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Preface 

Th" 111t·dit·al t·x.1111i11a1iu"' nf 1hc :O.lar,hall 
blander' an-idn11allv cxt~"ed 111 radiuani\'e fall­
out in l~f').\ ha\T nuw l:u\c:rcd a 'pan of'20 yl'ar~. 
. .\ '1-war p.-ri1xl li;is dap-.·d sill<l' lindin~s ha,·e 
lnTU pn-·~·ntnl in f11ll. ~and 1his tt·purt irn.:ludes dl·· 
1ails 11f 1hi" IM"I lud ~'' \\Tll a~ a ~u1n111ary uf the: data 
l~1r tlw t'lltiu· ~I) ~l"OIP~. Su111l· l).l( ~i.,:ruuiu.I infunna­

tiuu i., prt"t'lllt.'d lil:-..t. 

·nu· ~Lu"hall 1'1.aud~ \\C"ll' l b11 ... c:n tt'.'I o.1n attuuit..· 

buiub pro\ in~ i,:1tuuul .ll llll" lillll" uf ( >pero.11iuu 

( :ro,,ru.uh al Bikini in I '1 lti .ind wen· sub~·· 

c1ut.·u1ly u~·d l~1r 11u11n·11-a1 ... tc~h .1t l>u1h BiL.iui and 
Eniv1ot·tuL. uu1il tlw 111ur.atu1lu111 \\,1., dt·l·l.uT'I iu 
l~l.-1H. 'rlw:-.t' j,Ja1Hl~ '"'·n· ,·l111 ... c11 lu:t·au~l· of their 
i. ... ulatnl !1H.;.L1ion i111lil' '"·'''· lll',111~ c·nipty '"T<.lU 

.;u·c·.;1 of :\lilT01u-,i.1 j11't uonh •• r 1 l1l· t·<1uator. l"Ol!'rt.I 
uf du- ( :;1roli Ill" 1,t.1ud, .• ind ui u 1 Ii'' t"'.'ril uf I he· (;ii· 
lu:rt hl.uul!'rt.. al,.uu h.df"·•Y lwl\\tTU tlu: lt1wo1iiau 
t,lamJ, ;11ul .\11,11.ilia. Tiu· \t.11,li.ill hl.11uls n11n· 
pr&s.· ~I l,l.uu.l'.'ri.illHl.11ul:'.'rl,p1t·.ul11\·t.'r""'HUl" lHO.(KMJ 

""tuarr 1uilt-s ofu 1·.;u1. Eada .lloll n1nsi'1' uf a luw• 
lyiu~ d1ai11 111 ,.11ul\". p.d1n 'u\ t'l l'd j,l;uul~ nu1· 

IU"t."lnl hv .1 n·t.f '11nu1111di1n.: .tnd pn1u·1·1in~ .1 n:n­

lr,11 hhu··:.:1Tt·11 l.u.:.u11n. I l.d>iLihh· l;11ul 01n..·01 issur· 
pri:i<oi11~I~· ~•nall 1:11ly ,,J..,1111 7n 'qu.1n: 1uik~ in 1ht· 
l'11tin: '.\l.1r.,halJ l,l.1nd,. ·nae di111;111· i' 1rupil·;1l. and 
tlw tradt· \\"ind' bh1'' 1111ll Ii ,.f tla· ~ t•ar. Tiff .atolls 
iu\"uh·t•d ill lht· l ~l-1 I .ill l"ltknt oll"l" )uc1tt•d i,1 tlu­
nurthnn :O.l.11·,halk J{un~.-l.1p ;11ul .\ilini.:nat· 
.1huul IUO n.;1u1i,·al auil,·~ ca:-.1 of Bikini. Ko1u:.c·rik 

ahuul l.t·1 111i(,., ''·''' uf Bikini .• u1d l'1i.-ik :!7:a 
111'1,-... -·~1~1 uf Bikini. 

llurini.: 1111· I'·'·'' n·111111' liw :O.l.1r,h.11l,.,,.· 1•·11pk 
ha\'t' lnT11 i.:u\ 1·r11nl h~ I~ 1ur ,·,111nt1 ic.·s. ( ;,·nnany 
p11rd1.1'4. 0 d tlu· '.\1.11,li.dl l .. !.1ud, f10111 Sp~1in in 
IHB1i and i.:.u,,·111nl ~ 1 1,·1u u111il l 1ll 7. \\lu·11 .J.ap.1n 
ln .. k U\Tr 111hlcr ,, l.c·,u.:\at' nf :\.,1i1•n;ii.11'a11d.1u·: 
.J.1p.111clcYl.urd n\\lltT,hlp i11 1~1 L\ \\lu·n ,.ht• brukt• 
li11111 the· l.cai..:11l' uf :\'.,1tio11'. ·rh,· l'11itl'd S1.;11t·s 

lib.-..11.·d 1lw :O.l.11·,l1.dl, i11 l"l 1. dmini.: \\"11.ld 
\\ .• 11 II. ~111d ''·I' i.:i\l'll .111thu11l 111uh·r a L"nitc·t.I 
'.\:.1111•n'111.uul.11,· h1 .1d111iui,11·1 t lw "·atu·n·d i .. laud~ 
of ~lin·lllll'"'i.1 ·'' tlw Tna~l '1'1·1 ritnr\" ut" tlu· P.ll·itil· 
I.,l.uHl . .,.;; thi~ \\,1,tlou1· ti1~1 ll\ 1h1· l'.S .. '\.1\"\" ;and 
l.lll'r h\· 1111' lkparlnh·n1ul11..- l111ni11r. 

Thr t•arh· t•xplurn,. .;1ud lr,11ic·1.,.; fuund tht· i~· 
l.111tls inh;ihitt·d In· fri .. ndh. i.:•·n1t.-. pri111i1in· 
pt·oplt•. li\"in~ in I hatdu·d lu1h. lt,.hin!-: fru1n uut· 
1ii.:~l·r ,·;.1UtM...,, .. 111d 'llh,is1i11g l'lltin·l\ fru111 1hc.· 
l1n·al t'll\ inu1nu·11l. Tiu: inn,·.1 .. i11~ t'll\TU~lL·h1uc·nt 
ofl·i\·ili1 .. ltiuu \i;1 1r.ulcr!'.. ll\i"lu11.1ric,., and ~t~\"· 

Ill 

erning au1huri1ies has changed 1heir •••ay of life. 
The mi"ionaries hrough1 religion. do1hin~. and 
d1;1ngl'<l n"11111i.. ;\ dollar economy based on 
copra prrn..lu•·1i11n and emplo,·nwnl by lot:al ~m·· 
t•rn:nnlls has lendcd gradually 10 oupplam 1hc: en· 
\"inu1111t."ntal !\Ul.)Sistcnc.:c. 

Sani1ar\' u>11di1iu11s and health care in 1he :O.lar· 
.J1alls had bt·en primi1in:. wi1h 1rca1111cn1 of 1he 
~l·k oJu·n iu\"oh-in~ a laq;c l'kaucnt of superstition 
t1ntl 111agit·. ;uu.I appan·ntly did nol i1npn1\·c un<lt:r 

.J.1palll""-" rnk. Durini.: \\'urld \\"ar II 1hc :O.lar· 
~1.tlle ..... · ht·n· llffn·d tu li\"l' on lo\,. l·aluric diets 
hllh ln.1dl·quak 11u·di,·al c·~,rt·. \\'ht·n thl· L'.S. \\·:1s 
111.1clL' trush·c..· in l~H7. thl." :\'.a'"Y· undt·r 1hl" au!'I-.. 

pilt'"' uf i1:-. Bun·;1u of ~lc..·dil:inl' and Surgery. un .. 

dL·rtuok a um1pn·hl·n,.i\"l' llll'dic.:al sur\'ey ufi.sland 
popul~11ion' in thl· ·rru!\I ·rl·1·ritury indudin~ tht" 
:O.la1.,..hall bland,, '"in.: unc ol iis H'SSl'!s. the l"SS 
ll'JudJlf·i. 1 ·1·1il' survl·y sho\\t.·d that un!.anitary n>n· 
ditiun:i<o '' ith rn:;nd to llit·~. ~ . .rba~t.· di~pusaL and 
t·x, n·•un· habits 1nade for 1nuhiple intl'stinal para· 
sltit· i11.'l·:i<ot.1tio1h and c.li:i.t:a~·:'\ .. \ hi~h pc.·rc.Tnta~c uf 
11..- t" .. pl•· h.1d P"iliH· Kahn l<·sis. ;L•S<J<·iai.·d "·i1h 
~ ~H,·!lt.. and'' idt·~pu·;ul lfl".llnu·nt \\"ith pt·ni~illin 
prn\·t·d t·x1u·111t·ly l'1r,.,,1 i\"l'. ))i:i<ot·ascs oft ht· eyt-s 

anti :'\kin. acutl' ;.11111 dll lUlit· rl·spiratory disl'ast·s. 
and ,·&ta111in ddic.·it·nrit•, \\l'rt' t"spt'l'i;1lly c.:01nn1111i. 

:\11 n1al~•ri.1. tilari;,.,.i,. ydlu\,. ft•\Tf. or d1okra 
"-'' ,,..,.n. Suh"'-'l''"lll lll"ahh ,·ar~ in tlw Tru.i Tt·r· 
rii.1r\· was h;1111pt0 rl'cl hv lad; uf 1rainl·d nH·dical 
p1·prr;,i11uu·I ;uul pour tran:i<oporlation lo da· uutl·r 
L. ... l.uut~. "l"hi.' W;\s thc.· '.'ril;l\u~ wht·n uur spt."\·i.;1l 1ul·d· 

i,·;.1l t·xa111in;atio11" lx.·~an. 
So11u· uf th;,.· l'\Tllh u\'l'r tlu· yc.·ar'.!'t in th1.• :\lar­

,h.dl 1,t,111d.• 1h.11 ·"" rdn·.1n11111hl' """li,·al '"r· 
\1.·~~ .1n· li:-.1t·d in .\ppc.·ndi' I. 

Tia- lir't c·x.un~noHiHU:i<o in l~\ .. )1 ;.1ftc.·r llu.· folhnn 
\\l"rt• nuulul"lnl h~ .tin t·1u1·q,:t·1u.·y 1nt•thl·;.1l 1,:;.11n. 

ITljlll".'-lt'd b\· tlw .\t1Hllit• l:au·n,:\" (:ulHl11issi\Ul, 

din·,·u·d In I h. E. I'. ( :1 .. nkill' ;ind n>mpmt·d 
l.u t:t'I\ of :-\.I\~· OH"di,·od ptT~t'lllll'l \\ lh•,.,.,· :i<ot•n·il"l' 
t'\p•·1 it'l\lT p1un·d ,.,1n·111dy lu·lpful for this lit· Id· 
1\ pt· \)pc:r.11io11. l{,·~ul"\T\"' \H'IT l·,1nd11,·tl·d ;.lt li 

1110111h' u1Hkr Dr. \·.11. Buutl and al l:! 1th1nths 

ll&hlt·r l h Cr11nki1t·. In P(1tl llu· S\ll'\'l'\"S \H·n· 

pl.1n·d undt:r lhl' din·ni,m of tlu· au1hur at Bronk· 
h.1n·n ~.1tiun~1I I ,.,lM .. ·ah•r~·. Si1H·c.• tht•n tlw :i<ourvt•ys 
h;1\"1· IKTU '-·,1nd1Kl,·d in l'un,iunl·tinn with tlu· llt.·-
1'·111nu·111 .. r I le;iltli S.·n·in-, ufllw Trus1 Tl'rri1or\" 
and "i1h ilw p;ini,·ipa1iun uf nwcli,·al 'l"''·i;ilis1s 
fi 0111 I h,• .·\n11l'd Forn-s ;.uat fro1n nwdical tTUhTS 
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in the Uuitl"<I Stall's, 111dudiug L'Jukw..:rinulrn;isL\ 1 

t:<1nliologis.ts1 liL·1uatulogi!'.tS, i11tcrlli!o1U, surgeons, 
ophthalou.,lo~i,ts, and p..rasitolo~ists (sec .-\ppcn· 
dix :!). The \'aricty or 'l'niali,ts iudicatl"> thc di\Tr· 
~Ly of the t•xa1uin;.11ion .. , Lon<llu.:ted O\Tf thl· ~cars. 

The BNL ~ro11n has been fortun;itc in main­
taiuiu~ ;, t:loM~ li.•i:\01

1.•1 \\'ilh tht· :\tu1uit: Bo1ub Ca .. "· 
u.1 It~- ( :uuuuis.,iou iu I a p;.1 n .• 1 nd 'L'\ l'rod ph~ :\it:i~1us 

fur11u.·1ly as.''"--·io1H·d , .. 11h it h.1\·c p~1rtit:ipatt.:d in 
our :\Uf\'t'ys. \\'l' h~l\'l' .,:,,. ho1d a du'L" n·l.1Liuu,Jiip 
\\ith the JM:uplc !'tltlld~ inc, 1 lu: .J.1pa11e,t: li:\ht:i 1ucn 
l'Xpo:-.t•d lo the Hr;.nu 1.dl11l!t: i11 l~Uil c~t:ha1u~e 

\'i:oi.it" wt:rc iLnangnl fo1 I )1. K111u.11ori and the oau· 
tl1ur to ;11lt·nd 'urn·~, h111h 11f tlu: .... · Ji,ln·nuL'U .1n<l 
ul tl1<· '.\l.11,hali<'"'· 

In ~lay l ~(d. upon l 11111pkti1111 ut' tl1t· initial l'.'<• 

a111i11atiu11:-i. ('-''111d1ntnl .at ~\\.1jaki11J. lhL· B:.! 
Rcm.~t..·lap IK·oplt· .. bn·.1u."'-' ol 1lie nu11•1111i11ouiu11 uf 
tiu·ir hu1nL· i:-i.l.ual:-i.. '' t'l l' 1110\Td tu ~l.tjuro .\toll. 
.and 1hcy \\l'fl.• t·xa111inl'd tht·1\.' 10 Sc:ptl'lllhcr P)~1-4 
;uul i11 !\brd1 l'J'1."1. l'>."01o. and 1~1:1i'. Thl"Y re· 
ll&a f\l'd to Ro1H.;wl.q>. tu Ii\ t' in 01 U\.'\\ ly huih \'ii .. 
laa.:t·. in .July 1~(,i, .li·u·r r.HtiuloL:it·o.l ~Uf\'l'Y~ had 
"liu\\11 thl· L.,l~unl to IU"!'tl.i!C.: fi1r h;d>it~uirna. Tlw L"'1i 

l'tirik 1x:uple \H·n· L1lt:11 h1111u..· .aftl·r till· lnitial l'X• 
.ouninations. !'r!iilu.T tlu·ir i:-i.l.ual '"'·•ls unly !lili~htly 

u•nt~unlu.Lled and \\a' t·nn,idt·n·d ~~tfL· fur h;th-it.\• 
tioia. ·rht· :.!B 1uill1.try p(T,11111n·I t·~po~·d on Ron· 
i.:•·r·ik .-\tull w<·n· 1.11.•·11 tu To ipkr .\nm· I lu .. pi1;il l;or 
fiartlll'r t'XOt1Uiu.,1i1H\ .... 

F11lluwi11i,: t lu· i niti.d .H.'llll' t.·ffn·t'.'11 of ratli•1liuu 
on llu· Ku1u .. wl.q> pn•pk. tlu· l.'X.11uin~1t1u11 .. o\Tr 
llu· ll4.':\I ~· yt·.11'"!\ rcu·.all'd kv.· '.'lli~nili1·~1111 iuuli11~s. 

:\n i1u:11'0&'.'lo.I' in 111i .. "·~u ri.1t.:"" .111d ~tillbinh!tl oa11hu1..; 

tlu- l'~po•••nl \\llllH"U du1 ini..: the: tir ... t :, ~t·~u' W6lS 
thuui.:ht lube· lt'l.11nl .1• 1.uli.1tiu111.·:\)Ht~u1t·. but 
gL'lll'l'.tl lu· • .lth ~tnd dl'Ll'l' lllL·idl'l\L't' i11 Lht·l·~po!1oC.:d 

pt·upll' \\l'll' .1b111111h1· "·"II'' ~I" in tlu· u1u·~pos.1.·d 
Kun~d:1p 1w.·opk \\.ho h.ul rt·tunu:d fnuu ud1t·r i!tl· 
l.111d'.'lo ~ind !<ot"rn·d ~':"> .1 n1n1p.u i'.'lo'.JU popul.1tiun. l )ur· 
ln~ li1i'.'ll urn·n·111ful Jll.'I iud. 'UL.:~l'!Hiu11~ \H'l'L' 111~Ldt• 
ll11 11·dut. i11i..: liu- "n•lK' 111 f1npu·nl·~ of tht· ~urn·ys. 
but tlu·'.'4.' \\t'll' 1u·n·r ,niun .. lv t·un .. id,·n·tl !tlinn• ii 
''·•s u·ali1c·cl d1.11 li11lt· i .. l..1111\\ 11 ~1huu1 lhL· l.1lt' d'"· 
k·t'l" of r•uii.1tioo u11 l11.uu.1u .. ~uul dli:1.·t!\ 1uit..:hl ~•ill 

app«ar. 111 l~lli.1 1hr 11n1''l"'''t<"il ap'"""""'"<' or 
gro'"'·th n.·1.1nb1iun i11 •1,011u· d1ihht.·11 and of 1hyroid 
.1hnunu;1li1it.~ l\11ly ju~tilit·d thi~ n·o,~u1ing. In l~•i"..! 

