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Abstract

HIYROID HYPOFUNCTION APPEARING AS A DELAYED MANIFESTATION OF
AUCIDENTAL EXPOSURE TO RADIOACTIVE FALL-OUT IN A MARSHALLESE
POPULATION

The wcacased sncuideace ol thyrosd noduldasity snd Carcinoma sppeaning as 4 late ellect
altcr exposure ol the human thytoid 10 jonuing tadtation 1s well 1ecogaized. Despite the
lugh pievalence of Hiyroid nodulatity in Murshiallese tadvericntly expused 1u fall-out i 1954,

* Fius work Lias been canitied out under contract LY-70-C 02-0016 with the Unued
Staics bepuriment of Lucigy

10}

R hor

e




|
|

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 givea intramuscalanly. Plasua 14 was incasuicd 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 Fhyiotropin Keleasug Hogmone (TRIL) was mcasured. The upper it of the soimal
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 Ninding but have not had the requued oumber 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)
esthimated for these ndividuals,

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
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supethicial and hicaled withn several weeks with normal regrowth of awr Shght
scuriing rensiaed mosume cases but no development of skin mahignancy 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




v ot 7 z B 3
i asard oy o) dn Apnis sty ar panriqo FrodEy H] W W M m wm mm m, .H_
piep ayg) sazormums podar Anmopior At pue TRLG T N PATIIIY SEM ASA|[EYSIn 3E w m & i ’ B o+ 3 m s if £ &
pasodxa parindoun Apsnoraad w2181 PLoskifl fO SAPRIs (o Satas © ‘tasop m 2ey S .m. 2 m z 2 : m =7 .‘zu
PAVN NI IDMO] 1HIAD O) SEEAPIATIL Ty ustprotAggodAy apqissod jo nopdsne o m m W m .m ..u e M 3 m =
ayy) jo asnedng SpRIQSEl 00R ynoqe (0 adesop {EPICIAIN) PAAIANAL 210 ]I m.p m m. g & T M L3 % ~
pur ‘ofe Funek £ e papeprin oM ] e m PAISI] pur paisa) 0% s1nafqns m ® M W 2 ...m._ m
MY IENPIATPUE o cuuattannbal anoutIon Pro1A papaau gy Apddns 3 2 WM n« N
o1 Aydorad i umpo Arnu aqoy proaki) Supmemar ay) 0ms austprorKyrod Ay m w W m W.. S
qUEI AT PRIPIOSSE 10U St AT01aqe] 1o Anropropiorki) r1oqns . rianad m i n.om d...._. z t M ..0. m z Vv m Az VsAls ﬂ
Wi AUIS TUPAHURE SESHEL 01 PAAYPE AJSNOTOF JOU <M apparas Jawaoeda g mm W € - ~ s 7 s Y_nw e m . %]
PHOTANY AT UM Y | IS UE HORanPY PUE SUOHITNINUON IS |, NS 10y 5 o= 3 m m - W
UONPADD HAONS PARE AOLPIATATL RI01-qRS M syrafqus Jo apquantt e uoluppre 3 m m gF .h
7] AA19521 PIOTAY) PASEIINAP 10 msiprogAyrod Ay oy pryy “K1a31ns aroag M 3 M ...ﬂ. m -
Funsay meadowdde pry onm cuntedod dejafuoy oy jo dAL e T UOLNPPR U} 2 m m w m W L wae m a3 m m .W Now W w e)em W i
SPREQG | JO ASOP PIOTAT]) PAIRUIISE UP PIAIINL PRY riaparox A padoparop M WM. £ .n. m - w .“ .._... S H A h M M..m W .
oM SAOG OMY DY [ AR} U PAZUPTIING SLUOISARRNOD S Auyroddns -5 m m 3 - 8 I 823 W
AMAPIAD ML SIS Ao W usiprosAiped Ay apgtssod o uonidsns Jursear m W i w. W =8 ﬂ
1P 1anq seyy A wsiprorKgod A yuen s SIANS DM M) IIOT] SPISY m s f8 ﬁ
1y, HIOIY ASOP 24 saumy H e g m
DA O) OM] 10| PO TONM NO-(IT| e yuasazd auipor 3o sado1osi pay 2 m w w S o B el B¥ow uwpuRos|E® ..ﬂ
Jsoys 1uatod atont jo auasasd a1 o) pArpal aq Aemnsnpy, amsodxa Arl-y m w m 3 w W W. ,m m M 2 m m M m m m m ,m,. W._.m m
Aumofo] patou ey YHIM apgrinduion s (prijysin Joar) ysi oyl RRET T BATRI LI 7 W m W = 8 s < © W m;. - & m ..m.. m. M L3 m k4
a1 1 asop pProsAyl M) 01 SAVIPOIIPRS JO 1ONRGIITOD afan) 2Mf) JO MATA T 3 ..e.,; = = - - - m m: .ﬂ
Sperpy Sursrrding amyes 1 AREY Upyy sinourn) MO1A 10) SHERdTIomng ssaj m w 5 ulnw
AU PO IIPISHOD St [y UG 9] rutownge 10 Sapou po1fip o tuaidopaasp 9 m 9
panhasgns yim pued ) jo uenriprin AQueyinp mep snoad s uauraade 55 - N
ur st <paafqns PATRIIELIE a1 Ut AIERpPOTt o141 Jo 30udpRul YRR 24, gy ST T rwen e £8
“dno1 deppduoy s ue anuapraard JETLATE) .m m 2
annr ) s pateduing dnead e w smowmg prosAyt uAuag Ut aseatati Aur m k] ,m
aq 01 seaddr JOU SIOP UMY PUR TRITP 287 dup pun depduoy vo paseq paripard 3 )
aq PINOM et 1) A S anms Furgzzad <E AP Y Ay INg ‘Adojonae
ay) ut ansodxd vonripel aragdun o1 sieaddn (dnosd drpd@uoy Ay Ut moj s o e s o o o )
parrduron) nonreindod yunn pasodxa ayy ur SEHED PIOTATL 22N} J0 20UALNAN0 m m m .m m m o e m m.
aqy, sanfrmouqge o1y padopaap srrp ade 1 jo dnosd yann e e m 3By B m e g
onsodod 1agpeis yanur y Ay 28 e paaotal mor£i oy o sappott udtuag pry e 0T T = Eue w mi
HEEHONUNY SEM PO TAY) DY) DN IS T uonrsad <M by 7T pasodxa Leq v m M
RN} O A} OIMNH pacodxa a1M HdIPIID drpaduoy o suosy| oA :
padopaadp aarty ) jo afr ) 180 pasndXd a5 1 1O UG 190 pur amsodxd o o i
A 1n ud) Jo ode dIY 1APUN AIM OHM ‘sdnord srudumry pur depafuoy panrquio?
211 UL SIENPIATPUL ASOUT JO SPHIEI-OMY TR 1018 1] moedde sty gy ) ‘
paddap age pho-jirp 0} _.uﬂx_ﬁ. sdnaid 28r SOFA ) I SHROP MoIAt paprunsa :
n sanienpou protkiy jo anapo 11 AJPRINS PRIIASHr Hadq DATY “
"3 NISHYT FOL h

