadequate medical care. When the U
tuade trustee in 1947, the Navy, under the aus-
pices of s Bureau of Medicine and Surgery. une.

L WIS

dertook a comprehensive medical survey of island
populations in the Trust Territory including the
Marshall Iands, using one of its vessels, the USS
Whidher 1 'The survey showed that unsanitary cone
ditions with regard o flies. garbage disposal. and
excretory habits made for muliiple intestinal para-
sitic in‘estations and diseases. A high percentage of
the poople had positive Kahin tests, associated with
vaws, and widespread treatment with penicillin
proved extremely elfective. Discases of the eves
and skin acute and chronie respiratory discases,
and vitumin deticiencies were especially common.
No malaria. 1k
was ween. Subsequent health care inthe Trust Ter-
vtory was hampered by Lack of trained medical
personne] and poor tanspartation 1o the outer

riasia, vellow fever, or chole

whands, This was the status when our special med-
wal examinations began

Some of the events over the vears in the Mar-
shatl Klands that are relevant o the medical sur-
vevs are listed in Appendix 1,

The first examinations in 1933 after the Gallow
were conducted by an ciergeney medical wam,
requested by the Momie Eanergy Conmmission,
dirccted by D P Cronkite and compaosed
Lergely of Nave medical personnel whose service
expericnce proved extremely helptul for this licld-
e operation. Resurveys were conducted at o
wanths under Des VP Boad and at 12 months
under Do Cronkite, T 1936 the sunvevs were
phaced under the divection of the author at Brook-
haven National Laboratory, Sinee then the survevs
hive been conducted in conjunction with the De-
partment of Health Services of the Trust Territors
and with the participation of medical specialists
fram the Armed Forces and from medical centens

I ettt s o
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in the United States, including endocrinalogists,
M8, surgeons,

cardiologists, hematalogists, interni
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 studving the Japanese tishermen
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
and in March 19550 1956, and 1957, 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
contaminated and was considered sate for habita.
tan, The 28 military personnel exposed on Rone
werik Atolbwere tikeato Topler Ay Hospital for
further examinations,

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 woren during the first 3 yeans 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 unespected ape;
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

ance of

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
)

Journal articles

Soine problems have been encountered in carrv-
vs in the istands. Careful
planning iy required for sll necessary cquipment

ing out the medical surve

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 e hore was sometimes in outrig,
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

U§)

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
aide would often give the cause of death as oo
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
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need lor continued ninations when no signifi-

cant findings were reported. Tnapite of such prob-
lems, the people have always been friendly, and,
excepl on one occasion (i case of pobitical iner-
ference, described below), have gencrally congper-
ated inthe examinations. Psschological reacuon
1o the Tallout has been reflecred at varinus tesan
I

was due o radivactivity rather than o the poison-

ry regarding fertiline, a beliet that ish poisoning

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
polit i that the United Stanes deliberately ex-

posed the people to Sdloat <o that they could be
used s raines ples sty the etlects, 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-
vevinNeptembeer 1497

Twaprominent physicians
from Japan (s T Fzakiand T Kuntori), one
fromm Fagland (D BV BPoclin, and one froan the
US. Public Hlealth Service (s W Coley aceonm
panied the team and pasticipated i the

RTINS
tions. Their seport to the Congress ol Mictones:

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-
servens, and thi

sabso b helped brng about a nure
FEavorable atttude 1o the medioal exaoninanions.
Fwo nujor bills have beea iatated by the Con.

wress of Micronesia, One concerns pavinent of

travel snd living expenses for anv patient fron
Rongebap and Utinik on our exanination list who
needs hospitalization. This hill has bova 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.
Wilhiam 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
1o return 1o Eniwetok to live in the near future.
The medical team as well as other radiological
sufety personnel at BNL have been assigned the
wesponsibility of personnel and environmental
monitorin g to assure the radiological 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 o

sirhed 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 Kwajalein, 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 throngh the period of palitical disturbances.
With the improved political climate and attitude
toward the exiiations swe ook 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
Islands (see Hines®*), beginning with Operation
Crossroads at Bikiai in 1946 and ending with the
moratorium in 1958, did not result in significant

rdiation expasure 1o pessonnel or fallout contam.
ination outside the testsuea except in one case.
On March 1, 1934, the dewonation from a tower of
a thermonuclear device, Bravo, in the Castle Se-
ries of 1ests at Bikin roesulied ina serious Lillout
accicr ot The vield was about 17 megatons, con-
siderably greater than expected, and an unpre-
dicted shift in winds in the upper aunosphere
cansed the radioactive cloud 1o drift over and de.
posit fallout on several inhabied atolls o the cast:
Rongelap with 61 people, Allingnac with 18
people, Rongerik with 28 Ainerican servicamen,
and Utirik with 157 people (see Figure 1) A Jap-
anese fishing vessel in the area, the Lucky Dragon,
with 23 fishermen aboard was also exposed “see
Appendix 3). The tatlout is thought 1o have com-
meaced at Rongelap about 4 o 6 br after the dets
onation, at Rangerik about 7 hrafier i, and at
Utirik about 22 hr afler it s duration on the is-
Linds is uncertain but has been estimated as about
12l the greater part of the Gallout accurring carly
in the period ? The estisnated dose of ganuna radia.
tion 1o the island populations is discussed 133 Sec-
ton 1L AL The American servicemen on Rongerik
nated that the necdle ona telemctering insiru-
wment suddenly began rising and went offescale in
30 min, beginning about 6 1o 7 hr alter the deto-
mation. An alarm was radiocd to the task force,
and a plane living low contirmed that signiticant
fatlout had occarred.

The exposed people were evacuated by planes
and Navy ships within about 1wo dayvs and taken
to Kwajalein, 175 miles 1o the south, They were
first examined by the medical group at the Naval
Dispensary there. Eight days after the accident a
medical team consisting ol 21 doctors and tech-
niciang, largely from the Navy, which had been re-
quested by the AEC, arrived at Kwajalein. For
two months the tean took medical histories, did
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repeated physical examinations including studies
and photographs of beta burns of the skin, made
numerous hematolagical tests, and monitoied for
cxternal 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-
presion had occurred, no serious illnesses were
evident that could be related 10 radiation injury.
The Manshallese people were taken 1o a tent cn-
campment on Ebeve Island for a stay of several
weeks. Since Utirik Atol! was only very slightly
contaminated from the fallouy, it was considered
safe for habitation, and the Ulirik people were re-
turned there - fresh supplics. clothing, and lives
stock. Rongelap Atoll was too contaminated 1o al-
low immediate return and its people (along with
the 18 from Ailingnae) were taken o a temporary
village built for them on Ejet Island in Majuro
Atoll, where they lived for 3 vears ugtil their re-
turn to Rongelap. The American servicemen were
taken o Tripler Ay Hospital for further exam.
inations and later returned 1w duty,

8. ANNUAL EXAMINATIONS

Medical examinations of the Rongelap people
were vonducted at their temparary howe on Ma-
Juro in September oF 1954 and in March of 19353,
1956, and 1957, In 1951 an unesposed group of
Muarshallese living at Majuro wus chosen as a
comparison population fur these examinations,
This group, howeser, was composed of people
from many of the Marshall Islands who were not
casily located for subsequent examinations. Unexe
posed Rongelap people gradually moved 1o Ejet
1o live with their fellow islanders, and this group

ased further on the return to Rongelap. These
unexposed Rongelap grople were included in the
examinations and have served as an excellent come
parison population since they are Llood relatives
of the exposed Rongelap people, match reasonably
well far age and sex, and live under the same en-
virommnental conditions (see Section HL AL
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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.
lux of relatives, were taken there on an LST with
all their personal belongings, bed mats, and live-
stock. Alter arvivad! ceremonies they happily setiied
down 1o life in their new village. Tn 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 exatined on their home island in
19
once every 3 vears because their fallout expuosure
was minimal. The American servicemen have not
been seen by our medical teanm since the mitial
exalinations,

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

The many studies that have been done on the
Masshallese: are dircatly or indireatly related o
possible radiation ctfeets, Olien a single blood sun-
ple drawa for routine hematology has been used
for many tests. Multiple biood sampling has been
avoided whenever possible.

Fhey have since been examined ounly about

C. 1970-1974 SURVEYS

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

dicd from leukemia that may or may oot have
Leen relited (o radiation exposure; iransportution
deteriorated;, and political interference was stauted
which has been particulacly 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, ollowing 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 ine
stituted every September in addition e March
sunvey,

Also in 1972, the decision was miade w plwe a
resident physician in the Marshall Bslands, Anin-
creasing nuwmber of exposed Rongelap peaple were
developing thyreid nodules, most of which required
surgical intervention, and many of thens were st
adhiering swrictly 1o the thyroid weatment pro-
gran, which is considered exteemely importang,
especially atter surgery, A vesident physician would
be able o monitor this progeam and. stnee the
Trust Territory was short on medical personned,
could i osistan general health care of the Rongelap
and Carik people, The plan is toe such a physician
1w alternate bevween BN L and the Marshall bs.
Lands every two vears, The tisst onie has just com-
pleted a 2-vear term, 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, bhut travel by ship aimong the M-
shall Islands (several hundred miles between atolls
through rough scas) has remained dithicalt. The
trave] prablem has been maygniticd by the need for
the resident physician o visit Rongelap and Utinik
Guanterly, and by the added respoasibility of the
medical an, since 1971, for radiation monitoring
ol Biking and maore recently of Eoiwetok, since the
people displaced by the bomb testing program are

Table |

Fawatiom of Rongelap and Utivik Peopte, 1971

Rongelap Unrik Majus Lheve Bikini Orlwr Teatal
Kungetap exposed {1 3 2 - 0 e
Runvelap unexgemed 37 - 1t [0y) 7 B 13t
Ulitih expumed - 1 8] 2 - 10 (310
Tinal it 11 (B 1 7 ie ) A1
- 4 Ataoie M - . . o ,




being returned 1o these blands, 1t became appar-
ent that a special vessel was needed, and in 1973
the ARC arringed fur the Arny 10 provide an
LCGU (anding craft utility) based and maintained
at- Rwajalein (with ALC funding). This vessel,
though small and slow, has the distinet advantage
that it can be brachied, so that ship-to-shore trans-
fer of cquipment and personnel by small boat is
waneccessary, Fhree 30-ft air-conditioned trailers
have been pliced on the tank deck, one equipped
as a “sleeper,” one containing a whole-body
counter (shadow-shicld lead assembly and elec-
wonic equipment), and one set up for dinical ex-
aminations with a doctor™s othice, a snall lubora-
wey, and an xeray facility, The LCU with these
wailens is now in full use and atfords wremendous
mprovements in the aperations,

Examination facilities at Unirik consist of several
Butler-type buildings left by o weather statian
group. On Rongelap several examination trailers
have been installed so that the schoolhouse need
no langer be used. Examinations trailess have also
been installed on Ebeyve and Majuro.

Major events in the Marshall lands related w0
the surveys, including the political problews of the
past few vears, are summarized in Appendix 1,

Before and after cach susvey, village mectings
Lave always been held on Rongelap and Cirik ta
inform the peaple of the objectives of the examina.
tions, the tindings, and recommended treatments,
Because of the language barricr, the people did
not always understand the need for the examinae.
tions, or their results, Every etfort is now being
nuide to correct this, Preparation of a questions
and-answer buoklet on the clfects of the Batloat
and treatment on the Rongelap and Ulirik people
was reconunended by the Congress of Micrones
such a booklet has been printed at BNL for the
Toust Territory Health Services and is being dis-
wibuted; ishould do much 1o correct many of the
lormer misconceptions (see Appendix 4).

During the 20 vears covered by these reports
drastic: changes have oceurred in the Marshall
Iskandds Distract,

The population mare than doubled from 1948
1 1974, the wtal going from = 0000 1 ~ 25,000.
The increases were most dramiatic on Majuro (go-
g from 1,200 10 10.400) and on Ebeve (going
from 750 10 5.000). On the outer islands the 1otal
population changed less (Rougelip, 100 10 167;
Ulirik, 126 10 217), but the age distribution be-

came abmormial. Young adulis have gravitated o-

3

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 rip up 10 30
people may be arriving or leaving,

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

The aumospheric bomb tests ended in 1958,
Rwajalcin was abandoned as a Navy Base in 1960
and was made part of the Army's missile west
range. For the visiting medical teams, boss of Navy
assistance 10 tramportation has increased the
logistic problems, but the continuing support of
the Army Hase 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
was Wb far away for thermal, blasy, or direct isra-
diation cifecs, (In constrast, direct efficts were re-
sponsible for all the injurices from the atomic bombe
in Hiroshima and Nagasaki, with little or no fall-
out.) The fircball from the 1934 Bravo device,
dutonased from a wwer, touched the surfice of the
carth at Bikini, and large amounts of material
were drawn up and mixed with fission products in
the bomb cloud. Because of an unpredicied shift
in the winds in the upper atmosphere, fallout was
deposited in a cigar-shaped arca 20 10 40 miles
wide extending ~ 200 miles o the east of Bikini
(e Figure 1), The radioactivity was due to fission
products and some peutron-induced isotopes: the
fallout contained little fissile material, The radia-
tion was therefore alinost entirely from gamma
and beta rays of varving energy from numerous
fission radioisotopes, The time afier detonation
when fallout began was estimated as 4 10 6 hr at
Raougelap, ~7 hr a1 Rongerik, and 22 hir at Utirik

e CUTIRONLWEICL L, 0 . .
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Senator (01, Borja (second from beft) of the Congress of
Micronesia, Chairsnan of the Connmittiee Stadying the
Medical Statas of the Rongelaprand Utinik Peogde, visit
s BNL i 1974 shown with Des, E P Crandate (letiy,
N Bond, and KON Conard,

Rongelap patients with interpreter in New York, visiting
UN Building before underguing thyrod surgery, TG,

Hematological examinations, Roogelap, 1935,
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Table 2

Fatimation of Gamma [hae?

Na. Approx. time of Iustrument readings Best estisnate
Group in Conencenent Tivnee of used in dome of wial gzinma
denigination wroup ol fablonat Cvacuatin caleulations dome in air (R)
b Rongelap (] H+4we e FE4 50 b (16 preopiie) 35 mR, b 147 daya 175
1433 e (W people)
. Ailinguae i L4 donhr 11+ hr 100 R -he, 149 davs [F]
11 Rongerik 1] H4nthr 11+ 280 he (8 taen) 260 mK he, 1+ Y - it
e b8 L (20 meny
IV Uik 157 10422 e Started at [+ 90 he R hr, H o+ 8 davs 1

Connpleted at b+ 78 he

and the fallout duration as ~ 12 Le, with mose off

the dose dedivered cagly i that perind, The tinus

when people were evacuated lrom the islands are
shown in Table 2.

2. Gamma (Whole-Body] Doss

The Lallout (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 calculated
for the adulits beeause, being smaller, they were
vloser o the ground and received liarger midline
doses. “This possibility is supported by the higher
incidence of carly nausea and vomiting and the
greater depression of blood dements in the voung
children. The Bimsy houses atlorded Linde attenus
ation of the radiation. The whole-Iody doses were
cileubated fronvsneasurcients with radiation tickd
survey instruments held 3 00 above the groud,
made within a week after 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 ema-
tological depression that developed later is cou-
sistent with the doses caleulated. T view of the 42
geomery of exposure, the midline doses w indie
viduals were higher than those obtained with the
wsaal bikueral expeosure 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 o
caleulate, probably amounted w thausands of rads,

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 {ull.
out visible on their island (see ‘Table 6). Most of
*he skin dose was due to 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, GO0 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 cnergy insutlicient o pene.
trate deeply o 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 prople,
the region of the hair follicles must have received
adose capivalent adleast o tie minial epilating
dose of 100 rads of 200-k\p x ravs,

4. Internal Dose Calculations

Linernal absorpiion of radivisotopes was due 10
inhalation as the radioactive cloud passed over
and toingasstion of fuad and water contaminated
with fullout, water probably being a major source.
Diinking 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 health aide. On Rongerik fod and water
were better protecied from fallout deposisiog,

Laternal levels of radivisotopes absarbed (rom
the Gallout were assessed by numerous radiochenis
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Net tishing ut Rongetap, 19549,

Manhallese dental practitioner examining tecith
as part of uxdical survey, Rongelap, 1,

Party given by medical team a1 conclusion Elderty Manhatlose male, 14463,
of annual survey, Rongelap, 1970,

Rongelap peophe entertaining siedical 1ean at fras

Copra being varried ashore, Capra produetion is
alter examinations, Rongelap, 1971,

the chuet snree o ineone i the MNarshall Blasids,




Table 3

Vatisnated Body Barden (i of Rongelap Peophe?

Aetivity Activity

atdav | at day d2
et T - 22 0.1
Vel [URE S [SATR3
Kare vanh group 0 o- L2 V.0
THT G thivtead ¢ ) [ I B (1XV)
BRG ' [V VRTIN | -
Y4 (I TR 0.
Pisaide e 0 - UGGy (1XT]

calanalyses of utine samples, beginning 15 davs
osteapoatre, for MSe DRV the tare carth
wrenp, and tissile anaterial, As expected, e
Remgebap peaple had the highest body burdeus,
By fananths, beta actisity i the urine sainples
wans harely detectable. Table 3 shows the main
isotopes found ot day 1 (eatrapolated vatues) and
at day 82, The agreciient Ietween the Hadings at
the two Lasboratories is clise consdering the 1eche
siques avatlable at that tme, Levels inthe Ailing-
nac gronp weee about one-haltand in vhe Aier-
wans about onc-quantter the levels inthe Rongelap
group. Ouly isotapes ol odine, strontium, batium,
and o fow rare carth clements were albnarbed 10

any significant degree. bnthe Kongelap group, at
Aoy 1OMSEand T were near the masimu per-
missible levels, aacd the estimaned total amount of
tadioactive naterial in the gastrointestinal tract
weais abaont 3 whetheer this huad any relation to
the carly wastrointestinal syinptons is it known.#
Rasdivdongicad monitoring of persoanel and eoviron-
wentat Roogelap and other atolls insubsequent
vears s discussed t Section VL

5. Thyroid Dosimetry

The fallout produced everal possible sources of

radhation expeosure 1o the thvraid ghand, The wune

n sdiation resabted i thvroid doses ol 177 rads
i the Rangelap peaple, ol rads in the Nlingnae
peoples and T rads in the Utirik group., Lidine
Batopes are produced inrelatively high vields by
the lission provess. Some are ton short-lived o be
al consequence, but Y VRV d 189 e
sutliciently lang-lived 1o cause a considerable dose
1o the thyroid following internal atsarption and
concentration in that gland, and these were ab-
sorbed hoth v inhalation and via ingestion in

R e i P R S R R T SO S

Y

food and water (see Appendix 9C), Other internally
absorbed isatopes (see Table 3) were not thought
10 be significantly absorbed by the thyroid and
probably contributed little 10 the dose to that
gland. Cunversely, the radiviodines contributed
only slightly 1w the whole-body radiation dose,

During the varly period afier the fallout, radio-
iodine was recognized as possibly its most hazard-
ous conshituent, but the estimated dose to the
gland of 100 to 130 rads was nat considered suffi-
cient to cause later development of thyroid ab-
normalities, No acute etfects were noted in any of
the people that could e related o the internal
almorpuon of radiviodines or other sadioisotopes.
Contamination of 1he akin resulting in extensive
beta buras in the neck region in 707 of the people
(sce Figure 2) probably did not contribute to the
thavroid dose because of the low eneegy of the beta
tadiation. Posibly slight absarpuon of radie-
iodines through the skin accurred.

When the prople returned 10 Rongelap o tive
in 1937, no radiaactive isotopes of iodine remaimed
texeept possibly very slight amounts of 12*1), and
the principal remaining isotopes (37Cs, 81y,
which were absorbed 1o low Tevels in the people,
probably did not contribute 10 any significan
degree 1o the thyvroid dose ®

When thyroid lesions began developing in the
Rungelap children in 13, the dose 10 the thyraid
of the Rongelap people was reevaluated by
James 2 His estimates of the gamima dowe agreed
approximatcly with the previous estimate of 175

Figure 2. Beta bura (Maech 29, 1954,

v

%
-‘:z
§




10

; . rads. Caleulation of the dosage from radioiodines James calculated doses for absorption from loth

: untortunately had 1o be based on a single, poolid wihalation and ingestion. §le noted that the stuwaer-

‘. . 4 urine s;unplc: from Rongelap people collected 13 lived sotopes of idine delivered 203 |'u}ws .Hw

4 3 days post exposure. Harris?? ac Los Alamos had estmated dose delivered by B aloae, The i

2 ] 4 reported a low level of ™ in this samiple and had portance of these shorter-lived otopes in pr-

3 T calculated a one-day thyroid content of 11,2 pCi ducing thvroid effecis in daw Marshallese will b
; i : based on the assumption of 0.1 urinary excretion referred 1o in Scction IV, The dose 1o the thyroid ;

¢ . 3 of the maximum thyroid burden onthe Dl day. of a Rongelap adalt (including gamuana) was cal-

culated as about 330 cads (220 00 450 rads) and w
thav of a 3-vear-old Rongelap child as 700 10 1-060)
rads. (The spre:
wating dase from abrorption ot vadioiodines by

il is due o uncertintios in esti-

inhalation versus ingestion.) With the Ansuplion
thut the ratio of whole-body ganima doses 1o thee

roid doses was the same as for the Ro; eelap

prople, James” calcubations were used to estiniate

PRAA NS ket Sl A b

thvroid doses inthe Ailingnae and Utirik groups;
the resalts were 1D rads for the Ailingnac adulbis
and 27 rads for the Uhirtk adulis. The children’s
thyroid doses were based on the weight of the

N

vland av various aves (Figure 3).5 By using a0
linear velationship between the thyraid size and

Tharoit wt ()

the dime caleulated by James, tie doses 1o indie
vidual children were taken from regression lines
drawn for she theve exprosed populations (Figure 1);
these are given in Section IV, Do retrospect. the
stinated average dose of TR rads v twe thyroids
of voung children appears 1o be low, at least b
twa bovs who develaped atrophy and myxedenua,

The caleulated dimes are obviowsly rough esti-

N : v 5 W i3 N o mates. The incompatability of the olrsesved etfeets
: Age with the calculated doses based on 13 most be

related pardy to the greater dose etleet of showt-
Figure 3. Weights of human thvroids in New Yark Cliy.

p " lived iodine sotopes (see Appendix 9C),
(From Mocizeng v a0 Y

W m e

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

o. Early Symptoms.  During ihe lint two dass,
4 betore evacaation, syimptoms related 1o the skin
1 and the gastroimestinal tract were noted in a

Large number of Rongelap people, ina lesser nune-
ber amony the wroups exposed on Ailingnae and
Rouncenik, and in none ot the Cu

N o Niliniae

Thatondd ibme (faeh)

K yroup. The
severity of the symptoms was correlated with e
amount of Lallout and the radiation dose, Skin
svinptoms (ching and burning ol arcas not cov-

PO SN T

[T

e ’ ered by clothing) were noted in about one-fourth

of 1he Rongelap peaple, and a few vomplained of
Figure 3. Thyroid dime versus age for childien irritation of the vyes and Lwhrvmation, These
inexpumed Marshiallese groag, sviptoms were thought o be selated o beta irea-
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diation, but the caustic nature of the fallout may
have contributed,

The G.L symptoms in the Rongelap people
comsisted of anorexia and nausea (in about two-
hirds of them) and 1o a kesser extent of vomiting
and diarrhea (i one-teath of them), Only a few
in the Ailingnae group complained of these symp-
tosns, and o one in the Rongerik and Uink
groups, ‘The gamma exposure is thought to have
been sufficient 1o account for the G.L syiptoms,
but the ingested radioactive material (estimated
atabout 3 mCi) may have contributed, The GL
ent in the Rongelap
childien (see Pable ) These symptoms Liswed

SVINPLOINS were shore pre

vy abmnat two days and had Largely disappearad
Ly the time the people arrived at Kwajalein,

b. Depression of Blood Elements. T'he catly
henatslogical findings aml the tindings in suir
sequent years are presented i tabular form in
Appendix 6 and graphically in Secion H1L C 'The
carly findings are summarized here and the later
ates i Section HCC

One of the carliest findings in the Manshallese
ichicative of signiticant expunsare was lowering of
leukoevte and platelet fevels inthe peripheral
Blocadd This was most marked i the 64 people on
Rougelap who bad received 175 rads and Tess so
in other groups receiving less exposure. The hienur
poictic depression was roughly proportional w the
watinna dose of radiation received, Even in the
157 Uinik people who received ondy an estimaned

Table 4

g atid Vot i Roneelap Grougs?

hicidena o,

Aue at expumure, vr N, Nausea Vinniting
b 1 s i
S a1 " i
Tabie &

Mean Bl Countitn at Peak Deproession

1 Rongelap Giroaps=

Pescent of contrd

Aue D
Neutrophils D (1]
Lagplunyies 25 V)
Plitehers A 34
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14 rads, it was possible 1o distinguish slight platelcat
depression in the group as a whaole. The smaller
groups on Ailingnae and Rongerik showed periph-
eral bload levels between those of the high and
low exposure groups, The hematolagical depres-
sion was thoughit o be due entirely to gamma
radiation, since it was not considered likely that
the dose from internally absorbed radionuclides
contributed w it significanuy. The hematological
depression was greater in the children, particu-
Larly those exposed at <5 vears of age (see Table 3).
‘The changes are enumerated below in more detail.

Lymphapenia to about hall the level of the come
parison Manshallese population was evident when
the Rongelap peaple were tirst examined 3 davs
alter exposure. o children <35 vears of age the
Ivmphocyies dropped 10 23% of the level of the
comparison children but showed a shight rise due-
ing the following weeks. The lvmpbocyie levels
showed a slight increase by one vear.

Neutruphil levels showed considerable fluctuation
during the first month, possibly related 10 the
prevalence of bew burns of the skin during that
peviod. Neutrophil depression became 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). Neutrophils
recovered mwore rapidly than lvimphioeytes and
reached near cantrol levels by one vear.

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

~of reeovery o about 73% of control levels occurred
during the next few weeks, followed by slower
recovery with mean kevels never exceeding 90 w0
5% of conrol levels during the first vear, The
platclet count is probably the most sensitive indes
of the severity of radiation exposure in the sub-
lethal range.

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

Morpholugical changes, During the period when
HEUTIOPCenie Was most severe, some people were
found 1o have peculior monecvtic leakocvtes that
were thought 1o be Large lvimplioeyvtes, These celis
were not found sulsequently, although an oc.
casional binucleated lvimiphoeyte was seen.

¢. Clinical Findings. T'he development of sig-
niticant depression of peripheral blood leukocyies
and platelews during the first 6 weeks was cause for
considerable apprehension among the wedical
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examiners. However, even at the nadir of depres-
sion (platelets, 28 o 30 days; granulocytes, 42 to
16.days) no assaciated bleeding tendeney or in-
crease in infections was seen. Eleven individuals
had platelet counts between 35,000 and 63,000
but without evidence of bleeding. Between days
23 and 42 post exposure, 104 of the Rongelap
group developed granulocytopenia of 1000 cells
and 427% had leukocyvte counts 4000 or absolute
granuloeyte counts <2300, During this perid an
epidemic of upper respiratory infections oceurred
involving more than half the exposed population.

.

ey

The iltness in the higher exposare Rongelap group
was no more severe than in the less exposed
groups, and individuals in all roups were able o
show an upward trend in leubocytes during the
illness, Prophylactic treatment with antibiotics

Y

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

i certain cases where such

2. Effects of Skin Exposure

Beta burns of the shin are described in detail in
the original report of the medical findings? The
fallout was ubiquitous on Rongelap, Ailingnae,
and Rongerik. The gritty white thaikes clung 1o the
moist skin, got into the hair, were inhaled, and
were ingested with contaminated food and water.
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 themselves sinee they
s were later found 1o have fewer skin buras, Howe
; ever, the majority of the people on Rongelap and
5, Adlingnae had widespread contaminaton of ex-
poscd surfuees of the body: the shin dose was proi-
ably in the thousands of rads and was due nusily
1o the beta component.

Most of the people complained of itching and
burning of the skin for the it 2010 48 he, and

sote compliained abo of burning and lachiryima-
tion of the eyes. This may have been due partly w
the caustic nature of the Tllout. These symploms
were Loss evident in the American servicemen on
Rongerik and were absent in the Utirik people,
Table 6 shows the amount of fallout and the ree
sulting shin burns for ditferent groups.

Personnel decontamination connmenced on
board the Navy ships used for evacuation, where
wh cloti.
at Kwajalein

the people were given siltwater showes

ing donated by the crew. Ouarny;

the shin was stidl contiaminated, wnd decontaani-

nation procedures were continued for several days,
Clothing was laundered iepeatediy, and was dis.
carded i its radiaton level was notsuthicient]y e
‘l‘l\.l'l’,

The tirst skin burns appeared about 1210 1
davs post expasure in the Rongelap people: burns
appeared somewhat Lier in the Ailingnae and
Rongerik groups and were bess severe and exten-
sive. About '3 of the Rungelap and Ailingnae
groups and WY of tie Rongenik groups developesd
lesions, but none of the Utinik people. The laions
were multiple and spoty (Figure 53 and were
characterized by superticial hyperpigmented
macules, patches, or raised plagues, sohick 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 ol insuthicient diose
ta dermis, or it may have bheen olscured by the
darkuess of the sking Decper burns wivh ulcera-
tion werenoted in about 157 of the Rougelap
people. Epilation (Figure 71 asualhy accompaniad
sealp lesians and was prevalent in >5HP7 of the
exponed Rongebap childien ¢lable 7z it occanned

to less degrees i adulis and Nilingnae groaps,

GOy Were st comnon on the anterior neck,
anillae

antecubital fossae, and feer, but even the
atal region inosome voung childien was imvolved.

Lesions of the dorsuin of the feet (Figure 8) were

Shin Lasiens?

Pable v

Graup Carpuorition

Ealliut vimervad Shan lesons gl eplatan

Rongelap d Marshatliwe

Heany tsona b Eateiane

Ailingnae 18 Manshaliewe Mosderate Ganstlibey Lass enteininge
Kangerik 23 Wlhate Nineficans NMoukerate (nastiihe) Shighit
3 Negro Ve ans
Lirik 1537 Mansbhallie Nowwe Novw
. 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.
1 defenses might

duction in nmuno-hematologi
have resulted in more serious skin infections con-
siderably complicating the skin svinptoms,

3. Eftects of Internally Absorbed Radionuclides

s pointed out in Section L A 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 etfects
have developed due 10 radioiodine exposure 1o the
thyroid, and near masximum 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
tract during the tirst two davs in causing the carly
Gl svinproms.

These observations indicate that Lick of carly
svimptonw associted with ingestion of radicactive
materialin an acute fallout situation does ot pre-
clude development of late cllevts 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 thvroid abnorial.
ities, lew medical indings could be definitely as-
sociated with radiation exposure, The general
health of the exposed Marshallese appearcd 10 be
about the same as that of the unexposed Manhasti-
ese comparison population, with the same 1vpes
and incidence of discases. ‘The deaths that oceurned
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 fiest 3 vears; suggestive evi-
dence of a lag in complete recovery of peripheral
blood clements; evidence of slight chiromusome
aberrations of the peripheral bload, and some de-
gree of growth retardation ina few children. Otwer
studies on possible Lite effects during this period
were negative (cataracts, aging, mortaliny, 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 thyroid abinoralities, asso

growth retardation i some children, A
of leukemia and a possible inercased incidence of
malignancies say o may not have been radiation

related: the numbers are woo small 1o o
detinite conclusions.

it any

These tidings are reviewed below,

A. GENERAL MEDICAL FINDINGS

The healds situation in the Marshall Iabands is
i many respects iimproving, Most vector-horne
discases of the wopics do not oceur, hepwrony is rare,

and tuberculosis is nota serious problem, Cardio-

vascubar disciases are rare (except for diabetic gane
grene of the feet).

The public and personal hygiene leave much o
be desired, Skin infections Gmpetigo and fungus)
and istestinal infestations Gamocbae and woris)
are endemic, o 19348, one year afier their resct-
tdement on Rongelap Mol stools were examined
from 6Y exposed and 12 unesposed people.®
Flestation was widespread with niany individuals
showing multiple types o parasites, the main
pathogens being Entamocha hostolytica (found in
18.2%), haokwaorss (5.0%), Trcdwris ichirg (3487,
and Giardia lamblia (7.7%). Flaucllates abso in-
cluded Trichummnas huminis. Nov significant diller-
cnces were noted bhetween the incidences in the exe
posed and unexposed popabationg. Recentdy A
has been introduced into tie Marshalls fram other
districts and infestation with it has become pr

alent. Education and comstant sueveidiince will
be needed 10 overcome the parasite problens,
Eosinophil

conunon but is not alwavs associ-
ated with helmindhic inlestations,

*These stimdies were done by Dr. M. Geoldrnan and Mr, RN,
Carver, Comnnunacable Discase Center, 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
Llinduess due to vitmin A deficiency has been ob-

. . L .
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 victins of this disaster. Rongelap Aol was
stricken in January/February of 1963 with 23 chil-
dreenand 3 adubis taken ill. One of the aduhs died
and twaol 1~ children had severe residual pinesis,

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

15

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 s 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 graup. [t is not
known whether this finding is related w radiation
L‘xllhum.

Fish poisoning is common > the Marshall
Islands. Symproms are usually minor but occa-
sionally severe or even fawal. Inflanmimation of mu.

Tabke: 8

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

Rumgelap exposed

L6 examined)

Rongelap unexposed
(135 examined)

Cririk exposed
(117 examined)

PSS TN

2

B Ay WO

.\.tl. % x‘l. ‘; .\.(l- (k
Acne 2 24 1 07 - 0
Aucinia 3 14 1 u7 0
Atterioncleronis (mild) 7 10,2 2 1.3 8 6.8
Artenosclerimis (miod.osev) 7 10.2 1 ul ( 5.1
Asthina - 0 2 1) 2 1.7
Atrial librillation 1.5 2 1.3 1 0.8
Beadveardia 2 Y - Q - Q
Cardhac entargenent kS 4 5 337 1 08
Cervical cronion it 16,2 3 3.7 3 2.0
Cystourcthro-recuweele o 1 - v 0
Dhalines 2 Y 3 22 - Iy
Eaphyseina - [ - 0 1 08
Epilepny - 0 .7 - 0
Herpa 2 2 2 1.5 2 1.7
Iy perteusion i 1ny 16 {F R 17 145
Leprony, arrested 1 1.5 - Y] - (1]
Mivraine 1 1.5 - 0 - [\
Obesity (grose) 7 10.2 2 148 14 120
Ohteoarthiritis i +4 12 LAY 1 0.8
Peivie intlammatory discase - [} 1 0.7 - 0
Prmtatic hypestrophy 4 44 ! (U} - U
Rbeumatic hean discase § 1.5 1 07 - o
Rhunmoit anbriis 1 1.3 2 1) 1 08
NSperusatmey | 1.5 2 15 - (1}
Svplitlis (2) Gareested) 2 2.9 E] LAY - 0
Tumar, besign (except thyroud) 2 2y 2 1.5 1 0.8
Tunsor, nulignt ) 1.5 | 0.7 - Q
Varoeck - 0 hd 1.5 - 0

*Findings o uphthalimoliay and diabetes are reponed separately.
ckbd R Aol & R R R e ] o
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cous membranes from inproperly prepared arrow.
oot our is not uncommon. Both have erroncously
been associated with radiation cfficats in the minds
of the Rongelap people.