•• l·.;.1!1ot' uf t11~,1.1t·u1t·1uydu~t·nous ln1~t·1ui.1 t.k\'l'I· 

u1w•l in a l~l·~Tar·nld t"\Jhl:"ot'tl R11n~L·l.1p hu~·. 

i11diL»1ti1u.: tllC' un·d l11r .Hldi1lu11.\I survrill.ulLT. 
Tiu· ~111·\I·\.,. tlu·1e·f111t· \H'll' ••. ,p.uukd 10 lududt• 
,I lit'll\,ltul11t,!il';,I t'lll'l ~ j,, lht• l''IH~t·d H_u11..:d.q> 

people t:\'ery Ii months . .-\t that time al"' diflj. 
culties were cncountcrT<l in maintaining a Slrict 
tll\Toid treato11cnt program in the cxposec..! Ron· 
l(elap ricople, with potential serious results, par· 
ticularly in the people who had had thyroid sur­
o.;cry. The decision was therefore made to place 
a re,idl'nl pl"·,ician in the '.\larshall lslan<ls to keep 
d1<Tk 011 the treatmclll program and assist the 
Tru't Tcrritor\' in ~cncral health care "' the 
Ru1111i:lap and L'tirik people. 

The 111cdical lindino.;s on the !\larshallcsc ha\'c 
been p11Ui,he<l in 11u111crou• B.': L reports and 
jo1uu~l ill'lidt._·!\.:!·-:t:1 

So111L' prublt·1u:\ h;,n·t· lx.:cn t:ncountcrcd in carry· 
in;: out 111<· 111cdi~al .,un·•·ys in th<· i'lands. Cart•ful 
pl.uu1i11~ j ... rL·quin·d fur ~ll lll'<,:L.·s~ary cquipnll'nt 

.111d !'riillJIJ>lit:~ 10 Ix: on han<l at tlu: rc.·1no1c location. 

and pron·durc' """t he .,daptcd tu field cundi· 
1iu11'.'ll \\·i1h propl·r dct:lronic support. Suniie tech· 
ni< al prnn·d11rc:• sud1 as staining of blood smears 
and n·ll nilturc:s prc:'<:nt problems under tropical. 
humid l'unditions. l'ro\'iding adequate transpo11a· 
tiun ha• hn·n a major dillic11lty. \\'hile the :'\a\'\' 
liirni,hed L'-;T"• and -~mphibiuus plane<, problems 
\\'l'rt' 111i11i1nal. hut for n1osl of &he suru.•ni we have 
had to rl'!,· un l''"0:" •hips chartered h~: the Trust 
Territur\'. ;iud tht·-e han· sometimes pro\'ed unre· 
li;ihl« i11 lllt'l'tini.: ,,,Ji.,dull"• or hazardous because 
uf faulty lift--,.1\·ini.: dr,·j,..,, and inadequate na,·i· 
\.:~i1ioual c·quip11u:11t. ( )1uT llu· sur\·t·y tt·aau wa~ 
lcr-t at !'oo(',\ l~1r 11111n· 1h;1n .a d.01y tr~·ini:: lo find an is· 
Lind. ;ind twin· ,Jijp, r;111 ;i~rn11nd un rl-..-f•. Small· 
l>t.•~•• tr~l\L'I in ro111...:h wall-rs '"'·a~ h~uarduus; tht" 
1rip fru1n '.'llhip t• 11orl' \\.·;1s MUUl'tlnu:s in nutri1.t~L"I 

CLllAK.~ and 1ui~l:t n·sult in Wt'l passc.·n~t·rs -:and 
bao:i.:ao:<·. TomTrl·11111l· thl'Sl" Problc11". an I.CC 
\-.·~L!tl reLTntly ~Kquirl'l: fur ":.oirryi11~ out du· .\EC· 
"po11s..11Td r.ldiolo~il·6tl and na·dit.·o•I sune~·, in thl· 

\l.11·,h.111 bl.111ds. 

Otha prnbkms i11du<kd th<" fulluwi110:: Th<· 
l.uH,::11.11.:c.· barrit·r hounpc.·n·d n,z11u1uniL·a1io11 \\ ith 
llu· pl·oplr. L'\·t·n rhou!o!h <1 li111itL·d nurubt·r of n·· 

li.1hl.- l·:no:l"h·'l"""kino: l""''Pk w•·n· 11su.1lh· ;l\·ail­
;obl,·. Tiil' l.ll k of ;idnpoatr \'it.ol stati,ti,·s n·sull<'d 
iu llll4..Trtaiuty in tht· l")i.at"t a~t..· .if 1nany of 1ht· 
1x·upl.-: a111! 111l'di,·al rn·ord• w.-rc poorh· k1·pt. 
p.1nin1L11I\' in tla· u11t<·r islands l<'·~·· thl" lwalth 
•lidt· \niuld oftt·n ~ivl' thl· c.·au~<" of death as 0

100 

"'Id"). It \\';.\s dillil·ult tu obt"in con~t.·nt fur an._. .•• 
'"P'Y· l'\'t•n .lt tli~1riL·t 11a·dit·~•I c.·,·ntl•rs. bt.·l·~iusc.· uf 
kt'liJ1~~ .,c.1iu?oot 11111til.1tiou oftla· body allt·r dt·ath. 
Souu· ur Ila· ~uhjt'l'IS lihlU~hl that <lr•n\ in~ blood 
n1;uk the1u fed \\T.1k: .01nd ~01nt· 'llU':oi.tauut.•tl the 
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1u .. '1'd li>r lt1lltin111·J l'x;u11i11.11i1111' \\ hn1 uu ~iguifi· 
(·a11l ti11di1u.;" \\ •·1 t" 1t'pu11nl. I u ,pill:' of \Ul h prub· 

lt·1u,, 1he (.M:uplt• h•1\'t• 4d\';.JY~ lwl':i lril'ndl~·. a11d, 
l'.XtTpl OU Ull(" 4K..'l'tl\i1111 ( •• l ;l\l" of pol11it •• 1 inlt'f· 

li..·n·t1n". tk!'o.4..:1ilwd lwlu\,·), l1.n1· L.:c:lll'Llil\ l' .. 1jM..'J• 

ai.·d iu 1 lu· l"XOllHin.11 ioll"-. p,~' l1ul1H,;1t .J.I I l'.H l 1• •JI 

lu lltl' r .• lluul i.~., IKTll r-:lll'l lnl .ii\ .11i1•ll' ti1nt"'\ UI 
ll·ou·,._ u·~otnli11~ IC:rtili1~ •• 1 bd1d tl1.11 Ji,h poi~1ui11~ 
\\ ._,._ tlur tu r.ouhu~1t:li\'i1y 1.11 l1n 1 !1.111 111 da: IM•i.._.. •II· 

011\ 11.11uu· of tlu: fo .. h. t'.-t·liui.: ... 111 \\ ,·,11.. Ul'"-' .1111 ilJ· 
u1t·d l111.ul1~11iuu. 01ud ll-.11 ,,J 1l1\l11id t.&11ter .and 

ll·u1..nui.1 tl~1llo\\iU~ d1t·d1".1ll1 •1I tlu· Hu11~l'l.1pl ... 1y}. 

.\ 11a;1jur ,·u1u1·r11 f111 dw 1i.1 ... 1 ·• ~1·.11' Ii." bt'l'U 
l1M.·td puli1i,·~1I iuh'1ll·1nu1· .11111111w ... 1i1111" tuh11·ru· 
iu~ tlit• uu-tll, .al l·,.1111iu.al 11111... I lu· Tn1"l Tt·11 i· 
lur~· llu\\ lial\ .L (:11Ut,:ll''' 111.\ln1111u·,j;1 {11u11u1&• 

ut·l·ll·d \\''h 1lw L·.s .. 11l11111l1 .. 11.a1i11111. \\1iit11 li~L, 

01p(.M•i1111·d •t SJH.'l'i.al ( :011111111 It c· lo invt"'lii.:.11t· d1t• 
lll'•1hh \L11u,_ 11flhl' K11111.,:l·!.1p .&11d l"11rik pt·oplt·. 

L" ufi1111u.kd ouT11,1lu111 ... \\t·1 t· 111.ti It- In·" t'l l,ti11 l1 .. ·.al 
pulitit·i;u1~ 1ha1 tlu· U11i1nl '."\1,11P• ddibc·ra1dy t"X· 

po,t·1l 1lw 11i1·opl1· lu i.dl1u11 "" d1.1l 1h1·\ nnald bl' 

u ..... ·d a' ··i:ui1u·.1 piL:,·· lu '1111h flu· 1·114·, "·.and di.al 
llu· 11w1h1·;1l h"llll \\,I' 1111u 1-.di11~ tk.11h' iiu11a 

radloati1111.aud w;1"' 11111 1q>1111i11L; .di 11fi1, ti11di11~!<ii. 

111 ~l;ud1P•i!1ht·"'u''''' \\,1 ... 111lt"11up1c·d b\' thl' 

poli1i,·i;1u' •uul h.td lu hi· .d•111tnl .011 Kont.:c·tLp. 

.\hc·r\\';11tl' tlu· ( :i11&\.:l4""'' ol ~li1 r11rn·.._i,a .appuinu·d 
uwdit .al 111 ... :·n'l'I\ lu.u n1111p.111\ the· 11·.111111u ;1,ur· 

\c·yiu.'-·p1t·111bcT P•7.!... Th11p111111i11t·111 phy'il·i;111' 

fr11111.J.IJMllf!)r,.. IJ. J·~"·'"'°' .uul T Ku111.Lluri1.u1u­
fnu11 E11.,:l.uul ll>r. E.F. p.,., l1in1 .. 11ad ow: front llll' 
l'..S. l'uliJi,· ll.-;olih S,·""'· 1 lli \\' Cul•·1 ;o1n•111· 
p~1ui1·1I tlw 1l·;1111 .uul p.111it ip.11nl iu 1111' t·,..11uiu;.&· 
1iu1a... Tlu·ir lt'fN•ll lu 'lw (:1111i.:1t·,, of ~fi,·ruut·,ia 

\\·~1" 1110'1 t~1\t1r.dJlt- .1iul h.a ... d.11u· 1111u ii tut1ui1·1 ilu· 

puli1ic.al ••n:u . .._,11i11u\. 'l'ln· ~pn 1.al ( '.111111uilh'l' uu 

Ru11L:d.1p.11ul l'1irik p11hl1 ... l1nl • .1 ll'lll..!il•~ lt'l)lffl:.: 1 

of ih i11H~liL:.&li111L,, i11d11di11..: 1 l1c· I q)l,11 I I 1f llit• uh· 
\ol'f\"IT!to. illUI llai' ~1l."1 li.1, hd11nl 111 inL.: .about .111111n· 
t1\ur~1bl1· .1t1i1ud& 0 lu rlw 11wd11.ii1·,,11ui11.11i111h. 

·r\\11111aj11r biJI,. h.l\r bn·11 111111.uc-d h,· alu· ( ~ .... 

1-:ft'\'.'\ uf '.\li1·r1111l·,i.1. ( )1w 1111111r11 ... p.1\ 11u·u1 of 

tr,;1\rl i1nd li\'iUL! 1·spt·n~•·, Jor .lll\ p.uu-ul f1u111 

Ro11~ .. :i-l•1p •11ul l'1irik un 1 u1r 1'\,1111111.1111111 li,1 \\ho 
1u-nli- lu""'f>ito1li1.11i1111. ·nai ... hill h,,, bn·u .1pprt1\t:d 

Ii~, l'.S. ~uthurilit·" t111d '' bt·i11i.: i111plt·11u·111t·d. 
·rlu· ·~hc·r n111n·n1i- n1111p•·n .... 111,111 l11r du· KnnL:I'· 

Lap l"·opll• fur ill t•tl"t•l'1' pf l.dlo·.11 c''P"'lll'l' .01:.1d 
pru\·idr!lr. al!WI J41f .I (l~l\llll'lll to I Ju· l

0

IJ1i~ pt•11plt• 

t1111l fur 'pn·i.;LI n1111pt·11~.1ti1111 1111111· p.1n·n1, ufdw 
Ito\· \\·li11 dinl of lt-11"'-n11i.1. ! Sn· .\pp<·1Hhx 1. l \\'<" 

IN·l~c'\T chal lht· Ku1u:d.q> pn•pk .llt' l'lllillnl 111 l11r· 

\II 

tl1er t:o1upc11,._,aciun fur injuries rct·c:\'cd, ahhouJi;h, 
on the b"-'" of the dfr:ns of their pr"viuus crnnp<:n· 

'"""" 111 I 'Uij. the ultimate bcndits arc doubtful, 
;.11d .111othcr J><l\n1en1 mi~ht push them funhcr to· 

".111! Ji,.. 'late of "·elfon: and perpetual dole. Dr. 
\I dli.t111 l'n k. the former Direciur of l lcalth Ser· 

\Ht'' rn tin· Tru"I Tt·rriaory. has put ihi~~ituation 

"" 1 h ·· J" "itld111ld further fund• and thu• 
tln·1K·11 tht' ~r:t·\',UU.t', ur in<.:rt·;1!t.t' 1h-.: t·u111pc.·usa· 
tion ;1111l the1cby 1ht· dolor of dl'pen<kn<.c - t·illu:r 
nHJr~· uf ~Ktiuo ~t.·1u" onJ~· io 01rupouud 1hcir 
uri~iu.d ~11j~"Y· •a11<l uur Uilt·1u1na~" 

F11r1h.-r p1ob!.-11" i11 the '.\(;1"h;ill hland, an: 

·''"tt·i,111·d \\ida dn· n·1uru uf ilu.· for111t·r n·~i<lt·nC!f. 

''' li\ t' u11 Bikiui ;,.111d E11i\\ cluk. \\ hid1 \\l'fl' l'l>n· 

1.1111iuatnJ durinL: !ht· h·,1111~ proL:ra1n. :":u111t·ruus 

r.ldiulu~it·.o&l \Uf\t·ys h.nt: iudKatcd that \\'ilh t.:cr· 

t.1in n·"ni .. ·1i1111!\ tlu:~t· ~uull!'i t·an he..· habitable 

.1~~1in. ~iun· ,a 11u1nht·r uf nHKH'lt' lu.11nc~ ha\c..· 
l>t..-11 nn11pi<-1nl un lliki11i. about 40 people han· 
11·tur1wd. h111 1ht·\· 1uu!<iil h(' subsidilt.·d bccaus.c: it 
h di In· ._..-n·ral \T.01rs hdun· d1t' rorunut and otht·r 
11t·1·, h.-.lf fruit . .-\ 11u11dx·r of peopl•· ;ir~ ~spull"(I 

to rc·turu lo Eni\H·tuk lu li\t" in ll1t· 1u·ar fu1un•. 

Tlil" 11u·di, •d 1t·ou11 a" \\Tll a' olher r~uliolu~it:al 
,,,f<·ty pt·r,.nn11el JI Vi~I. ha\t.• ln•t·n assi~nt·d 1hr-

1t·,,.p1111,ib&li1~ ,,f pt·r~1111nt·I and t"U\'irou1nt·ntal 

1uu11it11ri1 • ..; to ·•"u1t· thl" r • .uliolo~il·al "~lft·1y oftlw 

u·1u1ni11i.:: Jll"oplr. Pt-r ... 111111d 111011ilo1in~ •and rn· 
\·ir1111111t·n1~1J ~urn·~ s .Lt Bildni \'\'t•rt' in!l-tit u1c.-d "' 

li·w ~t·al',. •'"!''· •111d u11lv n .. ·ry lu"' lt•\Tls of in1t·r· 
n;dh· .1h,..11 IK·tl r.uli1111udid1" han· b1'l'll 1101rd. 
EH. J >.\ j, spon,.uri11~ nuuinuini.: ,.Uf\'l"YI uf lht'M" 
ott111l,,., ht·i11i.:: duru- b~· !lol·n·r~d iJblituliuui-. 

The uanli,·~tJ "'urn·ys h~l\T l.tc•t•n ;L u·\-.·•1rdi1ut t':\• 

pt·r in1n· ii1r all l!u· ptT~m11t·I \\·h,1 h~1\'t' p.1rti~:i· 

p.11nl. \\'c· h.nt· ht·t•n furtu11.1tt· in ohtainini.:: the 

""':nil,., of 1.1l«u1t•tl ._pn:i~1h~l' .tnd 1e·d111it:i;uis and 
iu 11.n iu~ llu.· 1.'olllinut•d ~1au11t.·h ,.upporl and a~· 
,j.,_1;111\'c• uf 11J.lll\ JM:oplt• .oil Brookha\'C.'ll ~ational 

l..iik•r.1h•n, !-:Kil.\ .. 111d 1hr Tru.•l T<'l"ri1on·, a11d 

llH· .1u1hu1itini .al K\\,tj.1lci11 .. \\'itho111 \\hil'h thr 
'lh'l'c~~ 11f1hc '111'\t'Y' \\ould 1101 ha\'t' l.tc•t•n po!fl>,i• 

hlr. Th .. 111nli,·;d tr.1111 ha• dt'\Tl11p<·d a dl'l'J.> 
fri1·11.J,hip 1 .. r 11,.. ~l.lf,h;1ll•·><· u\Tr ilu· ,·cars. l n 

'P'''" 11f thl' 1111uric·s ,;ind h.1rd~hips rt°"'ul1i11~ fro111 

tlu· l~l.',f .1n idt·111. du·\· h,1\l' n111pc·rah·d hith U!i­
t'H'll 1laru11~h 1hr pc.·1 iud of politit·al di~turb~11Kes. 

