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Abstract

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

The warcased incideace ol thyrosd noduldasity snd Catcinoma sppeaning as 4 late ellect
alice exposuse ol the human thytoid 1o jonuing tadtadion 1s well 1evogaized. Despite the
lugh pievalence of tiyroid nodulatity in Murshallese tnadveriently exposed 1o fall-out 1o 1954,

* Fius work has been caniied oul under contract £Y-70-C 02-0016 with the Unuied
States Depuriment of Lucigy
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only two subjects, both about une year of age at expusuie, have been found o have prunary
frypothyrowdism  The iccent availabitity of sophisticated numunoassay fechniguces fur
thytoxme (1) and thysotiopin (TSH) has allowed more thorough thyrond evaluation of the
exposed population who do not have knowa thysond abnomalities {43 Rongelap people)
Linitislly, prophiylacte Ty was discontinued for two months i a sample group of exposed
subjects and 10 U ot bovine TSH were given intramuscalanly. Plasuea 14 was icasuicd beluse
aid 24 hours atter TSH Yhe mean mncrement in Ty was 2.4 ¢ 1.2 pg/dl (uican £ SD) 10 the
caposed group, sigalicantly less than the valuc of 4.2 £ 1.3 pg/dl i contiols, Thus suggested
w decrcase m thyioid teserve in capused subgects. Accurdingly, prophylactic 14 teatinent way
disconiimued fos two months, and basal plasma T4 and TSI, a5 well as the inciement s 'ESH
atter Fhyiotropin Keleasug Hopmone (TRIT) was mcasured. The upper bt of the soimal
Lasib plasina 1SH was 3 uU/mi and ol the TRH-induced TSH response was 22 gUfil m
contiol Mashiuliese subjects. Four of 43 Rongelapese had abnotmally high busad TSH and
LRIBmduced 1SH 1elease on two such tests as opposed to only two of 214 contrals. Plasma

T4 concentranions wete low, of low-normal 1n these idividaals. These results indicate the
prosence of carly thysond dystunction. Scveral uther subjects have shown at Jeast oue
abnotmal Ninding but have not had the requised number of tests 1o mncet the established

citesta. I thiee quasiers ot these subjects the estimated thyroid exposure dose was < 400 sads.

Hypothytodism has been previously noted after therapeutic doses uf "' for hyperthytodism,
but not i ndividuals exposed 10 thie relatively low kevels of thysoidat radiation (<400 rads)
esthimated for these individuals,

BACKGROUND

Thus report concerns late radiation etfects on the thyroid in a population in
the Marshall blands imadvertently exposed to fall-out. The accident occurred on
I March 1954, duning the United States atomic testing programane when an
unexpected shift of winds, following detonation of a thermonuclear device at
Biking, coused radioactive Lall out 1o be deposited on several inhabited islunds
to the cast. Evacuation of exposed persuns was sccomphished by two days. The
lullowing were cstimated whole body ganuna duses s the Masshallese on three
atolls: Rongelap (64 people), 175 rads; Ailingnae (18 people), 69 ruds; and
Utink (138 people), 14 sads. (here were also 28 Anierican servicemen on the
tslaid of Rongenik who received about the ssme exposure as the Ailingnae group.)

Acute cliccts of gamma exposurc were noted mw the Rongelap and Allingnae
groups, but notin the Uurik group. These consisted of carly, transient anorexia,
tansea and vomitog in s number ot people followed by depression of wlhite biood
cells and platelets 1o about half normal levels Fortunately the hacmatological
depression was not great enough o result in detectable clincal signs of wlection
or bleedmg. No speatic thierapy was necessary and no deaths oceurred, and
blood cells returicd o uear notmal levels by one year. o addition, i the
Rongelap and Allmgnae groups, begimning about two weeks post exposure,
tadtation burns Cheta” buins) and spotty cpilation ot the head developed whete

