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Abstract

THYROID HYPOLUNCHION APPEARING AS A DELAYED MANIFESTATION OF

ACCIDENTAL EXPOSURE IO KADIOACLIVE FALL-OUL IN A MAKSHALLESE

POPULATION.

Phe taedeased incidence of thyroid aodudarily and cate iioind appeacing aad date effect

alive capususe Of the human (hycuid to tontaing radtadion is well evugalzed) Despite the

high prevalence of Myron! nudulaiidy in Marshallese unadvertenUy exposed Lo fallkeGud in 1954,

* ‘This work has been carited oul under wondiaclh EY 7o © O02 GOb6 with the United

Slates Depariiment of Lucigy
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lu? LARSENct al.

ouly two subjects, both about one year ol age af exposuie, have beew lound to have prunary

hy polhytutdion Phe wcccnt avadlabitity of suphisticaled tmiaaunoussay dechamgues bor

thytoame (14) aod thyrotropin (TSH) has allowed more thorough Gayton evaluation of the

eaposcd population who do not Nave knowa ihyroid abnodmalitics (43 Roigelap people)

liitially, prophylecta Ty was dacantinued tur two months ina sample group of exposed

subjects and VU U ot bovine TSH were given intranmuaculaly. Plasues 14 wos ascusuicd beluse

did 24 tours adder PSE dhe mean increment in Ty was 2 4021.2 pg/di (racan £ SI) in the

caposed group, sigiulic antly less than the value of 4 2200.3 py/dbia conmbiols. ‘Thus suggested

a decieuae wn (hyduid teserve in capuscd subjects Accordingly, prophylacte 14 tieatinent was

dincoutiiued Jos two tmunths, and basal plasma Sy and TSE, as well as the memeat in ‘ESI

altea Shysutiupin Releasing Husmene CT RID) was measured Phe upper hit of the moral

Lusaf plasma PSH was 3 U/ml aod of the TREH-induced TSH response was 22 pUsaal an

control Marshallese subjects, Four of 43 Rongelapese had abnormally bigh basal TSU and

PROB induced (SH iclease on two such tests as opposed to only two of 214 contrals tas

‘Ty concentrations were low, of lownormalin these uidividuals Phese resulis indicate the

presence of cutly thyroid dyslunction. Several other subjects have shown al least vac

abnomal finding Dut have wut had the sequued suuvbes of fests tu ince! the estabilisiied

CHigéia fo dhied quasicds of these sulyects (he estimated Eyrond exposure dose was ~ 400 rads

Hypothyroidhas been previously noted wfter therapeutic duses uf '9't for hyperthysuadiom,

but nut io individuals exposed Jo the relatively low levels of thyronlad radiation (< 400 rads}

collimated for these indaviduals,

BACKGROUND

This tepoil concerns late radiation elfeets on the Uhyroid ina population in

Whe Marshall Islands tnadvertently expused to fallboul. The accident occured on

1 March 1954, during the United States atumic testing programaie when an

unexpected shift ol wieds, following detonation of a thermonuclear device al

Bikint, caused radioactive Lallhoud do be deposited on several inhabited islands

fo the cast Evacuation of exposed persons was accomplished by two days. The

hollowing were cslimaled whole body ganna duses imthe Marshallese on three

alolis. Rongelap (64 people), 175 rads, Ailingnae (18 people), 69 rads, and

Utuik (158 people), 14 cads (Phere were also 28 American servicemen on the

island of Rongesth who received abuul the sane exposure as Ue Ailiagiae group.)

Acule cllects of gamuna exposure were noted io the Kongelap and Aulingnae

gioups, but notin the Ulirtk group “These consisted of eaily, dransient anorexia,

hatieca dead vomntinag ina number of peaple follawed by depression of white bioud

cells and platelets to about half nuemal levels Fortunately the hacmatoulogical

depression Was Nol great cnough to pesult in delectable cluwtcal signs of infechou

or bleeding No specitic Uierapy was necessary and no dealtis occurred, and

bloud cells rebated ty uea normal levels by one year. Un addition, on the

Rongelup and Aibngnae groups, beginning about two weeks post expusure,

hadiation bars CbcGe butts) aid spotty epilation of the tead developed where

Fallot nioteidab dad bee deposited on the sha hese burs weie hitgely
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superficial wad healed wethin several weeks wilh nodal regrowth of lai Shehet

scaling fenilaed mi sume cases but tho development of shin malignancy las

been voted asubsequent years Another source of exposure ib ddl the istan

Eroups came (rom udcrnab absorption of rudignuchdes from mbadatan and,

ligestiun vi conlanvnaled food aad water Radtodeaucal winalyses fun during

the tis few weeks showed the following estimated body burdests (ui) ol the

plincipal padionuchdes i the Rongelop population af one day post exposure

mS bo 22)ba O $4 27, care cutth group Ob 2) "44 Gin thyroid gland)