\\"i1 h tin· i111pru,nl poli1i, al ··li111a1t· and at tit 11d1• 

toward lhl· t':\.~1111iu. .. 11i1Hl\ '"·look fon\·ard ll>t.·outin~ 
ui11L: du-~· i1nport.11u .and d1.illt·1h.:in~ 111is.si1u1s and 
tu 111!(·1 i11L: 'Pl'l i.ali1nl hl'.alth l'.\n· lo 1lu·~<· ~l.tr,h.111 

J...l.audt·1, i11 ful\ut· n-.11,. H..:\. (Au1•1nl. ~LD. 
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A TWENTY-YEAR REVIEW OF MEDICAL FINDINGS IN A MARSHALLESE 
POPULATION ACCIDENTALLY EXPOSED TO RADIOACTIVE FALLOUT 

I. Background 

A. THE ACCIDENT 

The ll.,.lini: of nudcar 11<-,·iu.:s in the ~larshall 
l>laml• (.cc I line•~''), ""~i1111in~ wi1h Operation 
CrU!i.m1a1b al Bikini iu 1 ~ lti and e11di11g \\ilh the 
1uur•Uuriuu1 in l~~1B, dill nol rt..":'luh in !tignifkanl 
r.uli~L&iuu t·xpo'.'\urc tu JM"tM.1u1u·l ur fall1u1l <.:0111a1n• 

ina&luu uul:-.idc tht· lc~t •u l"a l':\.t.:cpl in unc c.oc. 
t )11 ~lo&n:h I, I~(, I. 1lu· tlt-toll~lt ion f1 uu1 a tower of 

a 1ht·rnuunu . .:lt.·ar dl·\in:. Br~nu, in 1hc Ca,tJc Sc. 
rini uf ICSIS ;.at Biki11i IT,uhed iu a ~crious r.alluul 
al.TiL· nl. 'J'l1c yidd w;.1."' ahuut J 7 11w~atu11~. con­
sidcrahly i;n::'1•:r than cxpn 1nl. and an unprc· 
1!i.:1c<l •liif1 in wiuds in t Ill' upper atm<"'pl:cre 
c:aus...·d the r;.ulitMcti\"c ,_.loud to drift O\'t.•r and de· 
posi1 fallrnn on"""'""' inh;ibiu:d ;11011• lo the e;ist: 
l~on~clap wi1h Iii p1·11pk. ,\ilini;11ae wi1h 13 
pcopk, Ruau.~erik wilh :.!H ,.\1ucc·iceu1 'crvicczncn, 
;11al lJ1irik wi1h 1:.7 people(""" Fi~ure I). 1\jap· 
;111<-.C lishi11!1 n-s.•cl in lhc area, the /.udr /Jr11.~u11, 
wi1h '.!:I li,hl"n11cn ahoo1r<l was ;ilso exp<,.;cd ';cc 

;\ppcndix :I). The falloul is 1hu11~ht to ha\'c C•llll· 

111e1ll'cd al K1111i;d.1p ;il~nll ~ lo 1; hr a lier llw dc1• 
11na1i1111, at l{1111~crik alwul 7 hr af1er it, and al 
lJ1irik ;il10111 ·.u hr afl•·r i1. It• durntion on 1hc is-
1.uads i~ unc.:t·rt.lin hu1 h~•:r- bn .. ·n t..'!\ti1ua1cd a1 ahout 

l '.!hr, 11 ... ~n·.1tn part of 1 hl' ''•110111 ol'l"u1-ring early 
in the pcri.~I.~ Th·· n1i111.11nl do"'" of i;anuna radia· 
tion 10 1he j,(;1111! 1~•p11l.11io11s i1 <li..:usS<.·d i;i S..-c· 
1i11n 11. ;\.Tiu:, \mcri•·;111 "''r\'iccmen 011 Rongcrik 
1101nl 1ha1 lh•· nn·dlc on .1 1..Jeml'll"rin!( inslru· 
ancul sudd1..·nly ht_·~an ri!otin~ •and went nff·M:;alc in 
:10 111i11. lx·gi11ni11~ ah11u1ti10 i hr ;al"icr 1hc <lclo· 
nation .. ·\r1 abrtn wa~ r~uliol'd lo the task fort.:c, 
aud a plane 11\'ill!o: lo\\ nuitinncd 1hat !<i~nifi,·an1 
t:&llu111 had on:11rn·d. 

The cxpose<l ix·oplc were c\'an1a1ed b\· pla11cs 
and :'\a\·y •hips "i•hin aumu 1wo day• and taken 
10 Kwajalcin, I i:1 111il•·s lo 1he snu1h. Thl"\' were 
lin<I examined by 1hc 1m·di,·al group at 1hc.Na\·al 
Di.•pcnsary 1111.:rc. Eigh1 days after 1hc an:id,·111 a 
111edical leam consis1in!o: of'.! 1 do<"h•n and lech· 
nici;ul!I, laq;d~· from the :'\a\'y, which had been re· 
q111-.1cd uy the ,\EC, ;irrin·d at 1'.wajalcin. For 
1wo 11111111h• lhe tcalll look llll'<lical his1orics. <lid 

n·pcalc<l physical cxamina1ion1 including s:udio 
and phu1ugraph1 of hcla burns of 1he skin, made 
nu111cruus hema1olugical tcsis, and moni101 cd I-Or 
ex1crnal and i111crnally absorbed radioisolopes. 
Complete re mo,· al of 1hc ra<lio<icli•·e con1amina· 
1ion from 1he skin and hair required many cleans· 
ing procedures; 1he coconut oil u•c<l on 1he h.ir 
w;u panicularly rctcllli\·e. :\1 1he end of 1he CX• 

a111in;11ion period, mos1 of the skin burns had 
lu:akd and, ahhuugh significam hematological de· 
prc,,iun ha<l <.K:~urrcd, nc.i i.cri.ous illncs.~cs \~'t:rc 

,.,·id•·n1 that could be rcla1c<l 10 ra<li:uion inju~·. 
The ~lar>halk-.c people \\ere 1aken to a lenl en• 
c:u11p111clll on Ebcyc !>land for a stay of several 
weeks. Since C1irik . .\toll was only very s.lightly 
eon1arninatc<l from 1hc fallout, i1 was considered 
,..r., fur habi1;11io11, and the C1irik people were re· 
1urned there· .. :,h fresh su1>plics. do1hing, and live· 
s10<·k. Runge lap .-\1011 wa. 100 conlaminatl"d 10 al· 
low im111cdia1c rc1urn and ils people (along wi1h 
1hc la from ..\ilingn;ie) '":re taken 10 a temporar~· 
,·ill.1~c buil1 fur 1he111 on Ejc1 Island in ~lajt1ro 

;\1011, \\·here lh<"y li,-cd for J ycan u11til their re- ~ 

turn lu Kongcl.1p. Thc American .cn·iccmcn were 
t;il.;t·n lo Tripkr .\rrny I luspi1al fur funher ex:11n· 
ina1iu11> ;111d l;ucr rel urned to <lu1~·· 

11. ANNUAL EXAMINATIONS 

~lcdic;1l csa111ina1iom of 1hc Rongelap people 
wcrL· coml11,·1.-.I at th•·ir lcmporary home on ~la· 
juro in Scpll'll1La uf l!l:1~ and in ~lard1of19.Jj, 
l!(Jti.;1nd l!Jji. Jn l!Jjl an 11nc>.po.;cd group of 
~l.11·,halks<' li,·ing al ~l.1juru waii d1<.,..cn as a 
l"utnparison populaiion for 1hcsc cxa1:1iuatio1u. 
This group. hmH'H"r, was cnn1pos.·d of fX'uplc 
fru111 11i;1ny of il1<.· ~lar>hall l.!;11111~ whu wen• 1101 
•·a.ii\' h><·a1cd lur snbSl.'C(llL"lll esami11a1iom. l 0

lll'X· 

posed l{ongdap people i:r;idualh· mm·cd to Ejt·t 
10 li\'c wi1h their fdlow islandrrs. and this !:f<>up 
im:r<·a>e<l funhcr 011 the rctur 11 10 Rongclap. Thl."sc 
unexposed Rongclap ;:.-ople wrrc included in 1he 
cxamina1io1i.< and han s:n·r<i a• an •·xcdlcnt com· 
p;irison population >incc lht•y arc ulood rclativ~ 
of ill<" c.x11U<Cd Kungdap ix·uplc, m:uch r•·a,onauly 
wcll li.•r "'~"and sex, ;11111 lin' under the same en· 
\'in>lllll<'lllal nllldi1iom (sec s,·c1io11 Ill..-\.). 
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B~· l!lj7, radiologic:1I s11r\'cy1indicalro1hat, in 
1pi1c of•ligh1 lingt•ring radiuacli\'ilr, Rungclo1p 
;\lUll was safe for ha1Ji1;11ion. :\ comple1cl~· new 
,·illagc w:is co11s1ruc1ed, and in July 1he Roni,'CL1p 
people, more than duuuleo 111 n111111Jcr by the in· 
llux of rcl:11i\'l'S, ,.·ere 1aken thc:rc on an LST wi1h 
all 1hcir pers.onal IJclonging•, IJ,·d mats, and liw­
st•><.·k. ,\ftt·r arri,·:1! ccre111unies 1hcr happily ocul.-d 
down lo life in their ncw \'illagt'. In ~larch l!Jjll 
the sur\'C\' was <:arrit·d out for the fiDI 1imc: al 
Rungt·b1,'; sub ... ·qu<'lll annual t•x;1111ina1iuns ha\'c 
bt•t•n dune muo;1ly al Rungd:1p wi1h supplcme111ary 
vislts h• otlu.·r i!tlaw.ls. 

The l:tirik pt·ople, aft•·r the initial examina· 
lion~. \\"t'fC 1u:s1 t•s.;.uuinl·d uu lht·ir hu11u: i~l.and in 
l~>ji, Tht·y h.1n· >int·t• lx'l'n cx:1111int·d uni\' al••lll 

Olll't." C\'l'fY J ye..-an bc1.:,au~ t ht."ir f~1l!uut l'SJkL'\UfC 

,,·as 1nini111al. 'l'ht• _.\11u:ri"-·.1n K·rvict·111t:n h.an: nol 

bnn liecn by uur 111L·Ji.:.1l 1c:1111 >illL·c the ini1i:1I 
cs;.u11in•1tio1L'\, 

During recent ycan 1he Rongi:lap and l.:tirik 
p<.'l>plc :1:1•·e 1110,·cd in largc numlx·n lo thc di•· 
trict ccnlcn al ~lajuru and pani<:11l:1rly Eheye 
(l\.wajakin .\wll). ••hnt· 11i;111y arc employ<'d hr 
the l\.w;1jalt·i11 ~li .. ,i!,· R.111sc. Thi, had ,..,..,,...i. 
1;11cd cxa111in.11iu11s al ~lajuro and Ebe~'C in :iddi· 
1iu11 lo lhcir hu111e i,la111k (L1hle I slum·s lhe 
prcsc:nt ~··ui;raphicil di•irilnaiu11 of lhc pn>pk'.) 

The 111a11\' siudin that h.n·e he.:11 dune 011 the 
~!;11-.hallt·,..: arc dirn·tl,· ur imlirl'l·il\' rel:11eJ to 

l""''iblt· radi.11iu11 dll...:u.'Oho:n a sini:l~ hl•NKl ll:1111· 
pk dr;m·11 fur rrn11i11e hem:llulu!(y h<1• hl'Cn uscJ 
li>r 111a1n· ""''· ~lul1iplc hl•N•d •ampli111; ha• hl'Cll 
a,·,.i,k·d wl1l·11t.·n.·r P'l!'l:'\il1lc. 

C. 1970.1974 SURVEYS 

Duri11i: tho: pa.,l 5 ~Tars ;i 1111111bcr uf pruhlcm• 
hJ\'t• ;.ui,t·u: th~Tuid c.1huunntali1ic'i t.:uatinuc<l 10 

<k'<·l"p i11 1hc ""l•"'-·d Ru11i;dap pc:upk in •pi1,· uf 
bon11unl· l1t:.a1111c._-u1; ;.111 t:X(>'>:.L:d l{uugcl;.ap buy 

J(1111i.:d •• 1• l'1irik 

k1111i,:dJJI l''J)IN'tJ II 
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dil·d from ll·ukt·1nia 1ha1 111;1y ur 111;1y nol ha\-.: 
lx'Cn rcl:itl-d lo radi:uiun ex1x•11rc; lran.porlollMMl 
d..·1t·1-ioralL'\I; and pc•litic:al i111rr1Crcn<.'C w:u sl:u1t.J 
which has Lccn par1in1l:uly fru11ra1ini; a11d h;u 
tlu'Calt:n<'\l to p111 a 1111110 lhe 111<·dical •1111en·L<i<111 
and care pnl\·idcd lo the expuocd l"-"ple by 1hc 
n1t·dical tt·a11L 

In l!li2, l<11lm.-in\; the tk•;11h fro111le11ke111ia,1he 
dc.:isi.>11 \\':U 111;1de ti"'' more frL'f(IU.'111 ht'lnatoloi;i· 
cal cxa111ina1iuns of the exposed people \n·re 
lll'\'tk·d, and tlu:rl'l<•rl' .. ,..h cxa111ina1iu1u \\'l'l'l' in· 
sti1u1.:d ewry S.·p1t·111lx.·r in addi1ion lo the ~l:ird1 
sun·cy. 

'"""in !!Ji:!, thc d1Ti>i1111 w;11 11i;uk· lo pl;K'\' a 
rc.id,·nl phy>i,·i:111 in 1hc ~L11-.li:11l l.la111J.. ;\n in· 
Hl'asi11g 11u111hc:r of ""l•""·d Runi:t·l;1p 1w:oplt• \n·rc 
dt•\dupini: thy mid nodull'•, 111usl uf whic:h rt''(llin-d 
1ur~iG,l i11tt·rn.·ution. ;.and 111;.1n~· of 1lu.·111 "·ere noc 
;ulhcri11~ >lri,·tly IU 1hc ll1yruid tre;1111u·111 pro· 
~ra111. what:la is l'nusidl·rt·,1 rxtn·1udy i111ponanl. 
'"'l"'·i;1lly afLcr sur!:L"ry .. \ rcsidt•lll phy1iL·ia11 wuultl 
he ahlc lo 1uoui1or 1lai~ pro~r;un and. 5int"t." 1h~ 
"l'rus1 ·1"c..·rri1ory wa!I. ~hurt un 1uc<lil·al pc.·r,.unnd, 
nmld • • .i,1 in !;<'llt'r<il ht·alt h t·;1re of lhe Roll!:L'lap 
and L,1rik l"'"l'lt'. Tl1t· plan i• fur such ;a physit·ian 
In alter11ate hetwt'l'll 11:'\1. and 11..- ~l;irshall l<­
Lands l'\"l'ry l\\"U ~..-au. Tlac Ho-I out• hou jusl t.:uln· 

plt·ll'll a '!·p·ar 1t·n11, and auolhl'r ii t~ddn,.; hi~ 

pl<IL'e "Niil, 
·rr~111"pur&.atiun h•u always ht:cn ;1 11wjur pruh .. 

lcm t»r 1he 111l'dil';il rnrn·y 1<''1111'- .-\ir 1r:111•1una­
ti11111u tho: l';i~ilit· i111prnwd !:l'l'ally wi1h lht: ;uh·•·nt 
of I ht· jt•l pl.111t·. h111 lr;l\·cl hy •hip ;11111111~ lhe ~for· 
shall blau1L• (sc\cral hu11dn~l 111ik"S ht·1w.:e11 atoll• 
throu~h ruu~h •e•1>) h ... n·maiued dillicuh. The 
lr:ivcl 11101,1,·111h.is1 .. ~·11 111;11.;11ilicJ hy then.,~( li>r 
the rc•i<lcnl phnit·i;u1 to \'i,i1 Rou!:t'l;i:) ;11ul lJ1i1 ik 
1111;111,·rl\', ;ind h~· thl' ;11l1kd rl'•i••t1>il>ili1y ofthc 
11u:dila1 ll';1111. !'l~nt·c 1 ~71. liar r;uli;uiuu 111ouitu.-iu~ 

uf Bi'-.iui aud n1un· n·n··utly uf E11i\\"t'luk. s..iun· thc 
JK.·opk· dl.-.plal:cd hy lhl' hu1uh u.-,.aiu~ pro~raru ;.an· 
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hcin!: rc1urnc<l 10 1l1c..: i•lands. It became: appar· 
cnl lhal a special \'cs.cl was ncc<lc<l, and in l!.173 
1hc Al·:C arra·1gcd fur 1111. ,\r111y lo pro\·idc an 
1.C:U (l;lllding craft utility) ha.•e<l an<l maintained 
al ""'aj:1lt·i11 (with 1\EC fun<l,ng). This \'C .. d, 
1houi.:h small :111d •low, ha• 1hc di•lincl ad\'antagc 
1ha1 ii c.111 he l"·ad1ed, su that ship·lo-•horc trans· 
kr of c11uip111en1 an<l penonnd b)· •mall hoat is 
11.111cces.•ar)'· Thn't! :JU.ft air·co11di1iu11cd trailers 
h,1\'c l>e<"ll placed on the lank <leek, unc c11uip1>ed 
;is -. 0 :11ilet·1K.'r;' ooc l'Oll1aining a whulc-ho<ly 
<"Olllllcr (•h<1dow-shicld lead assembl)· an<l ekc• 
lnmk cquip11w11l ), tu1d one M:'l up for diniG.ll t."X• 

a1ulut•litHL:o- \\'ilh a doclur·,., ulfiu.·. a '.'\In.all L.&bora· 

'""" a11d a11 x-ra\' focility. The 1.( :t; "ith thoe 
lro1ik·rs is uuw in full u.'f.." •uul all"u1 d." llTIUL'lu.lou~ 
i1npro\'t'IHl"Ub in tlu .. · 01>l·r•1I iuus. 

