1ol

AR 1o Juaummdagg soerg
POUYN 3 YA Q1O0-70 )-0L AT 17PITUDY IDPUN INO PANIIED U2 SR YIOM SHYf

117) 01 pasadys APUSNAPEW ISAFSIPN 1 ARIRIRpod piorAi jo aouageaard yfm
o1 prerAgr u
10141 J0 aon

21 jo sasodus 3w 3

193413 21rp P se Juoradde Purou ey pue Anen 1 paseatm an
NOILY INd0Oq
ASATIVHSHYW V N1 1O TTIV ] AATEIVOIAGYH OL ANSOIXT TV INIGLIOY

AONOLLVISTHNVYVIN GFAVTIAA VY SY INIIV LAY NOHONNCTOAATE AIOW AT

J1avIVAY AC0D 1538

nERqQy

mILBUY o STIS parnn

‘onn
‘purpaan] )y

CANSIAAIIGY DATISOY WIDSOM D8R )
‘Aradmg o yannedagg
SNARIOA &

punjAirp

‘epsang
‘sasraci(] aansadicp pun
11V 10 2IMNsu) reonreN
TIVH 1 LT TOM [SNIFARON

wsyoqriap ‘<sm

FI0L MAN
‘nordny

‘K101R10GT | [PUONPN UdATYYONIY]
NASAANY A ‘AAVNODY ¥ v\,
spasmyonser

‘uojsoy

1g] 102 10y

Ssutapa 1o pmngrdagg _

2y 2} ‘i 10141
9] m@r“w Nk |
1
]

qrudsopy wir

J\<<luw You\ Sy NASHVT M d

]y - ey +NOLLVINJOd ASATTVHSAVIN V NI
INO-TIVA AALLDVOIAV OL TANSOdXT

TVINAAIDIV 40 NOLLVISAIINVIN GIAVIAC

V SV ONIIVAIdY NOLLONNAOJ AN (IOUANLL .

o

LO9/PTT-NS VAV

s

\

J wNGA .-CO.MUN.H@Q.M ﬁ@?@d. MmoT 3O muomwww: OQQ\gm\HHW Viavl

fo// ;

e v

\‘,,\w\v \£ \UL o r,w




|
|

102 LARSEN et »l.

only two subjects, both about une year of age at expusuie, have been found to have prunsry
hrypothyrowdism e 1ccent availabitity of sophisticated numunoassay fechniguces fur
thytoxine (1) und thysotiopin (TSH) has ablowed more thorough thyrond evaluation of the
exposed population who do not have knowa thysord abnoialities {43 Rongelap peopie)
biitislly, propliyiacie Ty was discontinued for two months i a saple group of exposed
subjects and 10 U ot bovine TSH were given intramusculatly. Plasuia 1,4 was incdsuicd beluse
aid 24 hours atter TSH Yhe mcan mncrement in Ty was 2.4 ¢ 1.2 pug/dl Guican £ SD) ia the
caposed group, sigalicantly less than the valuc of 4.2 £ 1.3 pg/dh i contiols, Thus suggested
a decrcase 1 thyroid teserve in capused subgects. Accurdingly, prophylactic 14 teatinent way
discontimued fos two months, and basal plasma T4 and TSI, a5 well as the inciement sn 1S
atter Ehyiotropin Releasug Hormone (TRIY was incasured. The upper linnt of the noinal
Lasiab plasina 151 was 3 uU/mi and ol the TRH-induced TSH response was 22 gUfumil m
contiol Mashiuliese subjects. Four of 43 Rongelapese had abnotmally high busad TSH and
FRIBmduced 1SH 1elease on two such tests as opposed to only two of 214 contiols. Plasma
T4 concentranions wete low, or low normal 1o these mdividuals. These resubts indicate the
prosence of carly thysond dystunction. Scveral other subjects hiave shown at Jeast oue
abnotmal finding but have ot had the tequised sumber of lests (o mncet the established
ciitesta. dn thiee quasiers uf these subjects the estimated thyrold exposure dose was < 400 sads.
Hypothytodism has been pseviously noted after therapeutic doses ui "' for hyperthytodinm,
but not i dividuals exposed 10 e relatively low kevels of thysoadat radiation (< 400 rads)
esthmated torp these indaividuals.