04 112, Ru GOLA, PCO OOFS, and tissile aistemal O 0 O16 (uy)

No acule syanptoms were dotcd tronthis iiterdab absor plow of rddignuchiues,

and by six months urmalyses indicated they were vitally completely climinated

Nevertheless, the cadly exposure lo radtotodines resullcd io seqious myury do the

(hyroid glands with date clfecds to be descnibed below. The thyroid dase was

estimaicd to be considerably ligter ie the childsen becuuse of the smaller stze

ul the thyruid glands. In the Rongelap peuple the thyroid dose tious Baim

radiavien and radtoiodies €pracipally 2b, 71, 4b and 8) was estunated to

be about 335 cads ia tie adults whereas mn sinall childien the doses cunged up

to 700 1400cads Phe thyroid doses mi the Aifingnac and Utiikh groups were

extrapolated trom the Rongelap estanates assuming the ralia ob whole badly

ganna and todine doses were the same as ithe Rongelap people

Following the initial studies, anual examinations and, wore recently,

quarterly exumingtions of the exposed people, a wellus an unexposed coutial

Marshallese population, have been carted out, and tesults of these exaniinalions

have been pubhisticd [1 4]

Inthe Host ten years alter Che accident lew tidings were noted that could

be related tu radiation exposure. An increase Wi dniscai pages and stulbittis

the exposed Rongeclap women was bought to be possibly related to exposure

During the second decade, however, serious late effects develuped related

pranasily to the thyroid gland fn addition a Rongelap man who had been

exposed at one year of age, died of acute myelogenous leukacniia which was

likely iedated to padiation exposure [3]

Betore thyroid abourmalities became apparent,was aoted that about

five clhuktien exposed al fess than five yours of age showed some degree ol growth

Telasdation (4) in dwo boys growth aetardation was murked and frank ayxocdema

developed. “Vhyrord hy poluoction iclated (ou thyroid mjury later became apparent

with imore sophisticated techniques tor deleomiiuig thyruxine levels. Tt was nul

detected caly ui the childien By PRE determinations because of masking of tue

ihyroatme levels by wuusuaidly hugh devels of dodoprutein, later tound do be

characteristic of the Marshallese peopte [5]

Nodules of the thytoid gland begun to appearRongelap children and to

4 tesser exiend in adulls beginning about wine years post caposue These nudules

lave comtinued to appear over the subsequent )5 years, aud vitually allot these
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TAHA aE PRIOR EVIDENCE OF FHYROLD HYPORUNCTION AND

CALCULATED LHYROLD EXPOSURE

Subject Tityiuid

Desuiipiion Wentitialion esllinsted dose

number (ads)

1. Two subjects with bank hypothyromism 3 Lisa

10 yeals ables exposure 4 hisu

2. dave subjects widh by pothyroidoan of 2 BIU bisu

desicased thyroid reserve pre-uperatively 20 Bru 1150

33 Blu LISO

42 B10 1150

65 siu 1150

3 Ihice subjects with unpaired thyroid

tun tion lolluwing sublotal thyroidectomy 17 a10 i150

21 Blo 4450

6Y SIU J150

(ABLE LD RESULTS OF TSE STIMULATFLON ‘FES ES IN EXPOSED

KONGELAP SUBJECTS AND CONTROLS

Mean 4 SD

Controls

baposed Rongelapese

(un - 20)

MLVUWODS

Mean serum TP,

Priar io PSiiq)g U PM)

(uaefd

oUt tL?

ooL17

Mean scrum ‘ly

mnerement 24 h aller PSit

(pag(1)

Hlta3

24th2

Studies were perlommed duaing (he aontal or sean anial visits of the

 

 
 

Bivoklaven medical team tu the Marshall Islands. Subjects were ustructed to

dbo ontinue thyroid medication tor two months belure Uhe studies of thyrond

c
e
n
e
e
e

[AEA SM-224/607 1G?