Ex:1111ination f.1<·ilitit.'li al L.:tirik n111s.sl uf s1:wral 
l1111la-type huilding• ld't h) a '""11l1cr >latiun 
J.troup. Ou l<.ou~doap >C\'L•ral cxtuuination lr••ikr" 
ha \'e lx:en i1"lalkd so I hat l he •d1uul lwu>e nc<·<l 
no lunger he u .. ·d. Examina1io11s Ir .1ikrs ha\'e also 
l>ecu in•lalkd 011 El>eyc and '.\Lijurn. 

'.\l;,jor C\'et:l• in the '.\l;1r.hall I.lauds n·lat<·<l 10 
lh<· sur\'l') .. , i11dudi11g the political pruhle111s ol' the: 
pasl ft:"' ~·e:1111, arc su111n1arit.<"<I in ..\p(>et1dix I. 

llt·furc and after c;1d1 sur\'l')'. \'illa).;e 11t<·e1im;s 
h:1\'e alwoiys lK'\'11 lll'ld on Kuni:dap ;111d L.:1irik lo 
inliinu the l"'"Ple of the uhj ... :ti\'l's .,f the cxamina· 
1ion,., the ti1u.lin~s. and n:l:u1111ul·nc.1t..·<l tn:at1ucnts. 

lle.:;111sc of the lan):ua.L:c harrin, th•· peoplc did 
nol alw.oLy5 u1ull.0 r,.land thl.' lllTd for 1hc L'X,a111ina• 
tiou,., or 1lu:ir result". E\'l"fY ctl"uH i~ UO\\' lx·ing 
IU•UIC' lo t·urn.~t:l th&,., l'n·p.o•r•uiun uf a <1ul'"liuu• 
;111<l·;111•W<"r buoldl'I 011 the l'lli'l'I• of the fallmtl 
a11d lrl':1t111cn1 on th•· Rrn1i:d:1p arnl L'tirik people 
,, .• ,s rn.:u111111t·1ul"·d by 1hc {:ua~n·~ uf .\li,:nuK.-siia; 
s11d1 :1 h1N1kk1 has h1·•·n printed a1 11:'\L fur the 
T1 llSl Territory I kalih s.·n·i,·e· arnl ;, l>eiug di .. 
1rih111nl; it should du m11d1 111 c11nt•t·1 lll<lll\' uf the: 
l<1r111cr 111i"'"·o11,Tpti11n• (Sl'\' ..\ppe11<lix ~ ) .. 

Duriui: the :!0 ,.,.,.,. cm·«n"<I h" th<'lll' rq1orla 
dr;isli•· di;111i:•·• h.1\'l· utnirrnl i11 th•· '.\l;,nJ1;1ll 
l-l.111ds Di,1ri.c1. 

Tht· pup11l;11i111111111n•1h;111 duulilt-d from l!Hll 
111l!.li:l,1l1t· 101al !:"ill~ from - lOJIOO 111 -!;01,UIXJ. 
'J"lu.· i11c.:rl0 ast-. \n.·n.· 1110!\l dr.ouu.ui,: un ~t.juro (~u· 
ing l'r.1111 I .:!OU 111 10.:llkl) ;ind 1111 Elx·~·c (.i:11i11.11 
fmtu i:10 lo :1.llOO). 011lhl'11111•'< isl.111ds lh<· 1111al 
pup11la1iu11 d1a11.i:•·d 11· .. (R1111.;l'l.1p. lllO to llii; 
L'1irik. I '!ti 111 :! l i ). h111 th<· ;11,:l' di,u ih111i1111 1,.. •• 
GHIW ahnunual. \'uuni.: .adull~ h,..\T ~r~a\·,cau·d ur 

war<l lhc: JU.1ric1 cc:nll.'rs, and the "home islands" 
Are kf1 with children an<l old people:. A n'Ccnl llllr· 
\'c:y on Rongclap ahowed 1ha1 of i1a I l.i7 people, 
11;, were <I:.. years old and 30 were >;,o. The 
llu" is great: during 11ny gi\'en licl<l trip up 10 30 
rcople may he arri\'ing or leaving. 

The: <lislricl haa opened up lo foreign 1ra\'d. 
!\lajuro has aj<:I airport, pa\'ed roads, c:lcctrici1y, 
and tclephon<-s. Ex1.l\-cta1io11a arc: rising, and when 
p11hlic ser\'icc• fail 10 kcrp pace: with increasing 
demand, dissati•fac1io11 i• more \'ocal. 

The a111to•phcrie humh lcsu ended in 1958. 
Kwajalcin was abandoned as a :'\;i\')' llaliC in l!.ltiO 
and was made parl of the: Army's mi.,,ilc 1cs1 
ra1111•·· Fur the \·isi1i11~ 111cJical l•·am>, l1N of :'\;i\'\' 
a-"""i~taaa.:c iP lraU!ll)~Jrtatlon ha1 i1u:rea!locd lh~ 
~•gi•tie prnhl<:ms, hut the co111inuing support of 
the ,\rmy 11 .. .., has lx·cn i11\·aluablc. 

The 1>e11plc uf Kungdap ;in<l L.:1irik ha\'c always 
hccn 111os1 friend!~· and cordial 10 the m<-<lical 
ll''tm. t:xccp1 fur political inlcrfcrc:ncc ... ·i1h the 
l!.li:! el<ami11;i1ions, the people ha\'C: al ... ·aya been 
cooper al i ,.e. 

II. Initial Findings 

A. DOSE ASSESSMENT 

1. Sourc• 

The radiation cl<posurc uf1hr !\larshallCK was 
due c111ird)· 10 fallout, •incr thr de1011a1ion 1i1c 
was 11.:1 far away for lhl'<111al, bl:1s1, or dirccl irra­
diation dfe•·11. (In coti.tra•I. din'l.'I df,c1a were: IT• 

a1M111•ihle for all 1hc i1yuri•·s frum lh•· atomic bomh& 
in I lin .. hima and :'\agasaki. with li11lc or no fall· 
11111.) Th•· lir•·ball from the: l~lj-1 llra,·o d<'\'i<·c, 
d.·totMlt'd from a wwrr.1m1d1ed th•· surf;11:•• of1hc 
l'arlh al Bikini, and l;1rgc amounu of mal<"ri;il 
,,·en· drawn up and 111ix•·d wi1h lis>iun pruducu in 
the bomb duu<l. Because of au unpredit'lt·d shift 
in the winds in 1hc upper a1m.,.ph•·re, fallout was 
dq111si1ed iu ;i l'i~ar·sh;11><·d area :!ll 10 ~O mil<-s 
\•i1k t•:1.1c11di11g -:!lll) milt .. lo th<· 1·as1 of Bikini 
(><-..· Figure I). The radi11;1L·1i"i"· was dul· 10 jj..,,ion 
pn><lul'ls and >0111e l\l'ulron-indu .. cd i•oWp•:•: the: 
follo111 <"01tl;1i1wd liltl.- li,.•ile 111;11aial. The radia· 
lion '"a• lh•·1..-fur<· al111<,,;1 c111irdy from gamma 
and lx·1;i r;ip of ,·aryiug energy from numc:roua 
jj._,ion radioi•olup<-s. The lime aftt·r de1ona1ion 
when f.illoul lx·~au was c•1i111a1cd :u ~ 10 G hr at 
Ru11i;d;ip, - i h~ "' Roni;•·rik. and:!:! hr al U1irik 
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II. Ailiu~uar 
Ill. k•••~"'ik 
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II+ .J hd; lir 

II+ I 1u h hr 
II-+ t. H lir 

II+ ·,o t.r 111> 1•"•1·•·1 
11 + ~.1 hr I IU l"'"l'1t·1 
II +'ti! hr 

J7j 111k;hr. II+' O..p 

lllO 1111< ·hr. I I +'J •la•·• 
::au mK hr. 11 + ~t (fay1 

m 
ill 

I\'. l'1i1ik 

11 + ~H ~.hr dt 1ut·11) 

J l + ~. hr j '.!ti UU"ll) 

:i-.1.u 1nl "'' 11 + ·,:~ hr 1111uK hr.ll+Htl••~• II 
( :rn11pM·tnl .. 1 •I +;a hr 

•uul lht· folloul duraliuu a'.\ -1·~ llr, \\i1li uub.I ,j 

ll1t· du.•11l' ddiv1·n·tl t·•1rly iu 11&.11 p•·r •••d. Tlat• 1iuu"" 

\\ ht·n pt•uplt.• \\'t•n• l'\'at:ualnl 11 u1u llai· i'.\1.uu.J'.\ ~u-..· 

•ho\\·n in Tahk :!. 

2. Gamm• (Whol.-lody) DoH 

llic: falloul (whl'rl" 1t•en) rt"><·mbll-J """'' "'mi.t 
and "'•ll dt•po9'itt·J rdati\'l"ly ho111o~t·nt·ously sw.1 

that the indi•·idual1 on t•ad1 i>l.1nd were con· 
•i<lt·n·<I lo lra\'l" rt't'l'i\'t•d alM111t lht· •am•· e•li111•1tt·d 
du,,.· of i;a111111a radial ion. The d1iJ,lrTn 111a~· h;l\"C 

had a "''"'""·lr;u hi~J,.·r i(,.,.... 1h.111 1h;ol l'akulatt"tl 
fur tht• ;u.luh1 IH.·1.-aust\ lx:i11~ !iiln;•llc:r. 1lu·y \'t"t•n: 

duM·r lu lht· ~round .. ud H"lTi\Td l.•q.:t·r 111idlinc 

d'"'"· Thi• po•c•ihilit~· i• rnpportt•d by lht· hi~h<'1' 
i1Kidl'UC.'l° of c.·•u·ly llOIUSl'.il a11tl \Ulllili11~ •uu.I the 
~n·;.a1t·r dt·pn""'-"'ion uf bluut.l dl·11u.-u1s in I ht• youn~ 
d1ildn·11. The lli111>y hn11st·s alli11 dnl lilll•· '11ll'llll• 
;&1iun of &he radi;uiu11. "1"111· \\ h11lt.··IMKt~· do~·" wc.·n: 
c.·alt:ul.1tl'd frorn 1n•·;,!01n·1uc.·1u., \\ i1h rouli•1ti11n lic.·l,I 
Mll"\'t•y i11snu1nt·n1~ l1dd :i h .tho\ l' 1hc.• ~round. 
1u;1dt· wi1hin ;a \nTk ;.1hc.·r lln· tktun;1tiun. 1,,. c.·x· 

lr;11 .. 1l.11ion h• tht· 1i11u.· of t"SJXri.tu t.' ' ' i1h tht· t·1u.·r~·y 
sptTHu111 and tlt•t.:01~· 1.1kt.·11 i111l1 t'11t1,.idc:r.1tiut1. 

Tai.le:! •hm•·• tl1t• l'akul;1l<«l ~.1111111a .J,.,..._ !iJC tl1<· 
dill<·n·nt IM•pul;11i111" l'XJM .... ·d. Tl1l' d"~"'"' of h•·11i;1· 
1ulu~it·.;1l dc.·pn·i.~iun 1h;1l dc.·\Tlopc:d l.11t·r i!l t:un· 
•i,11·111 \.i1h 111<· d,.,,.._ .. ;1lnil.111·d. 111 'in,· of tht• l:­
~ruuu·1.-y uf t•xpo!'ioun·. llu· 1n&dl,u1.· tluM"I 1u iudi· 
»iduals w1'1'<" hi~hn than 1hu ... · ul.1.1i11nl .. i1h ihc.· 
nsu;1l hi!.11t'l'al 1·x1uu1n• uf ,..radia1ioo1.~ 

3. Skin DoM 

Tl ... ti, .... lo 1hc.· •lo.in surfan· ".is 111ud1 i:n·;lll'r 
1h;1111ht• \\·hole 0 lx1tly i.;;..•n1na du-.· hl'l'.IUS<' uf 1lw.· 
l;1ri.;t• amount of lx·t;1 radi;11i11n • .i.,..., l.>t:d I)\· tlw.· 
•kin. 

0

1l1<• at·tual skin drn•c"l<. alilu111~h i1111k.,.•il•l•· 1u 
l'alt.:ulalr. pruh;ihl)· a11101un11·d 1111liu11'-1nds uf rail<, 

and &11 .. ir rall\;l" 1,/',·alu"'· du" lo Jilfl'renl a111oun1> 
uf f.1lluu1 .iic.·l..ing to <lilkrl'lll arTa•, a<Tuunled fur 
tlot· •pu11~· na1urc an<l •·:iryi11!( in1en5'1r of lesions. 
Till' extt'IL-i•·ent.,.,• of tlll' IJ<:t;i hurn• in e;ic:h islan<l 
;;roup corrdatl'<l roughly wi1h 1he :>mount of fall. 
ont ,. i•i blc on 1 hl'ir i1la nd ( !ll"e Ta hie 6 ). ~lost of 
•he .1.;in do••~ wa.< <lue to fallout <kposilt-<l directly 
on the •kin, hnt wme wa• <lue tu Ix-ta radia1io11 
fm111 falloul on tlic: groun<l (estimated at Rongclap 
lo IJl' :!000 rads al the le\'cl of the donum of the 
fret, liOO ra<ls al hip lc•·t·I, .and 300 ra<ls a1 1he 

l1<·ad. on th•· 1..isi• oi •·0111inunus exposure an<l no 

1hicl<ling).~ II "'"" fortu11;11" th;11 thl' l><:la radi;1· 
tiun had an il\Tra~t· t'nl·r~y insullkil'"nt to pt·nt·· 
tr;ue dl'l'ply i1110 the sli11 and 1herefore resuhl'd 
fur the 111os1 part in uopalil'i:il hc:la burns. The 
a\'era~e bc.·1a l"'rtidt• p~uhahly did not pt'nelra1e 
11111..-11 b1:yu11d 1ht• ha .. 1l l.1wr of 1hc skin ( - IOO /'). 
I luwt·ver, sin~:r- q1iL1tion Ol'l"Urrt·d iu 1nany fX.'Ople, 
tlu· n·gio111il' lht· hair fullid,-. 111u•t han· rt't'l'in-<l 
" ,i..,,,, <"<p1i•·;1knt ;11 lc.·;1>l lo 1he mini111;1I epilating 
ti. ..... · of ~10 rad• of :!OO·k \'p" rays. 

4. Internal DoH Colc11lotlon1 

I 1111"r11;1l al,.orpiion uf ra.!iuiS<1tup1:s was due tu 
inh;1l;11ion ;11 lhl' r;1Jiua .. 1i\'l0 duud pasu·J oH·r 
and 10 in~t.-stiun uf fuuo1.I ;.uu..J '''all"r t't.U\l~uni11.1tt~I 
''ilia C11luu1. w;.th·r prul.Mhly lx·in~ a 1uajur soun.·t•. 
l>.-i11kin1't w;.u•·r i» uh1~1int·d b~· l'ollc.·t·cin~ r~ainl:lll 
fruni iht• rtk~fs iu10 t·atl'huwuts • .;111d a ir.li~lu rain 

\\';'" n'JM•fl•·d on Ron!ld.1p tht• ni!lht of tht· t.lloul. 
Si1H."l"" tht· t·istt·ru" \H'rt"" nt·;uly t""lnp1y, the d'1u1iun 
t·lli.TI \\".l?' 1ui11i1n.1l. \\';.11t·r w.;u bt·in~ r.;uiu1u-d al 

ah.a& 1iuu-, a11d it •.,·as drunk in spilt' ,J" ,,·.;arnin~"I 
fro111 llu· lll'ahh aide:. 011 Kon~t·rik food and \\illt'r 
wnc.• ht0 ll<"r prol<'l'lt'd from falloul dqMl!•i1io11. 

llll<'fn.1l lt0 \·d• of radioiso111p•·• ah>orl>t•d from 
lht· f.11louL wt.·n· •lSM..,..,"":d hy 111unt•rou~ r•adiu.,:ht.·1ui· 
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1·,,,1l.·111o111·1i.1I II lltlll1t,1i.:t 110 

,·.d .1u~d~M·~ of 111i1u· :io..u11ph·"'· IH·t.:io11in~ 1 ·, d.1y' 
;\o '' t':'\.lu .... un·, If 1r "'~'Sr. I '"lti, 1.I i I, 1 l1t· 1.11 l· t-.ai d1 

l.:l• 1 u1, •. and li:io. .. il,· 111a1t·rial. _.\, c\1u·,·tt·d. 1l1oe.· 

l(u111,:,d.1p pt·opll· had il1t· l1i~hl"'.lll hod~ l111rdcn.1. 
B~ Ii u111111Ji.,, IM.·la ;Kli\ily i111he ur•nt' ,,,uuplt~ 

\\,•~ l..ul'I~· dt 0 ll'l"lal1l,·. T.1!11,· J )oho\"' l11,· 111~li11 

i ... olH(K"'.11 ru11ud ~•I d.1~ I {t''.\.lr;1pol.1u:d \"Jh"·') and 
.11 d.1y H'..!. 'l'ht• a~rTt·uu·n~ bt.1""''''11 ~ht.· lindlni..:"' ~it 
tlu· h-.o l.1l11u-a1urit" j,.. du'-4.' u111,i1kri111.: tht• 1n:h­

:1iq11,-,. .1\"~1il.i1.I,· al tha1 1i1nc.·. 1.A.'\t'l'.'I in d1l'" .\ili1n.;-

11;u· i.:1u11p wt·n· ~lhout 011t··h.1li'and l11 lltl' :\111,·r· 

i, .. 1111' ,d,111ul u11t"<p1~11tt·r il1l' lt·\Tb. iu dw..· l<.1111\,:dap 

i.:r1111p. ( >1ily i"''"JK" or iudirn-, .. 1r11111&u111, IMI iu111, 
aud •• li.·\,. r.1n· t·;Hlh l'k11wn1,. \\Tfl' ~&bM1rlx:d to 

••n~ !lloii.:.niti,·.;lnl d,·i.:.n.·t·. In tla· l<."ui.;1·lap ~ruup. at 
d.1~· 1. •!•Sr ;111d Liil \\T1t' 11t·.1r tht· 111~l\.i11u11n p~:r· 

111i'""~lil1· h·\t'l:io., •uul d1t' n-.ti111.11t·d total a1nou11t uf 
r ,1diua~:1in· 111att·rial in tlit• 1o:a!llouuin1l'"~li11al tr;u·t 

'"·'·""' .1l,.1u1:\1u{ :i; \\·IK·tlu·r tlii!llo h;ul ;u1~· rirl.a1iun to 
till' t';u·ly i.:.a""lruinh-,.1i11~ll ,.~ 111p1ut11" i:'lo 11111 L.nu\\"11.".:' 

l<..uliul1 ~it ~11 11u111itul'i11~ of pt'I !l>lll\llt'l a1ul t'U\·irull· 

11wn1 .11 Run~t·l.q> ~11ul 11d1t·r a1ull,. iu ~ul>M'tpu·ut 

~t"ll" i"' di~·u~""'"1.I i11 St:niu11 \'l. 