<ol LOY/PTT-WS VA




106 - LARSEN ¢t al.

TABLE L PRIOR EVIDENCE OF THYROID HYPOFUNCTION AND
CALCULATED THYROID EXPOSURE

Subject I'hyrosd

Desciiption wentificaion estlnated dose
number Gads)
1. Fwuo subjects with lsank hypothyrodism 3 1150
10 years aftes exposuie 5 1150
2. Fave subjects with hypothyioisin o 2 Bio - 1130
decieased thyroid reseive pre-opesatively 20 810 1150
33 810 1150
42 810 1150
65 8i0 1150
3. lhiee subjects with ipaired thyrod
tunction lolluwing sublutal thysodectomy 17 810 1150
2] Blo 1150
69 Bl1U 1150

TABLE 1L RESULTS OF TSH STIMULATION FESTS IN EXPOSED
RONGELAP SUBJECTS AND CONTROLS
Mcun 1 8D

Mean serum Ty
priwi to ESHYI0 U M)

Mcean serumn Iy
mciement 24 hoatier 151t

e/l {pg/dl)
Contiols 60t y7 42293
xposed Ruongelapese 601t1.7 24112

{(n = 20)

ML HODS

Studies were performed duting the annual or seni-ansual visits of the
Brookluven medical team (o the Marshall Islands Subjects were istructed (o

discontinue thyrowd medication tor two imonths betore the studies of thyrod
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function which are descuibed below. Occastonally, Ui mstiuction was not
followed. However, the natuse of the tests pertormed was such that tus
circumstance would tesult i an voaderestumation (rathes than an overestimation)
ol the frequency ot abnormalitics in thyrowd tunction.