Pall oaet material liad been deposited on the sk These buns weie bagely
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supethicial and healed withn several weeks with normal regrowth of awr Shght
scariing renined m sume cases but no development of skin mabhignancy has
been noted w subsegquent years. Another source ol exposure i afl the istand
groups camie from ideral absorption of radionuchdes from imbadabion 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 i the Rongelap population at one day post exposure:
"8 be 22 YR 034 27, vare carth group O 1.2 Y On ihyrod gland)
6.4 112, "Ra0 0013, ¥Ca0 0019, and lissile matensal 0 0016 (ug)

No acute symptoms weie noted from this iternal absorption of radivnuchdes,

and by six mwouths urinalyses indicated they were vistually completely cinnnated
Nevertheless, the caily exposure 1o radioiodines resultad i seqlous mjury o the
thysoud glands with date cliects 1o be descnibed below. “The thyroid dase was
estimated 10 be considerably lughies i the chilldien because of the smaller size

ol the thyrond glands, In the Rongelap people the thyrow dose from gamima
radiation und radioiodines Eprmaipally P 792 and M) was estunated 1o
be about 335 rads i thie adults whereas mosimall childien the doses tanged up

10 700 1400 sads. The thyroid doses m thie Ahingnae and Ltink groups were
extrapoluted tfron e Rongelap estimates assuming the rutio of whole bady
gapina and 1odine doses were the same as i the Rongelap people

Following the umtial studies, annual exammations and, wore secently,
quarterly ¢xaninations ol the exposed people, as well as an unexposed contiol
Marshallese population, have been carned oul, and results of these cxaninalions
have been publshed |1 4]

In the Dost ten years atter the acaodent lew Tindings were noted that could
be related to radhation exposure. An increase i agscaritages and stillbisths in
the exposed Rongelap woinen was thought to be possibly related to exposuse

During the sceond decade, huwever, serivus late elfects devetoped related
primarily to the thyroid gland. I addition o Rongeltap man who had been
exposed at one year of age, died ol acute myclogenous leubacnna which was
Likely 1clated to 1adiation exposure |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. Thyroid hypotunction related (o thysoid mpury later became appateat
with more sophisticated technigues for determunng thyroxine levels. It was not
detected canly i the chuldien by PBL determmanions 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 e Rongelap cluldien and 1o
@ esser extent i adults beginnmg about nitc years post expostne. These nodules

lave 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 THYROLD EXPOSURE

Subject Iyiosd
Desciipiion wentiication estlnated dose
numbe (1ads)
I. Pwu subjects with lrank hypothyroudism 3 11540
10 yeats ables exposure 5 e
2. Fave subjects with hypothyiomisin o 2 Biv - 1130
decieased thyroid reserv
cureased thyrond reseive pre-opesatively 20 B0 1150
33 810 1150
42 810 1150
65 8iu 1150
3. Hhace subjects wilh smpaired thyrowd
tunction lolluwing sublutal thysoidectomy 17 810 1150
2 Bio 1150
6Y Bl1U 1150

FABLE UL RESULTS OF TSH STIMULATION TESTS IN EXPOSED
RONGELAP SUBIECTES AND CONTROLS
Mcan 1 8D

Mean serum Ty
privi Lo ESHUI0 U IM)

Mcean serun Iy
nciement 24 hoatier 1511

G /dl) {pg/dl)
Contiols Ut 7 42913
Lxposed Rongelapese 60117 241102

(n =~ 20)

MLETHODS

Studies were perfotmed duting the annual or senit-annuad visits of the
Brooklhaven medical team (o the Marshall Islands. Subjects were mstructed o
discontinue thyrowd imedication tor two months belore the studies of thyrond

- — .
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funetion which are described below. Occasionally, Uil stiuction was not
followed. However, the natuse of the tests pertormed was such that tns
cucumstance would tesult in an undetestunation (rather than an overestination)
ol the frequency ot abnormalitics in thyrowd tunction