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

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

1t is against this general back jround that our
examinations tike place. We are privileged to get
generous help from the local healt authorities i
our task, and conversely when we are on the seene
we cannot avoid getting involyved 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 live births during the last S-vear
period was 37 among the exposed and G9among the
uncexposed. Caleubated as live births per vear per
LK) population these numbers give a birthrate of
112 for the exposed and 106 for the unexposed. In
addition, there were 10 miscarriagey amanyg the
exposcd and 18 among the unexposed, sothat, in
both groups, ane pregnancy out of live ended in
miscarniage. This is approsinately the sane free
quency as observed i the past (see Table Yy,

Lewad abortions are not parformed i the NMar-
shiall Balands, and there is no reason 1o believe that
any of the pregnancey tweeminations on record were
provoked. Family planning has not been practiced
i the past although it is slow v gaining ground.
We therelire believe that the Tenidity 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 veary, there is no evidence suggesting that
the histary of exposure 10 radiation has had any
permanent ctfece on cither,

The people wha have died e listed by
Table 10, with their .

earin
and prabable cause of
death (such death certiticates as are available are
not always specitic). The overall mortality rate for
the 20-vear period is ~ 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 statistically signiticant; i such siall groups

Table 11

Mortality, Utirik
(Av. age at death: 6123)

Subject Age Subject Age
Year No. & wx Year No. & wx
19956 2118 21 1063 2183 67 M
1957 2144 63 M ilF
1957 229 57 F ik
1957 j 63 F 56 M
1958 2243 M M
1959 xR 87 M =?F
1954 2027 73\ 9F
1954 2170 RITRY ) 62 M
1 283 61 F 0M
Hud) 2116 NF 6i F
(ST 2m BY 6 F
1960 2180 6\ s F
LU N37 [JEAY 80 M
(RN 2199 ¥F M
1963 2208 r 63 M
19ad 2163 5\ 64N
19464 21%) 53 F px% 2
1 2192 84 ¥ 37 M
1963 21 68 M 37 M
1§ 1) 2154 31F ['vs 2
[F'% 3

ohserved over such short periods, differences this
Lirge or larger could oceur by chance ( #<0.03).
Fven 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 3 vears. The deaths are listed 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 Trast Territory have im-
proved greativ over the 20 vears covered by these
reports, but they are still not published in sutlic
cient detil 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 an our groups (~13)
reflects this ditference inayge distribution and is
not relued 1o the history of exposure. A similar of-
fect can be seen on the birthrate (~ 40 per 1000
per vear districtewide and =110 in our groups).
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C. HEMATOLOGICAL FINDINGS

Since blood-forming cells are among the most
radiosensitive eells in the by, hematological ex-
aminations have been emphasized in both exposed
and unexposed populations. Evidence of such
wnsitivity i the exposed Rongelap people was
provided by the carly acute depression of leuko-
evtes and platelets and by possibile residoal effects
on hemopaiesis indicated by a lag in recovery ol
blood clemients wa the levels of the unes posed pop-
ulation. The development of a fatal case of leu-
kemia may also be evidence of residual effect,

1. Procedures

Until 1972 vearly measurcinents were made of
peripheral blood eletents, ine bading WBC, diller-
ential white counts, RUBC and hematocrit and/or
hemoglobin, and platelet counts. Since a case of
lkeukemia was found in 1972, such mcasurements
have been made twice a vear, The counts were
done under a microscope until electranic means
came into use (Coulter counter and General Sci-
cnce Tlacma-Count MK 3 and MK 4 instru-
ments). Reticulocvte and bone marrow examina-
tions have been done on several occasions by stans
dard procedures,®

A number of special hematological examina-
tions over the vears have included tests for leu-
kewmia (i.c., special scanning of blood smears for
inunature forms, basophil counts in 1000 cells,
alkaline phosphatase staining of neutrophiis,**
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. Dana are listed in
Tabie 12 for the past 3 vears, and in Appendix 6
lor the entire 20 vears. Figure 13 shiows the cu-

SMe N Nebanic! ot SUNY at Sty Brosk luas done 1he dif-
here corants bor the past sweveral years.

Dr. W Muloaey and Mo Lo Tullin ag larvard Maldical
Suiusd dich the atkaline phasphatase stamning of neusrephils i
prapierisl blood siwears.

i WS, Blhaabeerg, Instituie foe Cameer Research, Plula.
delphia, did the stulies for Austtahia sntigens.,
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Figure 15, Binucleated normoblas.




y-w,‘s‘sﬂm‘g{

o

qrenre e f &

A Sl

mulative percentage of neutrophils, lvimphocyies,
and platelets at various times, From these data it
appears that hemopoictic recovery in the exposed
grougs was incaplete during the fiest 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, erythiropoi-
etic function has been about the same in the ex-
posed and in the comparison population. The lag
in recovery of lkeukocytes and platelets may repre-
seut residual bone marrow injury. The resulis of

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

this contention,

3. Bone Marrow

Although bone marrow examinations at 6
months prost expesure showed no gross abnormal-
iies, sicans on four exposed Rongelap people 10
years Later showed alieration in the myeloid.
vevthroid ratio in theee of them, manifested by an
incrvised number ol ved coll precarsors, In addi-
tion to hyperplasia. the ndings included abnor.
malities of chiromatin nuerial wich double nuclei
and an incrcased number of mitotie figures in the
noroblistic series (see Figures 34 and 19),1 Ok
casionally, hilobed Ivmphocyies have been noted
i the periplicral blood of some exposed people.

4. Other Hemalological Findings

Total blood volunie and red cell volume were
studicd 10 veanrs after exposare. 1 No differences
were found besween exposed and unexposed Ron-
gebap groups, but it was noted that bload valume
and red cell volume weided o be seduced inomany
Marshalleswe compared with Americans®® (see Fig-
ure 16).42 Several othier hiematological observa-
LGNS, 1608 1o

ated o radiation exposure, were noted,
Fosinaphilia >3 ia maore 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 o numerous
fungus intctions of the skinand other chronie in-
fection

Onihier tindings possibly related 1o cheonic
infections are above-normal sedimentation rates
s bigh gamma globulin levels (hoth wending 1o
ncrease with age). Varving degrees of ancmia
have beea seen occasionally, particularly in wo-

* These studies were done In D 1M Mever, Veterans \d-
ssiistration | Lapital, Bowddvn, NV, and D, WE, Siri, Uni.
vemity of Califwnia st Berheley,

Veduner, liters
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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
sBee serum iron usually was in the normal range.®
Reticulocyie counts have not been significantly
wcreased in cither the exposed 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 to be related 10 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-
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Table 13

Residual Beta Bune

No. & wx

Subjevct

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

3N Matbed pigmentation botiasillae, Piguwented
arca behind ket car,

[ | Pignwent canges et ACE doesan tirs sigha
ww; piginented nesi availla

17 S¢

arring and pigmicntanon lelt ACE.
M P nted patch back ob nedk,

25M Pigmeoted snacules lelt asiila, frong of aek
and chest. Depigmentesd spuotas shatlt peenia.

MF Slight pigiment variation on front of ek wye
cral pgnwented sacides dorsan lefi oo,

M Scarring dorsan lelt Gt Biogpavat 2y
alinization of connectise tisue aud thic
of blosd vessel walls of cuns. Died 19546,

ars hy o
sang

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

K Stighy roughening and pigmentation hack of
nock, Moles on tront of meck.

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

¥ Numerous pigmented macules ot sides of
noeck and a hew oo atis aid ACEL

30\ Motabed pigmentation s depigientation
o front of nevk, Died 1972,

MF Mattbd pigmentasion and depignwntation
wd back ol nevk, Dl 1t

[ 3 Slight rugemity and pigiented tidges 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 froat of
savk, Not apparent now,

67 F Depiganented scars dorwim beft foot,

¥ Slight pigimented arca dossun right first e,

hin g Numcrous pedunculated imoles on sides aisd

front of vk,

79\ Pigmented and depigmented sar posterion
surlace beftcar,

*ACF = antevabital fissa.

mentation, but the scars have faded and repigmen-
ation has iended to occur in most cases. No evi-
dence has been seen for the development of chronic
radiation desmatitis oF 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 in all
cases except for one man who still has spotty epila-
tion on the back of his head.

Follow-up skin biopsies of residual lesions, stud-
ted 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-
ing 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 expuosure
is still a distinct possibility, since its latent period

may be as long as S8 vears and may, on the aver-
age, be longer than for some other tvpes of radia-
ton-induced aalignaney. Many of the younger ex-
posed Manshallese siill have a long lile expoctancy,

There are several reasons, however, why skin
cancer nuy not oceur in the Maeshallese, The fow
average energy of the beta ravs resulted o mach
kess 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 cells,
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 *Y believe, skin cancer re.
sults from direct irradiation of the epidennis withe-
out necessarily severe denmal injury, its occurrence
would be more likely, The appearance of neviia




Figure 17, Peristing depigmented arcas, 6 montls
afler esprmiie, s areas of et severe bsions?

Figure 18, Far katon healed, 6 momils
after expumure, with considerable searsing.?

the neck regions tat sustained severe beta burns
suggests that the development of benign lesions may
have been enbaneed by the skin exposuse (see Fig-
ure 20). Possible cocarcinogenic factors such as the
ultraviolet radiation in tropical sunlight and skin
irritation from coral, trauma, and inleciions may
wikler the development of nalignant changesinthe
skin more likely, but the dark pigientation should
otler some pratection, as it has been shown that
skin caneer is ke prevalent-among 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 area on back of
neck of dievear-old woman (Na 34) at 10 years afier ex-
posuire (1040 ). Note atrophy of epideris with nartows
ing of stratum granulosum and tingerlibe projections of
rete pegs. Slight atrophy of the sweat gland ducts is alsc
prosent. '

Figure 20, Pigmented nevuslibe ksions in previous
bt buri arca of neck (subject No. 78).1

and unexposed populations. In addition, special
examinations fur possible etlects of radiation on
the eves have been done at intervals by ophihal-
mologists accompanving the medical team, irst in
May 1934 (2 months after the accident) and then
i 1932, 1936, 1957, 1938, 1959, 1962, 1964, 1967,
1971, and 1972, The routine examinations include
testing of vision, accommadation, muscle balanee,
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.
Spevial examinations have included slit-lamp and
fundus photography. As part of the aging studics
quantitative changes in certain eve characteristics

Cms am i W st



(visual acuity, arcus senilis, accommodation. ret-
wnal arteriosclerosis) have been recorded 1432

1. General Findings

Some general observations on the eves of the
Manshallese have indicated ditferences from the
eves of US. Caucastans which may be related to
cthuic buckground and possibly o environmental
Lictors, The major eve tindings for the past 5 years
are listed in Pable 1

‘The high incidenee of pingueculae and preryeia
s the most notable findiey tisted in the table. This

has been found by others to be cha
people living on low coral atolls in the Pacitic and
s thought to be related 1w irritation of the eyes by
coral dust, salt water, and bright sunlight. The
othicr major {indings listed were related 1o general

aging ctfocts (loss of visual acuity, cataract foene-
tion, loss of acconmodation, loss of ocular muscle
balauce, r1e.) and these appeared 1o oeeur 10 3
lesser degree in the Marshallese than in Ameri-
cans, although the incidence of arcus senidis and
cataracts scened higher, Fhe Manshallese hud Jess
mivopia, aberrations of color vision, and ambly.

Table 14

Ophthalmologicad Fundings, 1970- 10971

Ruongelap and

cieristic of

Ailingha Rongelap unexpomad Utinik expomd
v (1d3*) (100°)
Ocular condition No. " No. % No. ‘e
Animworia | 1 1] o ([}
Nreus wenihis 22 RIS 5t 21 21
Args l-Robwertson pupil ] 1] U U (1]
Chalazion 4 [ 1 0 (1}
Choroditis 2 B0 2 1 !
Congenital defects 2 R 0 4] 1]
Conjunctivitis 1] 1] 2 t ]
Caorneal pivinent 0 0 1] 1] [
Conneal war 2 h Xt 2 1 1
Drisea “ 1] 2 [ 0
Fuoplithaline 0 0 0 ! !
Foucheation 1 [N 0 0 1] o
Glaucoma, pritary 0 0 0] 1] 1 u
Glaucoma, sevorulary 1] 0 I 0.75 o 1]
[ FEITH
Catacacts [ 170 206 15 Rl wll
Lanticular opacities “ s ] 1003 7 17
Pulvelwomatie sheen 7 1o 14 {on 3 17
Mucular degeneration 2 RXH ] 075 I 1
Night vision impainnent 1] 1] [} (1] 1] 1]
Nvustagmus 1 1.4 2 1.3 1] 0
Phthivs bulbi } 14 0 0 0" "
Pingueculs 7 100 6 4.3 7 N
Positive Romberg 1 14 ] u ] 1]
Proptosis 1 14 1 0 (1] 0
Prerygium 17 240 41 11.0 "y ™)
Punis 2 30 0 0 0 0
Retinal arerionclerinis " 1.7 1 Lo 1 |
Ketunal hesmortinges J 0 ] 0 o "
Retinal sars 2 X1 4 1.5 i {
Retnapathy, dialwtic [ 0 1} 1] i 3
Strabivnus s R 2 1.5 4 §
Uveitis ! IR 0 0] n [
Vitreuus opucitics 4 3.0 I 0.70 1 |
Nantiuona 1 [ 1] ] 0 0
* Numnber of peuple exanumed .
4 REERSiadans s P o t 2 ¢ P N
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alignant melanomas of the choroid, and
1 cell carcinama of the evelids. Ocalar pathaol
ogy cawsed by herpes simplex or zoster viruses was
not ween. No cases of retinal detachment occurred
1 of ocular surgery,

except i two jreople as a seque

Corneal sears, macular degeneration, vitreous
iatess, and other degenerative intraocalar condi-
tions were seen inabout the numbers expected in
any part of the world. No Tovocara infestation or
ather intraocubin parasites have been cacountered,
and no ocular invoelvement by the parasites
Onchoverca or tilaria bas been seen. T the one case
of inactive leproay on Rongelap no ocular lesions
hawve Laoen mned. Some peaple have residual wars
of vaws, but noactive lesions have becuseen dur-
ng the 20-vear period,

Mot of the congenital malformations and fa-
milial ocular discass found in Amcericans were
not seen in the Marshallese, such as ocular dystro-
phias, retinitis pignentoss (congenital night blind-
nes), congenital eaaracts or glavcoma in the
vounyg or familial ghaucoma i older people, and
coloboma of the aris o posterion segment of the
eve, On the other hand. certain congenital trais
apparentiv pecutiar o this tace were noted. Fhe
average size of the corneas is greater than in the
LN mose than ot ol the people exinnined have
ing corneas > Ui i diameter, by <3 c ol the
people the retinal vessebs showed increased wortu-
onity (corkserew-like ) and dilatanion, This phenome-
enan has sometimes been found asociated with
the sickle cell wait, but the Latter has not been
sioted in the Maeshallese,

Dictetic and hvgienic conditions in the Mar-
shall blands have unproved over the 20 vears of
this study. b carlier vears, poor night vision in
children due to vitamin A deticiency was ocea-
sionally found, and molluscumn contagiosum was

wen more frequentiy; also lesions involving the

[Kin ol the vvelids, forehead, and Tace. Bt has been

several years since night vision impaicment or
wolluseum has been seen.,

2. Possible Radiation Effects

Both e detonation in Narch 19951 and the ree
sulting Lallout g
tion that might

Crise L

veral tvpes of radia-
ise Anjury 1o the eves.

Longieair radiation. Direct obseevation with the
naked eve of the tirchall of an atomic bomb deto-
nation s Koown o produce retinal damage with
searring and possible blindness.

1 The Bravo

ks 3

i)

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.” Fhey probably did not
see it at its greatest luminescence, when the dame
aging ucular cffects ocecur, because this comes a
fraction of a microsccond afier detonation, so that
at a distance of 100 miles the firchall would not
vet have risen above the horizon, A, at that dis-
tance the size of the image on the retina would be
snall, These facton probably explain why no one
complained of blindiess from seeing the bireball
and no retinal scan have been fuund in anyof the
jreople.

Tuuzing radiation. The fallout on Rongciap re-
sulted in a gamma dose of 173 rads 10 the whole
bady including the eves. Beta ravs trom fallout
deposited on the ground and contaminating the
eves resulted in some superticial exposure of the
lids, conjunctiva, and cornca, but their low pene-
tration makes it unlikely that the lens or retina re-
ceived any significant dose from this source. Dure
g the two davs before evacuation, many of the
peuple complained of some itching and burning of
the eves with some Lichrvimation. Thee symptoms
way have been related o radiation from fallout in
the eves, but phvsical and chemical irritation by
the caustic fallout dust mayv have plaved an im-
portant part. Internal alsorption of radionuchides
probably did wot contribute to the radiation dose
1w the eves.

Conuncticitis, The burning and lachrymation
disappeared by the time the people were evacu-
ated 1o Rwajalein Bland, However, at the tinme of
development of beta burns, about 2 weeks after ex-
posure, two men developed conjunctivits and in-
atmation of the evelids which may have been
due 1o betairradiation. These lesions bealed within
wveral days.

Corneal pigmentation. Beginning at about 2months
post exposure, in some people a pigmented line
was noted i the cornea at the limbuas in the hori-
zontal axis of the palpebral tissure, which ap-
peared 1o be below the surface of the epithelium.
bovaried fram 0.5 1w 2 mmin length, This may
have been due o beta radiation and was passibly
related o the bluish pigmentation noted in the
nail beds. The e disappeared when the nail
bed grew out several maonths later, but the corneal
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pigmentation persisted for several yeans before it
Linally disappeared. These pigmented streaks are
not to be confused with conjunctival and corneal
pigmientation of genetic vrigin noted in some of
these people, which is in the superticial epithelium
and s permanent,

Prerygaa and pingueculue, During the carly surveys
the incidence of preryeia and pingueculae was
thought to be wreater in the exposed Rongelap
people than in the unexprosed comparison popula-
ton. However, as the latter group has increased,
this no longer appean to be the case (see Table T,

Opacities of the lens. Opacitios of the lens have
been a contmon tinding in the Marshallese (see
ny
size as cataracts (arbitrandy consiclered as a lens
opacity inpairing visual acuity by 520 30), lens
opacities, pulychiramatic sheens, and tecks, Special
micruscupic examinations tor lens tlecks were
made in 196,13

Table 1, They are scored in order of deere

treadiation of the lens insatlicient dosages may
rosult in a spectrum of apacities ranging from
potychromatic shevns w full-blown cataracts, 38
Oy in the carly stages of cataract formation can
changes characteristic of radiation generally be
recognized: more mature cataracts due to radia-
tion usually cannat be ditferentiated from thase
due to aging or discase. The development of ens
opacities due o radiation depends on the charwe-
teristics of the radiation, the age of the individual
at expasure, and the interval after irradiation.
Neutrons are known o be several times as cata-
ractogenic as ganuna or beta ravs and played an
unportant role in cataract development in the
Japanese exposed 1o the atomic bombs and also in
evclotron warkers 578 Inthe Marshallese only
gamma radiation need be considered becaunse
no peutrons were involved in the Galloat and the
beta radiation did not have sullicient energy o ime
part a siwnilicant dose 1o the lens. The ganma
radiation had a fairly cnergetic spectrum (100 10
1500 ke V). The 175-rad dose was delivered at a
decreasing rate over the two davs of exposure, The
minimuin cataractogenic dose of § FaVS OF Laling
rays is considered 1o be ~ 200 rads and the dose w
produce progressive lesions, =500 rads. ¥ The
Litent period averages about 2 to 3 vears. With
Larger doses the Latent period may be shorer, and
with lower doses it may be 3 8 vears,

The smallest lens opacitics observed with slit-
Lmp microscopy were lens flecks, which are
thought 1o be defects in single lens fibers. These

discrete opaitios 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 more rapidly in adolescent fee
males. 14* A higher seore in females aged 13 10 20
atexposure may luve been relatedo the radiation,
The higher incidence of tleeks in adolescent fe-
males was thought o be assaciated with their high

ostrogen levels,

Onher lens opacition observed in the exposed
Marshaliese did not fit the deseriptions of radia-
tion-induced types and were similar w those seen
in the unexposed population, The aleeuce of vadi-
ation-induced cataracts is not uneapected, sinee
the dose to the Manhatlese was bhelow the nini-
mn dose of 8 ravs or g rayvs necded. The
Lipse of 20 vears is well bevond the usual Latent
period and it seems unlikely that any such levions
will develop. Al the cataracts seen have been of
the senile or pressenile tvpe and no juvenil

* Catae
racts have been noted. Possible correlition with dia-
Letes is discussed in Section HL GG The slighaly
higher incidence of cataracts in the exposed Ron-
welap people over the s

™ omay be related w0 a
slight preponderance of older peaple in the ex-
pened population,

Polvchiomatic sheens, vellowish or “heaten
brass™ 10 blue-green in color, were noted in some
Marshallose, both exposed and nonexposed. These
were not associted with any lenticular opacities
characieristic of radiation exponure,

F. GROWTH AND DEVELOPMENT STUDIES
OF EXPOSED CHILDREN

1.Data Taken

Duwing cach medical sur vev ol the Marshallese
people, svstematic pediatric examinations have
been conducted on aubjects under the chironelogi-
b age of 200 vears (see Table 1) with the CXCe)
ton of adolescent girls who were pregnant or who
had hadd babies, The studies cemnisted of s briet in-
terval history, routine phvsical examination, pal-
pation of the thyvraid g
growth aud developiment.

w1l and assexsinent of

The growth status of the childeen exposed to
tallout has been followed regubinly since the initial

examination. From 1951 w0 1958 the growih data
consisted of routine measurements of stature and
weight. In 1939, rocntgenographic evaluation of

*Phew stmlwes were done 1n D, ] Batetman, BN

[
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Tabide 15

Caunpuanitiom of Pediatrk Grouge 1972

e at exprmane, vr No.# No. female
Kessgelap group
< 10 Y
(TS} ) 9
In utere 3 t
Nilinguae group
< 0 2 L]
Unespuned group
Bostny 19451974 2 14

Worn 1945194 11 7
skeletal development feft hand and wrist) was
witiated, Y and systematic docwincntation of ane-
thropometric data was started. The documenta-
tion wis continued during the succceding exami-
mations on subjects cotsidered te be e growth
phase (eenerally throagh age 200 The data re-
varded regularly induded standing heght (stat-
ure), body weight, head circumierence, head
width, head lengith, chest circumference, bie
scromial widthoand calf circumference, and spo-
radically incladed sitting height, chest width, chest
depthy and buttocks ciecanderence. (See Appen-
oin 7

The development of secondary sex character-
iticy was qualitatively assessed accurding to the
sandard criteria generally accepted in growth
studies (Greulic i ot al, % Shattleworth $3), Such

procedure included the staging of breast devel-
apment 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-
wap
avseanient of gronth statas and phivsique.

dogumentation was done as part of the

The rocntgenographic evaluation of skeletal
development 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-exprnure examinations indicated
that the younger childeen, in geactal, manifeaed
more extensive amd 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 development of
thyraid abnoemaliiies, which are discussed below

in Section 1V, The other physical findings, which
have been carcfully tabulated in the individual re-
ports for cach survey, indicate no definite patiern
uf 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

Lunterpretation of the anthropametric data and
assesstnent of the growth statn of the exposed
Raugelap children have been complicated by (a)
radiar i injury to the thyroid gland, (L) parial
or wial thyroidectumio in the children who de-
veloped thyroid neoplasia, and te) the administra-
tion of thyroid hormone to 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
simall body measurements are excluded, comparni-
sons of mean stature and skeletal age indicared no
statistically significant ditference between the ex-
posed and unesposed children for either bovs or
girls

Compared with American nonns, the incan
skeletal ages at given chronological ages fos cach
group were, for unexposed girls, quite sitmilar, but
for unexposed bovs, they appeared o be delaved
by 6 16 7 months at cach chronological age.

Earlier preliminary compa isons had suggested
that bovs expeased at age <3 veans were retarded
in statural growih compared with unesposed bovs,
The current analysis exclude those with o specitic

digunosis of by pothy roidiam. The individual growth
and development curves for 13 children exposed
at age <5 and their controls are shown in Figures
21 and 22 The ctfecr of thvraid treatment on the
two bovs (Nus, 3 and 31 is evidents Several other
children (Nos, 2, 19 65, 42) had a tendeneyvo-
wiard retarded developmient, which may have been

unproved by thvroid siedication,

Oun the 4 childien exponed it caretul exame

inations have resulied in no unusuad phvsical tind-
ines. The growth progress of 3 of thew bas boeen
sithilar tohat ol age peers (see Table 16), One
bov (No. 83 has had a head circumlerence
sinaller than the average for unesposed males and
ashightly retarded pattiern of skeletal maturation,
but his statural growth curve was comparable with
that of unexpeoed males.

e e
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Final evaluation of stature and skeletal age will
be pastponed until all the exposed children have
reached the age of 21 10 ensure that all are fully
mature,
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eight and weight data on survivors of the
atomic explosions at Hirashinu and Nagasaki have
been recently reexamined by the Mtomic Bomb
Casualty Commission.*? Analysis of the final
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(adult) statures and weights, measured at age 21
or older, of subjects exposed 1o radiation at age
< 17 indicated that those exposed in Hiroshima
attained aimean height markedly lower than nor.
wal and that the degree of raardation diminished
with increasing age at exposure, being greaest in
thuse exposed at age 3. The clfcet was mare
prominent in bovs, Fhe prelimiaary tabulations
of growth data in the Marshallese childrent64%
showed similar trends, Subsequently, the exient of
the thyroid injury documented in the Marshallese
children provided the basis for the present assump-
tion that growth retardation rellected primarily

.

dividuals 40 yeurs old have revealed the cardiac
changes expected with aging: anteriosclerosis heart
disease with oceasional cardiac decompensation,
Auricular fibrillation has been noted in a few
people; rheumatic heart discase in only two.
Peripheral vascular discases (thrombophlebitis,
peripheral venous discase, hemorrhoids) appear to
be less common than in Americans. Oscillometric
studies showed penipheral pulses to be excep-
tionally good, even in older people and in diabetics
(see below). Nuluetic, inctabolic, or nutritional
fortn of heart discase has been seen,

the results uf impaired thyroid Tunction, 1eis an- 2. Arthaitis -

tctnated that when adalt (finad) anthropometrie
measurements become available, further evalua-
tion of the growth pattern of the Manhallese chil-
dren (including further assessment ol the clleet of
thyroid hiormone aduinistration) will be posible.

G. DEGENERATIVE DISEASES

The aging process is accompanied by an in-
creased indidence of degenerative discases, and ir-
radiated aninads have shown increases bath in
general aging phenomena and in such discases;
therefore, in these sudies carelul consideration has
been given tasigns ol aging and 1o the incidence
of cardiovascular discases, arthnitis, and other de.
gunerative discases,

1. Cardlovascular Diseoses

Cardiovascular diseases appear 10 be no more
prevalent among the Manshallese than in Ameri-
cans or other populations, and no ditference was
found between their incidences in the exposed and
unesposed groups. Hypertension appears to be
sonewhat less prevalent amony the Marshallese
than among Ancricans, Blood pressures > 140,90
have beenrecorded in only about 995 of 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
bload pressures (00-100,535-63). "Fhe generatly

loswer blood pressires in the Marshallese have been
thoaght 10 be related W lower dictary salt in-
taker T but the gradually inercasing use of im-
portexd foeds of greater salt content has caused no
apparent increase in hyvpoertension, Serum sodium
and potassium levels have usually been in the noes
mal range. Routine chest x ravs and LCG's on in-

i 1aat fiadl arer ..e.‘..c?. ERS

Many Marshallese >40 vears of age cotplain
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
women 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
osteaarthitic changes: but many people with come
plaints do not have definite bone f anges. Aribritis
seetns ho more conumon in the exposed than in the
unexposed population, and its general incidence
does non ditfer greatly from that among Amerie
cans. Rhicumatoid artlhiritis has rarcly been seen,
Examinaton of the sera for “rheumatic factor™
gave pusitive results in only a few cases (3 of 184
tosted in 1939).®*

3. Nephrosclerosis

Primary kidney discaz- ha« not been noted fre-
quently, but nephrosclerusis has occasionally been
scen complicating cardiovascul.a disease,

4. Aging

Radiation in sublethal doses may reduce longev-
ity in animals and man, Induction of maliznant
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, is also believed to account for
some deyree of life shortening in animals 474 For
humans, definiie proof of such ctfects is lacking,
the only documented life-shoriening etfect being
related 10 malighancies. ™! [n the Japanese bomb
survivors, the correlation of life-shortening with
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malignancics is well documented,32-33 but that with
other less well-defined aging eriteria is not clear-
cut. Becbe et all,? reparting on 1300 deaths from
1930 to 1966 among 8200 cxposed  Japancse,
stated: *Onee cancer is removed from the list of
natural causes, mortality appears to bear no rela-
tion to radiation dosage. In none of the 4 vme
periods is there evidence of general increase in
mortality that oue might expect from the hypothe-
sis of accelerated aging.”™

Since the underlyving mechanisms of ordinary
aging are not clearly detined i is ditlicult o com-
pare radiation cllects with 1he aging process and
10 recognize their interaction. Stadies of longey.
ity in the relatively small Manshallese population
under observation du not provide any evidence of
a pusssible Life-shortening ctlect of radiation. At this
time the average age at death in the Rongelap ex-
poscd group is Gh years compared with 63 in the un-
exposed population, and 61 among the unexposed
Utirik people. The ditlerences are not significant,

Numerous empirical studies concerned with pos-
sible radiation-induced aginy effects have been
carricd out on the Japanese survivors™ % and on
the Marshallese 8423107610 Qu several occasions
Rongclap people were given a battery of nonspe-
cific tests for aging similar 10 those used in the
Japanese studies.® 1203 Same of these tests were
based on subjective assessment, on a 0 to 4 4 seale,

of items such as grevness of hair, arcus senilis, senile
changes in the skin, balding, ete., but most involved
dircct measurements of itcms such as skin loose-
ness, skin clasticity (skin caliper), visual accome
modation, visual acuity, hearing (audiometric),
blaxd pressure, neuromuscular fu netion (light ex.
tinction test), hamd strength (dynamometer), vibea-
tory sense (vibroweter), and lean body mass
(whole-body potassiwm by gamma spectrographic
analysis). Comparison of these values in the ex-
posed and unexposed Marshallese (Table 17)
showed no signiticant ditlerences, The biological
age scores (average pereent seore), ploted i Fig-
ure 23 for both groups, are about the same.

S. Immunological Studies

Radiation is known to impair the inmunologi-
cal status of individuals soon alter exposure if the
dose is sufficient to produce significant leukopenia,
During the carly period, though the acute ellects
ot the Rongelap people included considerable de-
pression of peripheral blood clements, camparison
of the incidence ol infections with that in the Uik
group gave no evidence of impaired imanunity,
Reduced immunological reserve may likely be a
Lite ellect of radiation exposure, but it has not
been observed conclusively in man. The develop-
ment of leukemia and other malignancies follow-
ing exposure may quite pussibly be related to pe-

Table 17

Correlation of Caiteria With Age and Radiaion Exjpemare?

Coerelation
with age
(7 value) Percent

Cascrelation with radiaton

Siguilicasee® ()

Gravinss on? +17.0 S, (0.5
Arcus seallis 043 0.0 (1.tmhy
Accutmnodation i -4 h (.1
Shin retraction (IR} + .4 S, (0dh)
Skin oo tiess 0.7 + 16 S 08D
Vibriory wease (N 4 F) 0.7uee — LML+ 20600 S (0N 0.220)
Vimial acuity . 0.4 + 100 N, (0.0
Hearing hew 07 + 7Y N (0
Hand grip (M + F) [ XTradd + 130 (M), + 13.8(Fy S (0.15,008)
Reaction tine (M + F) (hight extingion 1ese) [IX1X Aid — 20\, —-105(F) (UL3E, 0.50)
1ol blowsd pressure 000 =115
Potsssin (M + F) vl — 11L& (N, + 106 (F)
Cholesiersd 039 -172
uromascalar funcrion (N 4+ F) (hand ally)y + 320\, + L)

\\ (11415, 0.90)
Connbined scoret 0% + 70 NS (01L27)

NS - notsigaificant at Ve devel, * e values lor malos and femahes averaged, Weighted awveondiag 1o r viskise,
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duced inmunological surveillance. Our interest in
inmmunological 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 unexposed Rongelap
people were tested for antibody response (o pri-
mary and sccondary tetanus toxoid inoculations,
with a mouse used for woxin-antitoxin assay of
serun?® ‘The difference between the exposed and
uncxposed groups was not significant,

Dlwsd cell changes. “Vhe persistent lag in complete
recovery of leukocytes was believed wrellect e
duced bone masrow teserve and therelose reduced
immunological reserse, The 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 reduc
tions in fymphocytes and platelets and an increase
in sedimentation rates were correlated with ine
creasing age i the Marshallese.