S. Thyroid Oo•imetry 

·1·1u- f.illuu1 pnKhin·d !llC.'\"t·ral IM...._.,,\ilt• ~uun:t·~uf 
1.1d1.uio11 t':'\.po~lllt' tu dw.· 1h~ ruid t.:lo111tl. ·nil' ~;un· 
Ill.I f,1di.11iu11 rt .... uhnl in tlnTuid du""-'' of l i.~t rad.c 
i11 llu· )(u11i,:d.1p pn1plt·, t1~• r,11J, l11 lhl' .\&lin~n;1t• 

pt·.-pk. ~llnl 1 I r.ul"" i11 tl1t· L:1i1i" t.:11111p. lodiuc..· 

i .... 111•j""' au· 1u1Hlun·d iu n·l.ui\l"I~ hid1 ~ldl(,. hy 
tlw li.""'iu11 pron"!lrt..'\. slllllt.' .an· h•• ,.ho11-li\"t0 d lo lx.­
,,f l'Ull~'llUl'Ut.T, IJ11I DI(, 1:1;:1. Ll.IJ. •111d t;l:i1 .;1n• 

,.,ullil·i1·ntly lun~·lin·t.l to l'a11sc.· a ,·,m..idt·r;1hll· <kl'!lo!C 

lo tlu· thyroid followi111o; int<"rnal ;d,,.urp1i1111 :111d 
l·uu,·c..·nlr•Hiun ia11hat ~l~uul. ;and &ht'M' \u·n· ,air 
-.orlx·tl lh1th \·ia inh;ilatiuu and \·i;1 i11~1.'l'liun in 

1< .. .J an<l watC"r ( ... 'C :\pp ... oJix ~lC). Other intC"rrnallr 
ab .. >tlx·d i•otopc:1 (M.'C Tai.IC" 3) were n()( thoughl 

to he 1i!:11ific:111tlr ;iboorbc:d by the thyroid and 
prob;tbly cou1ribu1cd li11lc to the dmc lo that 
i;land. Curwcr>(:)~", the radioiodincs contributed 
0111>· •li1:h1ly tu the wholc-1><.Jy radi;ition do•c . 

ll11ri11~ tlic early pc:riod 0tfu:r the folloul, radio­
iudi11c: '"a~ n-cot..p1iLl'c.1 as J:WA~ibly i11 lllUil haz;arJ. 

0111 t·on\liltH'IH, hut th~ c11i1natl'd doK" to the 

1;la11d ,,f I 00 tu I j(J rad. "·;u ""' comi<krcd •Ulli· 
c.:it·111 to t·au'.'llt' latt·r dt.:vdop111l"nl of thyroid .ilr 
11on11.•li1in1, ='o a...·ua· cfft•l'l!Mi wt·rc Hotl'<l in any of 

1lte l''.-"Jlk 1Ji;11 niuld he relJti:J lo thc imnnal 
alr. .. 01 p1 ion uf r.:ulioiu.liru"1i ur 01 ht·r r~"Jiui;\utupcs. 
( '.u1H;•11ain;atiu11 uf I ht· 111L.in n·,uhi11~ in l'Xll'lhi\·c 

IJ11·t.1 ln1ru., in du.: un ... rt.·l.!,iu11 i11 ;u':~ uf du: JM.:oplc 

(M.·t· F1L:t1rt• :!) prul,;1bl~· did nut t·untrihutl' lo the: 
th\ rui .. J J,N.. IM.'C.Hi"'4..' uf tlit.' lu"· l'Ul'f~Y uf thr: beta 
1.1d1..a1io11. Pu""'il'ly ,1i~h1 .. i.)!liorption ur ra<l~o-­
iudl11t·1 1hrou1o::h the..· .. l..in ot:t.·urrt·d. 

\\ l><·n lh<" 1•·11plc rcturn«d 10 Kongdap 10 )jq~ 

in J ~lj i. no radiu~.u.:tiH." i"'utt11._.,. of iodine..· rt·1nai1K.,J 
{l .. \lT)H po~~il1l~ \Try 1li~h1 alllOUIHl uf i::~·t 1. aud 
thl' pr~1Kipal rnu~Li11in~ i;.otupt·• ( IJ;C1. "°''Sr), 
'"l1ld1 \\l·rt· ab,urb,:d tu lo\,. kn:l• in tht• pt.·oplt•, 
prt,li.1l1ly did nut t·untributc to an~· •i~,p1il'il·aut 

d1:~fl'l' to the thyrui<l <lu!it'. .. 

\\·h,·11 iii~ ruid lt·,.ion• lx.·i.:.~111 dl"vduping in lllf! 

k•u11;.-l;ip d1il<lr.-.1 in l~Mi;I, 1l1t· do..- tu tht: thyroid 
of tht' Kun~d;ip p•:upk ".u rcn·aluatl'll hy 
J.un,·1.::•• 11~" l'~ti111~11l'"l of th,· ~~un1na Jo-.· ai:n,•d 
••pprolii1na1l"ly wilh lht· pr,·\·iuu1 l'tti1uall" of 17.l 

.... 4., __ ,. __ ,.,_.,_....,..,,...__,~ •I .-i,,._l',,,.I ..... 

')O 



,. 
j 

I 

\ 

' 1 
l 

rads. Cakula1ion of Ill<'.' doiiai:<" from radioiodi11<, 

unti1r1u11;11«l~· had hi lit' U.1i<"<I on a sini:I<". p1•1l1~l 

11ri11t· "''mpk from Run!,tl"lap 111·opl•· .-11llt0<"h0 •l I;, 
d;1ys po•I ''"l"'"''rc. llarri•~: al J.,,. ,\1;11111 .. h;1d 
rq1or1t·d a Im•· kn·l of lllJ in 1hi• •amplt• and had 

.-;okul;11 ... l a on•··dar thyroid .-11111<·111 of 11.:! 1•< :i 
ha~·d on lht~ •'~"u1np1ion ofo.1 •·; urinary t'XlTt·1aun 

of1ht· 111.1xi111u1111hyroid hurdt·111111 lht• 1:11hd;iy. 
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t"i~urt· :i. \\"t·i"h1Jofh11111.an 1h~roi'I' in ~~·'4. \'or!. ('.ii~'. 
ll-'rum :\11•.llll' tri.1t1 .ti1.::""l 
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Fil(\U(" ~. Thyroid d1M· u·r ... m. 0&1.W r .. , d1altltn1 
in ('.':C.puiw:<l :\1.1r"h;1ll1·•· \(ruul"· 

j;111l<"1 cal..·11l;i1,·d .i, ... , fur al>llorplion from ho1h 

inhal;11i1111;11ul ini:t.,.1ion. I lt· 1 .. ~rtl 1ha11l1<·•lww·11·r­
lin·d imlup.-s .~·;,.,1;,,.. d.·lin·1Td :! 10 :I 1i111t'S ll1t• 
,-.1imatl'll .i,,... tldin•rt•tl h)· 1 ~11 alum·. Th•· i111-

port~11u.·t• uf lht•M..• ~hortt·r·lin·d i,..t1opc·• •u pn~ 
du.·i11i: 1hyruid l'lll·.-h in 11,.. :\Lr1·•h;1ll1·,..· "ill I•· 
rdi·rn-d lu in S.·nion I\'. Tl1t· ,(,.,... h• 1111' 1hnuid 

of .1 R1111i:..!.1p adult (indwli111: i.:;1111111;1I"'"'1·al· 
._·ul.11nl ;1." al.M1ul :tl.·, 1·~ul~ ('..!'..!'O lo l:1l) r;1tli.) ;uul tu 
1ha1 ·~·a :1-~Tar-old lt1111i.:rl.11• d1ild <L• illO 111 I llKI 
r•ul.~. (l"ht· ipn·~ul iit. 1lu1· ht uut·1·n;1iu1i1·i. in t·~1i· 
1na1in\t du:oM.' fru111 ;1l,...,orp1iun uf 1 ;uliuiotliut"!' In,· 
iuh.1tuiuu \Tl'~u~ inL:t·,.tiuu.) \\"i1h &ht· ••"'-"'U111ptiu;• 
lhi.tl &h,· fi.tlio uf \\ bult.··l•M:iv L:oUUlllol th"'·" to th\·· 
ruid t.11~·~ "·'" tlu.• ~.u11r · ••. , for tlw ltua~t:l.~p 
i•·oplt•, .J.ut1t'1l

0 

t·.1k111.1tiu1111 ,,..,,... UM 0 t.l lu t•,.1i111;1&t• 

thyroid .J.,,,.., in I ht· .\ilini.:11;1<· and l.:1i1·ik i.:mup•; 

till' n.,.1111• •H·n· 1.1:1 r;ul. ti1r tht· ,\ilini.:n;u: ;11l11li. 

a11d :!7 r;1d• li1r 1hl' L'1irik ;11l11h1. Tht· d1ildn·11 .. 
lh~ruid liuM.'ll \\t:n· haM·tl on tht· \n·iii::ht of 1lw.· 
~l;and .;U \·.;1riou." ••i.:t._ ( .. ii:un· J).:.:" U~· u~iu~ ;1 
llnic·;1r u·t1tiuui.hip ht•t\u•t•n llu· thvroitl i.i1:1· ;uu.I 
1ht· thtM· l'o1h:ula1t·d hy J;111w1'. \111 du"4.·1o tu iudi·. 
\'idu;1l l·liildn·u \\'l'rt• •~1l1·11 front ll'L:ff.'~~iun li1u1'i 

1lr;iw11 l(1r tl1t· 1hn-t•t'"l """"'I pop11l;o1iu11> (Fii.:1m· I); 
thL''l' an.· ii::i\'a·n io St·,·tiuu I\'. lu u·1n~1H.·1·1. dw.· 
,.,.liu~.tlt'd 41\Tr;iii::t· tltM" of 10:,0 radi. h• llw.· lh\·naitl"lio 
of yuun~ l·hil,la..-n ••Pl"-';u-i h• IM· low, 011 11·;.~i.1 i~.,. 
1\\'u I>··~·"'' hu 'k\Tl111K·d .&1ru1·h~· autl 1uyM·1lt·111a. 
'l'lw l';1kubh.·t.I tlu~·" ;u..- ol1\·iuu~h· ruui.:h t·~1t. 

111;11c•. Tht· inn1lll(Mlahili1y uf lht· 111;,..·n't·d ..tll·1·i. 

\\ilh lht· l·akul;1h·tl du~·s h.ai.rtl uu '·'II 1111""' lie· 

rd;o1nl 1o;1rtl\' 111 ""' .i:n·;i1t·r 1l11M' dft-.-1 111" •h•M·t· 
Ii \'nl i1Kli111· ;,.. 11 upn ( ... ,. :\ Jtl'<'lldi" ~I( : 1. 

8. ACUTE EFFECTS 

1. Effecll of Whole-Body Eapo•ure 

a. Early Symploms. Durin~ 1ht· lin•I 1'""''"'" 
hc:li.tn._· l'\·;u:u;11iun. sy11q>101n" n·t1h·d lo 1ha· ~liu 
a1ul thl' ~~·~•ruiuh:i.tino1I lr;KI \n'n· nu11·cl in ;1 

l.tr~t· 1llllltlx:r uf RlJ11L:d;1p pc.·uple. in•• lt'"!<io4.'f 1uu11· 

lx_.r •u11011~ llu· l.::ruups l'XJX>M."tl uu :\il&ui.:11;.u- ;uul 
H.1u1i.:t·t ik. ;ind &u 11011r uf 1J1r L:1it ik ~roup. ·nit.• 
~r\Trl&y uf 1hc !'loy1np1u1n" \,·a~ l·orrd;1tt·tl \,·j1 It tlw: 

auuuuut of Ctlluut ;uul lht.• 1;11li.ouiua d11M". SL.in 
"~ 1up1u111s (i1d1iui.; ouul luan1l11L: uf ;.uTas 1101 4;0\·­

t•n·d hy duthin!o:) \\'l'rl" nult"I iu .;1hou& 0111·-lt.tu·1h 
uf lhl· Roni.:dap (l<"<•plr, ;111d ;i ft·w .-11111pl;ii11nl uf 
irri•atiun of Iha· L'yt-. 1111tl l.ad1r\·111a1iuu. ·rh • .,..,­
~y1uplo1u!lii ,,.l·n· dutughl lo Ile.· u·t~lt"<l lo IK·l.;a irra-



di;i1i1111, hul 1h., t"Om•tic 11a1ur., of tlK· fallout ma)' 

h:•n· n1111rilm1t·<I. 
·1h· (:.I. •r111p1111111 in th., Roni.:da11 pc:opk 

1·u11,i,11·tl of ;rnorcxia and nausc:a (in ahoul IWO· 

1hinl> of 1l1t·111) ;111d lo a 1, ... .,..r rxlt'lll of \'u111i1i111( 
mul 1liarrhc·a (in 111K··tt·n1h of th•·m J. Onlr a few 
iu 1h1· .-\ilini.:11:11· i.:ru11p •·om1 •lai1K·d of 11i ...... •rmp· 
10111•, ;uul 110 """ iu 11.., Koni:•·rik and L'tirik 
!:Wiii'" Thi· 1o:;1111111a 1·xpo•ur., i• 1l1111u~h1 IO ha\·t· 
IM·1·11 "'llid .. nt 10 .,,.,·1111111 fur tht· C.I. ·~·111ptu11U1, 
hut tlK· i11~1·s11·d rndiu:1<·ti\'c 111a1ni:il (n1i111a11·d 
al alx•lll :I 111Cit m;a~· h:&\'c •·0111rihu1t·d. The (;,I, 
i.~·111p1u1u,. \\Trt" 1uun· pn·v;.1lt·ut in 1hc Kuu~1·L1p 
d1ild11·11 ( .... ,. T.11.lt· ·I 1. Tiu·"· ·~·"'I"""" 1 ..... ~1 
uul~· 9al..tul h\U tl•1~·· aud h.ul l.1ri.:d~· di:11i;.1ppt.•a1l'1I 
l•y 1!.1· tiuu· tlu- pc·opl1· ;an tn·d ;1& J..;.waj.1lt·~u. 

b. D•p••uion ol Blood Elements. The <·arl~· 
hn11alolu~i1·;.1I ti11di1u.::" fUH.I &ht· l&udin~it in !Uiii­

~·c1u1·1u yt·;an an· prnK'IHt·d iu l~lhulo1r £onn in 
;\p1x·111lix ti and !:raphi1·alh· in Sn·1iu11 111. C. ·11,... 
1·•ul~- li1u.li1u,t!lo art• 1tu1u1uoui1l·d b"n.· ;.and lhl· lall·r 
"'""'in .-,,.,.,~.n Ill. C:. 

( >m· uf 1111· 1·arli1-.1 li111lini.:• in 1he ~lar•h;1lk..e 
iutht.::lli\'t' of ,,.t~11ilit.:•u11 '"'l"r.r.un· \\-a~ lo\\t·rini.: of 

lt-11l.1,.·r1<· :111.I pl;otdl'I I"' ..i, in 111<' p<'<ipht·ral 

1.lt•ul. Thi• '";o' """'' 111;11 l..nl 1n 1111· It! p•·upk 1111 
Kun).(d;ip \\ho h;id n·n·i•nl Ii ~1 rad• and lt•'5 "' 
in otlu·r ti:;ruup~ n.·n·ivi1u:. k'-"i t·~pu,.un·. ·r~w..· ht·nw .. 
poit.·1it· 1l1·prt·"".,,.ion \\'~L.,,. nuu~hly prnponional lu tl.K• 
i:a111111a .i ... ,. of r:uli;ition rt'tTin·d. l·:n·n in 1hc 
I~. i l'.ai.-~L; pn1plt· \\'ho U'tTin·d ouly au t·~•i111.•1t·d 

.\l.:t' .11 t''l"'.,.'1n·. ,., :\.111 ... ·.a 
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II 
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I ·I rads, it w.as p ... iuk 10 distinguish slight pLttclt1 
<lt·pre111oion in the group as a ,,.·hole. Thr •mailer 
i.:n"'I'" on ;\ilini:nac: and Kong<·rik slum'Cd p1:riph· 
nal hl1KKI Incl• between'"""" uf 1hc high and 
lo\\' cx1io-urc grou1•. The hematological dcpro-
1io11 "a• 1hou.;h1 10 1.., du., eniirdr 10 gamma 
radiation, •incc ii W:&I not con•id.,rc<l lil.c:l)" th:&I 
the do•c from in1crnally alnorbc<l radionudidcs 
co111riLu1cd to it •i!;nitk .. ntly. Th., 1..,ma1ological 
d1·prc,.•io11 was l(rt·att·r in ti.., children, panicu· 
l.1rlr 1lur..c cxpllit:d at <5 rcar1ofagc (.._.., Tablc5). 
Tl11· chant:•"' arc c11111111·r:11t·d bdo\\' in mon· detail. 