Plasmia was scpatated by allowing the 1ed cells to sediment and was (rdzen
within cight hours aticr obtaming the spectinen Serum Yhyrowd Sthnulating
Hovmone (TSH) and thyroxie (T4) were scasuied as previously described [ 8]
The sosmal tange for seoume ESH i our laboratory is from < 0.05 1o 3 gUfinl
i the United States population Gmecan 2.0 pU/ml). Thyrotropin Releasing
Homnone (FRH)Y stimutation tests were performed by mfusion ol 50U g ol
TRILinteavenously, plasina sanples were oblamed at 0 and at 20 nunultes afte
the sfusion. TS stimulation tests wese perfornied by adnnnsttation of ten
units of bovise TSH intrmnusculadlly with plasma obtaned tor 1 detenmingtions
belure ingection and 24 haues later, The notmal range tor serun Ty concentiations
155 10 pg/dh Estinaton of the free haction of Ty was obtamed by o'l
charcoul uptake mctiod developed i our laboratory CYBG fndex). Twenty five
ul of plasiia are cubated in 1l ol glycine acetate butier, pll 8.0, containing
BT, Dextian-coaled charcoal is added at 470 with subsequent centifugation
1o sediment the chatcoal. The traction of the tutal "1t bound o charcoal
is deternined and this tesult s normalized 1o the resolts of simultancously
assayed quality control sumples contanng notual quantitics ol Ty and
thyroxine -binding globubin (1BG)  The nonmal runge tor the test s 0 85 1 10
The TBG Index incrcases parallel to the tree traction of the serum by and 17,

and 1 thereluie elevated in by perthyrowdpsa or TBG delictency.

RESULLS
TSH stimutation fests

To determine whether or not there was nnpaited thyvoud rescrve sn the
cxposcd subjects, 'TSH stimulation tests were cartied out using an mcrease i
serun by as the response endpoint. In nornial subjects i the Huted States ot
Ancitca, the mcap ncrcment i plasia Ty was 4.7 11 pg/dh Gmcan £ SD) in
13 subjects tollowing igection of 10 U ot TSHL Lo Fable T are shown data
Tor the Manshiall Bslainds population  The contiol subjects who hadd not been
exposcd to radration were given TSH, and the mean increment m 'l g was
4.2 £ 1.3 (SD) ot statistically dillcrent rom the results i the Haited Stales
population. However, 1 24 eaposed Rongelap subjects, amcan mcrement ol
only 24 11 2 gg/db was obtained, which wies signihicantly dess (p < 0 QU1 ) than

i the contiol subpects

o,




.“' !‘_\l. , s
o
108 LARSEN et al.
TABLLE 1V BASELINE SERUM TSH CONCENTRATIONS AND RESPONSE
! 10 500 g FHYROTROPIN RELEASING HORMONL (TRH) IN CONTROL
MARSHAIL LESE SUBIECTS
Mcan t SD
HUfl
Basal ¥SH Mean £ SD 20 170.7)
Range 0.5 - 30
§5H 20 qun abtes TRH 115145
Range 4720
FABLE V. CRITERIA FOR THE DIAGNOSIS OF BIOCHEMICAL THYROID
DYSEFUNCTION
I Basal plassna 1SH > SpuUfml on lw;: u;:cd;;;n’sr
o1
2. a Buasal plasina TSH 2 3 uUfml
b Plasina FSH aller TRH > 22 uUfnd on two octasons
! “qe s
‘ FABLE VI FREQUENCY OF AT LEAST A SINGLE ELEVATED BASAL
’ SERUM ISH CONCENTRATION IN THLE MARSHALLESE POPULATION
Number Number
1ested > 3.0 uUfml #
Control unerposed 7 Ilg - Vll 7 ! - - lrl)
Utk exposed 99 12 12
{ Phyroud dose <95 rads)
Rungelap and Adingnac expused 43 H 20

{Subjects wathout surgery
and excluding Nos 3 & 3)

L
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Basal serwn TSH concentrations and response lo TRH y