BACKGROUND

Thus report concerns late radiation etfects on the thyroid in a population in
the Marshall blands imadvertently exposed to fall-out. The sccident occurred on
I March 1954, duning the United States atomie testing programane when an
unexpected shift of winds, following detonation of @ thermonuclear device at
Biking, coused radioactive Lall out 1o be deposited on several inhabited islunds
to the cast. Evacuation of exposed persuns was sccomplished by two days. The
lullowig were cstimated whole body ganuna doses s the Matshallese on three
atolls: Rongelap (64 people), 175 rads; Ailingnae (18 people), 69 ruds; and
Utink (1538 people), 14 auds. (There were also 28 Anierican servicemen on the
tslaid of Rongenik who received about the same exposure as the Ailingnae group.)

Acute cliccts of gamma exposure were noted m the Rongelap and Ailingnae
groups, but notin the Uurik group. These consisted of carly, transient anorexia,
tausea and vomitog in s number of people followed by depression of wlite biood
cells and platelets 1o about half normal levels Fortunately the hacmatological
depression was not great enough  result in detectable clincal signs of wtection
or bleedmg. No speatic therapy was necessary and no deaths oceurred, and
blood cells returied o uear notmal fevels by one year. b addition, i the
Rongelap and Aillmgnae groups, begimning about two weeks post exposure,
tadtation burns Cheta” buins) and spotty epiation ot the head developed where

Pabl oaet iateiial lad been deposited on the sk These buns weie batgely

4

P
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supethicial and hicaled withn several weeks with normal regrowth of awr Shght
scurning remiatned msume cases but nu development of skin malignancy has
been noted w subsegquent years. Another source ol exposure in afl the istand
groups camie from iternal absorption of radionuchdes from inkalabion and |
igestion ot contaninated tood and water. Rudiochenucal uninatyses ran during
the tist tew weeks showed the following estimated body burdens (u€1) ol the
prnctpal sadionuchides o the Rongelap population at ane day post exposure:
S be 22 YORL 034 27, vare carth group O 1.2 Y Onihyrosd gland)
6.4 112, "Ra0 0013, ¥Ca0 0019, and lissile matersal 0 0016 (ug)
No acute symptoms weie noted from this mternal absorption of radivnuchdes,
and by six months urinalyses indicated they were vistually completely climmated
Nevertheless, the catly exposure 1o radioiodines resultad i seqious mjury o the
thysoid glands with dste cltects 1o be descnibed below. “The thyroid dose was
estimated 10 be considerably lughies w the chinldien because of the smaller size
ol the thyrond glands. In the Rongelap people the thyrow dose from gamima
radiation and radisiodines Eprinaipally V'8 792 and ) was estunated 1o
be about 335 rads i the adults whereas mosimall childien the doses tanged up

10 700 1400 yads. The thyroid doses m thie Athingnae and Utink groups were
extrapoluted from the Rongelap estimates assuming the rutio of whole bady
gapina and jodine doses were the same as it the Rongelap people

Following the umtial studies, annual exanumations and, wore secently,
quarterly ¢xaninations ol the exposed people, as well as an wnexposed contiol
Marshallese population, have been carned oo, and results ol these cxaninalions
have been published (1 4]

In the Dost ten years atter the acadent Tew Dindings were noted that could
be related to radhation exposure. An increase inangscaritages and stillbisths in
the exposed Rongelap wornen was thought to be possibly related to exposuse

During the sccond decade, huwever, seuious late elfects developed related
primarily to the thyroid gland. T addition o Rongelap man who had been
exposed at one yeuar of age, died ol acute myclogenous leubacnia which was
Likely 1clated to radiation ¢xposure |3

Belore thyrowd abnormahities becanie appasent, it was noted that about
hve childien exposed at fess than live years ot age showed some degree ol growth
retardation [4). In two boys growth tetardation was marhed and Irank myxocdema
developed. Thyvoid hypoltunction related (o thysoid mpury later became appateat
with more sophisticated technigues for determunng thyroxine levels. It was not
detected canly m the chuldien by PBL detenmimanions because ol mashing ol trae
thyroame levels by unusuatly high levels of jodoprotens, later tound to be
churactenistic of the Marshallese people | 5]