Plasmia was sepatated by allowing the 1ed cells to sediment and was (rdzen
witlun cight hours alter obtatning she spectinen Serum Yhyrowd Stuoulating
Hovmaone (TSH) snd thyroxie (14) were mcasuied as previously described [ 8]
The soimal tange for scoum ESH i our laboratory is trom < 005 1o 3 pUfinl
e the United States population Gmcan 2.0 pUfmil). Thyrotropis Releasing
Hormone CVRHY stimtation tests were perfonmed by mfusion ol 500 g ot
TRILteavenously, plasing sanples were obtamed at O and at 20 nunules aftes
the mdusion. TSH stinulation tests weire pertormed by adiinsttation ol ten
units ol bovine TSH mtranusculaly with plasma obtaned tor 1 detenmmations
Letore injection and 24 houes later. The normal range tor serun Ty concentiations
1585 10 pg/d Estinauon ol the tree haction of Ty was obtamed by a1
charcoul uptake mctliod developed b our laboratory CYBG Tndex). Twenty five
ul ol plasiia are incubatedan 1wl ot glycine acetaic butier, pll 8.0, contuining
BT, Dextian coated chiarcoal is added at 4°C with subsequent centifugation
(o sediment the chatcoal. The traction of the tutal "5 bound to chincoal
is deternined and this tesult as normalized 1o the resolts of simullancously
assayed quality control sumples containng notual guantitics ol 'V and
thyfoxine -binding globubin (1BG) The norial runge tor the test s 0 85 1 10
The TBG Index incrcases parablel to the tree ttaction of the serum Vg and 175
and 1y thereluie elevated in hy perthytodsan or TBG delicency

RESUL'LS
TSH stimulation fesis

To detenmme whether or not there was nnpaiied thysod reserve an the
expused subjects, 'TSH stimulution tests were cartied oul using an imcrcase i
serum by as the response endpotnd. ln nomial subjects i the tated States ot
Ancitca, the mcas tncrcment i plasia Ty was 4.7 11 gg/dh Gmcan £ SD) in
13 subjects tollowing igection of 10 U ot TSHL Lo abde T are showan data
Tor the Maishall shaids popatation The contiob subjects who had not been
exposcd o radraton were given TSH, and the mean imciement 'l was
4.2 10 135D not statistically didterent lsom the iesalts 1o the thited States
population. However, 1y 24 eaposed Roangelap subjedts, amcan macment ol
only 24 112 pg/dt was obratied, whieh was signthicantly fess (p < 0 001) than

i ihe comtiol subjects
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FABLE IV, BASELINE SERUM TSH CONCENTRATIONS AND RESPONSE
10 500 pg INIYROTROPIN RELEASING HORMONE {TRH) IN CONTROL
MARSHAL LESE SUBJECTS

Moean 1 SD

MU/l

Basal 4S84 Mean t SD 201073
Range 0.5-30
I5H 20 wun altes TRH itst4s

Range 4720

FABLE Vo CRITERIA FOR THE DIAGNOSIS OF BIOCHEMICAL THYROID
DYSEFUNCTION

1 Hasal plassna 1SH Z S pufmi On WO OCCcasions

I

2 a Buasal plasiia TSH ~ 3 uUfml

> 22 uUfml

6 Plusma ISl aller TRY f hwa Dedsions

TABLE VI FREQUENCY OF AT LEAST A SINGLE ELEVATED BASAL
SERUM [SH CONCENTRATION IN THE MARSHALLESE POPULATION

Number Number
1esied > 3.0 pU/ml ®
Control uncaposed s ] : o IVU
Utk exposed 99 12 12
(thyrowd dose < 95 rads)
Kungelap and Alingnase cxpused q) H 20

(Subjects without surgery
and excluding Nos 3 & )

IAEA - SM-224/607 109
Basal sertin TSH concentiations and response to TRH

Since the most sensive index ol inpaated thyrod lunction s an clevation
e serim TSH which oceuns through the hy pothiatanuc-pitatary-thy toud fecgback
ants, scrwm TFSH concentralions and then aesponse to TR were measured i
both the control and the exposed Rongelap popalation. L prunacy by pothyronlism,
the 1esponse ol the priwitary to TRIDis oxvessively gicat {8]. Mcan basab 1 SH
was 2 U/l i 25 non-exposed cuthyrond Marshallese, und the range was (1om
undetectable (<005 pUfmb) 1o 3 pU il Fable V) Scnun 'SH 20 mmutes
folowing R was wcicased i all contiol subjects: The mean mercment was
1ES 2 3.5¢850) with a range ol brom 4.7 to 20 pU il Fhese tesults aie nol
signtlicantly ditterent from thase pievioisly reporied m other popadations {9