/.,1"'/'li"/H11iu lo ahoul lo;1 lf 1 hr lc\'cl of tin'.' <"<llll• 

l"1riso11:'\l;u.,,lo;1ll<.,,.·1x•pula1ion "·a• t·\'i<lcnl "hen 
tlll' Kum:dap JK~1plc wnc lir•I t•xa111i11cd :Id:&~ .. 
:&lfrr t·~pu•urc. 111 d1ild1c11 <.'i ~·l·:&n of a!;C 1loc: 
l\'111phocylc• drop(1t•d 10 :!.'i'~ uf 1hc ln·cl uf the 
n1111parisun children lml shmH·d a •light ri.., 1lor· 
in1o; th" following wrck•. The l~·111ph1...-y1c lcHl• 
•l111w1·d a •lii:h1 innt:asc: hr on., rear. 

.\'ru/1"/'liil lt·\·cl· •howcd D11,,.idcrablc: flut:lu:uion 
durinii the lirsl month, po••ihly rda1cd to 11..: 
prc,·al1·1ll't' of ht·t;o hurns of 1hc skin during that 
pt·1 i•KI. :'\t·u1rophil <lo:prc••ion l1<·camt• c\'id.·111 h~· 
;, 10 ti .,., ... 1., I"'"' cxpo•urc, the k\'d druppi111.t 10 
;ohrnll half 1h1· t'unlrol l<'\'t·I in adults and •li!lllll\' 
luwn in d1ildrrn :&!It'd<:. l'l'ahlc 5). :'\cu1n;phi~ 
n·.·on•rt·d mon· rapidlr 1han lr111phucy11·1 :md 
n·;1d1t·d n•·ar cun1rol l<·\·1·l, U\' 01.., \'t•ar. 

E.irl\· /•/,11.J,1 t'<Hllll> shu~'l'U 1,: .. llot·1ua1ion 
than olla·r hluod cuunh and dt·creaK"<l ltl aU...111 
:llr~ of n1111rnl lcn·I• by the fuunh wct·k. ;\spun 
of rt'\'U\Try tu alxml ij'.~ of contrul lc,·cls lllTurn-d 
duriu~ 11 ... lll'X\ r ............ 1. •• fullmn·d hy IUIWt'I' 
rt·l·u\Tt\· ,,·ith uwan lr..·\"l'l~ .. ,.,.,.r ,.~t.Tt·dinlr: ~·o lo 
~1:,,:; of ·t·unuol lt·\·t·l" durinµ tht.• lirsl yea.r. ~l11C' 
pl.1t•:l4't n•unl i~ pruh .. 1hly tht.• nuJMil M'lbiti\'t" ln,kx 
uf du.· H'\"t'l"ity of r~u.li.1tton t·xpo~ure in liar..· Hllr 

k1h;d ra11o.;t•. 
/:'~1 thru/'"i,·1ic dc:prr~'iuu h.,s nuL lx'l'n a nuasiswnt 

li1uli11o.;, and r:1tlialiun L'lk1·t• un 1h1·..., n·ll• ha\'t' 
•~•• lxTn dt·111on.11;1hl1· hy 1x·riph1·r.1l blood nttlllll>. 

·""'/'h1•lu.cit1~J t:lurn_co. l>urin~ du· f>4:riotl \\·lu·n 
1u.·u1rupt·nia ,,.~,!lo 1114.,_,I "'l'\t'rt•. r.uint· Jll·uplt• \\.t·n· 

fuuntl h• h~l\'l' pt·t.:uli.;Lr 11u11101.-.. lit· kuku.:yLt'" 1h.;1I 

, ... ,... 1houo.;h1 lo lx· l;iro.;•· l~·111plu><·y11·1. Tlu·ot• t'l'lls 
Wl'n" nut found ,.ulM·qiu·n&ly. ;il1hnu~h ;u1 , ...... 

,.,.,~iun .. al hi11udt.·,;1tt·d h·n1phot·y1t• \11:as Ac.'t'n . 
c. Clinicol Findin91. Thi· dt0 \'l'lopnu·n1 of •io.;· 

nili1·a111 tkpri.,.,•iun of 1x·ripht·r;ol hlo•KI kul.•x·y11-s 
:111d pl.111·l1·u duri11o.; tl1t• li1>'I li wt·t·I.• ... , .. ,·ausc fur 
l·uusi1.h:r;.1hk apprc.·ht·1bion anu.111~ 1h1· 1n,·dir..·~l 



._.,.;1111i11..-n. I low..-n·r. C'\"l'n al tht" nadir of dt•prt,. 
sion (pla1d..-11, :.?11 io :IO days; 11ranul11t·)'lt"S, 4:.? 10 
4ti d;l\·s) no auo•:ialt•d hl..-t«lin!( lt·ndt•nn· or in· 
crca~ in inft•«tio111 "·~• !ll't'll. E.k\'rll indi·,·idual• 
h;nl pb1d..-1 COUllll Ut'l\H't'n :J;i,000 and t.ij,()(MI 

but \\'ilhuul r\'idt•m·..- of bk·edin!(. llt-1 \\ <'l"ll d.1~11 
:!:I and 4:.? pt111 ""Po•urt", IO .. ; of thr Roni.:d.11> 
group dc\'doped granult•:ytopt·nia uf .;; l()()l) .. dL. 
and ~·.!'( had 1..-ukOl'YI<" l'<>Ulll• .;; ~lll.)(l ur a1,,,.,h11t' 

granul.,.·y1c euun11 <:.?500. Durini.: 1hi• pni••I ;111 

t·pidl·1nic of upp•:r rrspiratt 1ry i 11.kt.:1j,111s o•,:1.:urn"tl 

im'41l\'in1; """" 1h.111 half lhl' "'IH""'I tH•pul.1li•Nl. 
'l'hl· illnl'U in tht.· hi~h .. ·r t"'-P'"'ull· R1111~d.ap ~ruup 
,,·as nu 1uon· 11ic~\'t·n· 1h.l11 1n lhl" l,·u t''P""'·d 
~ruup~. ~•o41 indi\'idu.•l~ iu .tll "'r1n11'"' \H'U' .ablt.: h• 

,.ho\"" an up\''•&rd ln:nd in kul..ut·~tl'i. durin1.t 1he 
Hhu.·~s. Prophytu:lil' tn·.:1t111t·11t \\Ith au1ibiu1i,·1 
wa" 1u•l inititutt·<l hc.·l"••usc.· it \\ ·'" l 011:-.idt·rTd .. ,.i""'·r 
to withhold thclll un1il ;1 rc-.il """d 111i~h1 ari>t'. 
.-\n1iUiu1ic1 Wl"fl" ~h·t·n in lTrt.un l'.l'i('i. \\ lu·n· 1ud1 

1h .. rnpy is ordinarily indi«;11 .. J. 

2. EflHh ef Skin Eapo11ire 

11.:t;i hurm ufth<· .~in Ml' d .... nil1t'<I in d«lail in 
thl' ori1;i11al n·port of th<' lllnlil'.il li11din1;•.~ Thr 
fallout w;u uhiquituus uu 1{011\,!t·l.•p •• \ili1n.:11•w. 

and Ron~l'rik. Th" .;rill\ ,.1111" 1!.1~1-. du111; to 1h.­

nmis1 •kin. 11111i11101hc h;iir. """'' iuh;ikd, .sml 
\\'l"fl" in~c.-Sll'<l \\'ilh l"Ulll•llHin~,1t·d fuod and wo:ut·r. 
.-\fl·a1 of llM" ~kin t'o\·t:n·d bv du1 bi11i.c \\Tfl' l.1.n.wly 
prott•c..'ll·<l, and 10111t· \\ho b.11lu:J in tht• lai:tHUI 
and diildrc.·n who wackc.I ;H tl1t· \\ah·r',. t·d:,:t· un· 
kuowini:'ly \\'l"ft." prottTtin\( lhc.·111"-·hc.·!t- si1u.·t· thc.·y 

\\;·en· 1.att·r found tu h~l\T fc.·ht'f ... ~in hurn"'. J lo\l.·· 

t'\Tf. tht· 1n,;1juri1y uf 1hc.· p('upk uu lil•mi.:•·L1p .uul 
Aili1u.;11at• h•u.I \\·idc.·~1uc.·•nl c. u11t .1111i11 .. &1iu11 uf t.'X• 

po~.·ll s,urfan .. -s. uf the.· bu.ly: the ... ~iu d1r.i.c· \\~I .... p1uh­
ably in lht· duna~~1nd~ uf 1.ul ..... 11111 \\,I~ dlH.' 11•u,dy 
lu lhl.' lx:ta eo111punl'lll. 

~lu"l uf tht· JM'ople t·u111pl.ai11t·d of i1,·hi11L: .uni 

l111r11i111; of lh<" •kin fur 1h" 111,1 ~I 10 W hr, ;111d 

!llllllt" t:olllplaint•d alw1 uf 1111rni111( ;111d l;1dirpna· 
tiun of lht' t')'l"S. Thi• m;1~· h;1n· l1t'<'ll due p;1rtly I•, 

th<" t'all•lit· na1ur..- uf il1l' f.11lu11t. Tlwv.· ·~·mp111111s 
wt·n· ll'11o~ t•\·idc:nt in tht• ..-\1ut·ri,·;a11 !lil.'f\'"ic.T111t·n ou 

Ru11~t«ik ;111d '"'"'' aliS<·nl in th<' L.:1iriL JK'<•J'l<'. 
T.1hlt' ti >hmo thr a111u11n1 uf f.illu111 and lhl' n·· 
!1.uhln~ :-.L.in hurrLJ. fur- <lirli:rc.·111 ~rou1•. 

Pt·r11.tu111c.·I dc.·,·u11t6t111iu.11io11 l'u11111w1u-t·d 011 

bo.ird lhc.· :'\.1\y ,hip~ u~·d l••r t'\'at·ualiun, \\;hrrC" 

the: p1:oplt· \n·n• ~in·n ~·h\,alrr ,ho\H'f~ and duti1-

i11Lt c.luu~•h·lf by th,· lTt'W. ( >u ~arri"·;1l at l'w;1j.d,·in 

tlu· !t-L.in \\;1 ... ~1ill c.·u11t.uuin.1tt·,I. .and dtTu111.11ui-
11.1tiu11 prun·dun~ \\tTt' ,·u1ui1111nl l~..r !111.'\'t·r;al d.1~:;. 
<.:lo1hi11'-! \\;IS l.u11ult'lnl lt'pt'.1lnll~·. ;111d \\;&~di,. .. 
coudnl if it~ r.1di.1tiu11 11.·H·l \\·,a~ 11111 !'lllll• .. ·ic.·nah it·· 

dun·d. 
Tiu• li1·•1 ,Liu huru. "i'[><'.1rc·d ;1hou1 I:! l<I 11 

d.1~' JM•"' t''.\pu!\un· in l11t• lilu111:l'l;1p 1N·upl1·: I.urn, 
appt·ean·d MJl11l"\\ la;11 l..11t·r in 1lu· .\ilinL:ll•U' .and 

Ro11i,:l·rik ~ruup~ and \H'l'C k·n ~.-n·rt· t11ul &'Xlrn· 

M\'l'. .\lmut !Kl':; uf 1hl' Kun1;"1.1p and Aili111;11;1.­

i;n1111 .. and 11r·; uf thl' Run~"' i~ 1;ru111'" ""''"~'l"'I 
lc.·,iun~. hut nont• of lhc.· L'.tir ik pt·oplt·. 'l'ht· lc:,.iotL' 

\H·n· 1uuhiplc.· ;111d 'Poll~ ( l'iL:Ufl' ~J) .uul \H·n• 

d1;ira"'"' ill'd hy •Up« I til'ial 11yp<'rpi1; 1111·111rd 
111.u·ult-,., p.1td1t·~. or r~1i"'4·d pla<111•·~ .. \\ hi.·la de.·,., .. 
'l''·un•1tnl \\ithiu ~• f1·\"- d.a~" h-.n·inL: 1lai11, piuk 
t'}Ji1hdiuu1 lFi1· 1 ut· ht. :\u c.·r~ thc1u,1 w•1~ uh ..... ·n·t·d 
lw.:furt• or c.huin~ th•\ t·lop11u·nt uf d1t• lt·,.iu11,.; it 
IU~•Y h .. t\(' ht't'U l.u:L.i11~ l-.T~t11 .... · uf iu~ut1i .. ·it·11t tltl'll&· 
tu tll'l'llai,.. ur ii 111.1~· b~an· J,.·,·u uh,,·un·d hy tlw 
d.u k11c.·~ of tht· ,.L,in. 1 >n·pc·r huru~ "ilia ulc. rr••· 
tlo11 wt·rr·outc·c.l in e1buul I;,,·; uf die.· Ru1u~··lap 

l>4:oplc.-. l~pil.1tiu11 ~ Fii.:,1111· i) lhu.111~ ~u·n1111p.t11inl 
,.,·.1lp lt·~iu11~ .u1d \\ .1:- fHt'\ ;all'11t iu >~H•'·; uf t!u· 
l':\l>-""'nl i(u11i.:,t·l.1p ,·hildu·11\T.al1l,·i1: it 11it·n111nl 
lo le.-'.'\. ... dn.:.1Tt'"' iu •ululi,. ~111d .\ili11i.:,11.u· i,:roul""'· 
l.t·:-.iuu~ \\l'll" llH"t chnu111111 uu du· •11llc1 i"r 11n k. 
0.1'.\ill~u-. ~ai1t1·c.·11hit..al t~ ....... :H'. .and ft-t·t, h1u t'\c·11 tl1t· 

;.au.al rn.:iu11 ill '6HIU.' ~·nun.: c. l&ild1t·11 ""'"' i11\·11ln·tl. 
l.i.:~i11U~ uf tht· dut'\UIU of l hl' kt•( t I ·i~UI t' ft) \li 1·n· 

...... Liu IA· .. 1•111..,..: 

(tr.Map <:.•1111"""1\l•lll 1·.dl•111t 11i-·1\nl ~Li_u lt· ... •1111 .. ,11ul qol.111 •• u 

koht.:da1> ... '.\t.u .. l1.il!1 ... · IJ...I\\ 1 .. 11 •• ,,111 •••. 1 1.,11·u .. 1u· 

_.\1lirn:11.....: IB '.\l.ar .. h.ill1·.,.· '.\ludn.1lrj1111 .. 1i1 ... r1 1 ........ ··,11·11 ... l't' 

koturr(t·rik .!.~ \\'11111· \111c·ru ,111 .... '.\l•Hlt•t,1lt' (lllhlh .. 1•i SlH,:li1 
0

) ~1.\,:1" .\llll'lh olll"I 

L'1iril.: I·,; ~ l.11 .. 11.11~ ....... '\ .. 1J.11" ~ .. IM" 
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·..>J -'!1r11101,lu1.\c J4•J 1110!101 put~ ~1u.11111u!n .to .'Kn 

put! :it1!''ll1!.11.1 .\<1 p.111!.lJI .u.1.,, '1t10!"·11 .1,p '"ltunq 
r.1.K( JOj '1.,\0U, C! lll.HUlt!.lJ1 ,l!J!·l,l(fc nu .l.'Ul!S 

·.1Jn.""tO ltl!r."UMJ tlO!lrtu.1n1~!'' C~tp ,, 
,.,..,,.~.1 .1ttt ·1.1n.1:i.1~ "! .\pin ·d110J:i ur..1~J.nuv ·"tl 
:;u••ttn~ ·u.t.~ pur. ·•tthucl .n~u:itt!l!\-" pue <h~p:i1to}1 
,ll( I Jll 1,&0ltl ti! .Ufl•M.IS.1 l'llil"-1 1,.1.l.\\ f \floqr fl•llUU 

lliJ!I ·~pr.u.1n1 pur. 1pe1u.1:it1!I .np JO 11"'.ur. Jt~un1 
-~na.~ .ltp JO un~1r.1u.1n1:i!<I tl.\\OJ<t·'l"!flt'l 1t1.l!"'llt!JI 

JO 1'1.l111do1,1.\,lp .n11 ci.~·'' tlo!tt!.U.M(O 1en<nt1n uv 
·p.1.\J.,,.<10 1nu er..'' 'l·l'!nli,1.\ llt"'1<1 pur. 

J!tlU.1p .11p 01 .1:\ctur.p .1J.1.\.lS ·1uo~.11 .lt(l jfl t1n11r.1 

•U.ltU:i!<I noJ:i ·'"11 JOj ~U!lll1UU.lt? .\1q•!t1nJd 'l!tllJ,lf> 

·!d.> .11p mm1:ino11p 111.K.ud .\pu.lllh.uJ :>J:>.\\ 111.m1 
·ll!d Ill!" 11.1p1·1 •tF>:) "(6 .>.1nli!.1 ......... )•JP·' Jiii'!:; put! 
'•>Jl'll :>!lll•t!ldo1.\.> p11r. •!••ui.\d "!·'l·"HI .>;•1<l1m11 
"''·>Jd IP!·" '11·'·' •iii.xi .ll-lJ J" ll11111.>11"1J p11r. .\11•l11J 
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li..f of itching and pain. A111ihio1ic1 wen- uk'd in 
a few c:Ul"I of 1econdary inf.-.~1ion1. The le1ion1 
ht·alt·d wi1hin a few wcd;.11 wi1h only minimal 

"''l"dac (d•· .. :ribc.·d bc.·low). 
Tiu·,,., oU.Cr\'alions mal.c ii apJMrl'n1 1ha1 lx·ta 

lrnr1111 of the •I.in ha\·ing ac.·utc 1y111pto1111 a•iu,.·i· 
att·d .,·ith the l<->ion1111ay Ir a .. ·rious <'Ot\.'il'llll<'tll'C 
of f.1llout exposure. The 1\bnhalll'll' could ha\'c 
;J\oickd manrofthc lesion• if the.»· had l.;now·n 10 
1.1L•• 1hc proper pre.:au1i11au '1Kh as prut<•t·tin!( 11 ... · 
.•kin from follout and t'at I~· dt'an•ing. I I.HI du: 
"holl'·hmly r;uliation du ... ht'en i.:reata, thl' r•:• 
dul·lion in i11uuuno·hl·111.•h•lu!ro:il·al ddl·n~·i u1i~h1 
h.1\'t• n:suht·d in uu•n· s.t•r&uu'.'11 ~liin iufl'l"liun• t:un· 
>idaahly n>mplic;uing thc.· •Lin •y111p1u1111. 