Nodules of the thytoid gland began to appear i Rongelap cluldien and 1o
@ esser extent e adults beginnmg about nitc years post exposine. These nodules

luve continued 1o appeas over the subsequent 15 years, and virtually all o these
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TABLE L PRIOR EVIDENCE OF THYROID HYPOFUNCTION AND
CALCULATED THYROID EXPOSURE

Subjeut

Deacniption wWentiltcalion
number
I Two subgects with lsank hypothyroiism 3
10 years aftes exposuic 5
2. Fave subjects with hy pothyrodisim o 2
decreased thyroid reserve pre-operatively 20
33
42
65
3. Lhice subgects wilh Hupaired thyrowd
tunction loluwing subtutal thysoidectomy 17
21
69

I'hyrosd

estlasted dose

(ads)

1150
150

L11Y]
810
810
810
8i0

8l0
.21V
B0

130
1150
1150
1150
1150

1150
1150
s

TABLE UL RESULTS OF TSH STIMULATION FESTS IN EXPOSED
RONGELAP SUBJIECTS AND CONTROLS

Mcun 1 8D

Contivls

Exposed Rongelapese
{(n = 20)

ML HODS

Studies were performed duting the
Biookluaven medical team to the Marshall Islands

discontinue thyrowd medication tor two months Letore the studies of thyrowd

Mean serum Ty
privi Lo ESHYI0 U IM)
G /al)

60t y7
66117

Mean seium Iy

mciement 24 hoatter 1514

{ug/db)

4.2:413
24112

annual or semi annual visits of the

Subjects were unstructed (o

.
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tunction which are descnibed below. Occasionally, tis mstiuction was not
followed. Towever, the natuse of the tests performed was such that this
crrcumstance would result in an undetestunation (rather than an overestimmation)
ol the frequency ot abnormalities in thyrow tunction.

Plasmu was separated by allowing the 1ed cells to sedunent and was Irdeen
withun cighit hours atter obtatning the spectinen Serum Yhyrow Stunulating
Hovmone (TSH) and thyroxme (14) were mcasuied as previously described (8]
The soemal tange for serum ESH i oue labosatory s from < 0.05 to 3 gUfinl
i the United States population (ican 2.0 gU/ol). Mhiyrotropin Releasing
Hormone CVRHY stunulation tests were perfonmed by intusion of 500 g ot
TRILittavenously, plasing smnples were oblamed at O and at 20 nunutes afte
the mtusion. TSH stimulation tests wese pedtornied by adunnisttation of ten
unils ol bovine TSH trmnusculady with plasma obtatned tor 1 determinations
befute igection and 24 hours later. The notmal range tor serum 1, concenliations
155 10 ug/d Estianon of the fice haction of Ty was obtained by a1
charcoal uptake method developed i our laboratory (3 BG Index). Fwenty five
sl of plusiig are mcubated in bl ot glycine acetate butter, phl 8.6, contaning
LT, Dextian coated charcoal is added at 4°C with subsequent centinfugation
tu sediment the chatcoal. The raction of the tutal "2 bound 1o chncoat
is deternned and this tesult s nonmaliced o the resolts of sinullancously
assayed quality control suples contamning sormal guantitics ol 'ty and
thyroxine binding globuhin (1BG)  Phe normal range tor the test 1s 0 85 1 10
The TBG Index incrcases paralich to the free traction of the serum by and 1
and 1> therctoie elevated i hy perthytoudisin or TBG delicency.