O Lhie Basis of these studies, cnitertg were estabilishied Tor cassification of
paticts as having brochenncal evidence of impaised thyrond tunction. hese
citteriu ate sumsiatized 0 bable V, and mclude eithicr two basal TSI delernnna-
tons greater than 5 gU/oid (22 4 standind deviations above the mean) or basal
plasina I'SH > 3 pU/ml (bt <3 gUfandy and plasima 1 SH aler PRI 22 gUfmib.
Consistent obscrvations i these tanges were requited on Iwo occasions (o meel
the critenta for biochcancal evidence ol thyroud dystunction. Whde seoum Ty
concentration 1 an unpottant determinant i the thyrowd status of the mdavidual,
previous studies have indicated that evidesce ot ipaned thyroul tuiction can
Le elicited by these tests belore seivnm 'ty concentrations have Lalien below the
nonal range JHO] Thactore, the scrum 1y concentiation was not used as a
cuteston it estabhishing the diagnosis of napained thyaoud lunchon

I Table VI s shown the Biequency of at least g single chevated basal 1ShL
concentialion in vatious Maishallese pupulations. o g controb giowp ot 115
who woie sol exposcd 1o radianion, L sabjpects or 10% ol ik population had
aserun 1SH greates than 3 gUfml. I ten of these, serum TSH was valy
ninimally elevated (4 0 pU/mnl ot less); the remaning value was 6.1 gU/ml. Nooe
ot these patients had detectable chinicat hy pothyrondisim or thyroid enlatgement,
but scrum Ty concentrations weie generally m the low normal range.

I the exposed Uunk population, 12 of 99 subjects tested had at least one
busal serum TSH greater than 3 gUfml, though none of these was in excess of
S pU/ml The madence of clevated TSH i this population s not signsticantly
difterent trom that of the unexpuosed group. i the Rongelap and Adumignae
population, 11 ol 43 subjects were tound to have at least a single clevated basal
serunmt FSH greater thun 3 gU/mb, and i two cases serum TSH was in excess ot
7 uUjml, and 1 two cascs servn TSH was moexcess of 7 gUfml Thas s s
signthicantly lugher prevalence than i the other two groups pooled (p <0 05)
I Fag. 1 aie showa i tesponses 1o TRH of the tour individuals who el the
cntenia given in Table Vo The nocmal basat TSH and iesponse 10 TR are shown
i the shaded bars. In these tour indaviduals, the basal serum TSH was elevated,

s
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FIG 1 Basal plasing TSH and TR stimulated TSH
- i euthyroud Marshallese and in four exposed subjects
_NORMAL : wilh biochemecal evidence of uu:munl thyrowd
| HANGE function. Pluasma was obtuined 20 mn after infusion
BASAL AFTER of 30U ug TR The upper s of the normal sunge

TRH are indicaled by the shaded bars

! FABLE VIL CHARACTERISTICS OF MARSHALLLESE WITH BIOCHEMICAL
EVIDENCE OF THYROID DYSEUNCHON

Estumated . To laciement
. Al 1 N TG 8 o
Subjeut i 4 thyroid dose Seinin ¥y TGl 24 b p ISH
eXpUUIE units
(rads) Cug/db) (/)
Normal valucs 5102 0.85 1.10 L6 68
74 le 335 810 5.4 097 [FX]
71 24 338 5.2 0.9 NT*
is 37 335 6.1 0.82 ['¥ ]
4 34 315 1.4 0 (1)
i " Not tested

1AEA SM-224/607 il

and the TS response 1o TRED was abso signifwcantly macased, mdicating the

presence of unpaned thyrond tunction.
Chasactenistics of Manhallese with biochemical evidence of thyrond dysfunction
'