hoittion which are descabed below, Occastunally, (his tastraction was not

followed. dlowever, Uae matinee of the tests pectormed was such Ghat this

cuuunistunce would cesuit ia an underestimation (radher than ae overestimation)

uf the frequency of abnormalities in Ehytond: barction

Plasma was sepataled by allowing the aed cells do sediment aad was irdzen

willie cight bouts ulter obfaming fle specumen Serum Playroid Stuayulading

Hounone CPSED and thyroxime (14) were micusuied us previgusly described [8]

‘Lhe nonmaltange for serum PSP in one labGiatery bb from <0 05 tod plifial

im the United States population Gmean 2 0 wf) Dhyrotropin Releasing

ltotmone CL RH) stimulation tests were perlotimed by aftsion of 500 py of

TRO B inttavenously, plasma sumiples were oblamed af O and at 20 tunules afte:

the tnfusion PSU) stuulation tests were pecormed By administration of ten

units of boyUSE tatiaiusculaily with plasma obltaned for), dete umnutions

belode jection and 24 hours later, Phe norinal ange lor serum Ty concentoa tions

65) V0 pe/dd Estuniion of the fice traction of T, was obtamed by a Py

charcoal uptake metal developed in oar laboratory (1 0G Index) Twenty dive

wl ol plusina are incubated in biabot glycine avetude butler, pila 6, comlaumnig

M07 Dextian couled charcoal is added af 4°C wath subsequent con tifugalion

to sediment the charcoai “Phe taction of the dutal if, bouwud to charcoal

is detuned and this result is normalized to the tesolls of simullancously

assayed quality comlrol samples comlaining Hetil quantities OL by and

thyrexie -bindiag globulin (1) BG) Uhe norual range for the testis O85 1 10

The TBG Indes iicteases parallel to the ree (hacthon of the serum by and i,

and is dheteduse elevated in hyper Uiyroidian or PRG deliicney

RESULTS

TSE stimulation fests

Vo dictermine whether or nut there was mnpaiics Ehiytaid reserve: see tbe

capused subsceds, TSEP stimulation tests wore caiiicd Gul usiig ad micreause tn

serum dy as the response endpoint fa normal subjects an the Gated States of

Anieiiva, (he pean daecreuicnt a plasma Py waa 47 2b g/dl Giiean t SD) in

13 stibjects folowing myection of WOU of PSHE ta balde Tare shown data

tur Mie Maasliall bsbiinks population dhe control subjects who hat net been

exposcd lo idition were given PSH, and the mean incecmieatin Dy was

4.2 £0 3 (SD) not stetiotically dilbert thom the results ithe naled States

populution However, mb 24 caposed Kougelap salycets, a mcan mcieiment of

ouly 24 td 2 psd wos obbatcd, which wos simiticundly bess Gp sO GOP) than

i lie Comdial subyeccts
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TABLE LV BASELINE SERUM TSH CONCENTRATIONS AND RESPONSE
10 500 yg THYROTROPIN RELEASING HORMONE(TRH) IN CONTROL
MARSHALLESE SUBJECTS |
Mean 1 SD

wu/ul

Basal YSU Mean t SD 2020.75

Range U.5- 3.0

OSH 20 san alter TRH absras

Range 47-20

TABLE Vo CRITERIA FOR THE DIAGNOSIS OF BIOCHEMICAL THYROID
BYSEUNCTION

| Hasal plasina ISH > § pu/mi
On (wo Occasions

or

20a Basal plasina TSH

i) Phasing PSdlatler FRH

~ JpUf/ul

> 22 pU/ml
OU Iwo OLcusions

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

Number Number

lesied > 3.0 pU/ial *

Contra uncapused Lis Ml ‘ tO

Utiusk exposed yy 12 12
(thyroid dase <. 95 padss

Kungclip aid Aiingnae ¢expused 43 fi Zo
(Subjects without surgery

and excluding Nus 3 & 9)  
|
(

aa
 
 

; | “iea
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Basal seruan TSH concenteations and response to TRE