Dumunaproteins. Lnsmunoclecirophoretic a
of serum proteins in 1962 showed neither a pasa-

alvsis

proteinemia nor s iypical pictare of autibody de-
ticieney syndrame. but a high frequency of some of
the immunoglobulins was noted * * Complament
fixation stuclies showed thie Marshallese 1o have
antibodies 1o most viruses except Asian inlluctiza
(ans epidemic of this disease Later occurred in 3972),
The antibiuly titers appeared somewhat lower in

the exposed people

The older people had higher levels of gama
globulins bur slightly decreased albumin levels
(Tosy s Byynanoditfusion studics showed
that the rise in ganuna globulin levels was paral.
leled by an increase i imamunogtobatin.? “The ine
crease in eGmoicty was the most pronouced, and
it showed signiticant correlation with age (r = 0.71),

The incrcase in K light chains was also signilie
camly carrelated with age. he immunoglobulin
levels were mare depressed in thie exposed group,
particularly those of TG, beA, and L light chains
(Fable 18). However, by 1974 the gamma globu.
li Jevels in the exposed people were nearly the
same as i the unexposed (Table 19),

Lymphacyte function. “Fests on the phytobemag-
glutinin (PHA) stimulation of lvimphocytes cul-

Dy K. Stmer ar BNL il tharse analy e,
i R, Bisber and N b lamsig a8 thr Swive Redd Crom Jotlnwae
tey ddisd these analyss.
UFhese studies were doswe by Des. | L Fabes and R Weaais

of thr Nistisusal Covvurr § besbsusbinn Carnner.
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tured from peripheral blood showed a definite de-
crease of responsivencss with increasing age of the
individual (‘Table 18 and Figure 24) but no def-
inite difference between exposed and unexposed
groups. 44 [y g more recent study, acetylation of
suclei of PHA-treated lvmphocytes was smeasured
atvarious times as a function of lvinphocyte trans-
formation and of aging ' Decreased acetylation of
nuclei s associated with increasing age and is
roughly paraliel 1o the decrease in lymphaocyie
wansformation. Total acetate 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.

Chromasume 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 S 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 hypodip-
lotds ax did 1the younger subjects; polyploid levels
were sharply reduced in all subjects >50. Hy.




Table 18

Caorrelation of Lnmunaelectrphoretic and Peciphaeral Blosd Finding
With Age and Radiation Exjumure!s (1) = decrease; I = increas)

Unexjumed gronp

Eoxpumad gronp

Change

Criterion with age

Canrelation

with age (7 vahe)

Signilane
( value)

Percen il
from unaxposed

Lymphooeyte transdoination n

Scrum procine
Total wrusn protcing
Miwasien
“Total globufine
Mphia-l
Apha-2
eta
Ganuna

Linmumeglobuline
Ay
D ()
Mle\D
G (s
Kappa light chains
Laandxda bight chains
K/ L ratio

Blood findings

[1%1:1] - 1.1 LT
K - 1.3 21
Ad +1530 K1}
] —-17.0 .01
37 -~ Ol
R R =204 m
RO - G Kix}
i3 -3 01

A9 =170 Kiv)
2 - 30
20 - i
R - B
RN - 30 Y
S -0 15
Al + U} ]

Hlenutoerig [} 57 + 29 a7

Sediremation rate } 32 + 100 Rt

Toral levkayies 3] Al - 5 a4

Lymphocsies D a1l - uld |

Neuatrophils ] A4 -4 U

Platclers b 6D - o4

Table 19
Scruth Protcins, 19731974

Group Totat peotein Albuinen Alpha 1 Alpha 2 B Guanna Towal globulin
Rongelap 1562050 1222050 0.20=000 LIXED I TN LOg+=0.21 1.9=04 32058
Ailingonae AL ST LM=047 oa0v=ean 072045 1052020 176608 120, 5%
Utinik T ZON bozos 160006 00 =030 0 =023 1672040 32050
Unexjpumed 14051 LI =000 0192006 0.75=0.14 Lo =424 Li7z0.8 =05

podiplaid levels were related also to radiation;
this was mmore pronounced o the males, with the
exposed having 2.8 thnes as many hypodiploid
cells an the unexposed, whereas the exposed fe-
makes had L3 tiimes as many as the unexposed,
Polyploid levels were not found to be related 1o
radiation. Bath sex and chromaosome size ap-
peared as factars possibly related 1o hypodiploid
levels, In all subjects, regardiess ol sex or exposure,

the Yargest and most frequent loss of chromaosounes
wis i the GUY) group (2.3 times expected loss). [n
e CON) group, females lost 15.2°% inore chironio-
somes than expected and wales 1265 bess. Nosex

or radiation ellecs was apparent in the other five
chiromosane groups. A series of additional cul-
wres indicated the presence of chiromosonmie break-
age factor in the plasina of the exposed subjects, In
cultures of e latter, chromosome aberrations

————
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were nearly doubled but ancuploid levels were
not atlected,

In sumnary, severad indications have been ween
of reduction or horderline deficicncy of the im-
wunological satus in the exposed Rongelap people
in carlier vears, but ao evidence that such defi-
aeney was related to disease incidence, with the
possible exception that the increased development
of alignancy in the exposed Rongelap people
uiay be an indication of reduced immunotogical
surveillance, Receat rises of leukoeyvie and gamana
globulin levels o control values indicate sote de-
gree of recovery, but better tests for imanuanologi-
cal stitus are needed.

6. Diobetes Survey

Diabetes is a major problem in all the Manhall
IsLaruds,

nd investigation of it is ilmpartant for twe
reasons. First, the discase is ditlicalt 1o manage;
rules developed e UL

- and European conditions
may notapply. Choice of dict is lunited. The hy.
gicni conditions Givor infections and make oot cire
a major consideration; also, home use of insulin is
prechuded inall but a fow cases. T would e asig-
nilicant contribution to the wellure af the people
10 disgnese the condition carly and 1o defise the
optisnun rules for manageinent, and advice on
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this problem has been requested by Trust Tersi-
wry medical personnel, Second, the situation of
scattered, wquestered 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 whom are now residents
of Majuro and Ebeye, were examined in order to
establish the incidence and nature of diabetes in
the Marshall Islands.® The 28 previously diag-
nased 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
questionnaire was filled cut, and pertinent physi-
cal examination was done to assess Lthe presence
or absence of degenerative complications of dia-
betes, Blood was also obtained for uric acid, cho-
lesterol, and triglveeride deteeminations. Plasma
glucose was measured in the fasting state and/or
2 hr afier the ingestion of 73 g carbohydrate (Glu-
cola), In this survey a plasia glucose level, cither
Lasting or post-prandial, > 120 myg % was consid-
ered indicative of aboormal glucouse tolerance. In
sunne cases ghveosuria was accompanied by noe-
mal plasma glucose and these were not included
in the group with diabetes. Some subjects with
glycosuria did not have plassa glucose deterina-
tions (for a varicty of reasons); these are catego-
rized as possible diabetics, Although atempts were
made to obtain complete data on all subjects aged
> 1, these were not alwavs successful. ‘The Lilure
1o upply requested idormation on some question.
naires accounts for the discrepancics in the nume-
hers given in Table 200 The results are also cate
gorized on the basis of whether the subject previ-
uisly knew of the abaosmality in glucose wler-
aniee. Obesity is evaluated on the basis of height
and weight bud frequently this information is not
complete. The dataare being analvzed in their pres-
ent form, but the missing information will be ab-
tained. if atall possible, as the program continucs.

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

*We are yrateful 1o s, Janies B, Field and Catherine Detre
St the Universiy of Putshargds Sebomd of Medicine fir analvus
o the dialaoies data,
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Table 20

Diabetes Survey: Preliminary Resulis, 1974

Glyeosuria
with normal
Diabutes bLlowat suyar
No., No. Nu,
Group peuple® o % Cases %
Rongelap
and Utinik 375 103 275 9 7.3
Male [$E4] M 7 u4
Female 1493 3t ] 5.4
Ohwese 31 54 m
Nuticobese (KD 22 10
Ltirik 201 57
Rongelap 134 16
Revicding ar®®
Majure 120 37
Ebeve (RN o)
Ronuelap 34 16
Ltink 81 21

*lancludes 10 subjects from othier atolls, married 1o Rone
gelap and Utinik people .
*Includes both Rougelap and Utk people residing at
these locations.

Marshall Islands is considerable and is probably
greater than in any other population groups ex.
cept possibly certain American Indian groups 43
Although some previous reports have indicated a
high incidence of diabetes in some Polynesian
populations -4
incidence -7
The overall incidence of diabetios was 26%, and
~ % of these patients were unaware of their ab-
normality. The average age of the diabetics was
considerably greater than that of the nondiabetion.
The disease appears to be as common in males as
in lemales, but o definite statement muost await
campletion of the data analysis. Obesity was much
mare common in women than i men, and the
data indicate an increased incidence among obese

others have suguested a law

subjects. Cataracts seemed 1o be much mare com-
mon in the diabetios than i the nondiabeticys, but
this would certainly be inlluenced by the older age
of the diabetic population, No definite difference
was scen in the incidence of cataracts among indi-
viduals known to have diabetes compared with
those in whom the diagnosis was made during this
survey, Asignificanly higher percent of the dia-

beties than of the nondiabetics had neuropathy,
but, because of age ditferences and other Lciors
previously stated, covariance must be dliminated
fiom the dati before these obwevations can be
evaluated. (Newopathy was evaduated an the
basis of history of paresthesias and/oe objective
abnormalitics in retlexes and s)ensory pereeption.)
The limited data available did sot suggest evi-
denee for increased retinopathy or peripheral vas-
cular discase among the diabetios, The discase
more closely resembles maturity onset diabetes
with absence of acute syimptons, ketosis, asd ah-
solute dependence on insulin treatiient,

The dustar do ot sugeest any dillerences between
Rongelap and Utirik people (genetios) or between
places ol residence (eaviconmental intluence), and
there is no evidence that radiation exposure has
plaved a partin the pathogenesis, The dilferences
i dict and general living conditions between the
*outer islands™ and the district cenens are consid-
crable and might well play a significant role in
. However, analvsis of this fictor is

ase of thie mobility of the people, wha
constantly move between home istand and the
centers; the place where an individual is exaun-
ined amay not be where he has spent the miajor pan
of, say, the Last 10 years,

Despite the limitations, the preliminary results
are considered 1o be of sutlicient interest to war-
rant a maore carcful and complete investigation,
Additivnal abservations will be made 1 provide
the missing information and w ebtain mwore ubjec-
tive data regarding the incidence of newopathy,
cataracts, and retinopathy in these patients, The
insulin response 1o a glucose challenge would also
be of interest in assessing soime of the Gictors shat
might be important o the ctiology of diabetes in
the Marshall Islands.

The examinations are by necessity restricted to
Rongetap and Ulirik peaple. When the Eniwetok
and Bikini people retuen 1o their home islands in
suflicient numbers, the diabetes investigations

way be expanded 1o cover these groups,

H. CHROMOSOME AND GENETIC STUDIES

1. Studies of Chromosomes for Rodiation Effects

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

¢ m-y
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Figure 200 Pwo-his chromosomie alwritions in expesed
Manhiablese, Top: arrow puaints 1o dicesuric forsu: bonton:
SEPOW o e ring fora b

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

*Thew analvus were done by Do 11 Liscs, New Englad
Deaconens §lmpetal, and R\, Conacdl, BNTL
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251,18 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 peaple
with the Jower exposure had tore aberrations
than those with the higher exposure, These studics
indicate that a small but significant number of
chromosonie aberrations persisted in blood lym.
phoeytes insonie Marshallese as late as 10 years
after exposure. The results are consistent with
thase of similar studics on the exposed Japanese
fishermen, 2 on victims of other radiation acci-
dents, T and on Jupanese bomb survivors, 73

2. Somatic Muiations

In 1974, studies® were made of the frequencey of
amino acid sulstitution in the hemoglobin of the
Manhallese on blood satnples sent 10 Oak Ridge, ™

Sinee there is no coded isoleucine™ in adult hu-
wan hemoglubin A, its presence must be due to
errors i transeription or tramslation or to sumatic
mutations arising during DNA replication. Frrors
i transcription, which occur infrequently, form
ahiered RNAGIRNA, and rRNA; they change
the coxling 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
recognizes.t T Ereons in translation?® arise through
the attachment of wrong amino acidi to tRNA
(sminaacyl synthetase errors) and the imprecise
recognition of mRNA codons by tIRNA anticodons
(traanslational vartation), Somatic mutations result
froan mistakes in replication of DNA; maay single-
base-substitution mutations change nonboleucine
inta isoleucine codons,™ and the resulting mutant
cells could have hemoglobin mRNA with isoleu-
cine coxlons, For this reason, an increase in the iso-
leucine content of hemoglobin A would be ox-
pected in hunmans exposed o agents causing bise-

substitwtion mutations. Possibly radiation may
cause basessubstitution mutations in human so-
matic cells, but this has never been established,

The isoleacine content of the hemoglobin A was
determined in blood from 13 exposed Manhallese
and 12 unexposed, The frequeney of isoleucine
substitution for other anino acids in hemoglobin
was calculated by dividing the nanomoles of iso-
leucine by the wtal nanomaoles of all other amino
acids in cach sample. The frequencies are listed in
Table 21,

T hese stiudion wore done by s, RO Popp, G P Hir b, and
F.Go Haduf an Oab Kidue Natuonal Latssatony,
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Fable 2

Frequency of Sulwtitution of Ieideucine S Othier \iino Acids
in Human Henaoglobia From 23 Mandiallise

e t— . —— b

¥ 3 ’; Ageat Aue at Submtitution Average * -
P p v Subjevt No. and sex expumuse, VO Nt v froquency (X 10-3) SEM (x10-%) k
: Exposed, 173 R B9 !
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A slight, but insignificant, increase in the iso. tution fregquencies occur in bath the alphia and
keucine substitution frequency was found in cons beta chains o hemoglobin from expemed persons,
wrols aged hetween 20 and 51 the linear regresion and () i contanination by feral hemoglobin,
- has a positive slope of 0.0233 x 10 car. Except which does contain isaleucinge, could contribue o
for subject Na. 1547, the higher frequencies were more than 7 parts per million aming acid residues
found in samples from exposed persons, but soue to the values reported in Table 21,
of the expuned had values in the control range X
{Table 21). The higher frequencies were ohserved 3. Genetic Studies
more often in individuals exposed at vounger ages, a. Possible Radiation Effects. 'I'lic inheritiunce
although the globin fram subject Nou 33, exposed of radiaton-induced mutations bas been amply
at 1 vear, had a low isoleucine content, The find- demonstrated in genetie studies on amnals, bhut it
ings are consistent with the higher leukemia in. has not been unequivacally seen inoman, 15 ;
. b, amony persons exposed o x ravs™ and 1o numbers ol animals are secessary 16 demonstrate
atem bumb ircadiation ™ in those exposed pre- such an cffect and the size of the irradiated uman
natally and at youny ages. populations studied is probably too small for it 1o
Studies in progress strongly suggest that the in- be readily dewected. The largesi-scale human
i creased isoleucine content in the hemaoglabin of study was made by Neel et al. on the children off
‘ exposed Marshallese is due to base-substitution parcnts exposed i Hiroshima and Nagasaki,* !

somatic mutations. The supporting daa®™ include
3 analyses showing (1) that higher isoleucine sulsti-

and i shiowed no clear-cut genetic elle

s Fxam-
inations of the much smaller group of Marshallese
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children born to an exposed parent or parents
have shiown, on the bsis of incidence of gross
anonulies, no evidence of inberited radiation.
induced mutations.

"The principal aberrations noted in Marshallese
adults and children bave been bilateral shorening
of the filth finger, prominent head of ulna, dislo-
cated wrist, enblarged cornea, wrtuosity of retinal
vessels, asymmetry of face, congenital nystaginus,
and pigmentation of the cornea. Studies of Ganilial
patierns wl sucl delecs have not been done; they
are not related CNpraure.

The peasible increase in miscarriages and stille

Linths sunang the expuacd women duting the fiest

3 vears oy lead o specalitions that radiation in.

duced lethal mutations in germ cells of the ovary
or, fess likely, o spenn cedls.® Fhe proesence of
chromoae aberrations in peripheral blood lyme-
phocyiesin the Mapshallese 19 years post expo-
sure, and the possible sumatic mutation in the
henwoglobin, descriled above, support speculiations
that mutations in the germ plasin occurred and
might be detected in the oflspring by more sensi-
tive tests, However, in view of the

stivedy simall
done of radiation and the suall size of the popuala-
tion, on @ pean s grounds a clear-cut demonstration
of o genetic ctlect of radiation i the childeen born
w exposed parents would seem unlikely, Never.
theless, given the nature of the circumstances, it
Lias been deemied desivable to mahe every ellornt o

colleet such datia, Since recessive combinations

* Mot sotiebal the tiiw atiages iocured i esprsed woneen
tareied to unesjmeatd e
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smay take several generations to affect the pheno-
1y pe, recognition of their radiation ctiology may
be extremely difficult, Neel et al. are at present
carrying out more sophisticated studies in the Jap-
unese, concerned with the vecurrence of variant
forms of 24 serum proteins and erythrocyte ene
zvmes. He and Dr. R.E. Ferrell Kindly consented
to examine blood samples collected in 1974 from
187 Manshallese children and parents (exposed
and unexposed). The results, summarized below,
included no significant indings indicating radia-
tion-induced mutations.

b. The Frequency of “'Rare" Protein Variants.
The blood sisples mentioned above were sub-
jeeted 1o clectrophoretic analyses for polymor-
phisins and rare variants of proteins and erythro-
cvie eneyvmes™ The findings were summarized by
Newl et al? as follows,

*Blood speciniens from a sample of 187 Mar-
shall Islanders were studied with reference to vari-
ants of 24 scrum proteins and ervihrocyte cnzyimes,
Six of the traits studied exhibited genetic polys
morphisns (adenosine deaminase, phosphogluco-
utascy, acid phosphatase, 6-phosphogluconate
dehydrogenase, haproglobin, group specific com-
ponent). There was in addition one ‘rare’ variam
tof albuminy in 4047 determinations. Fhese resulis
on rare variants have been combined with those of
athers on Micronesians, and the frequency of rare
variants in Micronesians compared with the fre-
quencies in West Furopean Caucasians, Jupanes,
and Amenndians, Fhere are many diflicalties in
such camparisons, and, although the vbserved val-
ues for the four ethinic groups ditler by a factor of

Table 22

Coene Frequenwios for Sis Genetie Polvinorphiams i the Ninhall Bbandss?

Phetoty pe

Nistenn 1 21 2 Tonal Gene frequey
Adenoninee deasiise 167 1313 (h 1o ADANY =043
Giromp specatic contigwenent 1A W 2 [t ot = s
Haprolobin® . KD “i K2 1 iy = 579
Plonplintlovoniatis ** [ B 1 1 PGMY = o2
A AR B
Acidl phospliatase ot IR 11 s Al = 074
e Phemplusucoe delandsoenae bl 21 u 1485 6-PGHDY = UMl

*Uhae H avpue was observed i §individhoals,
* ¢ Pwoesamples of the PGM phenoy e 227

andasingle phenevpe 127 were observed (PG M T = 04k,
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3, the Micronesians exhibiting the lowest fre-
queney, it is felt that no conclusions concerning
ditferences between ethuic groups can be drawn
at this time.,”

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

¢. Blood Studies for Genetically Inherited Troits
in the Marshallese.® A large bady of data has
been collected from genetie studies on the Mar-
shallese people. The results are not anly of great
anthrapological interest but also may show in tune
some possible genetic ellects of radiation exposure
in future generations. Fable 238 lists the frequency
of the various waits ested.

Blaend groupang studies show that the Maeshallese
have a relatively high B gene tlrequency, a high N
gene frequency, an extremely high R gene fre-
quency, and total absence of Kell and Dicgo fae-
ek, Theswe charactesisties ditfer from those of Puly.
nesians and suggest a relationship of the Manhall
vse people with Southeast Asians and Indonesians,
Haprogtobin studies showed a frequencey of the
Hp? gene higher than in European populations
thus far tested and consistent with that of popula.
tons living near the equatar, The distribution of
haptoglobin types showed the population 1o be
relatively homuogencous. Tramsgerins in all sera
were tvpe CCLthe common Furopean tvpe. fi-
Aninaisobutyric acid urinary levels showed the
Marshallese to be the highest ¢ ters of this acid
of any population thus ar reported. Levels in the
exposed group were about the same as in the un-
exposcd group, and no coreclation was found with
bady burden levels of radionuclides; this indicates
thaut there is probabily no correlation with radia-
ton expasure, HHemoglabun tipes were consicdered
noeemal Gl bad tvpe AL Sickling tests showed no
sickling tendency i any of the people. Glucuse-t-
plonphate delesdvigenave ol the red cells appeared o
be normal inthe Marshallese, Stadies of G phee s
tipes shawed the Manhallese 1o have 1000 Guts e
and nearly 100% G “Fhere was a complete
absence of Gm*and a bigh frequency of G Jike
(G, Seram stadies for the Ay svsiem reveat

that the Rongelupese compared with other workd

W are wradelul ta the Tullowing persms for anadvses: bl et
grougnangs - D LN Sussisan, Beth seaet Hiosganal; boapingods
s, ramsterrins, M oantivens - e B S Blumberg, lnsitale b
Canier Research, Pluladel phia: hemoglobu tvpes - e KoL,
Eugle, Jroand G Casitbo, Cosnell Usaversity Medieal Cang
and Deo S AL Baver, Jobon blopkins Honpntal: gl e
Phate delivdoogenase studies - e Baver; 18T st
S Gartder, Universey of Washinguon, and e, Blugnla

Tabde 23

Cenevically Inliwrited Trasits in Manloallee

Fregueney Coene
Trau {0} frequemy
ABO CHIE pewspley
(8] .7 R, 0768
A 0.7 | LT I 1
[ 1.1 Q. lal
Al (N
MN (310 |ru|lh')
M wa Mooy
MN el N HiNG
N s
Kell CHO pueapile) (1X1]
Dhego (310 I‘“ﬂ"‘" 0.0
RE (310 pepabe
Ry Rhy “w) Y RY 00
Klirhy +2 R? oo
KRR 39 R* 0050
Rl 03
Kb 0.6
1 l.ﬂunqluhim (17 '-nph'p
Tyius 14 380
s 202 His
Types 241 172
Types 0 & rare 1.1
A wsten (187 ll'n'll('j_
Codels. 6
New Yok Mo
Hemoglobin (171 jreple)
AN 1004)
BALB lwc]:.:tlﬂ
High excretons wLH

Australia antigen (474 ll‘llJ)ld')

populations have a high frequeney of CudeB,L anti.
seruin reactons and a low Trequeney of New Yark
antiserui reactors, The level of BALB (f-amino-
noe-buryric acid) was the highest yet repornted for
any population,

Caomsiderable caution muast be exercised ineval-
wating the resubs of these studdios on genetically
inhervited characteristics because of the sall
nuber of sunples tested. The dana do seem o in-
dicate relative homogencity of the population and
clonest kinship with people of Southeast

Asia.




These data also may be useful s a base line, should
genetic changes appear i later generations, xms
sibly refated o radiation expuosure,

IV. Thyroid Findings

A. EARLY FINDINGS

Exaninations for possible thyroid abnorisalities
werean important ot of the program from e be-
winning, At the thae of the accident it was ot
comsidered likely that the thyroid had reccived o
sutlicient dose of radioiodinge to sesult in aboor.
maldities. In revrospect this proved o be quite
wrony, since thyroid injury
been the most serions Late result of the fallout ex-
posure in the Marshallese people. A chronological
review of events leading 1o the development of
thyraoid abnormalities follows.

ind s wequetae have

Beginning several vears alter Caposure it was
noted that 3 of 19 children exposed at <10 years
of auge showed retardation of growth, » 14 Phis was
pasticularly notable in the Boys exposed at <5
vears of age (Figure 26). The cause ol this retarda-
tion was bot inmediately apparent, [t was recog-
nized that thyvroid hormone deficiency from thyroid
injury could result in such growth retardation,
However, exiuninations during this carly period did
not reveabany thyroid abnormalities, and the PBI
lkevelsin these children as well as in all Marshallese
were in the normal to high range. Phe growth re-

tardation gradually heciune move apparent, and at

W= —r—r-rr T
ln.'-’r
!
I'»n’-
- 130
10
hl.'-!'-
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: o Fxjamcd at age 1235
= emmes Comtiad gronp 1
“.11111111141141>1li
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Figure 26. Statural growth i Rongelap bovs expums}
at <5 yeurs of age, POU-1967.
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Figure 27, Growth-retarded boys expowd at age | vear
(N, 3 left, and No. 5), 6ononths after start of treatiment
atage $(1st),

Figure 24,
No Sty pical of by pothyeoid discase (14%03),

Rote dyvsgenesis of heads of humeri in subject
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Table 24

Thyroid Findings, Septembuer 1974

Subjivt No.

and wx

Eat. thyraid Age at Age kesionm
dome,* racls expumure developed Dragiumis®® (5= surgery)

Rongelap exposed (173 rads), 61 peaple (3 in stere listed weparately)
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Valde 24 1Cantinued )

Thyraid Findings, September 1974
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s pertraphy n 1974

Mas 0.3 can, It ube '73; neg. '74

Neurotibriina nevk removed (1968)

(8) Ndesunnian

Thed 1958

5% Mdennas

Ihed 1971

Notule It Jobwe

1N Ndenamg, died 1968
Died 1906

Ihed 14604

Dhied 1D

(S) Ndenomas

8 Carcinama (folliculary
(N Ndenomas

) Addenaoinas

Laobular gland

Nixlule, died 1970
Neudule

(3 Adenoma

(N Adenoma

[BIR N STTIIN

5 Ndenoma
Pimaibile scalule
Nenbube 0.0 ¢, 1t
Fiem area noxdule?
Sovall nedude, dt, bobe

Laree goiter, soft & movable, died 1973
Nadude 02 e, b, died 1978

Nowhuilar tharoid
Nodusie, Is.

Nowdale, rt.
Tworstnall nodules, e
Mo 3 em. .

*don hisden gasinni dome, Method o Calenbation™ ia deseribesd in Section 1 of 1hia et
< Uanchuckes addenstnatous lesions tsithens distinet capmules ) and Hiethle cebl adenomas,

* Fhis case was oot included inthe statisties becasise, sf i had Ieen pomsible tdo more autapeies, sther thyroid tumon
skt ave boven founid o bad evgamed and unesposed peopie,

P Only subjects with thvroid besions are e here,
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8 vears post exposure it was noted that two boys
were particularly stunted in growth (Figure
270800 Phey had been exposed at one year of age
and gradually developed atrophy of the thyroid
gland and signs of myxedema with pully fuces,
dry skin, shuggish retleses, and bony dysgenesis of
the bumerus and femur (sce Figure 28). These two
bovs (New, 3 and 3) were comiderably shorter
than their brothers (Nos. 83 and 84) who were
vounger and had been exposed maters, fn 1965, a
wutistiuctory method for serum thyrosine anaiy sis
Ly ion exchange coluwmn becanmwe available, Std-
ies by this method showed that some of the chil-

deen did indeed have low serui thyrosine leveds,
Control studies on normad Marshallese revealed
that many of them had unusaally high iodoprao-
win levels, teading wa fabse interpretation of pro-
win-bound iodine (PBLdeterminations, T became
apparcnt only then that low thyrosine (Fy) levels
in sote of the children had probably ixen masked
by high levels of iodoprotein. >33 Several children
with slight growth retardation had lowered 1y
levels. The hypothvroidisi appeared tobe from
primary thyroid damage and not secondary to
pituitary dantage, since tests for growth hormome
in several growth-retarded children were normal,
and their serum thyvroidastimulating hormone
CESHE devels were clevated.

8. DEVELOPMENT OF THYROID NOODULES

In 1063, 9 vears after exposure, a 12-year-old
girl wits lound w have an asviptosiatic nodule of

T T T

o Ruvigelap

L Nhingiee
Utink |
Casatroad

| R
.

‘.L---An-*-n;-.-u‘-wff'

L I R T O R O T O R [V I FU O RO )

Yearn atter exppanre

Figure 20 Cumulative percentages of persons with thy.
roid lesiom in exponed Rongelap, Ailingnace, and Ulirik
groups and in unexposed Rongelap conrol group since
[t b, Based on numnbess of persons i the groups in 14l
the tisne when radiation-induced] lesions were first noted.

B S R - e m e o

the thyroid gland. Developiment of thyroid abooe-
malities in other subjects continued during sulbse-
quent years M AL present (1974) 29 of 86 ex-
pnsed people of Rangelap are atlected, including
the two stunted boys who developed thyroid
atrophy without sdubiarity, One of 4 children ex-
poscdd i aters developed thyroid nodules in 1071,
Figure 29 shows that, comsidering the population
reanaining sk (peesons living in 1964, at the
time of appearanee of the thveoid aboormalities),
the trend is for continued developroent of fesions

with recent increases among the lower-exposuie
Ailingnae group. Table 21 lists the thvroid statas
ol all exposed Rongelap people and of people with
positive bdings in certain other popualiations,

The thyroid vadules were wually muhiple,
were not tender, and varicd in size from several
millimeters to several centiieters in disineter, In
sorne of the children nadular glands were asawi-
ated with low thyroxine levels and slight growih
retardation. The iwo stunted bovs (Nos, 3 and 31
showed nuarkedly reduced thyrosine levels, None
of the adults with nodularity had low thyraaine
levels prioe to surgical exploration. The growih ve-
tardation with reduced thyraxine levels appears o
be the resule of rudiation injury to the thveoid in
the children (see Section E, helow),

Fable 25 lists the incidence of benign and nia-
lignant lesions and the estimated dose of vadiation
o the thyroid ghands in the various popubations.
The highest incidence of Tesions (89570 ) las Ieen
noted amaong thuse o the heavily exposed group
who were <0 vears old at the tine of the acei-
dent. The abisence of lesions among those of corre-
sponding ages inthe less exposed Utinik group aed
the unexposed gronps s aatable, Lut 2 o 6 oex-
posed children inthe Ailingnae group have re-
cently developed lesions, Fhe incidence of thvioid
lesions aony the expracd Roagelap adales i con-
siderably lower than that among the children bat
higher than simong the Cnirik or unexposed
gromps. The Utirik group does ot apprear to have
had a higher incidence of thyroid leswons tan e
unexposed groups, but oue Utinh individaal de-
velaped cancer ol the thyroid,

C. SURGICAL EXPLORATION

In view of the possilly malignant satace of the
thyroid nodules i the exposed population, surgi-
cal explosation of the atfected thvraids, with re-
moval of nodules, was considered necessary. Thy-

[ .
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. Tabie 25

Thyroid Lesions in Marshallese, December 1974

Age at Eat. thyroid % Subjects® with No. subjects % S'ubjrcu‘ with
Group exjxmure dose® rinde thyrud lesions with surgery malignant lesions

Rungelap exposed (179 rads) <10 $10-1150 89.5(17/19) 15 5.3(1/19)

10-1ir 335810 60N | .

> 1335 EAREYREIY 3 6.1 ('1/1!3)

Al S 314 (22/64 19 4.7 (3/64)
Ailingnae expomsed (59 rinds) < 275450 333 (2°6) 114

10-14 1) 00w ]

e 145 3630/ 3

All ki 33.316/14) 4 =
D utern expuoasd 175 +2 335.3¢1/8) 1

RIpa 00U/ v

Utinik expossed (11 rads) <10 . Q.0 (0758 0 -

BT 2 18020 1 18020

>4 27 6.4 (378 3

Al wr 3.46:157) H 0.6 (1/157)
Remgelapr usresposad <10 1.6 (161 o

1018 170418 I

> 18 L8712 2

All 14.6(9/194) 3
Likiep wnexposed <10 0.0 (0/31) 0

> 4.7 (3/106) 0 -

Al 36(5/147) 0

Do frons I BT and BT plus gatina; mcan dose extrapolated from caleulations™ for adults and 3-year-olds

(we Section Fiv

" Rased an nunber of people exposed, v~ idiag thise in stero (number of cases “total number in group),
<The thyrnid is considered 10 be fully doooped by about age 18,
SO additional case of adeswmna, lound at autopsy, not included bere.

e Weighted imean dose.

t Patholigivts ditfered as 10 whether this lesion was malignant; it was scored as benign,
& Fhe more energetic, shorter-lived isotopes of isdine conteibuted less to the total thyroid dose in the Utirik people bee

canse the fal
vadd woukd b Tess in the Uik groap.

towcursed Later there, I might be sunmised also shat the biological etfectiveness of the thyroid dose per

roid surgery has been carried out on 24 of the ex-
posed Roneelap people with removal of varving
aronnts of thyroid tissue depending on the extent
of the lesions (20 were subtotal and 4 1otal thyroid-
cctomies with parathyroidectomy inadvertently in
one ol the Litter who was thought 1o have cancer
at the time of surgery). OF these cases, 3 were
lound 1o have carcinoma of the thyroid and 21 10
have benign lesions of the thyroid,

The liest case of carcinoma of the thyroid oc.
curred ina A0-vear-obd woman (29 at the time of
exposure) w the heavily exposed group, The inters
val between exposure and diagnosis was 11
vears. S92 The second and thied cases in this group
occurred P veams after exposure, ina 36-vear-old

wonian (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 wonan who had received considerably less
expasure.** Three of 196 unexposed Rongelap peo-
ple have had surgery with removal of benign ade-
nooas. Al three were wormen, Hiospital sumnuries of
casexaumitied at BN L are presented in Appendix 10.
1. Gross Appearance

Since the discovery of the tirst thyroid lesion 9
years after vadiation exposure, clinicians particu-
larly interested in the thvroid 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 sullicient size to cause very significant
enlargement or to distort the symmetry of the
gland.#? Muost of the ghinds in the exposwed Ronge-
Lip peopic with only one palpable nodule proved to
have multiple nodules. Ofien the palpated nodule
was not the lesion that ultimately prompted the
maost concern on listological 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 iodine for hyperihyroidism. The cut surfuce
of the thyroids revealed some nodules which ap-
pearsd 1o be discrete with distinct capsules (Fig-
ure 30). In some instances these discrete lesions
were very firm, pale brown or whitish, In some
there were hemorrhagic or degencerative cvsis, The
margins of some other nodules were indistincet,
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 diluse
pathologic process, not unlike the type of gland
observed in chronic iodine deficiency but in mini-
ature proportions.