I Table VI age presented the resubts of other studies i the Tour ndividuals
with biochemical evidence of snpaned thyroid function. AL present, these are
the ondy ndividuals who have tullilled the critenas described in table V, though
sevetal other subjects have shown al feast one abnonmal Hnding but have nod
had the required number ol tests 1o meet the established crtena The age at
exposure varied lrom 16 o 38 years and the estunaied thyroid dose was thought
! i three of four (o be dess than 400 rads. Serum Uy concentrations w all tour
subjects wre i the Jow notmal tange when considered i the light ob their
estinuiled scrum Thyroxane-Bundmg Globulin CHBG)  Subjects 74 and 71 have
approximately nonmal serum TBG concentrations, whereas subjects 78 and 4

apparenlly have o modestly clevated seoum TG b the bast colun of Tatde VI
are shown results of the TSH stimulation tests ol these subjects performed in
1974 Inall thiee, the scrum Ty response 1o TSH was impaired, suggesting

decreased thyroid reserve

DISCUSSION

An assocition of thyroud nodudanty and cancet with pror radiahoun of the
thyroid gland, paricubaily i younger paticnts, s well recognized and the
assoctation has fecently been sevicwed [HLE I addition, i has been recogmzed
that radiation to the thyroid debivered in the course of treatment of palients
with thyitoid dysfunction ts assocsated witli hy pothytonlisin in a signilccant
taction of the patients (as hgh as 50%) at the higher dosage tevels fE2] 0 Lhe
luwest dosage considered i previous studics ol tHus type has been approxunalely
3400 rads estiated dose 1o thie tiyrond wlach was assoctaied with a 6% probability
of Lypothysoidisim witlun one year and o 3% probabality i 13 years [13]

There are tew data avatlable in the litcratuie relative 10 the passibility of
hy pothyroidisu tollowing ' dosages of less than 2500 1ads. Prchminary results
of Hamilton and Thompkins indicated that eight ot 443 subjects {1.8%) subse-
quently becamie by pothyrond after diaguostic "' iests at less thae 16 years |13
A sumamary of these prelinanary data has been presented  None of 146 subjects
with an estinated thyioid absorbed dose ol 30 rads developed hypothyrowdisn,
but thiree of 146 subjects receiving 31 (o 80 gads estimated thyrod dose had tis
condition [ 14]. OF 151 subgects wath an estimated dose range of 81 1900 rads,
five hypothyroid paticnts were found with an incidence of hypothysoidisin of
0 23% yeuarly
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The present studies suggest that there 1s u significant risk of development
ol unpaired thyron 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 significantly severe as to result in duncally evident hypo-
thiyrowdisin, but by currently accepted criteria there iy evidence of impaired
thyrowd reserve in Lhese subjects, I left untreated, 1 would be expected that
thyroid function would continue 1o decrease in such subjects to the point of
climcal hypothyroidism. The data i Table VI also indicate that the [requcacy
(f" an elevated serum TSH, the carliest biochenucal 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
tndividuals in whom results of basal TSH and at least oie TRH 1est have suggested
the possibility that they may also have evidence of impaired thyrow function.
hese individuals ace currently undergoing repeated testing to detenmine whether
or not this preliminary evidence of thyroid dysluaction can be confinmed.

10 suminary, these data mdicate that in addition to thyroid nodularity, 4
wellrecognized manifestation ol exposure of the thyrow io radioactive 1wodine
ot externul radiation, biocheimical evidence of thyroid dystunction can appear
as long as 25 years alter thyroid doses as low as 350 rads.

ACKNOWLEDGEMENTS
Fhis work was supported in parl by the Depurtinent of Encigy.

> e . .
PR Larsen is an investigator, Howard Hhughes Medical Instituie,
We aie gratelut 1o 81, Bigos for alfowing us 10 review Ref. {11 before ifs

publication.
REFERENCES
[1] CONARD, R A. ctoal, “Suminary of thyioid findigs in Marshallese 22 ycurs after

expusure (o radivsctive tallout”™, Radistion-Associated Thyiowd Carcimoma (DE GROOT
J., kd ), Grune & Stiation, New York (1977) 24 '
(’UNAKI), KA. ctal, A T'wenly Year Review of Medical Findings in s Marshallese
Population sccudentally expused to Kadivactive Faliout, Rep. BNL 50424, Brookhaven
Natwonal Laburatory, Uplon, New Yorb (Sep 1975) '
CONARD, R A, Acute myclogenous leukemu followin
T Am Med. Assac. 232(1975) 1356,