RESULLS
TSH stimulation tests

Todetermmmé whcther or not there was inpaited thyvoud reserve in the
exposed subjects, TSH stimulation tests were cartied oul using an mcrease i
sermn 'y as thic response endpoint. o notmal subjects i the United States of
Amcaca, e mean mcrcment i plasina Uy was 4.7 11 gg/dl Gmean £ SD) in
13 subgects following igection of 10 U ot TSH. In Fable 1 are shown datu
Tor the Maishall Lilaids population The contol subjects who had not been
exposed 1o radtation were given 'TSH, and the mean moienient m Iy was
421 1.3 ¢S not statistically didtcrent tsom the wesults i the Hhinted States
population. However, 1 24 eaposed Rongelap subjects, amcan mercment of
ouly 24112 pgfdi was obtained, which was sigmificantly fess (p < 0 001 ) than

e contiol subipects
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PLASME TSH Lu/W

TABLE Vil
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BASAL

LARSEN e1 al.

FIG 1 Baxal plasina TSH and TRH - stimulated TSH
in euthyrowd Marshallese and in four exposed subjects
with brochemical evidence of impawed thyrowd

NOHMAL
- .

HANGE function. Plasma was obtuined 20 mn after mfusion
AFTER of 300 pg TRH. The upper houts of the normal rung
TRH are andicated by the shuded bars.

CHARACTERISTHCS OF MARSHALLLSE WITH BIOCHIEMICAL

EVIDENCE OF THYROID DYSFUNCHON

Subject

Nurinal values

74
7i
i

4

Not tested

Age at bslimated Serum T, TBGH T lncrement
thytoid dose 24 hpIsH
EXPOUTE units
(1ads) g /by (g /dl)
5102 085 1.0 16 68
13 335 810 5.8 097 [VN]
28 335 5.2 098 NT*
37 335 6.1 082 (X

38 335 1.4 w19 (%]

—

»
P
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and the TSH response 1o TR was abso significantly wmicicased, indicating the
presence of unpaned thyromd function.

Chasacteristics of Marshallese with blochemical evidence of thyrond dysfunction
\

In Table VI are presented the results of other studies i the four mdividuals
with biochemical evidence of impaned thyroid function. Al present, these are
the only mdividuals who have tullilled the critens descnbed i table V, though
several other subjects have shown at feast one abnormal Linding but have not
had the required number of tests 1o meet the established cntena The age at
exposure varied from 16 1o 38 years and the estimaied thyrowd dose was thought
i thiee of four (o be dess than 400 rads. Scrum Ty concentrations i all tours
subjects wre w the fow notmal tange whien conmdered i the hight ob their
estimated senwmn Thyroxine-Bindmg Globulin (FBG)Y - Subjects 74 and 71 have
approximately nonmat serum THG concentrations, whercas subjects 78 and 4
apparently have o modestly elevated serund TBGE In the Tast colunmn ot Table VI
are shown results of the T SH stimulation tests ol these subjects pertormed ain
1974 I all three, the scrum T, response 1o 1S was impared, suggesting

decreased thyroid reseive

DISCUSSION

Aun association of thyroud nodatanty and cancer with prior radiaion ol the
thyroid gland, particulaily 10 younger paticats, s well recognized and the
assoctation has fecently been revicwed LU n addition, it has been recogmzed
that radiation to the thyioid debivered in the course of treatment of palicnts
with thyioid dysfunction s associated witli hy pothyionlisi i a signtfcant
fraction of the patients (as hagh as 50%) at the higher dosage tevels f12] The
lowest dosage comsidercd i previous studies of this type has been approximately
3400 rads estimated dose to the thyrond whnch was associated with o 6% probatnhity
of hypothysoidisim witlun one year and o 13% probalality in 83 years [13].

There are tew data avatlable in the itcrature relative 1o the possibility of
hypothyroidisin tollowing **'} dosages of dess than 2500 rads. Prchinunary sesults
of Hamilton and Thompkins indicated that eight ot 443 subjects (1.8%) subse-
quently became hypothyrond atter diagnostic "' tests at less than 16 years |13}
A sununary of these prelimnary duta has been presented None of 146 subjects
with an estimated thyroid absorbed dose 01 30 rads developed hypothyrowism,
but three ot 146 subjects receiving 31 (o 80 sads estimated thyroid dose had this
condition {141 Of 151 subjects wath an estimated dosc range of 81 1900 rads,
five hypothyrowd paticnts were found with an incidence of hypothyoidisin of
0 23% yeuarly
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radiation alone scldom develop hypothyrodisni. However, there aie tlwo
populations of paticnts who may develop hy pothytodisin followsng external
tadiition thierapy . those with hcad and neck tumours who seceived radiation
thesapy tollowing sugical maniputation, and those with malignant lymphoma
tcated with radiation therapy atter lymphoangiogiaphy. Since hy pothytoidism
15 wsually associuted with Tugh doses of radiation o the thyrowd, how do you
dccount lot your hindings with low Joses?