Figure 30. Gruss serial sections of an irradiated Manhall-
v thyruid, showing multiple discrete adenomata devel.
oping throughout buth lobes of the thyroid, Scarring is
cvident between thewe nodules,

2. Microscopic Appearance

On microscopic examination all the thyroids of
expased Rongelap people showed varying degrees
of adenomatous change. Many of the lasions were
completely surrounded by a distines capsule and,
unlike tie remainder of the thyroid, had a distinct
histological pattern which ranged from microfid.
licular 1o feral, solid, or embryonal tvpes. Unex-
pectedly many of the adenomas were papillary
(Figure 31), but all except two of thase that were
papillary were considered benign, Most of the ine
dividuals operated on later in the sories were given
a small wracer dase of ¥ so that the functional
mature of the adenomatous arvas could be studied
for radiviodine uptake.®* Multiple autoradio-
graphs prepared [rom tissues frons the lass 13 pa-
tents have shown that esseatially all the discrete
lesions took 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 lesion, which was papillary in char-
acter, took up more radiviadine than the surround-
ing normal thyroid tissue. Although reduced radio-
dine uptake does not necessarily indicate a ma-
lignant lesion, it is commonly olserved that kasions
having a capacity 1o metastasize take up far less
radiviodine than the extranodular tissue (usually
the ratio s < %),

Mast of the thyroids have been found 10 contain
an unusual number of minute encapsulated lesions,
some of them compaosed of solid cellular masses of
cells (Figure 331, 1, and ), in contrast 1o lesions
Bund in most adenomatous goiters, which are
compused of follicular structures similar o but not
identical to normal or hyperplastic glands. On
carcful gross examination ol the glands, these mi.
nute lesions appeared as tiny whitish doty ~ 1 mm
in diameter (pinhead size). The atypicality of these
Iesions and the presence of mitoses in the eells of
some of thein give rise to speculation regarding
their ultimate malignant potential (Figure 344
and B and Figure 330). especially since several
obviously malignant lesions have been found in
this exposed population. The lesians shown are
from thyroids not harboring frankly walignant
lesions ehewhere, exeept the lesion in Figure 338,
which was found in a thyroid that also had a
highly malignant lesion in a dista part,

Of the four malignant leions found (Figure 35),
two were papillary adenocarcinomas displaving
some arcas that were less well ditferentiated, cone
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Figure 31, Two proliferative papillary adenomata that
were cunsidered benign on the basis of histological exame
ination ()49, suliject Noo 1), 1964), Other iinute ade-
nomata from the sanie subject are shown o Figure 33,1,

sisting of a solid cellular pattern, Both lesions were
accompanicd by metastases in the cervical region,
Lo one (Figure 32.4) the cervical metastases were
extensive although the primary lesion was rela-
tively small, A total thyroidectomy and unilateral
radical cervical lvinph-nade and upper anterior
and posterior mediastinal dissection were pers
furined in this case, and there has been no evie
dence of recurrence in 3 years, The second case

as abso treated by total thyroidectomy and
regional lvmph-ade dissection, Only a single
Ivimph sde adjacent 10 the thyvraid contained
metastatic tumor although inviasion o contiguous
blookd vessels was noted. This subject has remained
free of recurrent discase for 10 years.

‘The third malignant lesion () 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
notaccampanicd by positive lvinph nodes, A wotal
thvroidectomy with regional lymph-node dissee-
tion was done. The regional lvimph sodes did not
contain metastases. Phere has been no evidence of
recurrene in d vears. The above 3 patients with
carcinoma were from Rongelap, where the expos
sure 10 Gllout was greatest.

The fourth carcinoma (1) was a relatively un-
ditleremtiated adenocarcinoma = 2.0 emin diame

cter. In many arcas it was solid cellular in charac- . .
er. The pleonwrphic cells had breeched the cap- ) ' '

sule i many places. The tumor was obsesved in -
vascular spaces but not in lymph nodes, and no :
distant metastasas could be identificd. The patient Figure 320 40 A histologic preparation of i loton that i
had presumably received minimal radiation expo- Aeveloped in anircadiated Machallese thyroid ( X H).

sure on Uik, an outhving slaud quite renwse B Mutoradiograph, showing ares of significant B4 up-
take to bean the “normal™ extranodular tissue, i bath
upper corners of the section, and po aptake in the neo-
plasim (ditfuse stippling s background). This loion was i
nos cossidered malignant, (Same subjeet as Figure 3.

4 P RS o 7o e (ol o A



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




- dE

T

from the areas of the more heavily exposed groups.
Three vther subjects from this island with the same
expasure have had surgical excision of nodules
which proved 10 be benign adenomas,

A ilth lesion that was papillary (the size ol a
match head) was found in a subject from an island
where the expusure was interinediate (Ailingnae);
several other individuals exposed there have de-
veloped benign lesions after a latent period some-
what longer than fur those exposed on Rongelap,
Alter review of this papillary lesion by cleven pas
thalogists,® apinion is divided as 10 whether it
shioukd be considered malignant (Figure 34.4); we
have recorded it in our statistics as benign in view
of the majority opinion.

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

Do S Wagren, W Meimoer, and MO Loy, New England
Deaconess Hoanpital: ] Reid, Cleveland Metropolaan Gen-
eral Blongisal; T Winship (deceased); LB, Woolner, Muavo
Clinic; LV, Ackerman, SUNY at Siony Brook; K.V, Rusvoll,
Euunv Univenity; and 8. Robbing, A. Vickery, and B. Castles
man, Mawachusetts General Dhanpital.
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Figure 34, Examples of very minute neoplasms, only a few mm in diameter and complescly en.
camulated but composed of colls whose pattern suggests that if she kesions were larger they night
displiay features prompting a suspiion of malignancy. bn both examplos shown (4, X 162, sub-
Jout Nocth, 1972 8, 91, Na. 3a, 1968 evideme of blood vessel or Ivimphatic invasion is kacke
ing, and the capmule, which was very thin, was ot breechied. The entire kesion of 4 is shown in
Figure 340, where it size can be compared with that of surrounding nosnal follickes. Boh these
examples are flony thyraids that bad no frankly saligiant lesans chewbere in them,

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-
maoval of the primary lesion. It seems that a nco-
plasm must reach some significant size belore it
can uncquivocally satisfy the criteria for a diag-
nosix of mmalignancy even though simaller lesions
may have ccliular characteristics that suggest
malignant capabiiities. In clinical practice many
lesions are of suflicient size that the criteria for
malignancy are readily fulfilled. Among the Mar-
shalloe patients mont 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 atvp-
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 ircatment of
Manhallese lesions,
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1967). C: Infiltrating fllicular adenocarcinoma with kbown mclastaves ( X 26,

carcitosna with many cervical lymph nodes cantaining metastascs (X 80
D Relatively undificrentiated follicular adenocarcinoma (X

& Papillary adenocarcinoma with a single lymph node containi

Figure 3
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D. HORMONE TREATMENT

L 1963, the seriousness of the developient of
thyeaid lesions in the Rongelap people was recoy-
nized, and a panel of experts was called wgether
o review the lindings and make recommendations
rewarding the possibility ol initiating preventive
2 e concensus wans that the ore

heavily exposed Rongelap group should be placed
o aepls
USEE secretions by the pituiaey ghand, Beowas

nent thyvroxine for e in order 1o block

haped that pallifving the stimubianmg activity of
this hotmone oo the thvroid waonld inhihit devel-
aprncnt of benign and msdigoant nodales, and
thar growth and developient in the bonmane-
deticient childeen woald be improved. The possie
Lility ol development of pituitary tumors, wlich
Bas been nated i bypothivroid aoimals®® and hu.
man bheings M anight be prevented. Ethical con-
siderations ruled out randomsized incal trials of
therap,

Syuthetic tathyraxine (Svathroid, Flinge Druy
Cio ) which mighe bhe more stable than dessicated
hvroid under wropical conditinns, wis recome
mended at s dose of 0.3 g, day tor prople <30
sears ol age and 0.2 g day for thse 00, Trea-
ment was supervised by the health aide, but digli.
culties in maintaining a strictly regolar reatment

Sulyject
brother (Nou 3831 i V03, Kight: Same twa bows in 197 4
altee No O had been given thyrowd hornsme for 8 vears.

Figure 37, Same comparison as in Figure ¥,
for subject No. 3 and his younger brother (No. #3)

regimen soon became apparent. Inan effoet to
overcame this problem it was found that giving
the entire weekly dose at one time was etlective
and safe,and resulied in matntenance of normal
levels of thyroxine ¥ Even on this simplified reat-
went schedule a few of the people. including somme
whe had undergone thyveaideatomy, showed low
thyroxine levels indicating that they were not con-
astently aking the medication, CFhis was one of
the reasons {or establishing the post of resident
phivsician in the Isfands in 1972 100 monitor the
treatment prowram as well as otles healith care.)
Fog 1 people on this regismen who developed above-
nurmal Uy levels, associated with complaings of
nervousness and padpitation, the dose was reduced.
Lu view of the recent appearance of thyroid nod-
ules sumong the Ailingnae group and in a subject
exposed s uters all persons exposed on the atoll
are now included inthe reatiment program.

The hormone therapy has unquestionably en-
hanced wrowth and development in the growihe.
retarded Ronwelap children (Figures 21, 36, and
A7 show the improvement in the two most stunied
bovs) However, the benetit of such trestment re-
garding development of nadularities in the thyroid
s uncertain, OF the children expased at age <10
years in the more highly exposed Rongelap group,
only two have not developed Tesions. The Jess ex-
posed Adlingnae group, in which development of
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thyroid lsions is wore recent. has not been on
treatment long enough lor evaluation. The outors
cane was not placed on thyvroxine treatment anil
after nodules had heen detected. Therowd Lesions
developed inseveral persons whi were prosaan-
ablv taking thelr thvroud medicaton regularis
and who appearcd to be cuthyveond with nor el
thyroxing fevels: on the other Tande thyrond aud-
ules disappeared in two cases (Noso 53 and
durimg thyrosine treatnent cin the inter case, they
recureed and were surgically removed).

1. Follow-up

Carctal follow-up stadies vn the subjects wha
had cancer, including whole-body scans at Tripler
Army Medical Center, have shawn no signs of ve-
currence, No clear-cut evidence has beea seen of
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 assaci-
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-
K ol strict
compliance with the thyeoid geatinent program

roicism tollowing thyroidectomy, The L

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\
BN L thveod funcion studies were done ta D L Sikane 1B
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
hotmpunoassay wcchigques Lo measur.
* Stk

s of serumiodoproteins, which had resulted vn

use ol 1
ing U Uy cernodothivronine e TISEL

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)
before and atter TSH stimabition: determnation
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-
rounding tissues was studied by antoradiographi
Oune 8- vear-old man (Na 4y brietly developed
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
surgery (Nos. 2,020, 33, and 630 and 1o g greaer
degree in the two bovs who develaped iyvsedema

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 +Aap)

9 Unexponed adubts, 1145 08 (0.17-1.99 0.79(0.23-1.47) 0.49 (0.26-0.77)

12 Exposed adules, 1963 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 is the fraction of isdide oustside the thvroid excreted inthe urine per day,
*o Mg is the fraction of idide outside the iy rond that entens the thyroid per day, Means andranges given.

Talile 27

Resmalis of Follow-Up Evaluation of Floaa Thveoxine and TS in Manshatlese With Koown Thyroid Lesions
(Nosormad values: Ty by REN 5010 102 g dlESHL, <o 3 pU7md; abaoemal valussare given in boldface)

1972 1973 1974
TBG-binding
Subject No. Age at T, TSH, Ty TSH, Ty TSI, capacity,
and wx oxpuaure Diagrine p o pU/ml o pg/dl pUsmb o opgrdl Ul wy Ty di
Raougelap exposd
3\ ] Musedena 6.7 <25 89 = 2.7
M | " 23 79 0 376 3.6 1.7
RN d 1 Adenoni 3.7 6.8 74 - .l
YN ! " [P 8.2 - - -
w ¥ 1 " - - 18 >t 1.7
2\ 2 " 1HY <25 153 - ~ -
17 ¥ [ " 24.2 2.0 13.1 - 138 <10 20.4
1\ 4 " [RR] 34 3.6 32 6% <10
aFr 3 " 126 <25 1y - 128 i1 26.2
2F 3 " I8 <25 10.1 - 174 <10
24\ 4 " 28 #l 5.1 62 .8 6.3
(AN 4 " w9y <225 6.0 - 111
2F [ Carcitnnma <iH 60 [1] HY <04
12 F 7 Adenontas .7 4.2 11.3 - 98 <10
20\ 7 “ 7.0 2.7 159 - 89 <10
KT\ ] 7 " 100 <25 3 39 .3
6l F i " 12.4 6.4 4.1 - 146 8
F 12 " - - 227 - 23 3.6
Wwr K] Carcinonu 0+ 110 178 - FAT B 1]
[TVBY] 2 Adenomas 72 <25 7.8 - 7.8 20
o F 30 Carcinoma 746 172 10.6 - 2.0 1.2
Ailingtie expumed
i ] Adenis 74 2.0 121 - 140 <10
MF 8 Nowdule 0.0 am 73, neg. 71 - - 4 - 94 <10
AMF 25 Adeswnmnas 7.1 2.6 6.3 - 6.9 34
4 F 32 . - - 4.6 4.9 4.6 1.7
1M 41 Nodoike befa Jolne KXH 27 4.5 <50 6.0 4.4
In wtron e xpumad
LIXINY | 2o i Addenomas - - 6.7 - 6.2 7.0
Utirik expused
208 F 35 Adenonnas - - 5.1 <50 0 <10
2028 35 " 10.1 3.1 5.0 <25 4.4 9.3
IMF 20 Carcinona (follicular) 25 11} 59 - 535 14
w22F M Adenoma - - 49 <50 346
T S S SA o e .
\ K
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with marked growth retardation (Nos, 3 and 5).
T, levels before surgery were lower in subjects ex.
posed i childhaad than in unesposed controls,
Subjects exposecd as adults who developed cither
benign or malignant thyroid lesions did not show
notable impairment of thyroid function, The
seram dodine levels of exposed and unexposed
people for the past 13 years are given in Appendix 8.

Lo 1963, the rates of urine and thyraoid accuniue-
Lation of ¥ were measured over a 4-hir peried in

21 Rongelap subjects, of whom 9 were unexponed
and 12 were exposed as adubis ! The da are
summarized in Table 26, Compared with Nonth
American normal values obtained in 196588
(urine, Aoy =2: thyroid, Nap 3 1 thyroid fraction
=0.33), both the exposed and unexposed Mar-

shallese showed slow urine and thyroid ranster
rates of extrathyroid iodide but a high thyroid frac-
tion. Sumilar studies done in 1972 on 12 Ronge-
Lapese without detectable thyroid abaormalitices,

Table 28

Thy raid Status of Exposed Rongelap Subjects Without Revognized Ty roid Lesions, 1971

Plasina Uy, g i

Subject N Aue

Thus-
1"l ESEL

and wex (T h {'re PSS

20 hr et TS

bishine capaciiy,

fovrenwenm® al ol pe 1yl

M a HY
6\ 2l (%)
Y 0
9\ +2
10 M i
12y 34
16 M o
nr 33
JiF 6
RNBY 34
37 M W
3y 33
41Af 6
¥ i
S5tF 15
oh ¥ 3
63 M (1]
w0F 35
73M 34

31

537

o

28

70

i)

My

PR

U

45

47
27 M 3
[RIRY] 2
M B
s M
6 F £
ar [t
IAY Eq]
17 M sl

Mean = 8.1).

(1AL in
13 34
0.6 21

285=1.2

*Normal in 13 Pitsbureh subjecis: 4.7 2 1.0 pg/d1L» ** Measured in pre-TSEH samples. Nowosal s <05 gU b,
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who had been exposed atage 1010 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 Amere
icans (attributed w increased dictary iodine in.
tike) ™ Phe main purpose of the Later study, howe
ever, was 1o see whether the exposed individuals
i the intermediate age group might be develop-
iy thivreid failure despite the absence of thyroid
nodules; it resubs indicated no evidence for this,
(However, as discused below, some exposed Ron-
eelap people without thyroid abnoralities are
now showing evidenee of redaced function on the
Lasis o response o IS stimulation.)

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

had thvroud surgery, The sesults on subjects with

known thyroid lesions are presented in Fable 27
OF the 32 subjects tested, 17 o 33°7 had at least
ane ST evel above the upper imits of normal
{these are in bold b

i Table 270 These findings
indicare than the residual thyroid tissue is inade-
quate tosustain cuthyioidisim in these cases and
abo retlect inadequate adherence to the pre.
wribed 1y replacement reginen, Inadequate 1y
replacement is apparenty a chironic problem for
certain paticnts {Nos, 3028, 88,65, and 72). Bl

vations of phisoia TSH have heen abserved abso
i a nuisher of exposed people without known
thyvroid lesions (the TS concentration wias > 10
U, mbondy anosubjects Noc Sand 74 - sec Table
28 and Appendis i, Presamably these subjects,
avowellas several others sith plasia TS H cone
centration 2o but <10l il (Naos, 4, 16, 31,
17,68, and 78, are not receiving the Ty therapy
an regularly as had been hoped. To the Rongelap
control group plasma Py concenteations were dee.
tevtnined in 1t subjects, T those with 1y <0 g/
6" of thome tested ) PSTE was determined; no
vlevated levels were found (data not shown), Ouly
Lot o Utinik subjects tested has had an elevated
serun PN level (Na, 22820,

These novmal tindings in the unexposed and
Utirik groups sugeest that in the iradiated Roa.
gebap group there is impaired thyroid funciion
withowt palpable lesions which could beeame
sviptomatic i the hatare, Phe west results prob-
ably lead o underestimation of the true incidence
of impaired thyroid funcion, sinee presumably
nany of the patients are taking the medication as
directed. Teshould be nated that i is the pensanal

P
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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 peaple without apparent thy-
roid lesions was further tested with exogenous TS1H
in 1974, as deseribed below,

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

I preparation fur “TSH resting of reserve thy-
roid function, prophylactic Ty medication was dis-
continucd for 2 months 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 T, and the finst set
also for ‘TSEL ‘Fhe results, and thyroxine-binding
globulin-hinding capacities (PRG-hinding capaci-
ties ) insomie Cases, are given in Pable 28, The mean
increment in plasta Fy following FSH was 2
1.2 pg bl omean = 8.0, The mean Ty prior o
IS injection was 6.6 = 1.7 gy dl Similar tests™
on 134 subjects at the University of Pitsbargh
showed a mean inerement in plasma 'y of 4.7 =

1L g dband acbaseline plasma Ty of 7.3 pe dl
which is notsigniticantly ditferent from that of the
exposed Rongelap group being tested, Thus, the
Ty response 10 FSH s significantly less (p<<0.001)
in this group of 26 exposed Rongelap subjects than
in the group of T3 subjects from the United

Mo,

lecause of the possibidity that the smaller mere-
ment in plasaa 'F 21 hr after TS in the exposed
subjects was due to factors other than decercased
thvroidal roserve, H stimulation tests were
done on 10 cuthvroid unexposed Roungelap and
Utirik people during a subsequent survey, Fhe
mean initial plasia Ty dn this group was 6.0 L7
- dband the mean inerement 23 hr after I'SH
wjection was 3.2= 1,3 py dl signiticantly greater
{ <001 than in the exposed subjects,
These results and the tinding of clevated plasma
TS evels suguest that these is underlving, clini-
cally inapparent, thyroid damage in the exposed
Raongelap population. While it is conceivable that
the Ty replaceient prograun may have led o de-
creased thyroid reseeve, the test resulis indicate a
need lor cantinued cloae follow-up of the exposed
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e

population. The findings also support the progriam
of thyroxine replacement in the exposed Rongelap
population to prevent both clinical hypothyroid.
s and the associated rise in plasma TSEH, which
may be tumorigenic,

4. Thyrold Fuaction in the Utirik ond
Unexposed Rongelap Groups

During the 1973 survey, Ty and ‘I'SH concen-
trations were measured in plasma from 19 ugiex-
posed Rongelap and 97 exposed Utisik subjects
(e Table 29) The mcan Ty in the unexposed
Rongelap wroup, 7.7 pyg. dl was the sime as in
the United States, and, as in the United States,
the plasta Ty concentrations were skewed o the
upper range. by the Udnik group, the mean 1y

Table 29

Plasima Thyrovine Concentrations (Mean = N30
in Utirik and Unexposed Rongelap Populations,
March 197}

Subjects Subjecta
Plasia 1y, with value with value
Group pyg i <H0 >118
1A Runyelap
unexpuosed izt [ (1]
o7 Udirik
exprmad w = ne griee It

*Signilicantly ditferent, p<Z0.001
06" hadd valies < 3.8,

Talide 30

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

T binding

TBG I RIA Capacity
Girnup " g dl ] TRl
Raongelap
Eoxjumed 12 IR YEEIATY] e 210 60
Uniexpuned 1 Lho=t 22 Hoond=ng
Al wera 25 KR RATR] 25 280 =115
Awera® 22 L= 2 = 62
LUtirik
M wra 22 fA=0.82 R 9= 38
Mwra® n L =0 27 e i

COminting wea swith TG > 3 or THG-hinding capacity
>,
Statistical comparismns revealed no signibcam differ-
eone (000 between any of e grongs.

was significantly lower (6.0 % 1.8 jog “dl). The free
queny distribution caleulations (see Table 2% and
Figure 3 indicate that a substantial portion of
the Utirik population has plasmia Ty concentra.
tion <5 pe/dl. Mewsurements of plasma ti-
ddothyronine (not shown) showed similar reduaee
tions in those paticats with low T, values, Plasina

" T T T T T
o---8 Lk
e Riuwelap
Mach 1478
"= -
H
3
3
i
H
Nk —
1
H
-
) = —
w4l 1 1 [
2 i T [T [

Plasinag thasosuwe (ig 140l

Figure 19, Percentages of people in Utisik o in Rooge
laprunesposed gronpm Baving given thyrosine levels, 19474,

Thea KLy TG Capum v
R haams
Bl G )
| \ i
Hie ;/ )
i ‘\ Rougelap .

Figure 0. Phvaocioe-hinding glodsdin levels
i serusn and FRG-banding o apuu iy, 1973,
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bound per mole TBG, the expected ratio is 777000
Ag/57000 mg = 13.6. The results of these analyses
arc summarized in Table 30 and Figure 40, There
was o significant dilference in TBG berween the
Rongelap and Utirik groups or between the ex-
posed and unexposed Rongelap groups. Eight sub-
Jeets had high TG levels, These were all feinakes,
and five were kuown to be pregnant, a condition
that can clevate the serum TBG,

The results of these analyses provide ne expla-
nation for the ditference in serum Ty concentra-
tious between the farger groups of Rongelap and
Utirik subjects; however, these results are based
on highly sclected sampling and theselore are not
representative of the ishud groups as a whole, Ex-
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
TBG levels in greater detail, the dialvzable frac-
tions of Iy (DFT) were determined in a number
of plasma samples with low, noral, or elevated
TBG-binding capacitics. The resulis are presented
in Table 31, In subjects with fow THG, the mean
DEF, was greater than in subjects with normal or
clevated TBG. The absolute free 1y was not dil-
ferent in the three groups, which indicared that
the abnormal Ty levels among these subjects re-
tleet alerations in plsiia hormaone binding ruther
than in thyroxine production rates. Sinee virtaally
atl the subjects with fow plasina I’y concentrations
in the larger Utirik and Rongelap groups had nos-
al plasima ‘TSH, we would expect a more syste-
matic study of TBG levels by RIA 10 show a

e

7ol
TRy

higher frequency of low TRG levels in the Uiirik
group. Such a study s currently i 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 % Sub.
sequent studies shiowed that this elevation could be
auributed w an increase in the iodoprotein frac-
tion and indicaed thag this was responsible for in-

correet evaluation of thyruid function during the
carly vears of the surveys, This unusuai linding
prompied us todetermine serun iodoprotens wevels
in several ather Pacitic Blands groups (soe”
42). b

able

cept for a group of Americans living on
lein Aol these groups also exhibised high
serum levels of iodaprotein, The Maui group was
comprised of persons of almost pure Hawaiian an.
cestry, some of whom ate seaweed in large quan-
tity, but the jodoprowin level did not correlate
with this dictary intake, In the Rongelap popula.
tion, it is of interest that the indaprotein level re-
aned high in owo athyreotic bovs: after subtotal
thyroidectamy; and during thyroid suppression by
thyroxine administration.? Uhis strongly implies

an extrathyroidal (endogenous) or a dictary (exoy-
enous) source for the iodaprotein, “The cause of
the clevation, however, s not been ascertained,
One possibility is that it is produced in poly-
orphonuclear leukoeytes. FPhose cells are known
10 oeganify iadine during phiagocytosis”? Aliusagh
the Marshallese do not have unusually high lew-
kocyie counts, they do have a mild cosinophilia

Table 32

Serum dodoprascin Levels (pg 7 ) in Pacific Bkaxd Populations and in Muericin

Group Nowin group Foral d Tl lodoprocin
Rongelap exposd
Nathvruid nodudes 1 T2 Lo=lo
Thyvroid atrophy 2 28204
Thyrokd nodules, pre-op 7 Bzt
After partial thyroadectomy @ 2a=td
After total thyrsidocinny R} Ghil=11
Ailingnae 4 Tu=1.2
Utirik 5 thr=uy RXIAIR)
Kaongelap unexprsad 21 B7x24 1L0=1.0
Kapingarangi 28 N R K] t 26
Pingalap 27 Bix20 RX A TR]
Hana (Maui) 14 HI=13 IR N1
Ameeicans: Kwajalein 12 6613 BU=1
LS. Y [ g I L1z05

L 8
d - AN NI s, DO SN

¢ maen st e e e e
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. Figure 42. Effect of TSH administeation on thyroglobulin '
‘ levels, 1973, o, Persons with thyroid lesions (Rongelap

LUV VR S plus Ltirik); 8, without lesions (Rongelap).
ny. il

Figure 43, Percentages of peopls in various groups having

h . wen levels of thvroglohalin (by RIA), 1973, R .
: , R ¥ erei el Hiyiogten ’ of cach group, including the U.S. normal group,
; P . had TG values > 30 ng/ml, but the significance of
3 and a high incidence of parasitic infections. A pre- this is uncertain, Of 24 su! “e. *» with clevated serum
3 liminary examination ol North Americans with ioduprotein, only 1 had .coum TG >30 ng/dl.
' abnormal leukocvie counts, hawever, did not show - A striking finding (Figure 41) was that in the
a correlation between lcuknc,\‘ln.su au(:l IUflupro- Rongelap plus Utirik group with thyroid lesions
tein lc\'cl.. F urlhcr'slm.h-::\"«.mlllus are l'tTdIlc.:llL‘d. (36 people) almost 50% of the lcvcl:- were <3
Fhe chemieal naure of this iodoprotein is also une ng/ml, a much higher percentage than in the other

Known. By analogy with findings in various thy- groups. Most of these people had had prior thy.
mid diseas the iodaprotein s likely 1o be come roid surgery or were athyreotic, and it is presumed
prised mainly ol iodoalbumin arising from the that they h;ld i"’umcic“l thvreid tissue for normal
odination of serum proteins, TG pm"‘luclitm. Furthermore, T, suppression ther-
, ; It is now recognized, however, that thyroglob. apy may have contributed 1o the low TG levels in
ulin (F'G) is a minor component of normal plasina, the Rnn'gclap people.
Atareported concentration of 3.1 2049 (8.E.\M.) TG was also measured before and afier TSH
_- ng/m! (range <1.6 10 20.7) in normal North irjuction in 10 Rongelap plus Utirik subjects with
¥ . Anmericans,* and assuming an iodine content of thvroid lesions and in 20 Rongelapese with none
] 0.5, this would be equivalent to an jiodoprotein (Figure 42). In every case TSI resulied in a rise R
: _ todine level of 2.6220.25 ng/dl Although it seems i TG level, and there was no apparent difference }

unlikely, a priori, that circulating thyroglobulin in between lh(; two groups. -
the Marshallese could be elevated enough to give The unusually high level of iodoprotein in the 3
; an iodoprotein level of 3 1o 4 g/l e >500 pg Manhallese lx-n;'ﬂc is intriguing, and further stud-
; - TG/, the possibility was investigated by radioim- ies are in progress, with 129 used as the tracer, in

; munoissey measurements (M. lzes, Jo Baciasu, an attempt © i(lcl;til'\' the protein.®

axn ) Rowsss, unpublished observations, 1974; ’

see Figure 1), The assay could detect TG levels
. >3 ng/ml; levels > H) ngsmlwere not quantitated,
g fa the Rongelap and Utink groups without thy-
P roid lexions (47 ard 235 subjects respectively), p80%
ol the values were within the U.S. range, and no
correlition was seen between elevated serum iodos
provein and abnormal TG levels, A few members * Nin 1F. Straub, BNL, is dbing the chericat analyses.

G. CORRELATION OF THYROID ABNORMALITIES
WITH RADIATION EXPOSURE

2o
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Statistics on the incidence of thyroid abnomnal-
itics in people living on the Marshall Islands are
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not very reliable. From our surveys of the unes.
posed people of Rongelap and Likiep (a nearby
atoll not exposed 1o fatloun), the tncidence appears
10 be abaut 570 mosthy prosentin older

¢ groups
seen it few

esee Figure 29 and Table 25), We have
cases of hvperthveoidism and myxedema at the
ilable.

NMajure Haspital, hut o statistios are

Two cases of thvroid cancer are veported from
hospital admissions for o I0-vear period (1952,
192) for the Manshall Blands, the population
varving between 15,000 aad 20,000 during that

rust ‘Ferri-
tory medical personnel 1o be about hall the actual

prriodd, This has beew estimated by

number of vases (theretfore 8 cases per 2004000
people per 20 vears wis used lor statistical come-
patrisons ).

Data on iodine antake and excretion in the
Marshallese fabulated below and presented in
detail in Appendix 9) indicate that odine-deti-
cieney goiter would ot be expected i this
population.

Sample Lodine, ave i dav cranges
28 Usines (10 Wi D 19- 27t
19 Unines (9704 127425200
7 hiets 19T He TR 152

The wrinary iodine excretion is someswhat lower
than the US. mean of 190 g day (18-483) in
11 On the basis of the few dicts analvzed, the
daily jodine intake seems to be within the recom-
mended range of 30 10 75 pa® These iodiae levels
are somewhat lower than would be expected inan
oceanic population but are imuch higher than seen
inare Fhe Manhallese diet
contains ho know gaitrogens, and diffuse goiters

s of endemic goiter

(typical of endemie goiter) have not been observed.

The high incidence of both benign and malig-
nant thyroid nodules in the exposed Rongelap
prople appears to be clearly related to vadiation
exposure with a large component due 1o radio-
iodine in the tallout. Numerous studies onanimals
tave shown that thyroid neonlasiac follows expo-

sute both o x-irradiation and to radiolodina!
Such tumors imay be behign or malignant and ap-
pear o be dose-dependent 1o some degree. The
incidence of thyroid tumors is increased in Jap-
anese atom bomb survivors 0 (Figare 43),
There is a considerable amount of data showing
that children who were given radiation w the head

and neck region for teeatment of thyaic hvper-

M Kisdes and DF

Cbe wabine analvsus were done I

Faabin oo BN
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Thdhme

nee of disases o the thyraud, Gifth ex-

Figwre B3 Proev.
annmtion oy cle, b radiation dose sl sty for feniles
e Ut 1 e of beanio, cFrons Belshy g al 19,

trophy, acne, and fungus o the scalp have anin-
creised incidence of both heantgn and malignan
S A2 Repons of
tumorigenic etfects of rudioiadine inman are more
limited. Sheline et al i their follow-up study
of 250 paticns reated for hyperthyvroidism, re-

thyroid lesions in fater ves

ported 8 having nodular goiter. of whon 6 had
been i

wWiated at age <20 and 3o age <10,
Maore recentty a number of cancers of the thyvroid
have been reported in patients previously treated
with radioiodine for hyperthyroidism 31114 The

number of such cases reported is, however, lower
than might be expected an the basis of the wide-
spread use ol B perhaps because the cells are
inore likely w undergo tevhal damage 117

In the more heavily exposed Rongelap group
the adult thyvroids received a dose (330 rads) about
twice that to the whole hody and those of smaldl
children (700w TH0O rads) about 8 times that to
the whole bodyv, Onthie basis of the incidence of

henign nodudes incthe unesposed Marshall flands
populitions examined. abaut 3 10 4 cases wonld e
expected during the 20 vears i the Rongelap ex.
posed group, whereas 21 occurred. Inothe Cank
group about o weald be expected, and 6 ocearred.
Rewarding cancer of the thyroid, on the basis off
Maasbhall Islands statisticos.abont G033 cases would
be expected in the Rongelap gronp over the 20-
vear period, whereas 3 occurred. bn the Utink
population about G.U6 cases waukd be expected,
sud T occurred: in view of the low dose of radiae-
tion itis unbikely that this case is radiation induced.

Tables 33 and i show the incidence and the
rsk per rad an e Mashallese campared with
it in ather populations lor bath benign and ma-
iignant thyroid neoplasins. Data on benign thy-
roid nodularity are scarce, but the incidenee in
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NManbillese clildren appears similar, o risk per
vad basis, 1o that in the seraved childeen studied
by T lempelmann 19530 Risk for thyroid cuawerin
the Rongelap people is alse similar to that re-

ported for other poapulations.

T he datacin Table 25 indicate that at the dose

levels involved there is a corvelation betseen -

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

Table £

Percent ncidence of Thyroud Sasions (20 Vears Obwervation

Age at expunurne

D [T RN PRELIRN

Groap Benign Canger Benien Cancer
Rongelap Hi 2 9.4 1.1 IR}
Nilinenae $h 0o 334 (XN}
Rongelap & Ailingnae Tt 10 178 A0
Uik o i o 10
Neraved chitdren (17 ve e M0 [N
Neraved children, s dome 017 vrptve (XU w14
Marshallese contrndsy 1o 18X 105 all agen) N 1.HX 0= (all agesr
Waorldwide av o 20 X0 Gl agesy 23107 tall ages)
Ulatited Statesde? 0o 17 Wwi-le

Table 41

Risk® of Radiation-Induced Fhvroid Lesions (Cases per B iansyeans per tads

Ade at exprmine

< Wvr > 1tyr

Groap (veans followeup Phme range. rads (bpey Benign Caneer Dose range, racs Benign Cancer
Knnuvl.lp (Ah T10-150 (1 41 Q6 RYAll 105 7.0
Ailingnae (20 280~ IDO(IA (RN 1] PAS -1 1311 0
Rongelap & Ailingnae (200 2RI (1B 121 2.4 w27 2 6.4
Utirik 4200 [ETRRTNE Vi A 1] 0 Rl 5O2 18
Ruchester (1707 A v o sy (Xt
At Nrbor (17007 25 (n sy X 2

Beach & Dalphin ¢20)1 (N PV 1.7

UNSCEAR (1712 1O 300 (8 1as) 05-15
ARCC 20y 2001000 1y n)y 12380l

ABCC (2o o . my 0.2 al

*Risk is caleubated tram the equaation
. No ol vaswes x (9
Risk = ~-2t20 x

dose XOvearsarrisk

o, alienetively,

Na.ofcieses x 19

ol subjects X nean dose XCmean Nocof vears at risk

RBoh equations give alimost identical resalts for the Manhallese becanse of the uniformity of the dita. No correction
has been made for expected number of cases becianse the expectation among unesposed subjects is too kow o atlect the

resudis (see Tabie §
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partly related to the smaller contribution ta the
dose from short-lived isotopes of jodine. Nevertie
lexs the Ann Arbor chitdren in Hempeliann's
studyvi®* had an increased incidence of thyroid e
mors following a mican dose of only 30 rads to 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 6.3 rads w0 the thyraid
gland during x-rav treatment of the scalp for fun-
wus infection. Modan et al, state that “one would
strongly suspect aminm-epidemic of thyvroid ade-
nama”™ in the group studied. In considering the
risk data of Hempehnann's and Modan’s groups,
the large element of Jewish people (who have in-
creased susceptibility 1o thyroid tumors) should
be kept ta mind. Also. Hempelmann's were ieradi-
ated as inlants and theretore represent only i naee-
rOW e range.