Since the most sensitive index of aapaaed thyroid function ts an clevahion

i scHin PSH which occurs through the hy potiadanie-pilunary diy cod feedback

ants, scruin TSP concentrations aid then iespumse to PRED were measured: an

both Wie conuol and tlie exposed Rongelep population. fa praunary bypothyronlisa,

the wesponse of the pituitary to PRED is cxcessively preat (8) Meabasal OSH

was 2 U/l in 25 non-exposed cuthytou Marshallese, and dhe tauge was from

undetectable (0 05 pll/ial) to 3 pU final (Fable IV) Serta PSH 20 minutes

folowing ERGE was ticdeascd an all control subjeots “Thre gncan increimcnt was

11.5 24.5 4¢SD) with a range of from 4 7 to 20 pUfind Phese cesulls aie not

sigitlicantly different from these previously reported mn uther populations |9]

Ohi the basis of Giese studies, celerta were established for clussiication of

paticnts as having biochemical evidence of unpaued Unyroid function. Phese

citleria ate subiaiized oo dable V, and include cither two basal PSEE dedermiiaa-

tions giculer thaa 5 pU find (> 4 stundaid deviaiions above he meuab or basal

plasma VSOP > 3 wU/inl (but <5 gl/aid) aud piasmia V Std alterPRU 22 pU/md.

Consistent observations ta Uhese tanges were requited On EWo Occasions fo mel

the critenta fos bigchcamcab evidence of thyroid dysfunction While scrim Ty

concentration is ao dmportant determin’ in the thyrout status of the todiidual,

prewiods studies have indicated hat evidence Of mmipaimed dhytoul fuactioan can

be ehemted by these lests belare serum Py comcentiaions dave fallen below the

normal range FLO] Pheretore, the serum Py codceutiatior was nod used as a

chilcion pt establishing dhe diagnosis Ofpanned thyroid bane tion

in Table Vitis shown the drequency of ul deust a single chewaled basal PSGL

coaccntiahion dn vatiows Maishalicse populations. Ing comlrot group of 115

why were nol exposed to cfadiation, § 1 sabpects ar 100 of tie population bad

aseruinPUSH) greater thao 3 g/ml. dn ten of these, serui PSH wis only

nuainally elevated (4 O pU/ial of less), the remuming value was oO | wU/il None

of these patients had detectable clinical hypothyroidism of thyroid colargement,

but serum Ty concentrations were generally ui the low normal range.

le the exposed Unk population, }2 of 99 subjects tested had at least one

basal scrum TSU greater than 3 pU/nd, though none of Uiesc was in excess of

S aU/ind ‘ble ancidence of elevated TSiiin this population is not signiticantly

different tron that of the unexposed group. dn the Rongelap wad Adingnae

populaion, EL uf 43 subjects were tound tu have al least a single elevated basal

serum PSH greater than 3 wU/inb, and im two cases seruan VSEL was in excess of

7 wU fol, and in two causes scamPSU was in excess of 7 U/l “Thus isa

slentiicandly lugher prevaleace than inthe offer bwo groups pooled (p <0 05)

Ia Fig. | ate shown the respomses to PRE of the tour midiviaduals who met the

criteria given in Table Vo The nociaal basal PSU) and response to TRIE ae shown

tn the shaded burs. In these four individuals, the basal serum VSI was elevated, \
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FIG) Basal pleasing TSH and TRH-stunuduted TSH

tn euthyroul Marshallese and in four exposed subjects

with bier hemuwal evidence of unpaired thyroid

function. Plasma was ebtuined 20 ini uffer iitfusiwn

of S00 py TRH The upper lteits of the nurmal senge

are indicated by the shaded bars.

TABLE VIL CHARACTERISTICS OF MARSHALLESE WITH BIOCIIEMICAL

EVIDENCE OF THYROID DYSFUNCTION

Subject

Normal valucs

74

71

7a

4

* Not tested

Age af

ExXpusure

ty

28

3?

34

Bstumated 5 t

thyroid dose cums

(rads) (g/dl)

5 10.2

335 810 5.8

345 52

335 6.1

345 14

0.85 1.10

TaGl

units

0.97

0.98

0.82

0.79

Va laciement

244hp Tse

(pagfda)
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and the PSE response to TRE was abso significandly mecrcased, midicating the

presence of tmpalied thyroid Cunection.