R.A. CONARD: In vuor studics we are using very sensthive (ests for thyroid
function, and our findings indicate only brochenncal or subclinical hy pothyroidisim
at presend 1 these sensttwve Lests were used in othes cases foltowing exiernal
tradiation, perhaps such elleets nught be demonstrable.

Y. NISHIWAKL. 1 also conducted an analysis in Japan of the highly
radhivactive fall-out vn the Jupanese tishung boat that was cagaged in Lishing
about 80 90 miles cast of Biking at the time of the thermonuciear test conducied
carly m the morning of F March 1954, and which returpcd 10 Japan in the middie
According Ho the statements ol some of the crew, a tew
hours adtee the ticrmonuclear detonation 1 Bikaim the whitish dust began 1o

ol the saie mouth

Lutl on the boat so heavily that for a penod they could hardly bear to open their
cyes and mouths. 1t continued 1o full for several hours. Some of the crew
apparcntly tasted i, 1o see what )it was, without knowing that it was lnghly
radivactive. Owing to the datticutty ol dose estamation without more accurate
uoration oo the il condition, the radioactive tall-out conditioas on e
boat were expennientally seproduced t 38 Miyosha, the cluct physician in

charge of treatment ol tie expused erew at the Tokya University Hospital,

using pulvenized corat scel. This experient was catned out in the presence of

the crew as withesses of the actual amount ol ash which had fallen on the boat.
Fhis amouut was then estimated 10 be about 3,38 8.52 mgfem?. The tadioactivity
of the ush was estimated by extrapotation 10 be about 1 Cifg al the time it fell

v the boat. Takig wito consideration vanous possible exposure conditions

ol e crew duning the voyage, thie probable gaming dose was cstunated o be
the runge 170 600 rad
witernal dose. Hie long-bved cadionuchides detected s organs such as the tiver

The degree ol vacertainty was lar greater for the

many weehks later could not be considered the only sowces of internal exposure.
Depending on the assutied degree of inttial incorpotation of short-hived radio-
nuchdes, 3 wide range of eslimales was possible: for the lver, o tew rads to @
lew tens of thousands of rads, the probable dose tange being 10~ 10% rads; and
tor boire and bone marnow, u few rads 1o about 60 rads. 11 we assume 4 non-
unifonmily factor oi Jive tar bone, the dose estimation could be five times
highey. Fani pleased 1o see that the thyioid doses you estimated m your report
conespond more or less to our estimates i order of magnitlude However, |
axsuine there would be some uncertainty i ths type of dose estimation. Whal

fevel OF uccunacy do you assigin 10 your dase estimation?  Did you alsu ubserve

g, Y
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other radiation syndromes such os radiodenmanins, epilation, decrease ot
leucocy tes, decieise of sperinatocoa, e, m the eaposcd Marshallese?

R A CONARD: The thyroid doses i the Macshaldlese wese based primanty
v riadio-todie mcasiwicments i unne 15 days altes exposae. Uncertapntics
mchided fength of tine of e tall-oult, 1clative absorpton from ishalation versus
mgeshion, cte. Therelore the doses are subgect to enror. The gamma doses
recetved shiould be inore accurale, as they arc m agicaanent with the values
estimated from the degree of hacmatologicat changes observed.

The sk lesions, eptlation and hacmatological cliects in the Marshabicse
were sunlur o those icpurted by your gioup foi the Japanese hishermen and
have beci descuibied elsewhere, We wese not able (o do sperm counts on the
Murshallcse. No doubt there nmiust have been soane degree of sclative stenlity
soon alter exposure, thougl i subsceguent years fertihity docs nol appear to

have been impaired.
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