3. Effects of lnternolly Absorbed Radion11clide1 

.\• poimcd out in S.."<.·tion 11. .-\ .• radiu,:h.-mi.-al 
ur:nr an .• ly"'" lx·~innin!( 1:, <bys aftc.·r 11..- at'<.·i1k-11t 
indi .. a1nl that the Ron~··l;ip p1:11plc and to a i.-.. ...,r 
e:\tt'nl the: 01ht·r cxpu .. :d ~ruups had ah•orh•:d 
considaahle anu•unt• uf radiunuditks lw inhala· 
1iun ,oind hy ini.:l''.'lltion of t·onl,;uninatt.•d f,Hu.I an,1 
\>all·r~ (>c.'t' Table J) . .-\hhou~h S<·riuu• latt• l'll\,·t• 
havt· dt·H·lu1>t·d due to radiuiodine exposure to the 
thyruid. and nl'ar maximum pt'rmis>ihl .. .i,.,,.. .. of 
Sl"\'l"r~•l olhl·r r••diui~otupt.·~ \\·ere ahsorhl·d._ no 
;acute ,.y1np1un1s a.'i.."'M.:i•unl \\ idi al~ulx·d i."iulup""" 

app .. ar«d. d1<· only t•x«qllio11 l>t·im: a pu••ihlc 1·ule 
of 1he t-stimat<·d J mCi uf radiui">topcs i11 ti~· (;.I. 
tran durin~ the lir:-ic twu d;&\'' in cau.'iiug thl." l'~arl\· 
G.I. s~·111pto1n1. . . 

Thc.c 111,,.t·r\'atiun• i11dit·a1c I hat la<·k of earlv 
"'iy1nplo11L'i 6L'\..'WK:i~11t:d \\'ilh int.~t-,.liou of radio•u:tiv~ 
1u.atcd•1l in ••1& ;u:utc f .. alloul ~ltuation <lucs not pre• 
th1<le dewlu1•m:11t ,J·l.11c dlt'\CL• fnH11 .. ~h ing<>ol~MI. 

Ill. Findings on Follow-Up 
Examinations (late Effects) 

l>uri11~ 1ht· li"1 Ill"'"''· ;ilfrr 1hc t·arlv dli·cu 
and ht·f.•tl: tlu· dt'\clo1;111t·111 111" d1yroid ;aJ,;1or111al· 
iLit·s. lC:w 111cdil'al fiudin\.ts t:uul1l ht· dl'.'liuitt.·h· a~· 
~n:iaw<l \\·ith ra<li .. 11io11 t'\pu~urc" ·rhc ~l·1~1·r.al 
hl'al1h of the l'XJ)l>>t·<l '.\l.ir,hallt·,•: ap1x·;irl'd to he 

al)l>1tl the: .ame "'that of tl1<· 111u·xpost·d '.\br.hall· 
esc uunpari~Jn popula1ion. \\ ith the "•unt.· typt.'!fi 

and im:idencc: of tli""a·"''· The <kalh• lhat on:urn:d 
\\Cft· nut related to rtidi..atiun c:sposurc:. In the 

Run~clap<'SC a fc.,.· lindini:• ""'" con-idcrc:d to be 

. _. ... .-. ... , , ..................... _______ ......... _____ _ 

COlllll-Ctcd with radiation ""l)l"'11n·, 111.-11 a• n-si•l· 
ual •kin c:ff<·cu; an inl'n·a:tc in 111is1:arri;i~t-s '""( 
11illhir1h1 durinL: the lint 5 ~·c:;1n: 1u~~csti\'e .. ,.;. 
d<'ll"" of a l;1g i111:oinpl .. 1e """"'ery of l"'·ripht-ral 
blt•><I element•: ,.,·idl'tll'C: of sli~hl dirot1111M>1&1<' 
ahcrr:llion• ,~·the IK-riph..ral hluo<I. anti >omt• •k· 
gn'l' of growth n·tanlati1w1 in a lt-w d1ihlrrn. 01lw:r 
1111die11111 p<1S.•ihlc !alt• ..tl'c."t'.U durin~ 1his 1x·1·i1"l 
wc:re Ul'~•Ui\'C {l'•lle&reu:t"· .a~in~. 1uor1e.ali•y. luu~t·\·­
i1y, 1nali~11a1>t·~·). 

l>urin~ the ••:nmd dt·t"ade folluwin!o( ··~pu•un-. 
eff<'t"l> 1kn·lu1x·d in lhl' Run~dap !"'"Pie whid1 
h.HI nol IK'l'll ht·ral11"d d1ni11~ tin· lirs1 •l"""dl'. 
The 11u~1 i11apon~1u• \\'l•n• tlu· wi4lc~pn-.ul tlc:\'d­

opnu·nt ol thyroid alJ1au1111alitic~. ~,lt. ... 1t:l•tlnl wiLl1 
gruwth n·tanl•llion i11 suuu: "·hildn·u .. ·\ l~•l•1l "·.;1"4.• 

of lr11Ll'111ia and a l"""'..ihl·· it1.-rl'a>l'd i11t·idl'tKl' .~· 
tn•11&~11alll'il~ ll~•Y or 11.,;1~· not h.•\'t' IK·t·n radi•uiun 

rl'l•Ut..·ll; the ntuulx:n .ou·r too ~un.;111 tu p•:nnit •1uy 
ck·tinitc l'ondusions. 

Th, . .., lindin~s ;ire r"'·inn·d l>t·low. 

A. GENERAL MEDICAL FINDINGS 

Tht· h•·alth •iluatiun in till" '.\l.1rshall blamls i• 
in •11•1ny n·spn:h auapro\illt.(. ~lu~t \'t"t:lor·hunw 

di:"ll·.;a~·!li uf tht· 1rupio' do 110• tMTur. k·prtair.y i~ rt1n·. 
and 1ullc:rn11u~i~ i:i. 11ot a :w.·riuu~ prul.lt·1u. ( :.1n1'u­

\'•l!l•t.:ul.1r dis..·a!'l4·s arl" r~1n· (t•xc:t·pc fur di~at.M·lil· ~~1u­
i;n·n<' of the llTt ). 

Tl .. · puhlil' ;111d 1x·r ... 111.1I hy~i,·11<· l<·;iw 11111.-h tu 
Ix· d.-.in·d. Skin i11tC-.-1iun• 1i1111>l'ti~o '""I funi:u•) 
~n<l iu&t~tinal infe~laliun." (;.1111uc:h.;u: .;and wurau~) 
arc t•1uk111i<". In l~l."1ll .. •111l' n·ar af1n lhl'ir rt.,...,. 
tlt:IHl'Hl uu Ku11~d.;1p :\lull. ,sluul~ \\'l'rt" t•x;.11ui1u·cl 
fnun 4i!I t XIM>st·d :rnd 11 ~ 111u·x111 .. ,·t1 l'""J>l1·.: • 
lf1lf..·!!ilJ&don W•&s \\idt·s1ul·.;ul willt 1ua11y i11di\'idu;1l~ 
shu\\ in~ 1nultiplc 1~·1x.·s ,,~· parasill'"• the n1.;1in 
pal ho\(CllS bt.·iu~~ J·:11l111nod111 /11 •lll~1·/fr11 ( fuu nd j II 

JU.:.!il), luukwonn (:91.:J't..). I11, '"";' 11ifhmra (:\ t:r·; ). 
and (.'ia1di11 /11mhli11 \ 7. i'i;J ). 1.-l•u.~dlatt~ als.u in· 
dudl'd Trid1um111111., '10111/ni\. ~o si~nifo._·a111 diffl'r· 
Cllt:C!i Wl'rt~ Ul>lL'd IM..'lh'L't-'U lht· i11t·itlt.·1u-l·~ in llw t'X• 

!M>S<:d and Ulll'XIXN'd l"'l'"btiuns. l~1-n·111lv .l1111w 
kis lx:l'll i111rodu<ed i1110 tit<· .-.tushalls fr,;,11 utl11-r 
dis1ric.:1S a1ul iutf..·:.l••tion wi1h il h•1~ l1ot·n1111c JlU'\'• 

all'nl. l-:il11c11ion ;1111l nur ... 1;i111 •11rn·ill;inu· will 
he Ul'cdcd lo o\·crounc 1iac para!l.,tl' pruhlt·1n. 
Eo~nuphili•a i~ nu111uuu lull is uuc al\,·,;l\·s as.."•:i· 
;itctl "·id1 hcl111iull1iL· infl·:.t•1liuus, . 

•:n .. "M" Wil1M1'r11 1ii11tt"rr dour• I,~· l>t-. :\I. c;.,1i11u .. n .mtl ~It. k.K. 
( :..f'\·n. ( '..1uuuuoM .. Irk· J),..._ •• .,.. ( :..·111.-r. C :1,_..,,1.L.-.·. Cf.t . 
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\\'i1h 1hc !Crowing dependence on imported 
foods and on 111<111ey as lhc: medium or exchani,,oe, 
<·:1..:s ur 111al11u1ri1ion arc encounlered. Nighl 
t.lindnL~• due IO \•it:1111in :\ dcliciency has been oh· 
scn·ed on sc\'eral occa•ions, mainly in children. 

Th« lllo!lt !ft•rious epidemic durin~ the ::!O years 
<·un·r..d hy this rcpon was the polio111yelitis cpi· 
dcmie in l!.Hi:I. The "f>0lio ward" at the :\rmer 
lshuda '.\lcmorial l luspi1al in '.\l:ijuro (which now 
upt·r:uc• a• a phpical rchabili1a1iun •·enter ;rnd 
onhup.-dic suq.:i<·al ward) \\';IS cn:atl'd lo care rur 
1he ,·i.·tim• ur 1his dis;i>ll'r. Run~dap .-\1011 was 
s11 id .. ·11 in .January /fdm1ary uf I 'lti:I wi1h "!J d1il· 
1ln·11 :11111:I;11l11hs1akc11 ill. One or the aduhs died 
aud 1w11of 11· ·.:hildn·11 h:ul,,._.,.,.,c n"'idual pa1<.,.is. 

\'t:ol·n· ::.1s.t· ••PPL'•irs lo ht.· on the incn';L"iC. 
1lc111 .. l1... , h:L• l><Tn a 11111.1lile lindiui; durin!I 

physi<·al <·xa111i11a1iu11s uf the '.\Lirsh:illcsc; ii is at· 

1:.. 

1ribu1ed I• poor oral hn:iene, inadequalc dental 
care, and possibly nutritional deliciency. Some of 
the younger general ion arc now ~he; ,.·ing the lJCnC• 
fits of impro\'ed dental care. Dentists ha,·c partici· 
pated in SC\'eral survc~'S, and their general condu· 
si<m is that p<•'r oral h' gienc is showing i11 usual 
rc•ults: a high <.l::~, rate in 1een·agc children, 
:ic\'ere perio<lunlal lesions in adulu (hc:l\'y calculus, 
~iss of alveolar hone), and .:den1ulous mouths in 
1hc ai;ing. :"'o significant difference be1wccn ex· 
posed and unexposed '.\larshallcsc has been seen ex· 
<-CJ>I fi.ll" a sli~hily grcalcr inciJencc and severity of 
pcriu1(0111:d disease in 1hc e~poo;cd group. h is not 
known wl11:1hcr 1hi• finding i• rcl:11cd lo radiation 
cx1Mr..urc. 

Fish poisoning is commo:1 i.' 1hc ;>.lanhall 
Island•. Sympioms arc u•ually minor bu1 oc.:a· 
siuna lly scvcrt• or even fatal. l111la111111a1io11 of lllU• 

R1M1~dap r"pnM:J 
tfJSt.0 :\.UUilW.'d) 

Ron~dap unnpo..cJ 
(IJ:. C';'l.amirn.·dJ 
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(I li cxamln,·d) 

~u. <:i, 

;\n"" :!.~. 
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~..,.,.membranes from improperly prcpan.-d arrow· 
"'°' Uuur is not uncommon. Uo1h ha\·e crrom.~>USly 
l>t.-cn awicialcd wi1h radi•llion effects in 1hc minds 
of the Run!;clap people. 

l>iahctc• 111dli1 us is a major problem and is dis· 

c1~'l<-<l *"Par:llcl)' in S....:1iu11 111. G. 
:\ pm!;ram i• under way to huild new dispc:n· 

1arit.~ on 1hc outer ~•lancl•. On El>eyc a new hospi· 
tal building ha• prO\·i<lcd imprm·l'd condi1io11s liir 

hcahh care. 
11 i. a).lainsl 1hii< !(cncral had 'round 1ha1 our 

t·x~n•lnalit1ns l.akc t)l•lU:. \\'e ~ll' J•rl,·ill·~l.·<l to gel 
i.;t·11l'ru1~• hcl11 from &he lot:;il lw.dth ,1111huri1ics in 
our lt.&J.i.. and t..:un\·cr~·ly \\hl·n \\t' ~Hl' ou '1Lc !W .. :cn~ 

\\'t• t·a1uw.•l ,a\'uic..l ~ctlln!i( i11\·1,J,.,·ll i11 1>n>l)lt·1l'' uut· 

""'-'c 1lu: w..·11pc uf fall,n1l 4...'U1111>!il at llHL-". 

!\l:ijur phy•i.:al lindini.;' d111i11i.; 1hc pasl j y<"al'I 
arc li.1cd in Tahlc 11. 

8. VITAL STATISTICS: FERTILITY ANO MORTALITY 

The numht·r uf li\'c hirihs d111i11i.; llu: last 5-year 
pc1·iuJ \\';,~:\7 auionl( 1hcc::\po~:d .11nl li~J onnon~ thr 
unl'X(l""''d. C:"kul;a&t'tl '" 1;,._. hi11h, pt.·r ~'l'ar 1icr 
llHKl 1><•pul,11ion 1ht·,.., n11111lx·rs i.;<>t: a birthrate of 
11:! fur thl' l'Xl"'"·tl ;111d lllti li•r li1l' Ulll'~l"""d. In 
tult.li1&un, llll'rt' \\l'rt_• 10 1ni~•.:~1r1 i~UO:l."* a111un~ the 
t·xpo,..:d and IH &1nuu1~ thl' unt·\.po~l·d, !\O 1h.'lt. i11 

hoth ~.-uups. uut· prq.~l\<.UH.·~- uut of li\'t.' caull."d in 
111iM:ani.u.~c. This is appro\.iau.1H·I\" the ~atUl.' frc. 
'i""'l<'Y '" .,i,,....,.,.,.tl iu ilil' I"'''("'" Tahlt• 9). 

Lt·..:•d ahonluus ill"l' 11ut 1n·1 funned in tlic :\lar­
,Ji;1ll 1-lamls. anti thl'rl' i• 1111 '"""'n 10 lx·lil'\'C &hat 
~uiy of Liu.· pn·~n~u•l'Y lt'nui11.11io11!\ on rcl'ur<l were 
pnt\·uk,·t.I. 1-°•unil~· plauniu~ 11.1" nut hl't.'ll pr.u.:1in_·J 
in l lh· JMSI ,;iltluuu . .:h il i., ,.10\\ l ,. L;.1ini11~ i.;ruunJ. 
\\"" &ht'rdiirc l><·lit•\·c 1h;it lhl' ll-11ili1v aud k1111 
\·iahili1\· iudit·•all0 d h\' thr~· !\l,1tl!\ i"'·s .,;T tht• nalU• 

r;il on<·~. anti. ;ilthou~h the l'Xl""'·d lcni;alc .. hmwd 
an ;1pp.1rcn& incrca~· in 111i"'-·~nri.1~l·i Jurin~ the 
tirsl.) ~Tars, llu·rc i" no t·vidt'lllT su~~l'stin't that 
lhl' his111ry uf cxposuu· lO r.1di.11i11n h.t• hatl anr 
1x·nnancn1 dfl"l"l on l·i1lu:r. 

Tiil' I"" 'Pl" wh11 I""··· dinl .11 ,. li.,1l'd ll\· \Tar in 
Talill' Ill. with illl'ir .l):l' ;i11d l''""·•hk ·,.;111.c of 
d1·1.uh 'sud1 c.kath n .. ·nihL:a&c.·~ ..... ,n. ~•' ail .. 1hlt.· ..trc 
nut ;ilw;i~" •l><"<"ilil'). 'l11t· m..-1.dl 1111•n;ili1\' r;atl' k>r 
1hc :!O-ycar p<·riotl is - I'.! pn I !IOO l"'r \l·;ir fur 
thl' cx11<iscd Ron~dap !:Wllp ;rnd - I .I fur llK· 1111· 

<'xprn;cd: ft>r &ht• l;i.I :-1°\'c"r pniud thl' ralt'• ;irl" 
-~) ;&nc.l -'.!l fl~JK.'L:tivdy. ·1·la·:-.l' tlith.:1cnl'.L~ a1c 

nut ,.lat&,.lll·ally signilil·.;u1t: i11 ~~u.-h ~1uall ~ruu1bi 
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Table 11 

:O.lonaliiy. t.:1irik 
(A>". all" at uca1h: 61 =3) 

Subj<.-cl Age Subject ,.\~c 

Year :'\u. It ... Year :'\o. & 'ICJli 

l~f1•• '!I IB ZI :>I l~Mi;') :!llU 4ii :0.1 
P•j7 :!IHI 63:>1 1%5 :!:!IH i I t' 
I ~1j 7 :!'.!I~ 5if l!Jti.) :!:!:\8 t~.1 t• 
l'.Jj 7 22'.!! Wt' l~i~ ',!',!.~,j Y.:0.1 
P(.8 :?:.!IJ '.>IJ:O.I )%7 ~ 18) iH :0.1 
I ~f,!J !!L!:? Iii '.\I 1 ~H,7 :.?20'l "'! .. 
p,-,~· ~ l'.!i 7J :>I l ~~i7 :!".!'!J 7fJ .. 