Since the most sensive index of inpaired thyrod function s an clevation
wserum TSH which oceurs through the hy pothatamic-prtastary-thy sod feedback
ants, scruin TSH concentrations and then sesponse o TR weie measurcd m
both the control and thie exposed Rongelap popalation. Tn peanary hy pothyronhism,
the 1esponse ol the prtuitary 1o TRIDis excessively great {8). Mcan basal 1SH
was 2 pUfanb in 25 non-exposed cuthyrond Marshallese, und ihic range was from
undetectuble (<005 gUfmb) to 3 pUfinl (Fable IV). Senun 1'SH 20 mutes
tolowing R was sucicased wall contiol subjects. The mcan ncrement was
115 F3.5(50) with a range of brom 4.7 to 20 pUfml

signilicantly difterent from thase previously reported i other populations {9)

Fhese results ate not

On the basts of these studies, coierta were establishicd Tor dassification off
paticnts as having brochenncal evidence of ipaired thyrond tunction. Phese
ciiteria are sumnnanized i lable V, and mclude eithicr two busal TSH detennyia-
tions greater than S gUfud G 4 standand devianions above the mcan) or basal
plusia I'SH > 3 wU/md (but <5 wUfab) and plasoia PSH alter TR > 22 pUfmil
Consistent observations i these tanges were required on Iwo oceasions (o meel
the criteria for brochemical evidence ol thyrowd dystunction. While scium T,
concentration 1s ap imposiant detcipnnant i the thyvoud status ot the mdvidual,
previous studies have indicated that evidence ot impancd thyroud laaction can
Le chicnted by these Lests before serum Ty concentiations have fallen below the
woral range HO] Thactore, the scrum By concentiation was not used as a
crteston i establishing the diagnosis of nupaned thyrond tanction

In Table VI s shown the Grequency of ab feast a single clevated basal TS
concentialion i vatious Mashatiese populations. In g controt gioup ot 1S
who weie nol exposcd (o radiation, 1 subjects or 10% ol the population had
aserum TSH greater than 3 gU/ml. n ten of these, seruim TSH was only
misnimally elevated (4 0 pU/ml o fess), the remmmng value was 6.1 gU/il. Nowe
of these paticnts had detectable clinicat hy pothyrondism or thysoid eonlatgement,
but scrum T4 concentrations weie generally i the low normal range.

1o the exposed Uunk population, 12 of 99 subjects tested had at least one
basal scrum TSH greater than 3 gUfml, though none ol these was in excess of
S pU/mb Hhe inadence of elevated 1SH in thus population s not sigmticantly
difterent from that of the unexposed group. in the Rongelap and Aduignae
population, 11 of 43 subjects were tound to have at least a single elevated basal
serum TSH greater than 3 U/, and m two cases serum TSH was i excess ot
T uUfml, and in two cascs serwin TSI was i excess of 7 uUfml T 1s s
significantly fugher prevalence than i the other two groups puoled (p < 0 05)