1. Latent Period

In Figure 45 the development of thyroid abuor-
malities is ploted according o radiation dime and
tine alier exposure: the Litent periad appears o
be longer with Jower domes. Figures 46 and 47 show
the relationship between dise and age at devel-
opment of thyroid lesions, These dita indicate that
the radiation-induced lesions occur at carlier ages
in the exposed Rongelap people than in the Chirik
or nnexposed wroups, In the latter groups idnost
all the thyroid nodulartties develop in the older
people. Recent data of Hempelmann eval. ' ine
dicate that the Laent period mav be > 30 vean for

Thvreud chose trads
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Figure 43 Time of appearance of thyroid |
Manshallese, FExpuncd ab age 1k

enien: L madig-

nant. Exposed at age ™ 1 @, beaign: &, malivnant,

development of radiation-induced thyraid tumors.
Thyroid cancer has been reported as long as 40
vears after radiation exposure. 134

Caorrelation with sex showed that slightly more
expased Rongelap females (18 of 45) developed
thyroid lesions than did males (1T o 1), Al three
cases of cancer of the thyroid were in females,

The thyroid gland is generally thought to be
more sensitive o radiation during childhood. s
Pochin ' estimates a percent incidence per 141
rads of 0.5 1o 1.0 for adults and 1.3 for children.
Certainly the fargest number of benign lesions ane
curred in the Manshallese children, "Fhis s prab-
ably due mainty ta the sialler size of the thyraid
elands resulting in Linger doses per gram of gland.
Daoniach# theorizes that thyroid tumors are pro-
duced by an initiating Gictor (radiation) plus
proweting tactor CESEHY which increases mitosis
and enhances the expression of a possible malig-
nant clope. In addition, in chikleen the growth
tactor imay e important sinee at naturity the thy-

much as at hirth.
These tactors would increase the chanees for ma-

mind weighs abaout 20 tmes

lynant transformation. The lower tncidence off
cancer of the thyveoid in children than i aduals
way be velated we the ack ol dose dependence of
the carcinouenic eflect of radiation at high doses.
Seve  tivestigators have shoswn that high doses
ol rachantion (hoth s vavs and radiowodine) are as-
MR with a lower incidence of thyveoid malig-
nancy han lower doses, pasibly because the high
doses produce enough cell destruction o prechicde
malignant wansformation Meteeasne This

mav be the case with Marshallese childven, b has
been noted that following treatiment of hyperthy-
roidisim with Large doses of radioiodine, although
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Pidue o

hy pothyroidisin develops, the cases of thyroid can-
cerare fewer than exprected 1012108

TR The devel-

opment, in the two stunted Marshallese bovs, of

thyruid atrophy with by pothyroidisi but without
the development of tumars is in dine with this rea-
soning. Ollsetting, sunew hat, the greater inaidence
althyroid cancer inchildrenis the inding thagelil-
dren survive longer than alder people, even with
the well diferentiated types i

The possible clfees o) the stress of pubcernty in
the developient ol thiyiaid desions have been pre-
viously noted.

The stress ol frequent pregnane

cies, which had aceuried betore the development
ol nuthignant lesions in the three Rongelap wonien,
may bave been a tactar o development of neo-
pli

fortuitous.

Both these carrelations, however, mav be

2. Comparison of Thyroid Neoplasias From
X-Ray Rodiction and Radiociodine Irradiation

The data in Tables 3 and 31 show that the risk
per rad fur the developmcut of thyroid neoplasins
in the Nashallese was guite similar to that in
populations exposed 1o x-iradiation, The datain
Figure 44 indicate a hincar relationship between
nodularity in the Marhallese children, who re-
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Fivure 47 Reltinnship of thvroid dose to age when le-

sions develop in Marsiallese. o, Beuign: .. malignant.

ceived their dose largely from radioiodines, and
the groups recviving x-irradiation. These data are
not extensive cnough to show possible threshold
effects. Since in animal experiments M1 s only
about e to 1y as effective as x-irradiation in pro-
ducing thyroid tumors 83320129030 hy do the
NMarshallese data indicate near equality of effect”
1t is extimated that thousands of children have re-
ceived diagnostic 31 (20 1o 30 pCi in the past re-
sulting in thyroid doses up to hundreds of rads.
vet only 1 ease with thyroid tumaors has been re-
ported. 1332 US Public Health Service workers
reeently reviewed a large number of case histories
ol prople wha had received radiviodines for wreat-
ment of hvperthyroidism 22 They were unable w
shaav any clear-cut increwse in incidence of thyroid
tmors in this group compared with a group
weated by surgical thyrotdectomy. Increasing
numbers of the patients treated with ' devel-
oped varving degrees ol hvpothyroidism in later

vears, The low incidence of tumors fllowing such

weatment nay be related w the high doses of

radiation given to the thyvroid, sullicient to destroy
s regencrative capacity,

I should he noted, however, that in the past
few vears a number of thyroid malignancies have
heen reported following radioiodine therapy tor
heperthyroidisn 09 Phe sumber of cases res
ported is lower than expreted on the basis of dos-
age to the thvroid, The increased tumorigencesis in
the Manshallese may be related to the nanare o the
vadiation, more than half the dose being due o
short-dived isotopes of lodine (particularly 21,
AL and A0 which are more energetic (see Ap-
peadix 90 Vasilenko and Klassovskii ' have
demonstrated that when these shorter-lived iso-
tapes of iodine are combined with 111 the timori-

3
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genic effect in rats and dogy is equal i a rad basis
w thit of x rays. Walinder et al. have reported
similar Hindings B389 Dunning, W in estimating
thsroid dose from absorption of radiviodines in
fallout, considers the shorter-lived isotopes to be 4
times as energetic as 881 The more energetic beta
radiation with i higher dose rate and longer range
gives i ore uniform tissue distribution of radia-
tion than is produced by 1431 This might explain
why the incidence ol thyroid fesions in the children

receiving 1000 radds falls on o line corresponding
1000 rads of x-eadiation (Figure 440, or it mighe
wieli
O times

ate that the radioiodine exposure was about

cetfiective as VT alone would have been

tsee Colet 5 Thus the 1wo bovs with atrophy of
the thyroid may have had doses to the gland come
parable with 4000 10 W00 rads or more of s-

iradiation.

3. The Development of Thyroid Abnermalities
From In Utero Exposure

The development of thyreid adenomas in one
ol the Marshallese bovs expased i uternis of in-
terest. Four children were exposed o utern: nthe
higher radiation group. one at the end of the s
ond trimester and two at the end of the fiest tri-
mester: in the lower dose Rongelap group, one m
the end of the second trimester. Only the boy
in the higher dose group and exposed in the second
trimester hax developed thyraid lesions. Several
cases have been reported of chifdren who had
mvxedema following s wters exposure during
wreattnent of the mother with large dimes of radio-
jodine P18 However, this Manshatiese boy ap-
pears to be the first reparted o

s ol thyroid ade-
nomas developing presumably from e wiers expo-
sure 1o radiowxdines,

In wiers thyroid dose calculitions are not possis
ble. since insullicient data are available on fetal
thyvroid uptake of radiciodines lrom the mother ac
various stages of goestation. 149 Figure 48 shows thyve
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 s
At the time of exposure of the Marshallese boy
(about 22 to 24 weeks the thyroid should have
been actively functioning. He received 175 rads of
gamma radiation but the dose from radioiodine is
uncertain, In view of the high uptake of radio-
iodines per gram by vhe fetal thyvroid at 22 wee

.|
the thyroid dose might be expected o be high,
Hawever, since it appears from our data that
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Figure 38, Thvradal uptake of ¥904070 por gramy
venas age. (From Evans et al b4

longer latent periods are associated with lower
doses of radiation to the thyroid, it is likely dhan
the thvroid in vhis boy exposed i sters received a
lower dose than thatin Marshallese children ex-
posed ata voung awse. Alsa, this boy and the athers
exposed i alere have shown po impairment in
growth and development, Teis of interest tha the
mother of this bov has not developed any thvroid
abnormalities and appeans 1o be cuthvroid, The
two children exposed at the end of the fist trinns.
1er prabably had nontunctioning primordial thy-
roid glands at din tme so that the glands geceived
only the gannma exposure and were therefore less
likely ta deve

iop thyroid abnormalities. Nane of
the four childeen exposed o nters has shown micro-
cephaly or mental retardation, which have been
noted in sowe of the children exposed o utern in
Japan,

V. Neoplasia

Awmong the Lite effects of radiation, the enhance-
ment of the development of neoplasi

s been
well documented. Inirradiated anin

malig-
nancics pot onhy may be induced at an carlier age
but appear in increased numbers, I the Japanese
atom bomb suevivars, leukemia and thyroid neo-
plasia have shown the most clear-cut association
with radiation exposure, though more recently
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other forms of malignaney are beginning to show
correlations. V7 .

The cases of malignaney recorded amanyg the
various Manhallese populations under study dur.
ing the past 20 vears are listed inTable 35 0n
these people, thyroid malignancies (discussed
abovey show acorrelation with radiation exposure;
other tvpes cannot be sseribed detinitely o radia-
Lot exposire,

A. A CASE Of ACUTE MYELOGENOUS
LEUKEMIA

In 1972 an expored Rongelap male (subject No.
S died of leukemia at age 199 Fle had been
exposed ta 175 rads of ganonna radiation on Roo-
gebap at age 1 vear, and had experienced carly
transient svinptams, nausea and vomiting and
wching and burning of the skin, He showed mad-
crate depression of hymphocvies, phaelets, and
neutrophils, his WHC dropping to 3900 by 6 weeks
and his plateless to 10.000 by 4 weeks, He devel-
uped beva burns of the skin, particularly over the
neck, arms, and legs, and some epilation of the
sealp (Figure 49). Phiese lesions healed unevent.
fully. s blood elements showed slow recovery
wwiard normal levels by 1 vear, He remained gen-
crally healthy, with usual childhood infections,
untl age L3 when nodules developed o the thye-

roid and he was taken o the US, for stady (Fig-

Figure 49, Subject No. 34 at age 1 year, a month alier
expemure to fullout, when he had spotty epilation and
wattered beta burn lesions on the scalp, neck, arins, lews.
and anal region,

Figure M. Sabject Na. 34 being examined at age 13,

ure 30). The nodules removed at surgery (includ-
ing a Hinhle cell adenoma) were benign, He was
placed on continuous thyroid hormonc treatment
and remained cuthyroid, with normal growth and
development. (His mother, father, and two broth.
ers also had thyroid lesions surgically removed.)




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-
nificant findings and appeared o be a healthy and
husky 19-year-old. He was brought ta BNL, where
a bone marrow exaunination revealed ypical acute
myelogenous leukemia, predominately of the pro-
myeloeviic type with numerous Auer rods (see
Figure 31). 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 inflammae
tion of the pharynx, periodontitis around the right

CDrs. Edward 8. Headerson, James Mabry, Joan Bull, Macia
Tomaseewskiand Javgueline Peog of de National Cancer fa-
witute and e Guikiabihaktha Clukkapa of Brookhaven Na-
tional Labtuwatory assisted witli this sty

v aeene )+ R ——— .+ e 78 Ve <A Sh P

Figure 31. Let: Tnmature myekaeytic cells (many promvelicytes) in marrow of subject No. 54,
6 wevks betore death, X 1630, Right: Promvelocyies with Auer rods were nuswesous. X 1650,

third molar, and a left chronic otitis media. Anti-
leukemic medication included eviosine arabinoside,
G-thioguanine, heparin, oxacillin or cephalothin
with gentamicin, and fater ampicillin, He reeeived
blood and pluateler transfusions, some from an
older brother tlown i from the Marshall Islands,
but compatible platelets were nat available. Plate-
let levels continued low, and within 2 weeks he de-
veloped signs of a hemorrhagic diathesis with
marked hemithorax, He was placed ina respirator,
hut his condition worsened, and he died 6 weeks
after admission, (Sce Appendix 11 for hospital
sunmimary.}

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

Table 3

Ditference in Mean Peripheral Blood Levels Beoveen Subject
With Leukemia {No. 34 and Fxposed Peens

WERC x4

Neut (X 104

bvmph. ¢ 10-4)  Plase. ( X 10-1)

K 1954
Expomed prers 7.7 il
Leakemia case ST (=26 H( =80
195572

L

posed poers 38

Leukemia caxe

2T (=Wrt)

3.0 216
TR=H) 187 (=20

3.5 203 qo2
S4(=11%) 271 (=3.5%) ML (4 45
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Cxpumre,

65

interesting that radiochemical analysis of bone
samples showed Y8 levels about the same as in
prople living in New York.

Retrospective study of hematulogical 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 <35 years of age and of 8 unexposed boys
i the same age range (Figure 52). The percentage
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 cx-
ceeded 10,000 arotal of 36 times in 131 counts
(27%) 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 o require
hospitalization.

Otlier data related o lcukemia were gener-
ally negative in subject No. 34, including alkaline
phosphatase levels of neutrophils, basophil counts,
Australia antigen, and blood proteins (except for
aslighidy elevated gamma globulin level, which is
conunon in the Marshallese). Chromosome stud-
s of the peripheral blood made 12 vears afier ex-
posure and of the bone marrow during his teri-
nal illuess did not show ancuploidy or structural
changes of the chromosomes. However, increased
chromosome breakage (11% of the cells) was noted
terminallyv, which may have been related o radia-
tion exposure 1o chemotherapy, or possibly to his
disvase.

Discussion, 1t is possible that radiation expo-
surc was involved in the ctiology of leukemia in
subject No. 54, Radiation exposure has long been
assaciated with the developmient of this discase (in
physicians, particularly radiologists, 14744 iy pa.
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tients after radiation treatment for ankylkming
spondylitis, 1 #* ¢t1c.), and its etiological role was
atablished without question by the high incidence
of leukemia in the Japancse exposed to the atom

bomb, 150,31

Some findings in the Japanese tend o support
radiation ctiology in this Marshallese boy. lu his
case the latent period was quite lung, but the in-
cidence of leukemia in Japan s still (afier >23
years) higher amonyg the exposed group than
among the general population. Also, the incidenee
has been higher amoag those exposed in child.
houd, particuladdy males, ioowhom the granulocyiic
form of leukemia bas been prevalent and the sune
forin has been wore prevadent in cases with longer
Litent periods and lower exposures.t?2 On the
basis of 2 cases per year per million people per
rad among the exposed Jupanese, the expectancy
among the exposed Manhallese would be a 1otal
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 willion compared with 6010 70
in the U.S. thus the nubes of spontancous cascs
expected among the exposed Marsshallese would
be atotal of 0.02 10 0.067, The ratio of radiation.
induced 1 spontancous expectancy (0.33:0.02 or
0.33:0.067) indicates that chances are about 3 10
I3 times as grear that this Manshallese case was
radiation-induced as that i was spontaiwous,

Review of the hematological data on suliject
No. 34 over the 18-year period before the develops
ment of leakemiais of interast. The greater degree
of hematologic depression in him than in the other
exposed bovs indicates cither a greater radiation
dose to the hematopoictic tisues or greater seosi-
tivity or proclivity 1o marrow depression. (None
of the peripheral granulocyvie levels in the other
boys, exposed or unesposed, platted individually,
were as low as his) Perhape his radiation dose was
actually greater, since he wis the voungest Rone.
gelap child exposed and may therefore have been
in closer contact with the fullout 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 bone marrow injury was characterized by
having the greatest cifect 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

near death, In spite of the long-term findings,
nuwbid evidence of the discase was not apparent
until the last few mondhs, One year before the diag-
nosis of leukemia the peripheral bload cells ap.
peared normal except for a possible increase in
atypical monocytes,

A preleukemic syndrome has been deseribed for
sine cises of nonlymphocytic leukemias, 156154
Linsnan and Saarnib state that the frequency of
the syndrome nay be as high as two cases in five
and that preleukemic findings “reflect the carly
stage of mveloprolilerative disoeders which will
eventually fultill the eriteria to be clasiticd as my-
Fhe svudronw s char-

clomunioeyviic leukemi
acterized by various tindings, not all necessarily

prosentsuch as anemia with ervithrooyie aboarnal-

ities, thrambocytopenia, aty pical platelets in g 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 migla
be considesed as prefeukemic, I the predeukemic
phase is considered o date back 1o near the time
of radiation exposure in this case, then it had a
longer course than is usaally noted. 14

The passibility that the granulocytic reserve was
reduced in subject Noo 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.
uliate 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 cone, This would be
similar in some wavs to the role thought 1o be
plaved by the thyroidestunulating bosmone in en.
Lanwing the development of tumors in radiation.
injured thyraid glands, as has been wen in the
Marshallese vears afier exposure of their thyroid
glands 1o radioialine from the fallout, The above
findings do not rule out the possibility of a viral
ctislogy for this leukemia.

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

B. OTHER MALIGNANCIES

Malignancies other 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 ot this is correlated
with radiation exposure cannot be ascertained.
The data wust be interpreted with considerable
. caution sinee (a) the populations are snall, () the
§ unexposed 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 autopsics for verification, and
) the types of malignancy were not those that
have beencorselated with radiation exposure in the
Japransas exposced at Hivoshiniac and Nagasaki V57

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
radionuclida decreased rapidly, as shown by usd for whole-bady counting.
rudiochemical analyses of urine. By 6 mouths
radionuclides in the urine were barely detectable® B 3
The Lhirik people were moved back 10 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
speetrographic analyses were carried out on 4
Rongelapand 2 Ulirik people at Argonne National
Laboratory in Chicago.'*» The finding of detect-
able levels of ¥W9Cs and % 7Zn (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-
virommental 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 Wishington 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 radionuelides
from the sail through the marine and plant food
chain 10 man and should prove useful in predict-
ng future buxdy-burden patterns of people retume
ing 10 Bikini and Eniwcetok. The principal residual
racdioactive clements on Rongelap and Utirik were
BHECx, W08, S ncand #Fe, with small but measur.
K able amounts of ather fission products and neutron-
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Table 37

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

- Year No. in group Av.val, ml Av. Ca, g hieer we 1230y TPy, gy, Iy \ s 3

nu'l.:p
1970 20 B 1524 3.5 2700
{2 15 RY) KRN 3.7 2} .
1972 18 0l 1204 24 LYY ;
1973 1" iy N2 5 44} on H
1974 1 358 068 pRH A% .
Uirik

1974

Bikini

1950 Faolal 120.0 1.2 113 0003 QH.008
3 Urine G 1100 22 [EX T S I 1R T5]
Urine M 930 19 0nots 0no2g .
HLASL® contral UNKD 100 10 12 [IXLTR) [IXLTR B
1ASL control LK L6 00tE a2 !
: 1971 Pouled W70 815 1.7 i 0001 !
Y 1972 Pould 2700 0.0 12 410
1973 14 204 1753 6.7 17400
1974 1 143 3100 2.0 1100 [TXI
{Spring)

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

Tuble 3

Raduwhemical Analyses of Well Waner From Biking (1Xatain pCi-Tier)

¢ Year Sample Vol., ml iy 133, 41 ERLELE Y
1971 sogond well” 1330 6l =177 = 770= Wi O = 207%
“had well” 18,30 X I B 1 B =1% 1000 = Wre 0.0 = g
ool well (closed) o iy = X ek =1 0o 19
ol well” (opened) 1K) 125 = 3% g =1 I U S T
drinking water (camp arva) 380 wit= 4% 1.34 8% OANM = 1OHr e
19372 well water 10600 [IR -1 41 wn =1
R drinking water [RLFE LIXTY B 1 1.8 =87
1973 new well ) 32 GiN) 08 = e
3 Bt well 25 1" 721 QAN - W

Fable 89

Radiochemical Analyses of Coconut Crabn Frosn Biking (Data in pCi wet weight)

Year Wetwt., g ‘v Ash 1« Cla per A wet we, =Nr LECy BRI LT whelhy,

1070

[SIY] i 24, UK 11,4400 0k, = Ar 10 sy
(K81 14.5 [} 24400 [ERLT] 0001 = 1Ry 007 =87

2 i) 11
827 72 Haoi0

1071

182,003
112,000

1973 1190 63.3 15,700 200
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induced activites (99Fe, 313886005, HA\fn 144G,
Happ w07 39N, and MRy R L), Radiological
ascwinent bas included surveys for gatna radia-
tion levels on the islands; radiochemical studies of
wil proliles, Liguon bottoms, marine life, plants, ani-
wal life (e.g., rats, coconut crabs), food items, and
urine sunples; and ganuma spectrographic analysis
of internally deposited gamma emitters in person-
nel. The nwdical wam has been responsible since
19GY for monitoring the body burdens of the people
returning o Biking, as well as of the Marshallese exe
posedd 1o fallout and their controls, and more re-
cently also of the people returning 1o Eniwetok.
The 1974 studies of environmental radiation on
Rungelap, Uririk, and Bikini are being published
winIFately, 0

Until 1965 gamma spectroscopy was done in a
2ton sreel chinmber built at BN L for shielding,
with additional housing for the counting equip-
ment (Figure 53). The subject 10 be counted took
@ soap and waler shu\\‘cr. put on paper pajam;u.
and then staved in the chamber for about 135 min,
during which soft music was piped in. Only a few
small children were appreliensive during the pro-
evdure. More recently whole-bady counting has
been done with a smaller “shadow-shicld™ ar-
rangenent of lead bricks, & modiication of the
Hanford moded™ (Figure 515, In 1974 spectro-
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Figure 55, Gamma spectra obtasined by whole-body
counting, males, 1974 (—, Rongelap; - =-, BNL medi-
cal am),

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 (see Figure
$5),167.168 Annual collections of 24-hr urine sam-
ples from a number of people have been made for
radiochemical analysis,

‘The results of radiochemical analyses of urine,
water, and crabs over the past 5 years are sum-
marized in Tables 37 to 40; the results of indi-
vidual urinalyses are given in Appendix 12.* By
1974 the only detectable gamma emitter was
W1Cs; 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 57 show the estimaicd body
burdens of gamma emitters and 08¢ for the Ron-
gelap people at various times after the initial ex-
posure in 1954, Aficr their return to Rongelap the
body burdens increased. 83Zn was present for a
few vears, apparently from fish in the diet; the rea-
son for its rapid decrease was not immediatcly ap-
parcnt 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). ®Sr body burdens reached their
highese leve! during 1962 10 1963 at about 12 nCi

*We arc indebied 10 Mr. Edward P. Hardy, Jr.. Directoe, En.
virmental Studies Division, AEC lHealth and Safery Labora-
tory, New York, N.Y., for carrying out the radiocheniical
analyecs.

Table ¥

Radionuclides in Coconut Crabs Fromn Rongelap

Year 13°Cs, pCi/kg ¥Sr, pCi/g Ca
1961 1,140
1902 1,224 (1,317, 1,086;
194 50,281 (39,292 45,118;

G0,234)
1965 12,500 724

19649 7,773 (8.540; 7.010) 705 (910; 500)
1972 5,900 (5.600: 6,100; 333 (376; 419; 359;
6.400; 5,100) 259)
12,900 934
1973 37,063 (64,700; 9.430)* 3950 (6,639; 1,267)°
1974 6,600 (3,000; 8.200) 448 (290; 606)
1.000° Bl i

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

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

Male Fesule

uCi/kg body wt, nCi/kp Inxly wi,

Biking 14 (0.43-5.11) : ; 115 (0.22-3.26)
Ulirik 105 (2.64-6.84) : 203 (0.96-3.65)
Rongelap : 5 7,76 (1.37-16.3) : 5.3 (271-13.46)
BNL ed. team 0.0352 (0.0134-0.070)

Table 42

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

1958 [Tt ]

Rongelap Rongelap Utirik

Internal

WSy
133C,
Natural (9K, etc.)

Total

External

Residual gamuma (in village arcas) 13 7 63
Natural (cosmic etc.) 39 K R 1)
Total 54 16 HU3

Combined total 550 166 127 169

*IIICs 4 87,

**High value due 10 increased coxmic-ray dose from above-average sunspot activity. The year 1938 was the tine of peak
radioactivity at Ronygelap.
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Figure 56, Hody burdens of gamina emitters, obtained by

Figure 37, Body burdens of strontium -0, obtained
whaole-body gamma spectroscapy (o, 1970s; o, %Za).

by radiochemical analysis of urine,




in adulis and 22 uCi in children, about 6 and 11%
respectively of the maximum permissible lifeiime
bady-burden levels for the population at large, i.c.,
%ia the ICRP valuc.'9® Analyscs of hone samples
from several autopsies during the past 20 years ¢
gave estimated YSr body burdens similar 1o those
ubtained from urinalysis (sce Figure 57). 137Cs
body burdens also reached their peak in abou -
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 (hoth natural
and man-made radioactivity) were considerably
reduced by 1974, and presenis data also for Utirik
and Bikini.*

Rl v
£ local nuc

o ')"Si'

lear l'cst’ing program and also from world-
wide fallout, and to be concentrated by marine.
life, particularly fish. The estimated body burdens

. for the Marshallese tested (Tabie 43) are higher
> than those found for Japanese bomb survivors and

for others tested, but they arc not more than Yios
of the maximum permissible levels for non-occu- -
pationally exposed individuals estimated with the

. wital body as the critical organ. The values are

slightly higher in females than in males, and sig- *
nificantly higher in older persons. *Fe emits pho-
tonsof very low energy, and, since it is incorporated
into the hemoglobin of the red cells, ic resclie iy

- relatively little irradiation of nucleated cells. Some

bLlood samples from the 1974 survey are also being
analvzed for **Fe, ‘

The coconut crab was banned from the dieton - IR C. PERSONNEL MONITORING AT BIKINI

Rongelap because of its Bigh level of rudioactivity,
but about 2 years ago the ban was lifted on the
southern islands of the atoll because the radioac-
tivity had decreased sullicicntiy (see Table 40),

B. *'Fe BODY BURDENS IN RONGELAPESE

In 1971 blood samples from 62 Rongelap resi-

dents were analyzed®* for **Fe, and their body Q
estiniated by the method of Beasley -

burdcus we
et abd?0 55F¢ was known to be present in the Mar-
shall Iskands in fairly high levels as a result of the

*Mr. R. Fairchild at BN L calculaied the bone marcow dise
Bor the 1974 data,
D 2Fe analyses were carricd out by T, Beasley and
FLE. ek an the University of Washington Sebool of Fisheries,
Neatlle,

Table #3

Average Body Burdens of #Fe in Rongelapese, 197117

Naoof Body burden,
Age wunphs wi
Males [ 0.31
i
3
)
i
3 048
Fonales 120 0 0.23
2134 12 (VR E)
32-42 ) 0.3
48038 7 066
341 2 0.57
> ! 006

In 1946, before Operation Crossroads, the resi-

" dents were evacuated frowm Bikini. After stays at

Rongerik and at Kwajalcin which proved unsatis.

“+ factory, they were relocated on Kili Island in the

southern Marshalls, which also proved unsatisfac-
tory. ‘The Eniwetok peuple were relocated at
Ujelang Atoll, to the west, after their evacuation.

After the 1958 moratorium on atmospheric nu.
clear testing, numerous radiological surveys were
done on Bikini and later on Eniwetok Atoll.}71-134
1n 1967 the principal isotopes contributing to the
gamma radiation ficld on Bikini and Eneu Islands
were 137Gy, WCo, 1258h, and V43 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 wsts had been conducted on various ones.
The contamination of Rongelap and Utirik was
wiore uniform, being due largely to lallout from a
single detonation, Bravo.

In 1968 an ad hue committee reviewed the sur-
vey results for Bikini and decided that Encu and
Bikini Islands were safe for hubitation, with cer-
tain measures recommended to reduce exposure
(sce Appendix 13). In 1969 about 30 people started
work on Bikini Atoll (living on Encu), and in 1971
several Bikini familics moved back to Bikini Island
itself, which now has about 30 Bikini people plus
a few administrators and construction workers,
Annual monitoring of personnel has been carriced
out since 1969. ln 1974 radiochemical analyses
were done on urine (sce Table 37 and Appendix
12) and other samples, whole-body gamma spec.
troscopy was carried out on personncl living on
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Bikini (sce Table 41 and Appendix 12), and a
wamma survey of the island was made by Green-
house ¢t al 1% (see Appendix T4
On Bikini Island alimest all the gamma radia-
tion is now due 1o ¥7Cs. The gamma level due to
watural radivactivity is considerably less on these
slands 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 tram local seatoori. The
newly pianted coconut, pandanus, and bread{ruit
wrees will not bear lruit 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 {sland, 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
wis about the same (see Table 42). It is reassuring
that analyses of urine for plutonium 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 Lasedd
on analvses of fruit from old trees because of the
soit retnoval procedures used at planting, but their
aciual 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 abdominad discomfort, diarrhea, and other
ssptoms 7

VIl. Comments and Conclusions

A. THE EX AMINATIONS

The primary responsibility assigned the medical
winm by the AEC (now ERDA) was the diagaa s
and treatment of passible etfects of radiation CXpO-
sure in the Mashallese, but ineviiably the exam-

ining groups have been concorned also with gen-
eral health care at the time of dheir visis, The re-
sponsibilities have been filled by careyving 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 pos-
sible to diagnose and treat many discases and ill-
nesses at an carly stage.

An tmporiant aspect of the medical surveys is 1o
maintais rapport with the people, to keep them
informed of the medical lindings, o explain the
need for examinations, and at times to coreect une
foun ‘cd rumors about fallout clleas. Unforu-
nately this his 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 of the
incidence of diabetes and of parasitic infestation.
In addition. a great deal of data bas accamulated
from studies of genctically inherited characteristics

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

8. CCMPARISON WITH OTHER
HUMAN EXPOSURES

In contrast W other groups expeosed o 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 limst time on the
fronn nuclear detonations. The atomis: blasts abov

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

werin] absorpsion of radioactive maternals. In con-
rast, the Marshallese were ot exposed 1o direct
vileets of the detonation but only to radioactive
fallout resulung in whole-body, shin, and interual
exposure. Trauma and extreme psychelogicat dis-
turbances did not contribute 1o the effecis in the
Manhallese as they did inthe Japanese. The -
portance of the h
radioactive indine bas beesr “learly demonstrated
by the Marshallese experience, The 23 Lananese

1
fishermen on the Lcky Dragea reccived an espo-
sure sitnilar 1o that of the Rongelap group but

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

Evaluation of the eflects of rzdiation expasure
it hunian beings (patients, physicians using radia-
fon, accident cases, cte.) is always dillicult because
of uncertaintics regarding exact dosage, lractiona-
tion and dose-rate ellects, partial-body exposure,
complicating diseases, cie. The doses received by
the Marshallese, like most human exposures,
could be only roughly estimated, ahthough the
hesatolovical data were compatible with the cal
culated whole-body doses. Even greater uncertaine
ties were encountered in estimating the doses due

16 internal absorprion of radionuclides,

The data on the elfeats of fallout radiation in
the Marshallese have provided important infor-
mation that will apply ina general way to any
population exposed acutely o fillout. However,
the etlects may be modified in othes situations if
nuclear eaplosions accur in regions with ditferent
errain, soil types, climace, and availability of pro-
LeCtive measures.

C. ACUTE EFFECTS

The most serious acute elfects of the exposure
in the Marshallese were due ta penctrating gam-
ma radiation. These included transient anorexia,
naused, and vomiting and significant depression of
the peripheral blosd elements inmany members ol
the higher exposure Rongelap group. The hemato-
logical depression wis notsutlicient to produce defi-
nite clinical signs and required no specific therapy.

Contamination of the skin in the Raongelap
group resulied in wide-spread beta burns on parts
ol the hody not covered by clothing and in spouy
epilation 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 nawure
of the lesions, sapid healing with minimal residual
skin changes, and cewrowth of hair were no doubt
due 1o the low average energy ol the beta radiation
in the fatlout,

The lack of recognizable acare ellects from the
internal absorption of radionuclhides s noteworthy

view of the serous thyvroid abnormalities that
wter developed.,

Becanse of residual contamination on the istands,
radiological monitoning of personnel and envivon-
ment has been an vmportant part of the surveys in
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evaluating bady burdens of radionuclides in the
Rongelap and Utirik people. Recently the areas
undergoing such monitoring have included Bikini
Atoll and the people who have returned to live
there, and they will alsa include Eniwetok when
its people return hame.

D. LATE EFFECTS

The pussible emergence of late effecis of expo-
sure in the Marshallese has received considerable
auttention in follow-up examinations. Except for
the thyroid lesions and the one case of leukemia,
only a few findings possibly related 1o 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
wiscarriages and stillbirths among the exposed
Rongelap women during the first 3 vears after ex-
posure may or may not have been related 1o radi-
ation clfects. No genetie etfects have been noted in
the children born of expased parents: this is not
surprising in view of the generally negative find-
ings in the much larger Japanese study. The find-
ings of persistent chromaosome aberrations in cul-
wired peripheral blood lymphocytes at 10 vears
post expasure and a possible somatic mutation in
hemoglobin in several of the exposed group sug-
gest that genetic mutations mayv also be present.
The possibility of genctic eflects in the offspring is
of serious concern to the exposed people and de-
serves further study.

Effects of radiation on life shortening or mortal-
ity are diflicult 1o evaluate because of the small
nusnber of people and the differences in age dis-
wibution between the exposed and companson
groups. The onlv death that may be related 1o ex-
posure is that from leukemia. The occurrence of a
few additional cases of cancer (other than thyroid)
cannat be ascribed definitely 1o radiaton expo-
sure. The lack ol skin cancer from beta burns may
be related 1o the minimal nature of the residuad
skin chanues, probably due o insullicient radia-
tion injury o the dermis, but the possibility of skin
cancer developing must be kem in mind because
the fatent period may be very long.

The development of a case of acute leukemia in
the Rongelap bov may or mav not be related to
radiation exposure. However, this discase appears
to be even rarer in the Marshall Islands than i
the US. Tuis noteworthy that his disease was the
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myvelogenous form, since his past hemograms
showed a fairly consistent depression of neutrophil
counts compared with thase of other exposed boyvs
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 atntempts in
the much larger exposed Japanese populations.

The absence of radiation-induced cataracts is
nut 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 expasure.

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 o radioiodine 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 ultiately fatal, icis
more serious than thyroid malignancices, most of
which are well dillerentiated and have an excel-
lent prognosis. The relative incidence of thyroid
malignancies rom radiation appears to be about
the same as that of Tukeriaonapor ead™h, - V7
The incidence of thyroid cancer is considerably
higher than the mortality 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 of thyraid dysfunction had
been noted at the time ol diagnosis. D the Mar-
shallese reduced function was not found in twa 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

10 the higher dose to the child’s thyroid because off
its smaller size. The rapid growth of the glands
during childhood probably increased the chances
for neoplastic changes. The growth retardation
in some of these children was thought o 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 from unusually high iodoprowein
levels, which turned out w oceur gencerally in the
Marshallese and are now being further studicd.