Chasacteristics of Marshallese with biochemical evidence of Uryroid dystunction
1

bn Table Vil are presented the results of other studies mi the lous indiveidials

with biochemical evidence of inpuired thyroid fuaction. Al present, these are

the only gidividuals who have fulliiled the crtena described in table V, though

several otlier subycets have shown al feast one abnormal tinding but have aod

had the required number of tests lo meet the established criteria Vhhe age al

vaposure Varied trom 16 to 38 years and the estimated thyroid dose was thought

ti three Of four bo be less than 400 rads. Serum Fy concentrations ta all tour

subjects wie inthe low notimal range when Comsidercd in the light of (hear

estimated serum Viytoxine- Banding Globulin CEBG)} Subjects 74 and 71 have

approximately nomad serum TRG concentrations, whereas subjects 78 and 4

Jpparently have a modestly clevated serum TRG. ba the kasd columuiol Latie VIE

are shown results of Uie TSH stimulation tests of these subjects performed in

1974 da all three, the scrum Ty response to USE was inpaired, suggesting

decreased thyroid ivserve

DISCUSSION

An association of thyfuid nodulanity and cancer with poror radiation of the

thyroid gland, particuludy in younger patients, ts wedl recognized aud the

dasuclulion hus recently been reviewed FEL) dn addition, do has been recognized

that radiation tu the thyioid delivered in the Course of treatment of pulients

with thytoid dysfunction is assocmicd wilh hypothyronlisay in a signidicau

fraction of the patietits (as high as 50%) al the higher dosage levels [E22] Lhe

luwest dosage considered in previous studies of (lis type has been approximately

3400 rads estimated dose to the Hayroid which was associated wath a 6% probability

of hy pothyruidion within one year and a 13%probalality in 3 years [13].

There are few dala avatlable in the titerature relative to the possibility of

hypothyroiisi following (dosages of dess Chan 2500 ads. Prelimanary results

of Hamilton and Lhompkins indicated that eight of 443 subjects (1.8%) subse-

quently became ly pothyroid after diagnostic '2'P tests at less than 16 years [13]

A sumunary of these preliminary data has been presented None of 146 subjects

With an estuaated thyloid absorbed dose of 30 rads developed hy pothyrouts, :

but tice of 140 subjects receiving J) to 8G rads estimated thyroid dose had this .

condition [14]. OF PST subsects with an estimated dose range of 81 1900 rads,

five hypothyroid patients were found with an iickence of hypothyr oidisin of

O 25% yearly

i
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112 LARSEN et al.

‘The present studies suggest that there ts u signilicant risk of development
of impaired thyroid function many years following estimated thyroid doses of
less than SU0 rads from the muxture of radiomdmes present in fall-out fiom
nhucteat detonations in the Rongelap and Ailingnae groups, the effect has
apparently aot been signsicantly severe as to result in clunmcally evalent hy po-
(hyroidisin, but by currently accepted criteria there is evidence of Mu paired
Uryroul reserve in these subjects. I left untreated, if would be expected that
thyroid function would continue to decrease in such subjects to the pout of
clinical hypothyroidism. The data ia Table VI also indicate that the fiequeacy
ol an elevated serum TSH, the earliest biochenical evidence Of impaired dhyrou
funclion, is also significantly more conmmon in the exposed Rongelap population
flan the control-unexpused group. There are several viher ex pused Rongelap
tadividuals in whom resulis of basal TSH and at least one TRH test have suggested
the possibility thal they may alo have evidence of Impaired thyroid function
Vhese indivutuals ate curently underguimg repeated iesting to determine whethes
or Aol this preliminary evidence of thyroid dysfunction cat be confirmed.

In suminary, these data indicate Uhat ain addition to thycotd nodularily, a
welbrecognized mantlesda lion of exposure of the thyroid to radivactive todd
or exteenal radiation, biochemical evidence of thyroid dystunction can appear
as long ds 25 years aller thyroid doses as low as 35U sads.
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DISCUSSION

M DELPLA: 2 wonder what rehance can be placed in Ure doses you

icpaurt, becatise | do mot beireve that LQOU rads, or even 1500, would have been

cnough Co suppeess the hurional actividy of the thy tot gland of two cluldsen

contaimotted when they were one year old. In fact, to obtatn such a iesull,

doctors have to administer a dose of Ff giving af least (HUQ 000 pad Hoos tue

(hot this applies tu adults, bud all the same the dose duiference appeats considerable,

KR A. CONARD. ‘There are uncertamies an the Uhysotd dose estimates tn

Use Mursliallese, particuhuby adhe chiddien, Pagiee it would sccm likely Ghat

the (wo boys who developed myxocdema received higher doses Cha Chose

vatiiaied tu produce alropliy of He thyroid gland,

KO SHIMAQGRA Phe novmnal hunian thyrutd js iadioresisdant as bar as

layrotd fumettom is comecimed, patients wile head and neck Lunouts leaked by
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Paditton alone seldom develop hypothyroidism. Tloweves, there aie wo

Populations of paticnts whe may develop hy pudhycomisus dodlowing cadcunal

fadiition therapy. thusc with head gad weck tumours whe received rudiation

therapy Jollowing surgical daniputation, and those with maligna byopliouia

treated wiih audition therapy after lyimploungiogiaphy. Sace hy pothycodisan

bo usually ussocmted with Jiugh doses of radiation to dhe thytou, row do you

accound fat your Jindungs with low doses?