In Fig. 1 aie shown the tesponses 1o TRH of the tour mdividuals who met the
criteria given in Table V. The nooal basal TSH and tesponse 10 TRIEae shown 4
i the shaded bars. Inthese four indaviduals, the basal scrunn TSH was elevated, §
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! vor andd thie TSI response 1o TRE was abso significantly micicased, mdicating the .
! presence of unpaned thyrod function. .
!
40} Chasacleristics of Marshallese with biochemical evidence of thyroud dylslnncliuu
)
j I Table Vi are presenicd the results ol other studtes i the tour mdividuals
1 ! with bivchemical cvidence of impated thyrowd function. Al present, these are
! J the only sidividuals who have tultlled the cnitena descrnibed i tuble V, though
3 30 - several other subjects have shown at Jeast one abnonmal Hinding but liave ot
Y had the required number o tests 1o meet the estabhishied cnltena The age at
é exposure varied from 16 (o 38 years and the estunated thyrowd dose was thought
« . W thiee o fous (o be less ian 400 rads. Scrum Uy concentrations wi all tour
.} 20+ subjects e in the fow notmal tange whien considered i the light of their
:4 estimated serum Thyroxine-Binding Globulin (FBG) - Subjects 74 and 71 have
approximately nonmal serum THG concentrations, whercas subjects 78 and 4
| apparently have o modestly elevated serun THG In (e dast column ot Table VI
arc shown results of the 1SH stimulation tests of these subjects peiformed in
1o F 1974 In all theee, the scrum T4 response (0 TSH was impaired, suggesting
FIGT  Busal plasing TSH and TRH-stimubated TSH decreased thyroid rescive
3 in euthyrowd Marshallese and in four exposed subjects
NOHMAL with biochemucal evidence of impaned thyroid
*HANGE * function. Plasma was obtuined 20 mun after infuson IISCUSSION
BASAL AFTER of SUU pg TRM. The upper onts of the normal range
VRu ure indicated by the shuded bars An association of thyrod nodutunty and cancer with pror radiation ol the
thyroil gland, pariculaily 1 younger paticnts, 1s well recognized and the
; assucialion has recently been revicwed [ELE 1n addition, i has been recogmzed
' that radiation to the thyroid debivered i the course of treatment ol palients
i TABLE ViL CHARACTERISTICS OF MARSHALLLSE WITH BIOCIHIEMICAL with thyioid dysfunction ts assocsated with hy pothyiowdism i a sigilicant
EVIDENCE OF THYROID DYSEUNCHON traction of the patients (as high as 50%) at the higher dosage levels {12] The
luwest dosage considered i previous studics of tus type has been approxunately
) ) . 3400 rads estimiated dose (o the thyroid which was associaied with a 6% probabihity
Subgect Age at Estunated . Serum Ty TBGE Ve hm,u_"_'cm ol hypothyroidisin witlun one year and o 3% probalality i 13 years [13].
exposure thytoid dose wmits 24 hpISH b ] ) } .
(rads) Cuglal) (ug/dh) There are few data avatlable in the fiteratune relative 1o the possibihity of
EREEEEEE T R hypothyroidisin following EL Josages of dess than 2500 rads. Prchinunary sesults
Normal valucs S 102 085 1.0 16 68 ot Hamilton and Thompkins indicated that cight of 443 subjects (1.8%) subse-
74 o to ' ”; 10 ‘ s.u i - 097 R ok . quently bccuu‘w lyputhyrond atter diaguostic 1 tests at less than 16 years 113}
7 18 s 02 098 N1 A sunuuary of these preliminary data has been presented None of 146 subjects “
: witli an estimated thyroid absorbed dose of 30 rads developed hypothyrowisn, .
74 37 335 6.1 0.42 0y but three of 146 subjects receiving 31 1o 80 rads estimated thyroid dose had this :
4 38 335 74 079 0.9 condition [14]. OF 151 subjects wath an estunated dose range ol 81 19400 rads, i
o five hypothyrord paticnts were found with an tncidence of hypothyioidism of ’
! * Not tested 0 2% yeacly ‘E

| | | A
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The present studies suggest that there 1s u significant risk of development
ol unpaired thyrow function many years following estimated thyroid doses off
less than 500 rads from the muxture of radiviodmes present in tall-out from
nuctear detonations  in the Rongelap and Ailingnae groups, the effect has
apparently not been signilicantly severe as to result in duncally evident hypo-
thiyrowdisin, but by currently accepted criteria there iy evidence of impaired
thyrowd reserve in these subjects. I left untreated, 11 would be expected ihiat
thyroid function would continue 10 decrease in such subjects 1o the point of
climcal hypothyroidisim. The data  Table VI also indicate that the [requcncy
ol an elevated serum TSH, the carliest biochenvcal evidence of impawed thyroud
function, is also significantly more common in the exposed Rongelap population
than i the control-unexposed group. There are several other exposed Rungelap
individuals in whom results of basal TSH and at least oiie TRH test have suggested
the possibility that they may also have evidence of impaired thyrow function.
hese individuals ace currently undergoing repeated testing to determine whether
or not this preliminary evidence of thyroid dysluaction can be confinmed.

I suminary, these data indicate that in addition to thyroid nodularity, o
well-recognized manifestation ol exposure of the thyrow io radioactive 1wdine
ot external radiation, biocheiical evidence of thyroid dystunction can appear
as long as 25 years alter thyroid doses as low as 350 rads.
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DISCUSSION

M DELPLA: 1 wonder what reliance can be placed i the doscs you
tepoit, because | do uot believe that 100U sads, of even 1500, would have been
cnough (0 suppeess the houmonal activity ol the thyrowd gland ot two cluldien
contimninated when they were one year old. In fact, to obtam such a result,
doctors have 10 admumsier a dose of P2 giving at least 100000 rad. 10 true
that this apphies 1o adults, but all the same the dose diterence appeats considerable

R.ACONARD: There are uncertamties i the thyroul dose estinates i
tie Manhaliese, particatarly i the chiddien. 1 agice st would scom hikely that
the two boys who developed sy xocdema teceived higher doses than those
ustinated (o produce atiophy ol the thyrowd gland.