Most 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 alignant potential,

The risk of developing benign and malignant
neaplasins in the Rongelap people appeared to be
about the simie as that noted in people exposed to
x-radiation. Clinical experience with 3] sug.
gested that the risk would have been less, but the
higher energy of the short-lived isotopes of iodine
(particularly VLB qnd 1351, resulting in
higher dose vate and more uniform exposure of’
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 ¥ Lalone. 1is not unreasonable 1o speculate
that tumor incidence in the Marshallese would
have been considerably smaller if only 11 had
Been involved in tie 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 important factor in reducing
the daose etfect o their thyroids, but the number of
praple involved is too small for any lirm conclu-

sian Lo he draw.

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

The documentitiog of these thyroid ellven has
upartance 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 accidems invalving re-

lease of radioiodines (e.g

Aronca nuclear power
plaist). The Marshallese accident represents ex-
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rsure under extreme conditions, with no correc-
tive measures taken 1o reduce internal absorption
of sadivisotopes prios 10 evacuation of the exposed
people from the fallout arca. It did naot involve the
contaminated pasture-catde-milk eyvele, which
might be an impornant pathway of radiviodine to
man it other 1ypes of accidents (such as the Wind-
scale accident). V%

Civil Defense planving can provide for several
easures that will reduce the hizard of thyroid
exposure due to radioiodine absorption and thus
largely preclude the degree ol thy roid injury sus-
ined by the Marshallese. Since the hazard from
radivioding is acute for a porind only of days,
carly protective measures are extremely fmpor-
tant. These inctude avoiding inhalation of radio-
iodines by shelter protection: consuming food and
water anly from closed containens: Teeding cows in
comtaminated areas protected Toddery and tem-
purarily withholding contamated milk sup-
plies and diverting them inte processed products
with a shelf life longer than the life of the isotope.
The addition of stable iudine to food or water dur-
ing the fist week woulld provide a relatively inex-
pensive method of reducing thyvroidd uptake of
radioiadines by isotope dilution and saturation
with non-radisactive iadline: thisshould rarely pro-
duce any serious side ellects and would be of par-
tieutar vadue in children and pregnant women,
When exposure of the thyroid has
curred. prophylactic treatment with thyroid hor-
mone, now being used in the Marshallese, ay
help prevent development of thyroid tumors, and
even aftes tumar development, surgical excision

may reduce martality due to malignaney.

The thivroid clfects in the Manhallese were not
anticipated atthe sime ol the accident or during the
carly vears aftenwards. T retrospeet this is not sur-

prising, lor several reasons. .\t that time the thy.
roid was thought to be relatively radioresistant,
particubarly with regard 1o radiolodine exposure
(an the b

s of animal studies and diagnaostic and
therapewtic use of ¥ in peopler and the caleu-
Lited thyroid doses in the Marshaltlese were con-
sidered o he below the Tevels likely o produce
tamaors, I addition, neither the inportance of the
exposure to shortlived iadine otopes in fatlout
sor the thyroid dose differential in childeen due to
the smaller size of their gland was fully appreciated.

T is quite likely that the linabresults of thyraid
lesions in the Marshallese are incomplere at this
lime since new fesions are sl ocearring, The

already oc-

-~
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mean fatent perind for radiation-induced thyroid
tumors may be as long as 30 years. Cases have
been seen as late as 40 years afier exposure. Fur-
tiermare, on the basis of the present data the risk
of developing radiation-induced thyroid ncoplasia
is probably underestimated, since surgical removal
of potcntially malignant tissues may have occurred
and the hormone treatment may have inhibited
the development of some tuniors, although the lat-
wr 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
thyruid deficiency is present in sume of the ex-
posed people who have not shown any thyroid ab-
normalities indicates that the thyroid effects in the
Murshallese may not yet be completely manifest,
and continued careful surveillance of this popula-

tion s necessary.
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\We have been greatly saddened by the recent
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Appendix 1

Chronological Listing of Events in the Marshall Islands

1946 Bikini people moved from home island to Rongerik Atoll (later
evacuated to Kwajalein and finally settled on Kil{ Island {n
the southyrn Marshalls).,

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

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

1947 Administration of Trust Territory transferred to U.S. Department
of the Interior.

1948 Eniwetok people moved to Ujelang.

1954 March 1: Fallout 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
Fukuryo Maru (Lucky Dragon) retura to .okyo.

June: Utirik people returned to home atoll; Rongerik scrvicemen
transferred to Tripler Army ilospital. Rongelap pecople rescetled
in temporary village at Ejit Island, Majuro Atoll.

September: Second medical examination of exposed Rongelap people.
Decision made to cxamine Rongelap pcople.-annually, Utirik people
every 3 years.

1957 New village constructed at Rongelap. Pcople returned after 3
years away. Medical examinations and periodic survey of
environment continued. -

/ 1963 Epidemi: of poliomyelitis at Rongelap and in rest of Marshall
: 3 Islands, h

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

1964 Ex gratia compensation (~ $11,000 per person) granted Rongelap
people by U.S. Congress,

Thyroid abnormalities begin to appear in Rongelap exposed people.
Thyroid surgery performed on 3 children at the Guam Naval Hospital.
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1965 - 1968 Thyroid surgery on 12 Rongelap people 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  Eniwetok radiological survey completed. Report NYO 140
published.

Six Marshallese (3 Rongelao and 3 Utirik) had thyrold surgery
in Cleveland.

Yert

1974 BNL survey group organized for radiological surveys in Marshsll
Islands. To be coordinated with medical surveys and persornel -
monitoring of returning Bikini and Eniwetok people. E-

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

Documentary movie The Bikinians filrmed at Bikini by the Univer-
sity of Ceorgia.

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

LCU obtained 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.

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

Appendix 2

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
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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
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tlamby, J. W.
Hammerstrom, Richard, Ph,D.
tlansell, R.E.
Hartley, Marion L.
Hayakawa, C., M.D.
Hechter, Hyman
lelkena, Jack, D.O,
lendrie, J.C.
flcotls, Peter M.
Hicking Arobati, M.O0.
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
Joncs, 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

Molonecy, William C., M.D.
Momotaro, Francis, D.O,
Murray, William G.

Obten, Antak

Ooh, Yang, M., Ph.D,

Otto, James S.

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

Ral, Kanti, R., M.,D,
Rall, Joscph E., M.D,
Richards, J.B., M.D,
Riklon, Ezra,M.O.

Riklon, Kimra

RS il i R

Survey Participants

Technician
Scicntist
Technician
Technician
Physician
Statistician
Dental Officer
Tcchniclan
Technician
Medical Officer
Int. Medicine
Int, Medicine
Photographer
tedical Officer
Dentist

Surgeon
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
llemateologist
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
TIPI 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,\MRI 59
TTP1 60,61
BNL 69-72
US Navy,NMRI 55 .
V.A. 61-65,67,72,74 .
L s TTPL 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
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Are miscarriages caused by the fallou?

Sowe of the miscarriages in exposed Rongelap women during the first years afier
the fallout may have been due w radiation expusure. Since that time there were
only a fow miscarriages and this i= normal. Women ao longer have to worry about
miscarriages due to radiation.

Children and women
They are healthy,

If I have truuble with my thyroid, will I be healihy again?

Ifvou are treated properly and you [ullow the dintor’s advice, vou shauld be
healthy and strong like anybody else. You should be examined every vear so the
ductor can tind out il vou have thyroid discase. I the doctws uperate on your thy-
roid, they will give you medicine. I you listen 10 the doctor and keep taking vour
medicine, yvou will stay strong and healihy,

Since peaple who were not exposed to fallout have been living on the islands for
some time, have the Brookhaven doctors fonnd any signs of radiation sickness in
them and if so will they be compensated?

There is practically no chance that any of these people will develop any radiarion
sickness sinee the amount of radiation efi on the islands is so siall. 18 it did happen
the govermment probably would consider compensation.




Appendix 3]

A Sumimary of the Findings over the 20 Ycar Period
an the Japancse Fishermen Exposcd to Fallout inl954

On March | in 1934, 23 Japanesc fishermen aged from 18 to 39
were exposced to radioactive fallout produced by the thermo-nuclear
test ¢xplosion which was performed by the U. S. Authorities at
pPikini Jagoon. They were crew of a tuna-{ishing 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 {ishing for tuna.

At avout 7.00 a.m. whitc ashes began to fall on the Loat which continued
for 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. Seven of
them were hospitalized to the Tokyo University Hospital and the other
sixteen to the First National Hospital of Tokyo by March 28. They were
discharyed [rom both hospi‘tals in May 1955, except one fatal case who
died on September 23, 1954, After being discharged, most of them

have bLeen 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 cycs open. Fallout dcposited on the deck as thick as their {oot
prints were marked. The persons were irradiated in the following
three ways : 1) From the radicactive matcrials adhered to the skin
2) Externally from the radioactive materials in the cabins, on the
deck cte. 3) Internally from the radiocactive materials entered various
oruans.

The eztimation of radiation dosc 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 2.000/mm3. 13 less than 3,000 and 5 less than 4,000,
In onc case, the leukocyte level depressed to 800, A correlation
was found 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 time. In some cases immaturce ncutrophils appecared in peripheral
blood slightly.

b. Erythrocytes : In severe casces slight anemia was obscerved,
uccompanicd by the depression of reticulocytes. Colar 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 almost normal after onc ycar.

c. Platelets ¢ Platelets counts showed increasing depression,
reaching minimum at the 4th- 7th week (15,000 - 100.000/mm3l.
Slight coagulation disturbances observed in a few cases.

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

¢. Morphological abnormalities : Scveral morphological
abnormalitics, ¢.p¢. abnormal granules in lymphocytes or ncutrophils,
vacuoles in various levkocytes and megakaryocytes,, giant nuclei and
hypersvementation of neutrophils, binuclear lymphocytes, abnormal
mitosis of ¢rythroblasts ¢tc. were observed for about one year,
especially at the eritical and recovery stage. A (ttle increase of
"mitotically connected ahnormalitics"” was found in bone marrow
smears ol a few casces after 10 yecars.

f. Recovery : The cumulative distribution curves of numbers of

leukocytes, erythrocytes and platetcts displaced to the left of normal
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ones remarkably at the ¢ ritical stage. Though the curves of
crythrocytes and platelets lay on normal Japancse ones alter 2 years,
the curve of leukocytes still displaced slightly to the left of normal

one cven after 6 years.

4. Cytoyenctics

Follow-up of chromoson.. obscrvations in blood cells has been
performed since 1964, Even 20 years alter exposure, cells with
chromosome abnormalities (both Cu and Cs cells) exist in the
peripheral lymphocytes with much higher frequencies than in gencral
population. The {requency of Cu cells (dicentrics +rings), however,
was decrcasing. On the other hand, Cs cclls remained fairly constant
in the {requency of around 2%. The frequencies of the chromosome
abnormalities were found to be corresponding to the severity of injuries
indicated by minimurm lcukocytes count at the critical stage. In the
bonec marrow, cells with chromosome abnormalitics {Cs cells)
occurred rather constantly with frequencies of more than 2% in all the

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

5. Spermatopoiesis

Number of spermatozoa &éercased about 2 months after exposure,
and 1zoospermia was found. DBoth fall of magatility and morphological
abnormalities of spermatozoa were also obscrved. [ndications of
recovery werce noticed about 2 years after cxposure. Then most of

the patients got healthy children.

The testicle of the fatal casc, which died 206 days after cxposure,

showed cxtremely reduced spermatopoicsis.

6. Other findings
Slight disturbances of the liver function were found in a few cascs

at the time of hospitalization. Later it becamc more obvious. ~One of

the fishermen, who revealed remarkable hernatological disturbances,

died from liver damage. During follow-up studics elevated values of
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GOT and GPT were observed in scveral cases.
ne of which was accompanied by diabetes mellitus

proved in 2 casces, ©
and scpsis,
Ophthalmological ¢

in scveral casces.

Other studics including thyroid studics are

late effccts.

In 1974, ascites were

These have recovered already,
xaminations showed slight lenticular opacitics

Its significance is not apparent yct.

going on to detect

C/:‘:;,.—rv/} ‘ m/
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Toshiyuki Kumatori, M.D.

Head,

Division of Radiation Health,
National Institute of Radiological
Scicences

Chiba-shi, Japan




Appendix 4

Yooklet Printed at Brookhaven National Laboratory
To Answer Questions of Reagelap and Utirix People

) 1 hyrasd
Gland

How does radiation cause
diseises in our bodies?
Radiaton in lalout o anised
ey to parts of the hedy
Later on these puris became
sk atd cannot de then ob
propechy There s very Lide m— W Body scanner
radiation et the buody o - " ‘ »”

Huow can we el if we have radiation in aur bodies?
Teis ditheatt for vou o knoss i son Tuave tadiation rovenn busds e i e s s

Little Oanly the expents cans tell by checking vaa cvery vear with spreocnad achiones

How can we getrid of the radiation in aur bodies, trees, geound, crabs, v

Your bade will pemos e some of the sadiation naviiatls when von ase the baenge
but this takes along tne The ando was 1o get esd ob the adiatiens i the tees. sl
crabs cte s g catlean thev and dump thiem o the e eans Bt s e the tadianion
sweak there s o regsoan o do s




Didd we penple s Utirik getas much radiation as the penple on Rongelap?
Non Deecaatese Utink s Lather awas o Bubing than Rangelap, One sy Tamea-

sade Lashiation s hy connting the “rasds Below vl nunber of rads the people
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Ivthere siill radiation o the ground? How fong seill i Lase !
Yesothere ova hiode radiation Tett in die weonnnd hat ot

2ets weaker and weaker e
trte gowes by

1 oman washing clathes
T e onty Catiie s 1 e sk th
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ITthe radicnion is sl in the soijl of these islands,
prople mosving into these ishinds?

e tadianion s the wiounmd i ws wee

why v there no restrictinn of°

Ak that o s sale o hve an the sl

.u,ulnuul catthe
boads Tl s Place m the world thit dewes ot b

wve e Lachiion i the wal

Feast an Rongelap




Why can’t we cat coconut crab and arrowroo?
Yo can eat the coconut cribs from the southern ilands of Rongelap if vou do
ot eat more than three crabs per week, There s il some radiation in the crats
beCanse they cat then old <shells when they gron new ones, The people an Uuirik

s eatall the crabs they want Arrowioct may be eaten on Rungelap and Unrk.

Isthere ans thimg else that swe are ool supposcd v ear!
Noo vou sy eat ans thing else that is gond foor v

1'crson cating pandanus

b miaat et anieiong olse Libe pardanus.

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

There were sie mistakes made, The US. can reach the moon becanse the equip-
ment used 10 get man te the meon is under his control. The divection o the wind
i ore dithicult t predict beeamise the wind is not controlled by nan,
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Name

Robbins, Jacob, M.D.

Survey Participants

Endocrinologist

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

Rothmann, John C.
Saul, Jospch
Schork, Paul K.
Scott, William A.
Severson, C.D.
Sharp, R.

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

Smich, L.J.

Smith, Roberct F,
Snow, Lloyd D.
Soras, Philipo
Steele, John, M.D,
Strom¢, C.P.A,
Sutow, Wataru W., M.D,

Tenorio, Pacifico
Tomesch, Charles

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

wWaithe, William

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

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

Cy i

Technician
Technician
Technician
Technician
Technician
Rad, Scientist
Technician
Hematologist
Technician
Rad. Scicntist
Phiotogranher
Technician
Technician
Pediatrician
Technician
Pediatrician

Technician
Physician
hysician
Technician
Surgcon
Physician
Technician
Endocrinologist
Int, Medicine
Radiologist
Techinician
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1954 - 1974

NTIH
BNL
BNL
TTPI
US Navy,NMRIL
BNL
US Navy,NMRI
US Navy,\MRI
TIPIL
US Navy,\NMRI
BNL
US Navy,NRDL
BNL
US Navy,NMRI
TTPI
TPl
US Navy,NMRI

MD Anderson Hosp,, Texas

Univ, of

US Navy,NMRI

BNL

US Navy,NMRI

NY University
West Virginia
US Navy,NRDL

BNL

NI

BNL

US Army ,AFSWP
TTPI

Ycar 19'

66,72
54,58,65
74

71,12
54,57
58-74

56

54

59-74

54
54,55,58
54

59,67
56,59

61

74
54,55,56
58,59,61-63,65,
67-69,71,72
58,59

71

58

64

64

54

67

74

58

55

61,66-74
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Why docsn’t the AEC remove the radiation from the soil and plants?
L is impaossible 1o do so and sinee the radiation is so small, there is no reason to
do this,

Why didn’t the U.S, explain to the people the dangers of the fallout before the test?

The peaple were not warned of the dangers of the fallout because the likelihood
that fallout would occur vutside the restricted arca was considered 100 remote w
Justify warning the people. The aceorrrence of fallout in an unrestricted area alier
the Bravo Test was the finst accidental event of this kind o happen afier a nuclear
\\'('Qll)llll 1o,

>
Rengs lup - Lunk

~ 6\/
& /’
L_,-/

Bamb explosion
Why did the U.S, not take extra precaution?

The US. 1ok the precation ol trving 1o keep people out of the area where they
expected Lallout o accur.
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1 waus not exposed 1o radiation so why Jdo T hasve to be examined?

The doctons examine people who were not exposed because they need to know
when the exposed people become sicky il their sickness is caused by radiation ue
Npond

something chwe, W vou were notexposed and got sick and vour brodier wa
and got the une sickness, then the doctors would suspeet that the sickness was not
sased by radiation. You da not have to be examined it vou do nor want o be.
Remember, though, that vou are helping vour Bamilyv and fricads when vou e
medical examination by the best doctns

examited. Ao vouare receiving a i
in the world.

-

Doctar examines a patient
Vouare examaned to make sure nathing i aorong:

Why do T have to be examined every vear?
Doctors still do not know evervihing about radiation sickncss so they e checking

vou 1o make sure that you are healthy, They cheek vou every vear so thag i vou are

sick, they can tind icearly and teeat vou, Doctor Conard's tean treat many people

every vear, even when the sickness does not come from radiation. The Congress ol s

Micronesia recommends that evervone take the examination,

Why are some people becaming sick now 20 vears aflier the tese?

The radiation was in their bones and certain paos of their bodies such as the thvs
roid gland. Docron sall dan’t undesstand all about radiaion discase, That is whiv
the

we cheching vou cvery sear 1o make sure o are heahibv,




Why da you have to take our blood? urine?

The doctors check your bluod 10 find out if vou have bload discas.. They check
vour urine to dind out iF vou have other discases. For example, Dr. Conard found
sune preople with diabetes (sugar sickness) which is nat cansed by radiation and he
was able to give them medicine. Another reason is that the urine removes radiation
fraen your buxdy so the doctors want tao tind out if vou still have radiation by looking
in Vour urine,

Why do they take aur blood for examination and then throw some of it awasy?

The doctons ke vour blood wastudy it Phey need o study vour blood three ar
four times o they want o make sure that they have enough bload. 1t s better
take inore blood than not enough beeavse i they need more, they don’t have to stick
the needle into vour arm again, You have plenty of blood so it won't hurt vou'wa
Lomas o Tictdee,

v Purt sased for muse tests

w Losted und theon ot

Blood test
Poart of the blosd is testod and can be theow n accon.
Anothne park o saied for wthor sty al Brook bt en,

Why do yvau have 1o drill inte our bones!
Radiation can cause blood discase and vour blood s made inside of vour bogies,
The doctons drill vour bones to see i they are healihs
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Why do people die after they have their bones drilled?
Nobey can die from having their bones drilled. Drilling into vour Ieies is e
dangerous o harmibid and docs not cause death.

Dentist drilling teeth
Dontists el vour tosth, tos, bosal yeate dds v e

One man became blind afier the Ballout ... Will become blind toa?
Novane becinme blind from Gillout and we dan’texpevt anvone i hevome blind
troui it since there was not enough radiation 1o vitnse blindness on eve trondile,

Why da we have to be taken away to the States to he aperated?

Fowive vau the best medical eire porsibale, The best decrons, henpitals and eOgnip-
ment are in the Sties so vouare sent there for treanment, \When W
sicks he was aken o the National Tostiture of Health Thapual in Movland. Faen
the Presadent of the United Stanes woes ta this henpital when e is sick Tecinnse they
hanve the hoest docioes and the best equipment in the UOS0Tewas sad tha. diend
bun the dixcroes did evervthing they could o et hin,

PRIVACY ACT MATERIAL REMOVED
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Why do | need to take medicine for my thyroid?

I you had an operation and your thyroid gland was removed, the medicine will
du the job ahat your thyroid used 1o do, So, vou muast keep taking vour medicine.
Some people who did not liave the operation also take the medicine so that their
thyroid ghiuds do not get sick. 1eis very important that you take vour medicine if
vouwant to stay healthy,

What kind of radiation caused thyroid sickness and leukemia?

Thyroid sickness in the Rongelap people exposed to fallout was caused by damage
to the thyroid whand oo a thvroid cadiation poison.™ I wook a long time for the
sickness tashow . A few unexposed Rongelap peaple as well as some people inthe
Manhall Blands and all over the warld develop thyroid sickness, but it is not due o
radiaton, Al the “thyviod poison™ an Rongelap was gone when the peaple moved
ok, Leukemaa iy o disease of the blood. Some cases were caused by radiation in
Japanand Gt is possibbe that leukemwia may have been due o radiation, Tine
ix st past for sy mere leuhemia o be expected from radiation.

What will happen so the people who were not exposed 1o radiation but are now
living on Rongelap and Uliirik?

They don’t bave to swarry becaose there is practically no chance that anv of the
people will gevsick from vadiation since there is so very little radiation left on the
s,

Feast - People
Hiy are /n'uuy:/up /w»/'/:‘ They e healthy, b
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PRIVACY ACT MATERIAL REMOVED

Why du the dictars feel vur neck?

Your thvroid glands are in vour nevk. The doctors feel vonr sevk to lind out if visg
have a sickness i vour thyroid gland, Another w

ay to cheek vour thyroid is with o
spevial machine,

Thyroid examination
Spcaid ot hune foa vhecking thyvid gland.

What is the thyroid gland?

Your thyroid gland does a certain kind of woek in your by,
t hear, vour eves make vou see and vowr thvruid i
stay healthy, Because radintion
Rangelap grew stowly alier the

Your ears alloaw ISEY

akes vou grow normally aixld

atlected their thyroid glands, some of 1he bovsin

fallout, 1n 1963, they wene given spevial medicine
and they grow normally, Hvou have a
thvroid uperation, itis very Hnporting
that vou take the medicine that »ogiven
o vou, The mgdicine will da the same
work as vour thyeoid and it will keep
vou healihy, '

and
Fhey ioore sk befive. They ane helthy mae,




PRIVACY ACT MATERIAL REMOVED

What is cancer?

Cancer i adisease which happens when i cetain part of your bodv becomes sick
sl dones et o job Fhe sichness ean spreadic e panis of vour by, Caneer
of the Blod is called Jeakena and that is the divease that had. Sanne
Kinds ol cancer can be conteolbed iy nedie the and others st he Mapped by aper.
ation. Some wpes ol canvers sach as leuhemiea, cannot be cured. Cancer s can-
werous but i the desoons cxaane vou and bind i varls, they lanve abetier chane to
help vou,

Sa farg what are the healih Lindings? Are we healthier or sicker?

The medical exanunatomns show thae rouare a healthy and strong people. e
anlv signiticant dilletenes hase beeen the carly fallonit etlects on the Bloswd and ki,
the higher number of nos aiges in 1957 and PO and the thvroid troubles

What is aur Tutuere in cvards to our health?

D Conand and the ohier deow tors teel that ent af saucare healthy and that veuwy
do et need e worny abennt the futare, This is o true tar the unexponed peaple
whamoved onta the sband ahier the tallout sl o the children wha were born atter
P Nome al vou iy tes enne sich bat van will be given the bt medical cane
Pmesibie evenab tie sohnes s nat caused by the radiation. Hyvou allow the dix -
tors feevanune von and b vou tollow their advice, von should be able talive a

nermal Bealthy Lie Faanuaions o thousands o ¢hildren of experncd parentsin
Jape have non show i any diseies fom radiation. Examinations of vour children

abasshow that they are healiln
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) 3.2 %2 2.0 2. .y 3 .8 200 3.2 M. W ».. ese  ovve ——
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*Microscopic counts flrst 2 yr. Couiter electromic counts ¥ ) through 18, General Sclence (K1) electronic couats yr 18 asd 20.
#*rhase microscopy through 16 yr. Coulter electrontc counts 1S through 10 yr. Ceneral Sclence ('K4) electronic counts yr 19 and 20.

- 107 =




Appondin ¢ (continmuad)

Xeutrophils Lmﬁ«;u. Plotelotsse Romatocrit, (174
=107 (21977} (x10=) 3 (310°%)

Male Nale Posale Total Nale Rale Fomale Nale framale
Postesposure Day 3y »$ <3 »3 <10 210 All Ages  Group .13 oy ALl Agen 13 All Ages

Alliagnae Creup (¢4 rais; i0 people plus ene {9 yierg)

2.2 —— w— ————

————  smse  cave

~
oo |

—
——
——e.

3.y

,.‘,..‘
T A T O P

-~

¢-ue survey

1=yt survey

-~ e

2-y1 survey

[ O I T P VR P e T

J-ye survey

4 A AT A -

d-yt sufvey

-
-

<

S~yr survey
Sy, sutvey
T-yr autrvey

$-yr eurvey
$-yr aurvey
10-yr survey
Ll-yr evtvey
1=yt survey
13eyr survey
14-yr survey
L5+yr survey
16+yr survey

17-yr survey

18-yt survey

19-yr survey

19-yr sutvey
20-ye survey N
20-yr aurvey

PR RE | Raa - it el s

AN A S %

-
1 PPOtns: e s s pprtr sy




Appoadis & (continyad}

e Seutropnils Lymphocytes Platelete*® Soastocrit, e
(ato*h) a0y (s107)) (310~ 1 (130%)
Hale Male Female Total Rale HNale Female Xale Fale Fenale
Fostesposury Doy <3 >3 [T ' Y Y <10 »l0 Al Ages  Geoup 1% 213 All Ages A% 318 ALl Agwe
{c) Ctirik Croup (14 rade; 130 people)
N e 8.3 &7 42 &y 32 e emme ——— —— —— e — — e —
14 10.0 8.0 L%} 3.2 5.1 2. e em— L eand —— —— weee — ——e  wmee .-
1 een e eem = [, w.y 281 N —— E LYY Q. ——- —— eeee -
19 101 9.7 4% 5.0 &8 1.2 FIYS L N 3.7 - EL R IR I § ».e ——- emee Eaand
J=yr survey L N 4.0 . 4.1 2.y 2.6 26.F 3.0 L amad 3. 1.0 1%.y —— eeme -
Voyr sulvey EE T N 3 PR 1% e 1.0 R adie L 1 ) .9 L ad .y A2 n.g 4,01 4D &.32
12-y7 survey L 1 R T ) .= }).0 seve  eswn —e—— e 3.8 4M1 ”.y e eses -———
1%-y7 aurvey e T.% - 3.0 3.2 e ewes et -— eeee 43,3 »M.3 —— amee ——
18-19+yr wurvey —eee 8.1 R N ) 3.3 L LN Y 3. hatad w——e 4),% .9 b4 4.1
{4) tUnezposed Rongalap Coutrole
Rajure comtrols 3.2 2 4.0 4.0 1.6 4.l 4l %8 »n.s 3.4 .. K0 ».»
fite cout. $-me 10.7 1.6 5. 3.2 4.7 1.7 35.0 7.3 »., X.é R et . ——
Rite comt. loyr =e=e  eee  cee  aem R 31,3 2.8 9.4 FIRY ——— - ——
Rite comt. 2eyr 4.0 6.9 1.0 46 l.e 33,3 02 31.2 9. M. W1 .
Rong. comt  J-yr .8 a0 «.0 3. 2.9 2.8 ley 0.0 ——- 3%.e  &l.0 35.¢%
Y Long. comt  a-ye 1.2 3.0 4.0 3.h 3.7 n.. 30.7 3o .0 — 5.3 2.8 3.0
Rong. cont  S-yr 13.7 101 9.2 .1 31%.3  Je.0 3 ——— — —— —
Rong. cant  Jayr LN ] LI 3.1 .4 —— h RIS P .0
Rong. cont  Beyr —eae 1.7 —.- &2 .- 2.9 3e.0 3.3 —— M. el 3v.0
. comt  9oyr  we=s 7Y === }.% -.- LY Lt N 9 | 2.9 Lt Ll SN ] Js.3
fng. cont lUs-vr --== 9| - 4. EEC I Y S P Y ) 7.y e . eald 3.}
foag. cuat ll-yr ~-== 7.} - .y RS ] RN B Y 8.3 o—— e eals 3.6
Wwag. comt 1)-vr cee= 1.} e ).e EEL IS § ——me 25.8 4,0 g 9.0 es.d 39.0
g, comt 1Y-yr LRSI N 3 AT P ) R | s 174 0.7 oo ——-  et.7 ey
Rong. comt 17,
La-yr == 1.5 LEL I A = 3 cre= 2.4 288 —— —ve @Y. 3.2
Rong. coat Lyeve 8 e a2 - 2 aee 218 208 e - al 3.2
Rong. cont 20 Sep : .
4 [, YT SRRSO I R - e e el HY e [ ..
- 109 -
~ e
-
. ———

e k0T Al i DM

VA b g va e Hye s




Appewdix 7

PRIVACY ACT MATERIAL REMOVED

Pediatrie Anthropomsetric Data (Height and Weight), 1970-1974
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Appendix 9

A. Urinary lodine Excretion

24-hr 24-hr

output 1, ug/ml I, up/24 hr output I, ug/ml I, s8/24 hr
700 0.105 73 1380 0.0%0 124
700 0.133 93 1160 0.022 25
840 0.162 136 530 0.129 68
740 0.145 107 840 0.112 94
840 0.104 87 800 0.33) 266
1190 0.121 144 580 0.275 160
1230 0.214 263 40 0.136 73
1050 0.207 217 680 0.097 66
780 0,305 238 620 0.069 43

X=126.7:74.5

B. Dietary lodine (Recommended fntake: 50 to 75 ug/dav)

Estimated 1
Sample Total wt., Total I, intake,
meal No. g Contents ug/meal ug/day

1 443 Breadfruit 60.9 152
Clam
Rice
Cocoanut

2 430 Breadfruit 35.4 88
Octopus

3 3100 Clan 41.8 104
Pandanus
Cocoanut

4 255 Pandanus 20.7 52
Octopus
Arrowroot

5 294 Pandanus 23.5 59
Octopus
Arrowroot

6 236 Pandanus 19.3 48
Octopus

7 610 Pandanus 36.1 90 .
Arrowroot

R=34.0:14.7 B84.7+36.6
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Appendix 9 (continued)

C.

Data on Principle Isotopes of lodine Contributing to Thyroid Dose

E y MeV
max

Relative
abundance, X

(From "Inhalation of Radioiodine from Fallout:
Hazards and Countermeasures” by R. Cole

Range in
tissue, unm

50%-Dose
rad{us,* im

0.246
0.332
0.606
. 0.807

0.681
0.934
1.150
1.583
2.111

0.87
1.55
2.65
3.51

0.40
1.00
1.43

1%
20
22
22
21

35
40
25

lodine-131 Betas

1,000
2,100

lodine~132 Betas

2,500
3,900
5,400
8,400
11,500

Todine~133 Betas

6,800

Jodine-134 Betas
8,100
15,800

lodine-135 Betas
1,300

4,300
7,300

150
310

375
625
920
1,500
2,400

1,200

1,460
3,300

195
690
1,300

*The 50%Z-dose radius is defined, for a point scurce in tissue, as the distance
within which 50% of the dose, for that energy, i{s distributed.

**Since this {sotope with 53-min half-life is important only for about 6 hr, it
was not considered in the Marshallese thyroid dose calculations.
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Appendix 10

Hospital Records of Thyroid Cascs, 1972-1974

Rongelap 75
HOSMITAL OF THE MIDICAL RESEARCH CENTER, rrver
PIQOKHAVIN NATIONAL LABORATORY
UPTON. KEW YORK 11973 08-42-3) R
Ares Code 516 VYAphank 4-4262 [TV )
DISCHARGE SUMMARY
ADMITTED: 7 November 1972 DISCHARCED: 13 November 1972

This 29-year-old Marshallese lady was
admitted to chis Hospital for evaluatfon
of thyroid nodularity and physical status for thyroid surgery,

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

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

Before the detection of her thyroid
abnormality in September 1972, the
thyrold examinations have always been negative and she had always sappeared euthyroid
with normal thyroxin levels, The patient was exposed to a whole body dose of
175 rads of gaoma radi{ation and the thyroid pland received an estimated dose of
500 rads, largely from absorption of radiociodines {n the fallout.

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

some itching and burning of the skin, She developed supericial beta burns over
parts of her body which healed within a few months, She also had transitory
plateler depression and mild leukocyte depression which recurned to normal levels
within a year, Until the development of thyrold lesions, her past history had
been generally negative except for the occurrence of virus pneumonia as a child,
Her growth and development had been normal and she has had six normal deliveries
and one miscarriape, Her FMILY and SOCIAL HISTORY were noncontrlbuzory,

PHYSTCAYL EXAMINATION: Tte patient i3 a vell-developed and
well-nourished, alert and cooperative

individual, Except for thyrold findings, the physical examination was cssentially

negative. The thyroid examination reveaied a 2-cm mass in the upper right lobe

which was non-tender and only moderately hard, The lower part of the right lobe

was enlarged but the left lobe was barcly palpable. No nodes were palpated

sxcept for & small one in the posterior cervical chain,

LABORATORY & X-RAY DATA: Thyroid scan w.th 99""& showed both
functioning and non-funct{oning nodules
in the right lobe of the gland, T4 level was normal (8.3 ug”) and showed good
increase afcer TSH stimulation, Before TSH acministration (10 units) the 1231
upti.ke was 19,9% and after the administration of the hormone the uptake was 55.57%.
Thyroxin levels will be recorded later, BMR and cholesterol were normal. The
remainder of the laboratory and X-Ray Workup was negative, except for the
presence of trichurfs trichuria and ascaris lumbricoides in the stools.
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Rongelap 75
HOSHTAL OF THE MLDICAL AESEARCH CINIER, PV,
BROOKHAVEN NATIONAL LABORAIOAY
UPION, NEW YORE 11973 08-42-3) R
Ases Code 516 VAshans 4-4262 ol 7G)
CISCHARGE SUMMARY
HOSPITAL COURSE: Her hospital course here was uneventful

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

At the above hospital on 14 November 1972

thyroid surgery was performed by Dr,
Brown Dobyns., Crossly both lobes of the gland were found to be miltinodular.
The right lobe exhibited a 1,5 « 2 cm. nodule in the upper part of the lobe and a
smaller nodule in the lower part. The left lobe was filled with smaller nodules,
Bocth lobes were removad and a small nodule was excised from the {sthmus and the
remainder of the {sthmus was lefg {ntact, Microscopic exam{nation revealed nue-
erous benign, adenomatous nodules with prominent microfollicular areas in both
lobes, Recovery from surgery was uneventful and the wound was healing nicely
when she was discharged for return to the Marshall Islands om 19 November 1922,
Details of her hospltalization in Cleveland, including surgical and pathological
reports, are attached,

FINAL DIAGNOSIS: Bentgn adenomatous nodules of the
thyroid gland.