MIIUW,"W W CONARD, RA, “The cffects of {allout tadiation un Marshatlese
cluldica”, Rudition Biotogy of the Fetal and Juvesile Matmal (1
Janturd Biology Symp Kihiland, 1969) ( 1969) b0

RATL JE, CONARD, R A |, Elevation of ihe et ptotenc bound wdine level
thiabitanits ol the Matahall sdands, Ay ) Med 4019001 BN 3

{2

(K]

g fallout jadiation Cxposure,

4

1oc. Yth Aun

s

TAEA SM-224/607 113

fo] HEMPELMANN, LI, HALL, Wi, PFILLLIPS, M, COOPER, R A, AMLES, W R,

Neoplasins i pensons Hcated wilh X-ays i infuncy, Founth survey an 20 years,

J. Natd Cances lust. 55¢1975) 519

ROBBINS, 1., RALL, J L, CONARD, R A Late eltects of radioactive wodme m falloud,

Combined Chntcal Sialt Conference at the Natwonal lustitutes ot dealth, Ann. Inh:m‘

Mcd 66 (1% 7) 1214

[8] LARSEN, P K, Radionmunoussay of thyroxne, tiiodothysomne, snd thyrotropm
in human serun’’, Manual of Clintcal Inusunology (ROSE, N K., FRILDMAN, H | Eds),
Amciican Soaety for Microbiology, Washington (1976) 222,

{9 SABERL M, UNGER, R D., Augineslation of thyiotiogn respoases Lo thyiotinpin
telcasing hormone tollowing siall decreases w serum thyroid honnone concentiaions,
b Clin. Lodouimo). Metab. 40(1975) 435

[10] SAWIN, CT, HERSHMAN, ) M., The TSI response 1o thyrotiopm scleasing hotnone
CERID) 30 young adubt men: itia-mdividual vanation and sclation (o basal scru 1811
and thyroid horones, ) Chin Eadocninol Metlab 42 (1976) 8U9

fti] BIGOS ST, RIDGWAY, E.C, KOURIDES, | A, MALOOF, b | The spectium ot
pMuitaly altetativns with imid and scveie thysoid mupament., 1. Clin Endoamol

|7

Mctab. (an press)

{12] MAXON, H K, THOMAS, S R, SAENGER, E L, BUNCHER, CR | KEREJAKES, J G,
loniang madistion and the mduction of climcally sigailicant discase 1 the ivman
thytowd gland , A } Mcd 63(1977) Y67

[13] BECKLER, DV, MCCONANLY, W M, DOBYNS, B M “lhesesults of the thyoloxicoss
theiapy tollowup study”, Further Advances in Jhyroud Research | (FELLINGER, K,
HOFER, R, Eds), Gistel G. et Cie, Vicana (1971) 603,

f14) UNIIED STATES NUCLEAR REGULATORY COMMISSION, Reactor Salety Study,
An Assossinent of Accident Risks in U S, Commercual Nuclear Power Plants, Appendix VI,
Calculations ol Redctor Avaident Consequences, Rep. WASH 1300, NUREG-75/014,
U.S. Nuclear Regulatory Comnussion, Wastuagton (1973), Protection ot the thyrod
gland i the cvent ol seleases ol radiotodine; Keconncndations of the Nabunal
Council un Radwstion Piotection and Measurcments, NCRE Rep. No. 55, Washingion
ayrn

DISCUSSION

M DELPLA: 1 wonder what rcliance can be placed i the doscs you
tepott, because | do uot believe that 100U sads, of even 1500, would have been
cnough (0 suppress the houmonal activity ol the thyrowd gland ot two cluldien
conbininated when they were one year old, In fact, to obtan 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 didterence appeats considerable

R.ACONARD: There are uncertanties i the thyroul dose estinates i
tHie Manhallese, patticabarly i the chiddien. 1 agice it would scom hikely that
the two boys who developed shyxocdenma seceived higher doses than thuse
ustinated (o produce atiophy ol the thyrowd gland.