R.A CONARD: In our studies we are using very semstlive ests for Ubyroid

function, aad our findings adicate only biochemical or subclinical by pothyramdinin

at prescad He these sensitive fests Were uscd in Ollice Gases following exterial

lidtdiaiion, perhaps such cllects maght be demonsteable.

Y. NISHHWAKE. Falso conducted aanalysis in Japan of the highly

Jadiodclive loll out un the Japanese fishing buat thal was engaged wmlishing

about 80 YU miles cast Ol Bikini al the time of the thermonuctear test conducted

carly nthe mouuag of | Marcli 1954, and which relurtied to Japan in the uidule

Ol the sasie moat According do the statements of some of the crew, a few

Nous altce dhe dhegionuchcar delonation i Bikin the whitish dust begati lo

full on the boat su leavily that fora pesod they couki hardly bear to open their

cyes aml mouihs. 1 comtiaued to fall for several hours Some of the caew

appurcntly Gasted ad, do see whatwas, without Knowmg (lati was buglily

fadivactive, Owing to the ditficubly af dose estamation without mare accurate

Worden Oo the wid condidios, the padtouctive Lafbout conditions on (he

Doal were cApeumicntally ceproduced ¢ 36 Mayusha, die clue! physician i

charee of treatment of the exposed crew at the Tokyo Univenuty Hospital,

ising pulverized coraliecel. Phis expoermcnt was cuted out in the presence of

the crew us wilitesses af the actual ammvunt of ast which had tallen on the bout

Phis anita was Chen estimated do be about 3.58 8.92 ing/em?. ‘Phe radioactivity

of the veh was estiamatcad by extrapolation lo be about | Ci/g af he dime et fell

onthe bout. Takiag tate comsideea ton varigus possible exposure conditions

Gl dle crow duaing the voyage, the probable gaia duse was eslumated do be

tu the range 170) 600 rad

taiternal dose. ‘The loag-tved cadionuchates detected in organs such as the diver

The degree of ducertaiity was dar greater tor the

nay weeks later could nud be cumsidercd (he only suueces of witeraal exposure.

Depending ou the usstiited degree al mutimigorpourmation of short-Hved radio-

aucthies, a Wide Lange of colimales was possible. for the liver, a tew fads boa

few fens of thousands ofrads, the probable dose mange bemmg 1O- 10* tads; and

for bone aad bone uianmow, few rads Co about OU rads. If we assume a nun

Unitouoily factor ol dive boc boas, the dose estimation could be five tunes

Bighey. bag pleased to see that the thyiuid doses you estimated in your report

Hlowever, |

Whal

Dad you also observe

corecspharkd nboge Ga fess fo our estimidtes aw oider of magnitude

aotuine there would be same uncertuiaty in this dype of dose estupation

fevel ob accunicy do you dssigal to your dase estimation?
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other radiation syadiomes such as radioedermalils, epilation, decrease of

leucocytes, decicuse Of sperutalodua, etetlic capoocd Matshallese?

RA CONARD. ‘fhe Ghyroid doses uatie Marshallese were based primarily

on sadia-todine mcaswicuents a usime LS days afles exposure. Uncertupitics

iichided Joagih of tame of die tall out, delative absorption foi iibalation versus

Wigestiud, cle Therefore the doses are sulyeod tu con Phe gama doses

received shoukht be more acumale, as Ehey aren agrecament with elie values

cstimbaded fiunmthe degree of haematological changes observed.

The skid lesions, eptlatian and diaemutobogical effects in the Marshallese

wee sitilug fo those aepurted by your gloup bor the Japanese fabermcn and

have been desceibed elewhere. We were nul able fo do sperm counts on the

Marshatlese No duubl there nist have been some degree of sclative sterility

soul alicr expusure, Chough an subsequent years leduihity dacs nol appear lu

have becu mupaited.
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