DISCHARGE MEDICATION: The patient was advised to cont{nue
taking her thyroxin wedication
(Synthroid) rigorously, A copy of the Hospital Summary and advice about poste
surgical treatment as well as treatment of her intestinal parasites is being
forwarded to the practitioner At the Majuro Hospital in the Marshall lIslands,
The patient will also be carefully followed up on subsequent medical surveys,

/f/_,.rl.' Aes~

Robert A. Conard, M,D.

cfh
Received: 12/21/72
Typed: 12/21/12
Puge 2 of 2
" 7704
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Rongelap 8

NOSPTAL OF IHE MIDICAL RESIARCH CINTIR NAME)
BADOUKHAVEN NATIONAL LASOLATORY
WION, NEW YORE 1197) 08-42-34 R
Arss Code 514 VAphank ¢-$142 Wl RO |

DISCHARGE  SUMMARY

ADMITTED: 7 Novembar 1972 DISCHARCEN: 1] November 1972
This 19-year-old Marshallcse girl was
admitted to this Hospital for wvaluation

of thyroid nodularity and physical condltion prlor to thyrold surgery.

MEDICAL HISTORY: Examination in September revealed
nodularicy in the right upper lobe of the
thyrold gland, One nodule was fairly firm and about 1 ¢m. in diameter and the
other was smaller and soft in consistency, No lymph nodes were palpated, and the
patient appeared to be euthyroid. Previous exaus over the past 18 years have not
revealed any thyrold abnormalities and she has always appeared euthyrold with
thyroxin levels in the normal range, During the September 1972 examination she
was noted to be anemic, cause unknown,

She wvas 17 montts of age at the time

of exposurs to fallout and received
an estimated whole-body dose of 69 rads of gamma radiation and 8 thyroid dose of
about 500 rads, largely from absorption of radiofodines in the food and water
consumed, This is the flrst case of thyrold nodularity tn children of this
lower Rongelap exposure group (Aflingnas group).

Immedlate effects of fallout were few:

development of mlld superficial beta
burns of the skin and slight epllation which healed within a few weeks, with pnormal
regrowth of hatir; development of m{ld platelet depression and leukopenis which
returned to normal levels by one year, Since 1954 she has been (n good health
with no significant illnesses or tnjuries and lLier growth and development have
been normal, Ancther sister, who was also exposed to fallout, developed benign
thyrold adenomatous nodules which were removed surgically severs! years ago.

PHYSTCAL EXAMINATION: This slender girl {s well-developed

and well-nourished, The thyroid
examination revealed the upper part of the right lobe to be irregular with &
sofe, l.5.cm, nodule {(n the upper part, The left lobe was barely palpable, No
cervical nodes were palpated and she appeared to be suthyroid, The remainder
of the Physical Examination was essentially negative except for a small
papilloma {n the perineum.

LABORATORY & X-RAY DATA: Thyroid scans using 99"‘1‘: showed

nodularity with reduced function in
the upper right lobe, T4 level wvas normal (9.3 ugY) snd showed g90d increase
after TSH stimulacion, The 1231 uptake was alightly elevated and the response
to TSH was fair. The Laboratory and X-ray data were otherwise normal except for
the presence of Trichuris Trichuria {n the stools.

-1~
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Rongelap 8

WOSPITAL OF THE MEDICAL RISEARCH CENTER, ~y o
BROOKHAVEN NATIONAL LABOIATORY
UPION, NIW TORK 1197) 08-42-34 R
Arse Code 516 TAshonk 4-4242 rreTRY)

OISCHARGE SUMMARY

BOSPITAL COURSE: Ker Hospital course was uneventful and
it wvas gratifying that in view of

the anemia noted in Septemder, her blood picture was now within normal limits and

no contraindications to surgery were noted, The patient was given 25 uCi 1311

prior to discharge to vnsure complete removal of thyrofid tissue at surgery in the

eventuallty of malignancy, 5She was discharged on 13 November 1972 and transferred

to Cleveland Metropolitan General Hospital,

At Cleveland Metropolitan Ceneral
on 14 November 1972, surgery was

performed by Dr, Brown Dobyns. At surgery the right lobe of the thyroid was
quite nodular with one firm black nodule about 2 cm in dlameter in the superior
pole, and smaller ones in the remainder of the lobe, The left lobe sppeared
relatively normal, Complete right lobectomy was performed and & thorough search
revealed no lymph nodes in the vicinity of the thyroid gland on either side,
Microscopic examination of the excised tissues revealed small area of papillary
carcinoma®., The remainder of the lobe exhibited multiple benign sdenomatous lesions,
Recovery from surgery was uneventful with no complications. By 19 November 1972, the
wound was healing nicely and the patient was discharged to return to the Marshall
1slands with the interpreter and the other thyroid patient. A summary of her
Hospitalization, including surgical and psthological reports, at the Cleveland
Metropolitan Cencral Hospltal {s attached,

FINAL DIACNOSIS:

?Papillary carcinoma of the thyroid.
DISCRARGE MEDICATION:

The patient was placed on thyroxin med{cs-
tion (Synthroid) 2.1 mg weekly.

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

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

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

L]
Further pathelogical review of the sections is (n progress,

Fola T & Eanll

Robert A, Conard, M. D,

Recelved: 12/20/72

Typed: 12721412
cfh Page 2 of 2
ec. b (-wnA‘D..w,/‘/”
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Rongelap 40

WOSPITAL OF THE MEDIZAL RESIARCH CINTIR Ve
BROOKHAVEN NATIONAL LABORAIORY
UPION. NEW TORK 1197 08=45-42R

Ares Code 516 VAphont 4-4261 il NO)
OISCHARGE SUMMARY

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

This 48-year old Marshallese man

who had been exposed to radivactive
fallout tn 1956 was admitted for evaluation of thyroid aodulacity and physlcal status
for possible thyroid surgery.

HISTORY: A small nodule in the right lobe of the

thyroid was first detected {n 1963. i,
along with other pevple of Rongelap who had been exposed to radlation had been placed on
L-thyroxin treatment and the nodule disappeared on this treatment. However,during the
recent examinatlons in March, he was again discovered to have a hardened area in the
right lobe with indistinct boundaries. No lymphadenopathy was noted. He has always
appeared euthyrold and his thyroxin levels have generally been in the normal range, with
only one reading slightly slow.

He was exposed to 175 rad of gamma

radiation from accldentlial fallout of 1954
and his thyroid gland probably received about 330 rads parcly from radioactive iodines
absorbed., He had early acute effects with hemological depression and mild “beta” burns
of the skin which he recovered from within a year. Examinations over the past 19 ycars
have revealed only a fcw findings: The history of yaws in childhood, weasles, occasion-
ally bronchitis, one possible attack of pneumonia, & fistula-incano which was surgically
corrected. He has remained fn very good health and is a hard worker and leader of his
people. He was maglstrate of the village at the time of the fallout. 1Hlis wife was
operated for cancer of the thyroid, three sons for benign thyrold lesiovns, and 1 sun
died at !9 years of age with acute leukemia (possible from radlation cxposure).

PHYSICAL EXAMINATION: This well developed, muscular, alert man

appeared quite healthy and euthyroid., The
thyroid findings noted were the same as were reported above for the Murch cxaminatiun.
The only other findings were bilateralpides, ~¢ , missing teeth and gingivitis,

JLABORATORY AND X-RAY DATA: Thyroid scans showed no distinct nodularity
but slightly tncreased size of the right

lobe. Radioactive lodine uptake was normal and response to TSH stimulacion was fair.

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

bodies. Chest X<Ray was nurmal. Hemogram was normal, Syphilis servlogy was reactive

(titer of &) but this low level was not considered slgnificant in view of his history

of having Lad the yaws. Tests of kidney function and liver function were normal. Elece

trolytes normal, EKC normal, proteins normal, electrolytes and lipids normal. Stools

were positive for whipworm.

HOSPITAL COURSE: During the B days af his hospltal stay,
the patient was a symptomatic until

the 5th day when fotlowlng TSH injection (given the previous day) he developed an

acute thyroiditis with low grade fever, nauses, anorcxia and slight ncutruphilia. Scan

showed some enlargement of the gland.. The thyroiditis rcduced rapidly and st the




Rongelap 40

HOSMIAL OF THE MIDICAL BESEARCH CENTER.
BROOKMAVIN NAHONAL LASOAATORY
WION, NiW TOML 1$7) 08-45-421

Paml)

Aree Codo 518 YAphank $-4242 At N0
DISCHARGE SUMMARY

LQSPITAL COURSE CONTINUED:

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

AV the Metropolitan General

nuspital thyroid surgery was performed by
Or. Brown Dubyns. 25 microcuries of 13] {odine were given orally the day before for
autoradiographic studies of removed thyroid tissues. In surgery a firm area was noted
at the junction of the right lobe and tsthmus which contained several small nodules «nd
also several areas of nodularity were noted in isthmus. The lower part of the lsthous
and part of the right lobe were removed. The pathologist reported the lesions benign
with varying degrees vf hyperthrophy, hyperplasia and fibrosis. The patient withstood
the surgery well and his convalescence was uneventful. He was discharged on June l8th
to return to the Marshall Islands. Coples of the Hospital Summary and Pathological
Reports from Cleveland incorporated with the BXL records.

EINAL DIACHOS (S Thyroid lobular hyperplasia and hypertrophy
with slight {ibrusis.

DISCHARGE MEDICATION: Continucd treatment with L-thyroxin (3 MG~

day) is vrecommended since he is part of
the more heavily expased Rungelap group, all of whom have been placed on such treatment
since 1903,

- ..
Aeds e tmm

Robert A. Conard, M.D.

Recefved: o-lB-7)
Typed: 6=29-173

or




Rongelap 45
HOSPITAL OF Thi MEDICAL RISIARCH CINTIR i
BMOOKMAVEN NATIONAL LABDRATORY
VITON, NEW TORK 31873 8-45-41R
Asns Code 516 YAphank 4-4342 T WO
DISCHARGE SUMMARY
ADMITTED: June 2, 1973 DISCHARGED: June 10, 1923

This 5l-year-old Marshallese woman vas
brought to this Hospltal for study of
possible thyroid nodularity and evaluation of physical scatus for thyroid surgery.

MEDICAL HISTORY;: The examination in March revealed a

suspiclous acea of [lrmness about 2.3
centimeters in diameter in the region of the lower right thyrold pole. There was
uncertainty as to whether it was ia the thyruid gland, but because of her radlstion
history it was thought surgical exploration was indicated, There was no lymph-
adenopathy and she appeared euthyroid.

She was exposed to fallout radiation {mn

1954, receiving about 6% rads whole-budy
gamma radiation and sbout 134 rads tu her thyrsid gland from absorption of radio-
iodines from the fallout. She had mild radiation effects with slight transient
hematologfical depression and superficial beta burns to the skin. She recovered from
these effects within the year and in subsequent years only minor medical findlngs
were noted., Among these were pleural thickeninyg of the right hemidlaphragm, chronice
endocervicitis, gonorrhea, pingueculae (left) and partial prolapse of the vaginal
wvall, She has always appeared euthyroid and several thyroxin levels were {n the
normal range, though the March leve! was somewhat low,

PHYSICAL EXAMINATION: This lady vas well-nourished and somewhat

overweight. The thyroid examinat{on
revealed an area of firmness as described above, in the lower right thyrold region
near the clavicle. Again, {t was uncertain as to whether this was actually thyroid
tissue being palpated. The patient appeared euthyruid and no lymphadenupathy was
noted. The physical examination was otherwise generally ncgative except for slight
cardlac enlargement and eye findings noted above.

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

thyrold nodularity and the thyroid gland
appeared normal. The RALI uptake was nurmal and the response to TSH stimulation was
good. Her chest x-ray showed slight cardiac enlargement and some temting of the
diaphragm on the right from scarring, probably due to an uld inflammatory discase.
The hemogram was nomal except for a high sedimentatiun rate (which I frequently
secn in the Marshallese, particularly the women), The blood chemistry findings
were generally normai.

HOSPTTAL COURSE ; During her 8-day stay here, she renained

generally asymptumatic except for slight
pain in the right shoulder at night relieved by aspirin, and nasal congestion on
several occasions which was relieved by nose drops. She was discharged

oL 730A
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Rongelap 45

HOWITAL OF THE MIDICAL RESIARCH CENGIR

INAE)
SPOOKHAYIN NATIONAL LARORATORY
UPION, MNiW YOIK 1197) B-45-41R
Aras Codo 516 YAphonk 4-4262 FreTavon

DISCHARGCE SUMMASF

.2e
on June 10th, 1973 and transferred to the Cleveland Metropolitan Cereral Hospltal,

At the Cleveland Meiropolitan General

Hospital, on June 12ti, surglcal exploration
of the thyrold and upper mediastinum was carried out, No mass was found in the right
lower thyrold reglon and Lt was thought that & somewhat thickened lower edge of the
sternocleidomastold muscle may have been decefving. However, a small cyst vas
discovered In the lower left pole of the gland which proved to be a degenerating
cystic adenoma. Convalescence was quite uneventful., A summary of the huspitaliza-
tion including surgical and pathological repourts at Cleveland f{s included in her
BNL record,

FINAL DIACNCS1IS: Adenoma with cystic degeneration.

DISCHARGE MEDICATION: On the basis cf her thyroid status,

thyroxin treatment {s not indicated,
However, a decision i{s pending am to whetacr to give thyroxin supplemental treat-
ment in this group ¢{ (slanders who rec-ived a smaller dose of radiatfon. She
will have periodic follow-up examinations including determination of serum “hyroxin
levels at six-month Intuervals,

hed s
. /.-/-L.Ir(. Au_«»{- .
Robert A. Conard, M.D,
RA:bwa

Dice: 6/27/73
Typed:6/28/72
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oo 7 WOSMTAL OF THE MIDICAL RISIARCH CINTR, e
BROOKHAVEN NATIONAL LASORATORY . 3 .
UPTON, NEIW YORK 11973 ’ o o Qb-45-40R

Ares Code 316 VAphank 44242 M NOY
-~ DISCHARGE SUMMARY

e o e T ey AL G

ADMITTED; June 2, 1973 s Juae 10, 1973

This 54 year old Marshallese womsn who had

been exposed to & s)light amount of fallout
in 1954 was brought to the United States and admitted to this hospltal for evaluatica
of thyroid nodularity and physical status for poseible thyrold surgery.

JHISTORY: Exanination, this past March revealed 2

rather hard masses ia the right lobe of
the thyroid, These had not been noted om previous examinations. No lymph nodes were
palpated and she has always sppesared euthyroid. Her T-4 lavel o Mexh was 3.7 pgel.

She vas secidentally expored in 1954 to

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

JHUYSICAL EXAMINATION: This intelligent, alert, somewhat obese

Marshallese lady appeared to be healchy
snd euthyroid, The thyroid findings were as described above for the March examination.
Other findings included inversion of the nipple of the right breast; enlargement of
the heart with & harsh systolic wurmur, heard best over the aorta and PMI areas; blood
pressure 180/86 with no evidence of decompensition; EKC was within normal lisits;
tenderness around the umbilicus though the hernia was not actually palpated; Pelvie
examination revealed J small areas of hyperplasis of the cervix.

JABQRATORY AND X-BAY DATA: The thyroid scan showed a pooyly function-
ing nodule fn the lower half of the right

lobe. The radiocactive iodine uptaks was normal and the response to TSH stimulation

was good, T-4 report {s not yet in, Serum was non-reactive for satithyroid globulin

antibodies. X-Ray of the chest showed moderate cardiomegaly and arteriosclerosis.

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

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

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

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

remained generally a_symptomatic except
for some pain and stiffness {n her right arm which was relieved with aspirin. Her
appetite wvas good and she was completely ambulatory. Her blood pressure remained
normal after the slight e¢levation noted on admission., She was discharged on Juane 10th
for travel to Cleveland.




Utirik 2208
HOWITAL OF THE MEDICAL RISIARCH CINTIR. Fevvery
BMOOKHAVIN NATIONAL LAIORATORY
UPTOM, NEW YORK 11973 0B-4%-40R
Ares Code S16 YAphank 4-6247 Wl NO)
DISCHARGE SUMMARY
-2
HOSPITAL COURSE CONTINUED: At the Cleveland Metropolitan Ceneral
Hospisrl. surgery was performed by Dr.
Brown Dobyns. One day, prior to surgery 25 & Ci 1 was given orally in order to

do autoradiographic studies of removed thyrold tissues, Surgical expkration revealed

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

was “cool” based on radiation counting. The patient withstood the surgery well and
convalescence vas uneventful., She was discharged to travel back to the Marshall Islands

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

JINAL DIACNOSIS: Degenerative cystic thywded adenoma.

DISCHARCE MEDICATIONS AND RECOMMENDATIONS: In view of the fact that the patient had

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

gl T L e
Robert A. Conatrd, M.D.

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

HOSMIAL OF TME MEDICAL RESEARCH CENTIL
SAOOKMAVIN NANONAL LABORATORY s #iamd
UPTON, NEW YOIX 1197) 8-45-38R
Ares Code 316 YAshonk 4-4262 AT HOJ

DISCHARGE SUMMARY

ADMITTED: June 2, 197) DISCHARCED: June 10, 1973

This S4-year-old Marshallese woman, who
had a slight exposure to fallout radiatlion
in the Marshall Islands in 1954,was admitted here for studies of thyrold modularity
and evaluation of physical status for thyroid surgery.
MEDICAL HISTORY: In 1966, a small 0.5 cm nodule was found
ia the right lote of the thyroid. Subse-
quent examinations showed an increase in the number of nodules of the gland,and ia
March of this year three distinct modules were palpated, two in the left lobe and
1 near the {sthmus, the largest being about 2 cm in the lower part of the left lobe.
The nodules were slightly tender to palpatioa. MNo lymphadenopathy was noted. She
noticed the “lumps" on swallowing. She appeared euthyroid though her T-4 level in
March was slightly low (2.7 ugl).

She was exposed to 14 rads of gamma

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

¥on-contributory.

FAMILY AND SOCIAL HISTORY:
PHYSICAL EXAMINATION: Positive findings on physical examinations
included: alight obesity, multiple
lipomata (asymptomatic), reduced hearing left ear and BP generally normal, but
slightly elevated at times; slight cardiumegaly wicth no evidence of decompensation,
Her thyroid findings have not changed since those outlined above for the March ex-
amination. She appears euthyroid.
LABORATORY AND X-RAY DATA: Thyroid scan shows a large mon-functioning
nodule in the lower left lobe. Radloactive
fodine uptake and response to TSH stimulation were adequate, T-4 level is not
avaflable yet. Her serum vas non-reactive for antithytold globulin aniibodles,
Chest x-ray showed cardiowegaly but the lungs were clear. EKG showed incomplete
bundle branch block which was not considered significant. The hemcgram showed
slight lymphocytosis (46%) and eosinophilia (14X) and fncreased ESR to 28. . She vas
found to be disbetic with FBS of 262 mgh and splllage of sugar in the ur.ne, Her
kidney function was somewhat reduced with BUN of 27 .gX%, urine albumin 50 wmgl,
creatinine clearance 40.5%, urea clearance 30 mgd, The AC ratio was 1.1 (not
unusual {n the Marshallese), cholesterol 264 mgXk, triglycerides 148 mg%, electrolytes
and liver test gemerally normal, The syphills serology was reactive (ticer of 2)
but was not considered significant {n view of past history of yaws in so many of
these people. Her stools were positive for trichuris trichura,
She remained generally asymptomatic during

HOSPITAL COURSE:
her 8-day hospital stay here except for a

slight cough and non-specific muscle palns at times. With the finding of diabetes,
she was placed on a 1400 calorie (ADA) diet. Since she continued to spill some sugar

8 T20A




Utirik 2212

HOWITAL OF 1ME MEOICAL RESIARCH CINTIR, :
MOOKHAYIN NATIONAL LASORATORY
UPTON, WIW YOIK 197 8-45-38R

Ares Code 314 YAphant 4-6242 MNIT NG
DISCHARGE SUMMARY

Yy

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

At Cleveland Metropolitan General Hospital,
thyroid surgery HS' performed by Dr.
Bruwn Dobyns. The day before surgery she vas given 25 uCi 131 g order to do
autoradtiographic studies on the removed thyroid tissues. At surgery, a left
lobectomy was performed removing seversl cystic nodules fruom that lobe. A diagnosis
of Hurthle cell adenomata on fruzen section prompted the complete removal of that
lobe., A further adenoma was rvmoved from the fsthmus and several tiny nodules were
removed from the right lobe., The patient withstood surgery well and her convalescence
was uneventful., She was continucd on insulin and dietary treatment,

FINAL DIACNOSIS: Mixed follicular <ell and Hurthle cell
adenomata of the thyroid,

Borderline hypertensfon with slightly
reduced kidney function.

DISCHARGE MEDJCATION: Under mormal circumstances with a left
thyroid lobectomy and subtotal on the
right, somewhat depressed metabolism might be expected and 0.1 to 0.2 mg of L-
thyroxin would be glven daily. However, since this lady is older, has diabetes and
a tendency to hypertension, it was deemed advisable to observe her for a few months
before making the final decision on treatment, She was advised to attend the diabetic
c¢linic at the Majurv hospital and maintain her diet, The practitioner accompanying
the patients was advised to conti{nue the insulin therapy. If the patient later was
moved back to her {solated home at Utirik Island, the trestment would have to be
re-evaluated, . )
S fad T Cnm
vbert A, Conard, H.D.
RAC:bwa
Dict: 6/27/73
Typed:6/29/73
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HOSPITAL OF THE MIDICAL RESIARCH CINIIR. e
BROOKHAVEN NATIONAL LASORATORY
WITON NEW TORK 197) 8-45-3IM
Ases Code SI4 VApnaat 4-4262 ot 8O )

DISCHARGCE SUMMARY

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

found to have a small thyroid nodule
at the time of the regular annual examination of the Marshallese e¢xpused to radios
active falluout this past March, The nodule was pea-sized, freely movable, and (n
the midportion of the right lobe. There was no lymphadenvpathy noted, She was
brought to the U.S. and admitted to this Hospital for thyroid studies and evaluaticn
for thyrold surgery. Her previous thyrold history had been ncgative and she had
always appeared cuthyroid with low-to-normal thyroxin levels. Because of her
radfation exposure, surgical explorativn was decmed advisable.

She was exposed on Utirlk Island in 1954
to about 14 rads of gamma radiatiuvn from

fallout with a thyroid dose of about 22 rads (partly from radiuiodine absorption).
She showed no effects of the slight exposure, and the principal medical findings
over the 19-year period since exposure have concerncd the development of essential
hypertension with pussibly slight kidney involvement, Cumplaints have largely
centered around arthritic pains and stiffness of the knees and legs and the develop-
ment of poor visiin.

FAMILY AND SOCIAL HISTORY: Ircrelevant,
PHYSTCAL EXAMINATION: This slender, elderly, alert la&y appeared

healthy, euthyroid, and well-preserved for
her age. The thyroid findings were as described above and during th¥ March exam-
ination, Other findings included an early cataract formation of the left eye and
the presence of hypertension (BP 200/96), and a moderately lews systolic muramur.
The heart was not thought to be enlarged and there was no evidence of cardlac de-
compensation. Pain and stiffness -u aoving the knees and legs may have been
associated with arthritic changes.

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

at the lateral border of the right lobe,
Radfcactive fodine uptake was low-normal, and TSH administration showed reduced
thyroid reserve. Her serum was nun-reactive to antithyroid gicvbulin antibodies,
Chest x-ray showed cardlomegaly and sortic sclerosis; slight Increase in density
near the cardiac apex “probably due to old Inflammatory disease’, and a slight
deviation of the trachea, X-ray of the knees was negatlve. EKC was within normal
timits. The hemogram was normal except for 8% eosinophils and an ESR of 38,
Aldosterone level was normal. Some kidney dysfunction was evidenced by BUN of 27,
urine aldumin 50 mgl with 8-12 RBC/HPF, urea clearance 55% and creatinine clearance
392, Other clinical chemistry tests were generally negative, {ncluding tests for
liver function, electrolytes, liplids, and serum protelns. Stools were positive
for ascaris lumbricoides and trichuris trichura. Syphilis serology was slightly
positive (titer of 2) but this low level i3 not considered significant, particularly
tn view of possible yaus in the past which was prevalent in these pecople,
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DISCHARCE SUMMARY

-2-

HOSPITAL COURSE: Her 8-day stay at this Hospital was un-
eventful and she remained generally
asymptomatic except for a few non-specific muscle pains. Her cardiovascular/renal
dlivase was nut cunsidered sufficlently advanced to preclude surgery and she was -
discharged June 10th,1973, and taken to Cleveland, Just prior to discharge, she
vas glven 25 uCi of 1311 o wnsure complete removal of the thyroid at surgery
and fur study of activity of thyrold tissues temoved,.

At the Cleveland Metropolitan Ceéneral

Hospital, Dr, Brown Dobyns performed
thyroid surgery on June llth, A 1,5 cm nodule was removed from the right lobe
and a right lobectomy was performed, The psthological diagnosis was “thyroid
adenomata”.She withstuod surgery well, with no complications. Post-operative
convalescence was uneventful and she was discharged June 18th for return to the
Harshall Islands. The hospltal summary and pathological repurts from the
Cleveland Husplital are inserted im her BNL record.

FINAL DIACNOSIS: Thyroid adenomata.
Hypecrtension.

Reduced kidney function, secondary to
hypertension.

DISCHAKGE MEDICATION: In view of her low thyrcid reserve and
right lobectomy performed, supplementary

thyroxin treatment was considered but, tn view of her hypertension and age, it

was considered better to observe her and see If supplemental therapy was necessary.

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

’
FATE Caarints —

Robert A. Conard, M.D.

RAC /bua

Dict: 6/22/7)

Typed: 6/28/73
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DISCHARGE SUMMARY

ADMITTED: 6/2/7) DISCHARCED: 6/10/73

During the March medicsl survey in the

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

Tanré
MED ICAL HISTORY During the March examination ac nodule,

a discrete spherical mass was detected
which was moderately firm, movable and slightly tender to palpation, No lymphadeno=
pathy was noted, She appeared euthyrold and previous examinations showed nu evidence
of thyroid abnormalities.

Along with the population exposed to

fallout she has been examined as part of
the comparison population for the past 16 years. She is the mother of 11 children
and has been healthy. With oaly a few [indings of any significance « slight anemia
at one time, one miscarriage, cervical erosion and occasional fungus infections of
the skin. Her FAMILY and SOCLAL HISTORY are non-contributory.

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

JABORATIDRY AND X-RAY DATA: Thyroid scans showed a 2 cm, poorly

functioning nodule in the lower lcft lobe
of the gland, Radiocactive fodine uptake was normal and response to TISH stimulation
was good. Serum was nonreactive for antithyroid globulin antibodies. Tests X-Ray
and EKG were normal, The hemogram showed siight lymphocytosis and an elevation of
the ESR to 38 (which is not unusual in the Marshallese.) In view of her previous
anemf{a it was (nteresting that her fe and TIBC were within normal limits. Tests for
liver and kidney function, electrolytes and lipids were normal, Serum proteins wvere
somewhat high (9C) but the electrophretic pattern was not unusual for the Marshallese
(high gamma globulin levels). The stools were negative for ova and parasites,

HOSPITAL COURSE: During Tht early part of her 8-day stay,

here, she had premenstrual abdominal
discomfort and anorexia, With onset of menstruation these symptoms dlisappeared and
she remained a symptomatic for the rest of her hospltal stay here. Just prior to
discharge on June 10th, for travel to Cleveland for surgery she was given 25 u Ci 131
orally in order to carry out autoradiographic procedures on thyroid tissues to be
Temoved at surgery.

"y 2204
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DISCHARGE SUMMARY

-2=

HOSPITAL COURSE CONTINUED: Thyrold surgery was carried out June llth
at the Cleveland Metropolitan General

Hospital by Dr. Brown Dobyns. A discrete 2 cm diameter mass was found in the left lobe
and removed along with subtotal lobectomy., The remainder of the thyroid appeared to
be normal and no lymph nodes were noted, A pathological diagnosis was PAPILLARY CYSTIC
ddenoma and 2 small thyrold adenvmatwere also found. She withstood the operation well
and her convalescence was uneventful. She was discharged June 18th and returned to

the Marshall Islands. Coples of the Hospital Summary and Pathological Reports from
the Cleveland Hospltal are included in our records.

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

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

LT fonm

Robert A. Conard, M.D.

Recclved: June 29, 1973
Typed: July 2, 19713
er
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Rongelap 83
HOSMTAL OF THE MEDICAL RESEARCH CENTER, NAMD
BROOKHAYIN HATIONAL LABORATORY
WION, NEW YOUK 11973 08.50-54 R
Area Code 316 YAphanh 4-4242 [V 1l 5]
ISCHARGE SUMMARY
OIsCHARGE $ CIRC 63
ADMITTED: 27 May 1974 DISCHARCED: 3 June 1974

This 20-year-old Marshallese boy uas
admitted for thyrold studies and
considerat{on for possible surgery in Cleveland.

MEDICAL HISTORY: In September 1973, a snall nodule was
noted {n the left lobe of the thyroid.
During the recent March 1974 survey, an add{tional slight enlargemunt of the
right lobe was palpated, He has always appeared euthyroid and the T4 levels
have been wichi{n normal limits. This boy was one of & Rongeiap children
exposed in utero, He was exposcd near the end of the second trimester to 175
rads whole body gamm radiation from accidental fallout, and the thyroid also
received an indeterminate dose from radfioiodines which had been absorbed by
the mother, When first seen, ) months after birth, the only possible indication
of radlation exposure was a transicory depression of his blood platelets., He
has been examined regularly by our medical team and no serious findings have
been noted, He has had the usual childhood infections, and on one occasion
he Mad a brief hospitalization for acute URI, His growth and development have
been normal,

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

and well-nourished, He appears
euthyroid. Phys{cal exam i{s generally negative except for the thyroid find{ngs,
A small, 2 om, freecly moveable nodule was noted in the left lobe and a bumpy
irregularity in the upper right lobe, No tenderness of the gland or lymphe
adenopathy was noted,

LARORATORY & X-RAY DATA: Thyrold scans showed a discrete area

123 of decreasced radiocactivity in the
middle portfon of the left lobe, T uptake was 24.6%, T4 level was 6,7 ugl
ia March, The hemogram and blood chemlstry data were within normal limits,

HOSPITAL COURSE: The hospital course was uncventful,

He ate and slept well and was come
Pletely asymptomatic., The patlent was given 20 uCt 1311 just before discharge
to Cleveland for autoradlographic anslysis of excised lesions,

At the Cleveland Metropolltan General
Hospital on &4 June 1974, thyrold

surgery was performed by B, M, Dobyns, M,D, There was a 3+4 nm mass .in the
left lobe near the i{sthmus, a | cm soft mass in the superior pole and the
right lobe contained a 1 cm soft mass, These were removed and the histological
diagnoses were benign adenomas, one of which was trabecular in pattern, His
recovery from surgery was uneventful with no complications, By 9 Junc the
wound was healing nicely and the patient was discharged for trave! back to the
Marshall Islands, A summary of his hospitalization including surgical and
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OISCHARGE SUMMARY
CIRC 63
pathological reports froa the Cleveland Hospital are being Incorporated into
the chart of this hospital,
DISCHARCE MEDICATION & INSTRUCTIONS: The patient was resumed on thyroxin
medication (Synthroid®) 2.1 mg/weekly,
Dr. Knudsen, the resident physician in the Marshall Islands, will carry out
careful followup examinations on this patient,
DISCHARGE DIACNOSIS: Benign thyroid adenoma, surgically
removed,
Bl F @ e’ —
Robert A, Conard, M.D,
cth
Received: 6/25/74
Typed: 6/22/14
. a¢ G Conand o 71,/7\/
Page 2 of 2
B 7204
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SIOOKHAYEN NATIONAL LABOLATORY
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Arss Coda 34 VAphank 4-4141
OISCHARGE SUMMARY CIRC 63

ADMITTED: 27 May 1974 DISCHARCED: 3 June 1974

This 41-year-old Marshallese wowan was
admitted to this hospital for thyroid
studies due to nodularity in the gland, and evaluation for possible tHyroid
surgery,

MEDICAL HISTORY: In March 1974, during routine physical
exacination, the patient was found
to have a firm nodule in the lower left pole of the thyrold gland and possibly
another tiny nodule in the upper right lode., The nodules were non-tender and
no lymphadenopathy was noted, Shc appeared to be euthyrold, The patient is one
of the unexposed people in the Rongelap compariosn population, Since exams
began in 1957 on this group, her health has been generally good, but with an
increasing tendency to obesity and a recent development of hypertension, Her
weight {ncreased from 145 1b in 1957 to 170 1b at present. The past few years
she has had frequent headaches, and the BP has Lecome elevated to around
170-180/100-115, She has had about annual pregnancies, resulting in 9 healthy
children, 2 miscarriages, and 1 child dying at the age of 1 year, Except for
occasional joint pains and presence of worms in her stools, her history {»
othervise negative generally, She has had no symptoms referable to kidney
disease,

PHYSTCAL EXAMINATION: The patient {s somewhat obcese and {s

2022 weeks pregnant, She appears
suthyro{d and generslly in good health, Exam of the thyroid reveals a | cm
nodule in the lower left lobe with a companion nodule also {n the mid right
lobe, The nodules were non-tender and no lymphadenopthy was noted. Her BP
wvas 150-180/105-115, The heart and lungs appeared normal, as well as the
peripheral vascular syster. Funduscoplc exam was generally negative except for
slight increase in light reflex. The physical exam was otherwise negative
except for the presence of a cystocele and rectocele,

LABORATORY & X-RAY DATA: No scans or thyroid uptake studies
were performed because of her
pregnancy. X ray of the chest showed the heart to be top-normal in size, but
othervise negative., EKC was normal, Cholestercl was 336 mg¥%, and triglycerides
wvere 182 mgk. Creatinine clearance was slightly low. Aldosterone was 50 mg/
24 hr, VMA was norsal. The urine showed 20 mg albumin, but was otherwise
negative, Stool examinations revealed the presence of whip worms and
trichivus trichura.