K. SHIMAOKA . Thie notmal hoauian thyioid ss cadiogesistant as far as

thyron lunclion s concerned, paticnts with head and neck tumours teatad by
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radtation alone sctdom develop hypothyrowdisn. However, there are two
populations of paticnts who may develop hy pothytodisin fullowimg external
tadiation therapy . those with head and neck tumours who seceived radiation
thiciapy Tollowing surgical manipulation, and those with mabignant tymphoma
tecared with radiation thesapy after lymploangiogsaphy . Sice hypothyoidisin
15> usually wssoctated with high doses of radigtion to the thyrou, how do you
account 1ot your hndings with low doses?

R.A. CONARD: In vur studics we arc using very sensthive tests for thyroid
function, and our findings adicate only biochenncal or subclinical hypothyrowdsm
at present. 1 these sensitive tests were used i othes cases foltowing cxternal
nradiation, perhaps such elfcects mught be demonstrable.

Y. NISHIWAKL. | also conducted an analysis in Japan of the lughly
tadioactive fall-out on the Japanese tishing boat that was cagaged i lishing
about 80 Y0 mifes cast of Bikini at the time of the thermonuctear test conducied
catly i the morming of 1 March 1954, and which returned 10 Japan in the niddie
ol the swne moath. According 1o the statements ol some of the crew, a few
hours adter the thegmonuclear detonation in Bikang the whitish dust began to
Lall on the boat so beavily that for a period they could hardly bear to open their
cyes and mouths, 1t continued o fall for several hours. Some of the cew
apparcitly asted i, to see what )t was, without knowing that it was tughly
radivactive. Owiig to the ditficulty of dose estimation without more accurate
mlonuation oa the mithal condition, the radioactive tatl-out conditions on the
boal weie expeientally sepsoduced . 50 Miyosti, the clucl physician in
Charge of trcatment ol the exposed crew at the Tokyo Umiversity Hospital,
using pubveniced coral secl. This experient was catned out i the presence of
the crew as witnesses of the actual amount of ash which had tallen on the boat.
This amount was then estimated 10 be about 3,38 8.52 mg/am®. The radioactivity
of the ash was estiated by extrapolation 10 be about 1 Cifg al the time it fell
oti the boat. Taking 1o consideration various possible exposure conditions
ol he crew duning the voyage, the probable gamana dose was estimated 1o be
i the range 170 6000 rad. The degree of vocertainty was lar greater tor the
wternal dose. “The long-bved radionuchides detected in organs such as the tivers
muny weehs later could not be considered the valy soutces of wternal cxposure.
Duepending ou the assminied degree of inttial incorpoiation of short-hved radio-
nuchdes, o wide range of estimates was possible: for the liver, o few rads 1o a
few tens of thousands of ruds, the probable dose tange being 10 10* rads; and
tor boie and bone marrow, o few rads (0 about 60 ruds. I we assumc a non-
unitonnity factor of live for bonge, the dose estumation could be five tunes
highey. Fam pleased 1o see that the thyoid doses you estimated m yowr repott
corntespond more or lesy to our estimates i order of magnitude. However, |
assuhie there woilld be some uncertainty in this type ol dose estimation. What

fevel ol accuracy do you assign 10 your duse estinagion?  Did you alsu observe
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other radiation syndiomes such as nddiodenmatitis, epilation, decrease ot
leucocytes, dectease of spermatocoa, cie. i the eaposcd Marshallese?

R A CONARD: The thyroid doses m the Marshisllese weie based primanly
o radio-todine measticments i upne 15 days altes exposie. Unu:nu‘mllca
ichuded feugth ol time of e tall-out, 1clatve absorption from inhalation versus
mgestion, cle Therelore the doses are subyect 1o enor. The gamma doses
recetved should be moge accurale, as they are m agicement with the values
estimated fiom the degree of hacmatological changes observed.

The sk Iesions, eptlation and hacmatological cilects in the Marshaltlese
were similas 1o those seputted by your gioup foi the Japanese hishermen and
have been descnbed clsewhere. We weie nol able o do sperm counts on the
Murshiallcse. No doubt there must have been some degree ol ielative stenbity
soun alter expusure, though i subsequent yeans ferhihity docs nol appear lo

have been impared.
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