K. SHIMAOKA . Thie nonmal hauian thyioid is cadiogesistant as far as

thyron tunclon s concerncd, paticnts witl head and neck tumours ticatad by
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radiation alone scldom develop hypothyrowisn. However, there aie two
populations of paticnts who imay develop hy pothytodisin followig eaternal
tadiation therapy . those with head and peck tumours who receved radiation
therapy tollowing surgical maniputation, and those with mahignant lymphoma
ticared with radiation thegapy after lymploangiogiaphy . Since hy pothyoidisin
15 usually wssoctated with lugh doses of radisbion to the thyrou, how do you
account 1ot your hindings with tow doses?

R.A. CONARD: In our studics we arc using very sensthive tests tor thyroid
function, and our findings indicate only brochenncal or subclisical hy pothyroidism
at preseod. [ these sensitive tests were used in other cases foltowing external
radiation, perhaps such cileets mght be demonstrable.

Y. NISHIWAKL. 1 also conducted an analysis in Japan of the lughly
tadwactive fall-out on the Japanese tishing boat that was cngaged m lishing
about 30 Y0 mides cast of Bikini al the time of the thermonuctear test conducied
carly i the monmng of 1 March 1954, and which returned 1o Japan in the mniddie
ol the sume month. According 1o the statements of some of the crew, a tew
hours adtee the thegmonuclear detonation in Bikim the whitish dust began to
Latl on the boat su heavily that for a period they could hardly bear to open their
cyes and mouths, 1t contmucd 1o full (or several houwrs. Some ot the ciew
apparcitly tasted i, to see what i was, without knowing that it was lnghly
radivactive. Owaig to the ditficully of duse estimation withoul more accuraie
mlonuation on the il condition, the radioactive tall-out conditions on the
boat weite expernentally repsoduced & 5 Miyosti, the clacl plysician i
Charge of treatmient ol the exposed crew at the Tokyo University Hospital,
using pubveniced corat secl. This experisent was catned out i the presence of
the crew as witiiesses of the actaal amount of ash which had tallen on the boat
1Tis wimount was then estimated 1o be about 3,38 8.52 mg/em®. The radioactivity
of the ush was estunated by extrapolation 10 be about 1 Cifg al the time it 1cll
on the boat. Taking nto consideration various possible exposue conditions
ol the crew daning the voyage, the probable gamana dose was estunated 1o be
i the range 170 600 rad. The degree of vocertainty was lar greater tor the
witernal dose. The long-bved radionucindes detected in organs such as the divers
muny weeks luter could not be considered the valy sowtces of wternal exposure.
Depending o the assmined degree of intial mcorporation of short-hved radio-
nuchides, o wide range of estimates was pussible: for the liver, o tew rids 1o
few tens of thousands of rads, the probable dose tange being 10~ 10% rads; and
tor boie and bone marrow, @ few rids to about 60 ruds. 1l we assume a non-
unitonnsty factor of live toe bone, the dose estimation could be live tunes
highey. Fam pleased 1o see that the thyioid doses you estimated i your repott
cortespond more or lesy to our estimates 1 order of magoitude However, |
assuhie there woilld be some uncertainty in this type ot dose estimation. What
fevel ol accuracy do you assign 10 your duse estunation?  Did you also observe
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other rdiation syndromes such as tdiodenatitis, epalation, decrease ot
leucocytes, dectease of spernatozoa, cie. i the eaposcd Marshallese?

R A CONARD: tThe thyroid doses m the Marshallese wese based primanly
o radio-todine measticments i unne 15 days alter exposaire. Uncertupntics
wchuded length ol e of e tall-out, elabve absorption from inhalalion versus
wgeshion, cle Therelore the doses aie subyect (o enor. The gamma doses
recetved shoull be more accurale, as they are m agicament withi the values
estimated from the degree of hacnatological changes observed.

The sk lesions, eptlation and hacmatological cliccts i the Manshallese
were shnilar 1o those aeputied by your gioup for the Japanese fishermen and
have been descnibed elsewhere, We weie nol able o do sperm counts v the
Manshatlese. No doubt there must have been some degree of sclative sterility
soun alter exposure, though i subsequent years fechihity doces nol appear (o

have been impaired.
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