HOSPITAL COURSE: During her hospitalization, the
patient remained asymptomatic, and ate
and slept well, She was completely ambulatory. Her BP varied from 130/90

to 160/110, From the lab findings a dlagnosis of mild essential hypertension

ele
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DISCHARGE SUMMARY CIRC 63

seems appropriste and should not preclude surgery.

At the Cleveland Metropol{tan GCeneral
Hospital on & June 1974, thyrofd
surgery was performed by B, M. Dobyns, M.D, The gland was found to be 2-) times
nornal size, soft and very vascular (presumably related to pregnancy). There
were I adenomas, one in the right lobe and one in the lefr; one filled with
collold and the other with necrotic liquid, The pathological diagnoses were
thyroild adenomas, one with cystic degeneration and the other "a regeneratinge
degenerating microadenoma’ Recovery from surgery was uneventful and the wound
healed nicely., There were no complications related either to hypertension or
pregnancy., The patient was discharged for travel to the Marshall lslands on
9 June 1974, The hospital summary and a surgical and pathologics) repurt
are being Included in the chart of this hospital.

DISCHARGE MEDICATION: Dr. Knudsen, the resident physician

{n the Marshall 1slands, vas
advised that the obstetrician on this case suggested that {f hypertension
persists after pregnancy termination, some form of medical management should
be instituted, 1t was not considered necessary 'o start this pati{ent on
supplementary hormone therapy,

DISCHARCE DIAGNOSES: 1. Benign thyroid adenomas, surgically
removed,

2, Essential hypertension (mild),

Sl & e €

Robert A, Conard, N.D,

cth
Received: 25 June 1974
Typed: 27 June 1974

I3 & Commd' }6
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NOSMTAL OF Tl MEDICAL RESEARCH CENTEL,
STOORMAVIN MATIONAL LABORATORY
WPTON, NiW YORK 9T} 08-50-52 1
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DISCHARGE SUMMARY CIRC 6]

ADMITTED: 27 May 1974 DYSCHARGED: 3 June 1974
This &45-year-old Marshallese female
was admitted for evaluation of her

thyrold status {n anticipation of possidle surgery.

MEDICAL HISTORY: In September 1973, a small nodule

0.5 cm in diameter was noted in the
reglon of the lower left lobe of the thyroid. By March 1974, the nodule
appeared to have grown slightly in size. She had always appeared vuthyrold and
her Tt levels wvere i{n the normal range, The patient was accidentally exposed
to fallout radiation in 1954 at age 24, She received an estimated 69 vads of
whole body gamma radiation which caused mi{ld depression of her blood ¢lements
during the first few weeks after exposure, Fallout contamination of the skin
caused m{ld, transitory, beta burns of the skin during the first few weeks also,
She also absorbed internally some radionuclides, the most serious of which were
rad{olodines, She remalned generally healrhy until about 1970, except that she
was somewhat underweight and had an early menopause (age 42), after having had
one miscarriage and one child, Since 1971 she has complained of frequent bouts
of coughing, dyspnea, night sweating at times, and chest pain, She has had
white-to-yellowish sputum, but deni¢s hemoptysis, She claims to become dyspreic
on exertion, and during the bouts of coughing slveps propped up on pillows,

LABORATORY & X-RAY DaATA: Thyrold scan using 1231 shous a focal

area of decreased radlocactiviey in
the middle and lower 1/3 of the left lobe of the thyroid laterally, Her RAL
uptake was 15.8%, Chest x ray showed increased lung owrkings, possible due to
chronie bronchial disecase, Numerous exams for AFB of the sputum were negative,
both on smear and by culture, No other consistent pathogenic organisms were
found in the sputum, The EKC showed some r-gvo abnormalities, which were not
necessarily considered significant, Her hem pgram was negative except for
increased eostnophils which way have been rclated to the finding of whip-worm and
trichuris trichura in her stools, She had slightly increased blood proteins,
particularly globulins, which 1s not an unusual finding in the Marshallese
people, She had a positive syphills serology, reactive, titer II, (In the
Marshallese, infection with yaws, which was endemic yevars ago, not Infrequently
results {n positive serclogy.)

HOSPITAL COURSE: During the first few days of hospftal-

ization, the paticnt remained I{n bed
a good deal of the time. She coughed frequently and had slight increase in
resplration, bringing up a vhitish-yellowish sputum, She became dyspneic on
exertion, She had a low-grade fever {n the evenings. Her appetite was poor,
In view of possible TB infection, {solation procedures were instituted, though
subsequent tests and sputum findings did not subscantifatésuch a Jdiagnosis.
Considering the possibility of bronchfal infection, she was given tetracyclines
and Tedral for cough, She improved {n the last few days of hospitalization

.le
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and was able to get up and ualk around, with an increase in appetite, She
was considercd fit to travel to Cleveland on 3 June 1974,

When the patient arrived at the
J Cleveland Metropolitan General Hospital
she was Improved, Her chest x rays were reviewed by a chest specialist and
the EKG by & cardiologist, Their opini{uny were that the ? hilar shadows vere
not suggestive of tuberculosis but of bronchitis, and the T-wave changes in’
the EKC were not considercd significant, Their conclusions were that these
cond{tions did not preclude surgery, Positive pressure ventilation and other
pulmonary exercises were instituted and resulted in removal of large amounts
of bronchial mucis with marked improvement {n the patient's status prior to
surgery,

On 5 June 1974, thyroid surgery war

carried out, The gland vas found to
be srall, thin, and brownish in color and quite friable, A l-cm mass was
removed from the mid left lobe which was filled with necrotic fluid and a ,
sraller 5 mm tongue of adenomatous tissue removed from near the {sthmus, The
rathological dlagnoses for both masses were “adenoras®,
The patient's postoperative cone
valescence was uneventful with no

pulmonary problems, A positive serological test for s,philis was veported,
This was confirmed on re-check,

DISCHARCE MEDICATION & INSTRUCTIONS:

DPr. Knudsen, the tesident physician TV
in the Marshall lslands, was notified
of the return of this patient and advised about the positive sercological test
and the desirability for continued postural draimage procedures, She was
resumcd on thyroid hormone treatment (Synthroid®) and giver a supply o take
back to the {slands with her, She will be given careful followup exams,
DISCHARGE DIAGNOSES: 1. Benign thyrold adenomas, surgically
removed,

2. Chronic brokenitis,

SRl Lo
Robert A. Conard, M.D.

B crth
Recelved: 6/25/74
Typed: 6/27174
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Appendix 11.. s

Hospiéal Summary of Leukenia Case

Admitted on 10-2-72 to National Cancer Institute, Hematology and Supportive Care Branch

" The patient {s a 19-year-old man from the Marshall Islands, who transfers from
the hospital of the Brookhaven National Laboratory with a tentative diagnosis of acute !
leukemia, oo !

PRESENT ILLNESS:

This patient has been followed with yearly physicals and blood counts by the
Medical Research Center vf the Brookhaven National Laboratory since age one, at which
time he suffered an accidental radiation exposure of 175 total body rads. He had a
transient leukopenia one month following exposure but since then has had normal blood
counts at his yearly examinations. At the time of a routine evaluation in August 1972,
his peripheral blood white count was 1,200, platelec count 119,000, and red blood cell 4
count 4.4 million. Attempt at & bone marrow aspiratfon at that time was unsuccessful,
and on September 29, 1972, the patient was flown to the Brookhaven Medical Recsearch
Center far further evaluation. He had not complained of easy farigability, spontaneous
or unusual bruising or bleeding, joint or muscle aches, or an increased number of infece
tions., At the time of zdmission on September 29, the hemoglobin wus 12.5, white blood .
cell count 700 with 26% polys, 28% lymphocytes, and the remainder abnormal monocytic
precursors, Urinalysis, liver fuaction tests, and prothrobin time were all within
normal limits. A bone marrow aspirate in the left posterior {liac crest was performed
and revealed a predominance of early myeloid precursors with some dissociation of cyto-
plasmic and nuclear maturation and presence of Auer rods in the cytoplasm of myeloblasts.

On September 30, the patient had an asymptomatic temperature elevation to 101°F, Phys-
ical examination then revealed slight injection of the pharynx and a chronically scar-
ted left tympanic membrane., Chest x-r2y was normal, Cultures were taken, and the
patient was begun at that time on treatment with keflin and gentamicin., He was placed

on {solation. On October 1, the patient was afebrile, und arrangements were made to
transfer him here,

PAST HISTORY:

P

" . Cperations: Subtotal thyroidectcmy,

Accidents: KNone

Mediciras: Occasional “Anacin" tablet; synthroid, 0.3 mg. daily from 1968 until
May 1972, .3

.

o~
FAMIVY HISTORY: °

Mother, father, six brothers, and three sistcrs are all living and in good health
in the Marshall Islands.

CUNICAL BCOD
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SOCIAL HISTORY:

The patient was born and has lived all his life {n the Marshall Islands except for
one visit to Boston, vhere he was hospitalized for a thyroidectomy in 1967, He graduated
from high school last year. He has working knowledge of English, although he is not
fluent.

REVIEW OF SYSTEMS:

Head: The patient gets a rare fronto-occipital headache, vhich {s relieved by
Anacin. The frequency of these hcadaches has not changed recently. He has no known
seizure disorder, no history of syncope. Ears - No complaints. Eyes - Vision good,
The patient does not wcar glasses. Nose and Mouth - Negative,

Pulmonary: No chronic cough, no shortness of breath.

Cardiovascular: Negative.
Castrointestinal: Negative.

Skin: The patice® has had multiple skin infections on the legs, often resulting
from cuts and scratches, In addition, he has had boils on the buttocks ever the last

few months and a mildly prutitic, depigmenting vash over the thorax for the last six
months,

Endocrine: Subtotal thyroidectomy S yrs prior to admission for multiple benign
adenomas, On synthyroid since.

PHYSICAL EXAMINATION:
vital Signs: Blood pressure 110/60; pulse 90; respirations 16.
General Appearance: Thls {5 a well-developed, muscular, young man in no distress.

Hecad, Eyes, Ears, Nose and Throat: The head issymmetric, There is no bony or
scalp tenderness. Puplls are equal, round, and reactive to light and to accommodation.
The extraocular movements are intact., Visual fields are intact to confrontation test-
ing., There is no nystagmus. The fund{ are normal, The Wcber test docs not lateralize.
The right tympanic membrane s slightly scarred and retrvacted; the left tympanic mem~
brane i{s distorted, dull, particularly in the postero-inferior quadrant, with a slight
tan exudate at the base, The pharynx is normal., There is slight inflammation surround-
ing the right mand{bular chird molar, which {s partially covered by a soft tissue flap.

Neck: Supple. There is no venous distention, Two well-healed horizonral sur-
gical scars arc present anteriorly over the neck. No palpable thyrold tissue is present,

Chest: The chest expands symmetrically. The lung fields ars clear to percussion
and auscultarion. The lungs bases move to percussion.

CUINICAL RMCORD
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Cardiac: The point of maximum intensity of the cardiac impulse is in the fifth
intercostal space in the midclavicular line., Cardiac rhythm is regular, There is a
Crade II/VI soft systolic murmur head best at the aortic area, radiating slightly
toward the left sternal border but not toward the neck., The sccond heart sound
splits normally.

Boncs, Muscles, and Joints: The bones are not tender. Thave is no costoverte-
bral angle tnederncss.

Abdomen: The abdomen {8 soft, nontender, Bowel sounds are normal. Icpatic

span to percussion is 10 ecm. Liver spleen, and kidneys are not palpable, and there
are no abnormal abdominal masses or bruits.

Cenfcalia: Normal male.
Rectal: Examination is normal.

Extremities: The extremities are normal, with multiple hcaled scars over the
legs.,

Skin: There is a depigmented geographic rash over the thorax and upper ex-
tremities, which is slightly scaling in places.

Neurolog{cal: Examinatfon {s entirely within normal limits.
IMPRESSION:

1. Acute granulocytic leukemia,

2. History of resection of thyroid nodule, clinically euthyroid now.
3. Tinea versicolor,

4, Mild cutaneous furunculosis,

5. Chronic lefr otitis media,

6. Partially erupted right lower third molar with periodontitis.

PROGNOSIS:

Fifty percent chance of achieving remissfion of his leukemia; median survival
about one year in other patients with a sim{lar discase.

James Mabry, M.D,/C/10-4-72

JM:kr D-X 10-5-72

CliCat HCORD
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Adoitted on 10-2-72 to National Cancer Institutes,
Hematology and Supportive Care Branch
Expired on 11-15-72 from National Cancer Institute,
Hematology and Supportive Care Branch

HOSPITAL COURSE:

Problem No. 1 - Acute Proganulocytic Leukemia:

On the morning of the second hospital day the patient had a posterior iliac crest

bone marrow aspirste revealing decreased normal marrow elements and {nfiltration by
cells with prominent eosinophilic cytoplasmic granules and prominent nucleoli, Some
of these cclls had Auer rods {n the cytoplasm., The impression was that the marrow °
showed changes of acute promyelocytic leukemia, A bone marrow biopsy shouwed hyper-

cellularity and infiltration by abnormal cells. Despite extensive marrow involvement,

however, the patient did not have severe anemia or circulating abnormal cells vhen he
first presented here, On October 12 he was discharged, feeling well, to be followed

closely in the Special Ambulactory Care Clinic. The plan was to treat him for bleeding

episodes, the appcarance of blast cells in the peripheral blood, splenomegaly, or

deterioration of coagulation parameters.

Unfortunately, after only two days in the Outpatient Clinic, the patient's platelet

count fell to 7,000, and he developed an earache and ahd a low-grade fever., He was

therefore readmitted and on October 15 begun on therapy with cytosine arabinoside, 100 og.

per meter squared intravenously every 12 hours, and é-thioguanine, 90 mg. per meter

squared orally every 12 hours. The patient's base-line prothrobin time, partial thrombo-

plastin time, thrombin time, fibrinogen, fibrin split products, and factor VIII were

within the normal range; nevertheless, because of the association of intravascular coagula-
tion with acute progranulocytic leukemia, he was treated prophylactically with heparin,
0.5 mg. per kg. intravenously every 6 hours for the first five days of chemotherapeutic
drugs., On the first day of treatment the white blood count was 1,700 with 21% neutrophils,
567% lymphocytes and 207, abnormal precursors; platelets were 32,000 (after transfusion)
and hemoglobin 10.3, His white count remained low throughout the remainder of his hose

{tal course; abnormal forms disappeared from the peripheral blood on the ninth day of

trcatment; platelet transfusions were administered every two or three days in an effort
to kecp the platelet count above 20,000, Serial bone marrow examinations revealed: on

day five, hypercellular marrow with 807 abnormal cells; on day seven, hypercellular

marrow with 907% progranulocytes; on day twelve, hypercellular marrow with 957 progranulos
cytes; on day fourtcen, hypercellular marrow with 827 progranulocytes; on day nineteen,
normocellular marrow with 807 progranulocytes; on the day prior to death, after twenty-two
days of treatment, & hypocellular marrow with persisting focl of abnormal promyelocytes.
On the day prior to death the patient's hemoglobin was 8.3, white cell count, 2,100 with

1007 lymphocytes, and platelet count 11,000. He had received 10 units of packed red
blood cells and had received platelet transfusions on 18 days of his hospital stay.
During the last two wecks of life he had very poor increments in platele: count after

platelet transfusfons, probably because HIA identical platelets were not available for

transfusion,
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Laboratory Values on Admission: BUN 13, creatinine 1.3, sugar 98, amylase 46,
cholesterol 116, electrolytes normal, calcium, magnesium and phosphate normal, alkaline
phosphatase 50, total protein 8.5, albumin 4.1, total bilirubin 0.1, SCPT, SGOT and LDH
all normal, uric scid 5.8, While being treated with cytosine arabinoside the SGPT and
SCOT rose out of the normal range and in the one week prior to death he had bilirubin
elevations to as high as 6 as well., There was never any evidence of disseminated intra-
vascular coagulation on twice weekly cdagulation screening tests.

Problem No, 2 - Thyroid Status:

Clinically, the patient wvas euthyroid. Thyroxine level was 3.7. Throughout his
hospital stay he was continued on L-thyroxine, 0.3 mg. daily,

Problem No. 5 - Otitis Media:

The patient was treated with oxacillin and gentamicin followed by ampicillin for
& total of seven days with resolution of his left otitis,

Problem No. 6 - Periodonticis:

The dental consultant recommended managing his molar periodontitis with frequent
local lavage, vhich was done under his supervision, The initial inflammation resolved
after several days, but during the last three weeks of his hospitalization he had severe
peridontal inflammation, worse on the right. In addition, a right subauricular swelling
appeared late in the second hospital week and persisced until the time of death. Ear,
nose and throat consultant thought this represented parotitis, but reactive adenopathy
from the periodontitis could not be excluded., During the last three weeks of hospical-
ization he was on nearly continual antibiotic treatment with oxacillin and gentamicina
or keflin and gentamicin., On November 8 Proteus mirabilis and Pasteurella multicida
were cultured from the blood. These organisms had previously been cyltured from the
mouth as well, and & likely source of sepsis was his perfodontitis. He continued to
be febrile throughout the rest of the hospital course, but subsequent blood cultures
were sterile.

Problem No, 7 - Prneumonitis:

On November 7 the patient had gram-negative sepsis; on November 8 he complained
of & brassy cough; on November 9 he was generally tachypneic and quite anxious, with
cyanotic nail beds. Physical examination revealed right axillary rales and chest
x-ray showed & patchy alveolar infiltrate in the right upper, middle and lower lobes.
Arterial oxygen saturation was 45 mm. of mercury on room air and pCO, and 20 smm, of
mercury., Cultures of the scanty blood-tinged sputum grew only a few colonies of
Klebs{ella, Over the next two days he had increasingly severe respiratory distress
with gradual opacification of both hemithoraces on chest x-ray. His sputum became
frankly bloody. On November 12 he was fntubated by the nasotracheal route and placed
on & volume cycled respirator. He was begun on treatment empirically with pyrimethamine
and sulfadiazine for the possibility of Pneumocystis carinii pneumonitis. Management
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during the last two days was complicated by the patient's agltation and {nability to
cooperate with the respirator, so that he was eventually given curare. The terminal
event at 2:40 a.m. on November 15, 1972, sccmed to be an intrapulmonary hemorrhage
followed by hypoxemia and hypotension.

FINAL DIAGNOSES: 1

1. Acute progranulocytic lcukemia

2. Resected thyroid nodule.

3. Tinea versicolor.

4, Mild cutaneous furunculosis.

S. Chronic lefr otit{s media.

6. Periodontitis with subscquent sepsis.

7. Pneumonicis with terminal intrapulmonary hemorrhage

James Mabry, M.D./C/12-5-72
Minht K-1 12-11-72

Attachment: Admission History sand Physical Examination
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Appendin 12
. Personnel Monitoring
A. Urine, 1970-1974
Sabject Ca, 90Sr. l]lc"
Year No. Vol., =l wg/liter pCi/licer aCl/Lliter
Rongelap
1970 7 2500 180 2.2 1.9
9 2680 (1] 1.0 0.80
1 1100 91 1.4 t1.0
4 270 220 4.2 3.l
&3 920 b3 5.4 3.l
$3 980 {70 7.3 2.9
b7 455 75 6.4 9.2
10 1315 82 2.4 1.1
7 528 97 2.3 .l
80 1540 200 2.0 1.7
BOS 275 110 7.4 L.4
: 811 265 600 6.5 3.9
818 330 110 3.7 4.1
. 881 540 74 1.7 2.8
: 842 1180 76 1.0 0.87
94 %920 150 2.5 1.5
948 800 180 2.0 0.77
1050 620 120 1.6 2.1
1520 355 22 3.3 4.0
1523 1520 220 1.4 2.6
X = 3.3 X = 2.7
1571 4 625 13 3.7 5.9
41 590 130 2.1 1.2
61 1260 [Y) 1.6 0.43%
66 560 160 2.4 2.7
67 260 870 4.3 .6
73 830 210 2.6 2.1
17 700 87 3.1 2.7
802 210 160 9.7 3.7
823 470 110 6.} 2.5
817 330 200 2.5 2.0
836 120 240 1.3 2.2
864 830 140 2.6 3.2
932 122 55 1.3 1.4
948 440 1 0.90 0.3
1520 470 240 3.7 2.5
X * 3.67 X= 2.4
1972 1 540 100 2. 1.2
13 960 91 2.6 2.6
7 680 23 2.2 3.9
13 (3] 84 1.0 6.1
48 250 29 1.7 7.0
4 n 980 86 3.4 4,2
845 3485 b1 2.1 2.9
. 873 250 60 2.2 5.0
. 3 882 470 110 1.3 1.3
Lo 896 130 199 6.4 2.}
10%0 150 150 13 2.9
1517 510 &0 1.5 1.0
2228 40 190 2.4 v.8
2257 310 170 1.6 1.2
2136 625 200 0.9 1]
212 640 (1] 0.6 0.6
219) 120 160 0.8 0.7
2195 470 56 1.0 0.5
X = 2.4 X = 2.6
X - 146 -




Appendiz 12 (continued)

A. Urine, 1970-1974 (continued)

. Subject Cas e, W, 2]9'2“’%.
Year Nu. Vol., ml mg/liter pCilliter nCi/liter pCi/liter
konge lap
1973 b3 17 200 8.0 1.8 0.02

12 130 210 7.4 2.7 0.0%
17 200 74 8.3 7.7 U.09
4d 4Ll0 2 2.8 1.y .02
4 170 &30 12.5 5.8 G.05
66 w3 190 2.8 2.3 0.05
73 &40 270 3.8 3.7 0,02
[1¢] 215 620 s.1 5.3 0.06
842 37 110 6.1 6.2 1.7
545 120 n 4.5 6.0 u.1l
[E¥] 125 &30 10.9 6.l .11
X = 6.45 X = 4.5 X = 0.2
19746 5 1160 3% 0.9 0.7
&l 840 560 2.0 0.7
6 [1el} 1010 1.6 Q0.7
80 i1o0 1100 5.8 4.0
. ESS 260 170 3.8 a9
869 o860 540 &2 35.0
1001 ©20 130 1.7 1.8
152% 220 140 2.3 ¥.9
> 1050 &80 1120 3.3 1.4
7 530 760 1.9 lost
73 LeQ 1160 .9 1.6
b4 580 2000 6.9 2.4
a7y 540 295 2.1 2.6
932 370 460 1.1 1.8
X = 706.8 X = 3.1 X = 5.5
Teirik
1974 2212 37 220 .4 0.7
2164 840 1304 2.2 1.7
2102 0 910 1.0 1.3
2160 400 «30 0.7 1.6
2129 6§40 640 0.6 1.1
2102 190 260 0.7 0.9
21 200 705 5.1 2.8
- 2124 700 1305 1.0 0.9
172 1190 1020 0.6 0.9
2137 130 (3% 1.4 1.8
2150 740 820 0.9 l.4
X = 73.9 X= 1.4 X w14




Appendix 12 (cuntinued)

PRIVACY ACT MATERIAL REMOVED

Yoear

1970

71

1974

Subfevt
No.

Pooled

Pooled

urine G
urine ¥
HASL® control
HASL control

Pavled
Pooled
Pooled
Puoled

Pooled

Spring

Crine, 1970-1974 (continued)

260
<40
150

[}
150
1B
150
&35
oo
130
1)
<20
«le
vy

Ca,
ag/ltter

Yo,
Sr.

¥ikinl

6.0
7..0
11¢.0
100.0

10.0
luu.o
seU.0
160.0
<30.0
Jou.0

80.0
110.0
210.0
Jou.o

19.0
130.0
1uo.0
200.0

X e 173,35

2%0.0
160.0
el 0
300.0
l1e¢.0
2.0
60,0
PRI
380.0
<00
2¥0.0

X = 110.0

*Health and Satety Laboratory, AEC, New York, N.Y.
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Appendix 12 (cuntinued)
8. t.amma Spectagraphic Data, 1¥7é 4
137
Sub ject wt., He., Potassium, Cs
No. Age kg 3] '3 nCl aCi/kg body wt.
Kungelap males
963 48 el.4 15.4 153.9 Toé 12.40
4 60 b4l 162.8 125.0 (11 7.2¢
415 80 56.8 157.1 106.3 154 6.30
als 30 74.% 167.3 122.% 53¢ 7.0
1n 62 57.7 1%6.0 1139 By b8
3 2! 46.4 152.0 12143 &ul 8.69
11 L} b6.6 t52.0 95.7 133 .10
wal &l 8.8 loe.9 157.¢ el 5.08
1517 bE) ba.l 156.6 150.5 sl 6.89
al (13 5., 159.1 10y.y a7 S.86
nl 22 5%.5 lel.,7 158.9 yey 16.3
LB 26 v, 1e5.6 135.5 590 6.89
’ 57 S5e.t 159.5% 12337 Suy 9.1
550 60 59.1 160.5 130.8 s 7.52
83s (1) 631.4 150.3 159.4 721 11.34
Ba5 J 3.6 lel1.2 157.6 Jes 5.6
LN -~ 35.5 161.) 133.3 143 -. 37
B 0 95.6 151.1 101.3 ~00 7.40
ny (1] 56.4 127.9 105.5 a7 5.09
27 3] 6.4 1%50.8 15313 tob 10.0)
1524 il 60,y 162.0 129.9 326 9.35
73 8 70.5 173.0 152.7 6o .42
X o= 6l.2 135.2 75 1.7
(2.37 = 16.28)
Rongelap females
LI 20 51.4 137.0 100.86 3le 9.97
“le 23 9.5 154.5 40,5 252 .61
821 23 b, 8 lés. ¥ 9.9 =01 -. 30
825 29 ©5.5 137.5 109.3 7 2.85
1050 39 75.9 155.9 112.3 393 5.16
14 &2 60.0 150.4 64,1 37 L22
1541 &7 5.9 191.5 105.% 3 13..¢ .
152% EH 57.7 114 83.2 2a 6,32
e ) %5 $3.6 1-6.0 50.6 09 3.%0
joul v §3.2 151.7 43,9 Jin 5.9
1 [T 70.5 1el.4 CEPN <52 3.%8
851 55 5.9 143,90 52.b6 N2 3.09
846 N 59.0 140.4 ¥3.5 2: 4.8 o
70 35 26,3 150.3 Ty 165 3.56 3
L N 65.9 152.5 s§i.1 Il -.77
v v 3.6 167.0 8k.l 15 .71
EEN 13 35.9 187.7 3.0 N .87
8 N 0.5 1.0 83.2 bl 9.10
67 4 (8 mo preg) 50.5 1%6.7 1uy.4 200 3.31
L1 50 63.6 155.0 §2.7 233 4065
835 &0 0.0 147.0 .7 190 I
n 59 6y.1 156.3 76.5 -3l 0.2~
$1.] 79 51.3 143.2 7.2 292 3,90 .
859 81 i 52.3 143.7 5.7 293 5,69 9
X = 304 X = 5,13

(2,71 - 13.48)
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Appendix 12 (continued)

3. Camma Spectogrsphic Detas, 1974 (continued)

1y

Subject We.. Ht., Potassiua, L
So. Axe kg v M nCi ntd/ky budy we,

Velrih males

212 1Y bY.5 171.% Lua. 134
2123 Je 6l.8 1708 lel. pITM]
s137 38 To.8 ley.5 (1108 5.0
2tol 22 0.9 165.1 157.3 Y
2187 51) »2.7 lod.o 155.8 ol
2152 i3 ge.l leu.e los.9 add
2lee 57 S$e.% lov. e lad. 3 <30
2 21 ol.« 174.5 150, el
Ji9% 30 5v.5 15v.5 1.« N
. X = 202 X .
(J.0e - 5.33)
. Celrik femaies
pAsh el tisabhity -
3 2139 .o ol.4 152.0 87.3 141 .29
n 2 89.5 159.0 124.9 la7 l.be
2210 20 5.0 1%2.7 98.L 2048 -a0
2led 2% 6s.2 137.5 108.5 1 1.9}
222 e 65.9 150.« 98,1 130 1.v7
2238 3 7703 153. 749 is u.ye )
2229 35 8l.é 159.1 98.9 121 l.e8
2l6s 3o 1.7 1s7.0 8.5 12 l.0%
2254 25 3.7 1a5.0 8l.1 145 J.8%
2161 a8 1505 131.2 65.4 103 2wy
212e 27 d9. 152.7 L 178 Joul
3 219} 30 (preg: a5.0 151.% 80,2 133 1.%
RS 33 (vtd. et BuNL) 7.7 151.2 d8.7 5y 1.2
X o= 13 X s 20
{(Uu.vb =~ §.35)




Appendlx 12 (continued)

8. Gamma Spectographic Lata, 1974 (contlnued)

Munthe
137
Subject on wt., He., Potassius, Cs
No. Blkln} Age kg s '] nCi nCi/kg dody wt.

Bikind malew

] 60 &2 7.3 154.0 170.3 168 2.1
o LY (2] 67.7  les. 149.0 71.8 1.0¢ - .
iy o o 5Y.% 167.0 158.5 103 1.7
7 n 30 75.0 165.0 15.1 124 1.65
5 je 2 82.] les.1 109.9 ¥3.3 1.13
s 2e &7 Ja.6 165.5 172.4 02 5.11
il s 3 Se.8 lel.y 140.6 55.9 0.9
14 A 31 3.6 170.0 {1%7.6) 222 (3.82)
1a o tu ul.6 1622 142, 17.% 0.3
1) s sy 3.0 les. U leL.4 122 1.92
1u MY 10 60.5 15%.1 129.¢ 80.7 1.3)
Y Je 5% 76.1 l6l.9 165.2 50.5% V.66
o 14 2 6.0 lel.2 147,08 946.5 1.35
‘ 15 v 17 50.0 165.7 125.5 713 1.5%5
13 L) -h ©0.0 157.6 133.4 155.% 2.59
3 o (1rum kongelap) 33 85.1 165.% 162. 290 3.6l
12 - 16 70.0 172.4 l168.3 715.5% 1.08
2 ) Se 100.5 1710.1 158.8 2.9 0.63
! X =128 X = l.8% ;
(0.+3 = 5.11)
Bikini femaley

L] L] & 54.5 145.6 88.7 30 Q.35
5 it 23 90.4 185.4 11 73 0.76
7 1] 2% s, 5 151.9 110.6 108 1.n8
13 16 15 b8 Isb.6 85.¢ 3 Q.78
Y AR -5 70.5 149.3 101.5 116 1.65
10 Y 27 57.7 1e2.7 106.9 23 Ouns
1 Ja M ] 6.8 lad.d 85.2 L l.9¢
® in 'S 50.0 1se.0 9e.b 38 1.18
i 12 13 «9.1 ledel 106.4 b 1.7
1 7 3l 7.3 149.9 91.4 .52 3.2
N B &5 ¥2.1 150.7 99.4 13 0.l2
) - o0 7).6 152.5 93.7 1 0,44
- s N 0l.} 13e.9 94.0 9 V.47




Appendix 13

Report of The Ad Hoc Committee to Evaluate ’ .
The Radiological Hazards of Rescttlement of The Blkinl Atoll, May 1968

The Committce was convened to comsider the question of whether
the Bikini Atoll is safc for human habitation with respect to the radioe . A
logical hazard., The detailed history of the various relocations of the
Bikini natives i{s described in the appended material provided by Mr, Tobin
(Appendix 1),

We have examined the documents listed in Appendix II. 1In
addicion, we tpent onc and one-half days in dctafled discussions with
memburs of the 1967 Bikini Survey Team and other experts as shown in
Appendix IIL. On the basis of the information provided, we have rcached
the following conclusions and recommendations:

1. The exposures te radiation that would result from the

repatriation of the Bikini people do not offer a
significant threat to thelr health and safety.

2. Such exposure may and should be further reduced by

the following simple mecasurcs:
a. Restrict rchabilitation for the present to
the {slands of the Bikini-Encu complex., (See App. IV)
b. Establish a village and immediate food crops
on Eneu. No radiological precautions will be
needed on Encu because of its very low con-
tamination level. (Sce App. V)
€. Any village construction on Bikin{ Island should
Involve the covering of the site with coral rock
as is the local custom.

Y, d. Radiocactive scrap metal should be removed from

the i{slands adjacent to former shot sites,




.nle population of land crabs should be sharply
reduce' because of their high content of Srgo.
If pandanus trecs are planted on Bfkini Island,
two inches of topsoil should be removed from the
planting sitec. The arca of removal from each
site should be equal to the area covered by the
crown of mature trces,

Determinations should be made of body burdens of 65137 and

Sr90 at the end of the first ycar of residence on the Atoll
and as appropriate thercaftcr. Baseline surveys prior to
relocatlon would be desirable, Resurveys of environmental
radiation levels o ¢t +e Blkinl Atoll and estimates or radio-
nuclides in food should b¢ made periodically,
Special cfforts should be made to ensure a balanced and
adequately nutritious diet., A dietary supplement of
powdered milk would materiully reduce Sr90 uptake by
reliceving the calcium deficfency usually assoclated with
thelr dict,

Respectfully submitted:

Shields Warren

John C, Bugher

Robert A, Conard

John B, Storer

Paul Tompkins

John H. Harley

Charles L, Dunham
S. Allan Lough
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Appendix 14

Carna Radlation Measurements on Bikini Island, 1974

External gamma exposure rate measurements were made by N. A. Greenhouse
and V. A. Nelson in the village area on Bikini Island during Lecember 1974.
The measurements were made with a Reuter-Stokes environmental radiation moni-
tor, model RSS-111, which uses a pressurized ion chamber as a detector. The
response of this instrument is relatively independent of gamma-ray energy
(+5%) for incident photons from about 0.2 to 4 MeV. (The largest coatribu-
tor to the gamma background at Bikini is 137¢g with a pamna energy of 0.667
MeV.)  The results, which include cosmic-ray background (~4 LR/hr; ~35 mR/yr),
are given in the table below.

Measurements made through the interior of Bikini Island along the "center
baseline'" road indicated gamma exposure rates from 3 to 6 times as high as

the village averages, A detalled survey of the interifor is planned for early
1975,

Gamma -exposure rate ~1 m above
floor or ground, uR/hr Annual garma exposure, mR

locazion Inside Back yard Inside Back vard

House #& 7.8 13.2 68 116

House #20 8.0 , 70 67

House #28 5.3 136

House #40 136

Average o m; N 114
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