·~·('~· :!1i0 ~1; '.\I l!~.11 :!llJJ t,.!~I 

l 1J.'1!> :!IHi 1;1 r I~" Jt :?II'! iu '.\I 
l!lt .. , ~11(1 ".!i .. PMJ~ !Ill ti7 •. 
J •o;(I ~Lii .lj r l!•Jl :!.!jfJ .Iii t' 
1%0 211«1 iii '.\t 1 ~.H1'J :!191 wr 
1'11;1 :.?I ii II :.t I ~.M1!I '.!:.!U 80:.t 
I ~M.i 1 !l'~J ~~· r I ~t 70 ~I ij 7:1 :0.1 
l'JtiJ '!:!OJ ii t' l ~~iu !!I I tjj :-1 
1%4 '!lfi:J 7; :>I I~· i 1 '!".::Kl til'.\I 
1%~ :!l!Nl f,;t" I ~•i I '!'.!Ui 2:, r 
Eki4 ..!llJ'.! Ill t' l~•i:! 21711 :Ii :-1 
\~M·j :.?l:!J t>H '.\I 1 ~· i :! '!".!:11 ji :0.1 
l~•).j :!lj4 jJ t' Pli.S :!IHli •ii •. 

l ~·; .. :!~'OJ 1i8 r 

ohscr\'cd o\'cr 111<.·h short p<"riod•. differences &his 
L•r!!c or lar!-:cr could <ll'eur hy chance ( /•<U.Uj), 
[,·en so, had 1hc trcnd l><:cn in the "l'l""'i1c dircc· 
tiun, we \H1tald ha\'l' h;id rl'a•on to Ix· concl'l'ned; 
9\'\ .. n cx;unpk·, wt· an: lL·t:ping a c:an.·ful watd1 on the 
ap1i.1rclll i1K·rl'a.o;c in m;di~n;int·ics \~'<' St. ... ·tion \"). 

The 1t1•11·1ali1y ra1c ;1111<1111; th<' l'X(><"cd l.:tirik 
p<."Uplc ,,."" -13 for the :!U-~·t·;ar period and - 1-l 
~>r the 1,,., j yt•an. Th<" <k;iths arl' lis&l'd in Tahk 
11, but t.:;aUM''.'1 arc nut ~ivl·n l.x.·l·au:K.· of insutlil·il·n1 
t1.11a. 

Rt.-ct•nt 1niK·unt.Tptluru 1u.;ike il nt·ccM1ary 10 
darif)· cumpari""'' with dis1ric1-wide s1a1isii,·s. 
The \'ital s&a1is&it:s of the Trust Tt·1 ritory ha,·c im· 
pro\'ed !;rl'all\' o\'Cr the :.?U y<'•1n c"'·<"rt•d by &ht~ 
•~porl•, hu1 &he\· arc 11ill 1111t puhli>hl'd in sulli­
t.:ienl detail to 1x·nnit valid nunparisons wi1h ours. 
·rh1· ac;l· dlstrilnuinnl' flfl' too ddkn·nt: di~trit.:L· 

\\·ide lhl· 11Lt·dit.1n ;.1~e is l li yl"ars. \\.hl·n·;,1~ in our 
~roup it is l>l'&Wl'<.'11 .IU and 40. Thl' ditli:rcnl'l· he· 
lWt"\.·n the 1uort~li1y in the ~e1u:r;.1l population (- 7 
1><·r lllOO p<·r ''""')and 1h;a1 in uur group• (-!:I) 
rl'lkTI• 1hi• dilkrl'llt:l' in ;1gl' di>1rihu1i1111 ;ind is 
11111 rcl.ilt'll &u lhl' hishlr\" oft·xposurc. ,\ simibr .. r. 
lC<"l l'<lll he scl'll un 1hc hinhrnll' ( -4U pa llKlO 
1x·r n·ar dis1rit:1-widt· and - 11 U in our l(roup•). 



C. HEMATOLOGICAL FINDINGS 

Since ulood-furmini.: ,·ells are amoni.: the nu•ll 
nuliost·nsiti\'e cdl• in the hod\', he111atului.:i.-al <'ll· 
;11nin;itio11• h:iw I.Tu cmph;i.,°;,<"<I in bo1h.t·sp•10iCd 

;11111 unc,.po•c:d population>. l·:,·idt·1Ke uf •11d1 

,.·11siti,·it)' in th<· <'XJX>'4.0 d Ru11i.:d;1p 1x·uplc "'"" 
prm·itkd b~· the e;irlr ;icute dt0 pn" .. ,io11 of kulm­
l")'t<,. ;111d pl;11dt·h ;111d bv l"'"'ibk rnidual dft•c:i. 
un h<·mupoit•si• indic:atcd ll\· a I.ii.: in rt'l'O\·ery of 
blu<><l clt'lll<'nU lU tht• w:n·I• uf the lllll'SJktSl"d Jk>J>­
ul;llion. Tlu: dn·dopm<·nt ut' .i f.1t,il ,·asc: of ku­
kt..·1ul.1 ano.•y also l.M.." l0 \·idL·1u .. "l' uf IT'."lidu.•l dll"\.·t. 

1. Proced11rH 

entil 197! \'l"i.lrl\" 11u·••st1n.·11u·111~ \\.l"fl" 1n;.ull· of 
1x·ripht·ral bl.~1d eU:111t•11t._ indudin~ \\'llC:, dillcr­
t·n1ial white eounu, RllC and ht•111atoc:rit and/or 
hemoglobin, and pl;11d1·t counts. Sinl'c a l";L'W! of 
1cukc.·1nh1 w;u fount.I in I ~•i:.?, Mu.:h uu.·.isurt·nu:nt• 
ha\'e been 111.idc \\it.·W:l" a ~Tar. ·na.· t·ounts wt·re 
dune undt..·r a 1nkru""-·opt.· until l"lcctrutiic rucans 
l·aruc into use (Couher l'Ollfltt·r and {;cnt.·ral St.·~. 

cn.-e I lal'm:i-Co1111t ~I K J and ~I K 4 inslru• 
1ncnl:4). Rl.'lit·ulot:ytt· .and hunt· 111arruw l"X~unina· 
tion,. h;l\'l.' lx_•t·n l~llll" on SlTt·rad Ut't·~a:"lion" b\' "'~•n• 
dard J.>r••:<·durc ... • ' 

.·\ 11u111hcr uf >pl'l:i.il hc111;1t11lu~ic:al cx;imina­
tiuns over the yc:iro h;l\·c indudl'd t•·•t• fur lt·u­
k<·mia (i.e., •J'<'t:ial oc::in11i11~ uf blood smear• for 
immature for11u, basuphil on11111 in 4000 .:ells, 
alkaline ph..,,.phal:isc •tai11i11~ of neutrophils, • • 
analysi> li•r .-\ustrali:iantil.(<"n•J.' studil'> of rcJ t:dl 
au<l plt.ls1na \'l•lu1Ul\ l:hn11uo~u1ut• ••nalysi~. etc. 
l'l;isma and reJ u:ll s:impk• h.ivc bn·11 lnuo!(ht 
b;u:k fur >J'<'t:ial studi< .. in lah.,r:iturie• in the 
L.: 11ill'd Statl'S. ThcM: studil's arc fun her diS<"u .. ...:d 
in lalcr !W..'1.:lions. where rdc,·t.anl. 

2. Recovery of HemopoiHil 

In Fii,:ur<'S 10 tu I:.! the: 111<·;111 bl1•"l '·1111111softhc 
u1111bin<·d ( Ron~d•q> ;ind .-\ili111.p1al') "·'l""'·d 
~ruup .arc tu111p;1rt·U ,,j1h lhust· uf the u11cxpo.-.cd 
~ruup m·er the :!O-vc:ar pniod. Data arc listed in 
T;iblc I:! fur the p:ist :i ye:irs. and in .-\ppt·ndix fi 
ll1r the elllire :!0 yc:ir" Fii.:url' IJ sho\\·s the n1-

·~tr.:'\. :'\lt.J);,anilrl of Sl:~Y o1I S1110~ Hrt••k h.n 1Li11i11· 1ht.· tltr· 
'·n·11ll••l 1:uunl• f...,. llM:' IM.~ 11·\·c·ri&I ~·t·Jn. 

••Ur. \\'. :\lulonrv °'°'I :\In. L. Tullm .. , I l.1n·Jrtl ~tn.linal 
~ldM•.&tlwlthr .. 1k.1'nt" ph1•pbo1I,.« .1.,,111111\( ,.J m·u'rt•1•tul11U 
prrapt1t·r••l l>lt••l .. 11•·,.n. 

1 l>r. It~. ILlumhrnc. l11~1i1u1r r .... l:.11M•·r k·~·--rc.:h, J1lulo1-
dd1th1 .... 1lul tlw tlU•"•-. fur .\u"'r.il1.l ..111t111:i-111o. 
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11111lath·e 11ern:nt;ai;e uf 11t"utr11phil1, lymph11cytt.~ 
;uul pl;11t·l1·I• al \'arious 1i111e1. From thc,;c Wla II 

"l'l"'Ms 1h;11 h1·111111Mwe1ic n..:11\'l'ry in the ex11UM..J 
i;nuq .. was im:11111plc1c cluri111: the lirsl I :i ~·can 
af1cr ""IM1surc. Sinn: that lime the l<:vcl• in the ex· 
tM1scd ~roup ha\'c h1·cn ahoul thc """"a• in the 
Ulll'XIM••c<l ~rmq1. On the h;i.•is 111' H.llC, hcmal~ 
,·rit, and hcuu1~luhi1, dc&t·r111iu~11lon1, crytl1rt•pu1· 
elic fum:tion ha• lll'cn ahllul the same in the ex• 
prncd and in 1hc comparison population. The l;u; 
in fl't.'O\'-'f\' of k·uk1K·\'tcs and platcl«l• may rcpre· 
,,..,., rcsid:1al l1<111c u;arruw injury. The rc•uh• 11f 
hunt· 111anu\\' ;1ntl t·hru11ur..itJ1Ul" it1ul~t"" aud &ht· <lt·· 
\'t•lup11u.·u1 uf a t.'a~· uf1t·ukt·iui•• tt·11tl 1u ,.upporl 

"ahl)i luutt·u&iun. 

3. Bone Marrow 

.-\hluun~h hone 111arruw t·x~unin~uious .a,t It 
1nuu1h~ po~l t'~)>'"-'un· "'hu"t·d 110 µro~'li ahuonn.al· 
iti•·s, •111•·;11·• 1111 four ""IMISl'd l{un~d;ip pcople 10 
p·;ll'• lah·r shownl ah«r;11ion in 1hc mycloi<l· 
1·n·1hrnid r;11i11 in 1hrcc uf lh«m. 111a11if1...icJ by an 
j,.; ..... ,,,,,,,1 nu111lu .. r ul' IT<l 1·cll p1·,..-ur"•r•. In addi· 
1iun 111 hypnplasia. 1hr limlin~• indu1kJ almor-
111ali&il·s ctJ'dan11na1i111u~1ll'rie1l \\itl. d,,.,hlt· Ulw.:l11:i 
iJIHl .au int'l"l'iL~·u llUIHIK·r u1'111~tutil'. tii.=tll"l'i in &IH: 

non11ohla.•1ic ,..·ril'• I ... ,. Fi~1m .. 11 ;111111 ;, ). 11 ( )c. 

•·;1,iunally, hilul...,d 1'·111pho1·y1c• ha\'c h1·1·1111111c:d 
iu 1111· p...-ipl1«ral hluml nf "•Ille l'Xpmcd l""'l'l ... 

4. Other Hematologlcal Finding1 

To1;1l hl<N•d ,·olumc and rcd n·ll \'olumc ,,.,., .. 

"'udinl Ill yc;u .. ilfl«r ""l'"""rc. •I• :"\o ditr .. rc1ll."t"S 
,,... .... l411111<l lxl\"""n ""l'""'"I illld "'"'"l''""'d Run· 
i:d.1p 1o:ru111 ... hu1 i1 "'"'' 1101nl 1h;11 hl1NKI •·ulume 
;1n1I ri .. l .. dl \'11111111" 11·11dnl 10 1 ... n·dun·1I in 11i;my 
:-1;11,halk.,.... 1·0111p;1r1·d •··i1h ;\111l'l'i«a1"'~' (st-c Fi!;· 
un· lli). 1 ~ s.·,···r;d "' hn ht'111;11ul11~ical 11hscn·a· 
ti,ms. nul n:ltUL'tl lo ratliiaLil•U cxposurl". were nolt"tl. 
l·'.11,inuphili;1 >:,•;; in nwrc than half 1hc 1><«1ple 
h;1• IK'l'll a l'1111Si•1t·111 lindiu):. Thi• l'1111t.I hc ilC• 
1u1111ll'd l'ur only p.il'll)· 1111 1he h;1si• uf inll••linal 
piar;.,si1is1n and 1uay ht.' rct~,h·,J e'1so lo nu1ut·rou1 

fuugui.. inl·"l·tiu11s of lh~ tri.kin <.llld oLht•r t·hronk· in· 
~·1·1iou.. Othl'f lindi11i:• IN"''ihh· 1·l'latl'd 111 d1ro11ic 
inll·l·tiuu.-. arc alk1\·t:.non11al ,.eJinu·n1a1ion ra1t.·1 
anil hii:h i:a111111a gluliuli11 11·\'ds \ liu1h u·nding lo 
UalTt·a~· ,,·i1h a~e). \";Lr~:in~ dq.~n·i..-,. of ant•1ul;1 

h;l\'C hccn k"t'n 1...:c..siunally, panicul;1rly in".,,. 

··nM'M' .,..,,..._.. wrrr •&..nc- I" llr. I ... ~I. ~ln·rr. \'rtrr.l1 ... \d. 
11WuU.Ui1llun I l··~,ft..J. Kr••1!..l~·1a. :'\ .\· .• ;;uul He. \\' .t:. S.ri. lJni. 
n1·M1~ IMll·<:..1J:. ..... W ..a •1.·11..&·lr)'. 

ti IU ·" ... .... 
rut.al I·"°' "" ........ liln1 

men of d1ikllx:ari111-1 a~1·. !'rice Jonc• •ilini: of n·d 
.:cll• in these ca.""' •i111wcd a •Iii: ht 111i..-ro•:y1 ic tend. 
ency.• lronddicicnc~· apparemly wao 11111 thecause 
.i11<.-c ocrum iron U!illallv wa• in 1hc normal r•lll!,'l'. 1 

Ki:ticul1...:~·1c coulll• li'a,·i: n111 l>n.·n •igniti,·a111i)· 
in..-rt·a,,...J in l'i1hcr 1hc cx1>00ed or llll<'·'l'"""d pop· 
ula1io11. :-t.1cr0<:•·1ic a11c111ia has 11111 l>ccn ..... n. 
\'i1;11nin U1, lc\'~·l• ha,·c l>ci:n unusually high in 
the :-tanhallc,..,•; 1he •·au"'' of 1hi• is unk110\\·n but 
dut.-s 11111 ;1ppcar 111 be rd;11cd 111 li,·cr diocasc or 
l1:11k«mi;1. The •i•·kling trail ha1 not bl·cn >l"l'n in 
th•· :-1anhall1"SC csamined. 

D. SUBSEQUENT COURSE OF SKIN USIONS 

Thc n·sidu.il "1<in k .. i111L• 1101,·d in 1hi: Rungd;ip 
and :\ili111:n;1t· p•:ople •inn.· the initial lt'Sions arc 
listed in T;il..11l· 1:1. llurini: the lirs1 year n1any of 
tht• l1<•;il«d an·a•. panin1larl~· on the l>;ick uf lhc 
ncck, .J1m,-..d a ruugh1·ni11~ \n&!1•"'i1y) and bluish· 
l>llck pig1m·n1a1io11, whi..-11 l>i.· .. a1111: k..i 1101iccable 
with 1imc ( ...... Figur<'S Ii and 111). Lkq>er ksiu111 
eid1ibi1t·d c;irly residual scarrinit and lack of pi!!· 
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lloui.:hc.-nin!iC ~ml pi~nw.·nt \'ari;,1iun ou frnnt 
o( Ut't·k. W\cral pi'-!lllC'Ull''I 111..M.ult-. ,\(:t·.• 
l'L·ri.lnal dt·5>itie1iw111.a1H111. 

~lot1l4.<tl JM~t1M.·u1ouiou hu•li .a,dl..M". Pii.t11H0 11tnl 
a.rf'o& L11:hinJ k·f1 l'.tr. 

) 1 ii.:1114.•11t dU:ll'-!t'• ld.t .\( 'F. dut.,11111 fin.I rili(ht 
ha': 1.1ili(UU'llh''t uni .nill.1. 

S..·;orri11~ ..... 1 pi~111""'"""" Id• \( ·r. 
Pitri:ruo1.·111nl p .. 11d1 I.Mt I.. ul lll't Ir.. 

Pii.:m1.·11t1'1I m~M·til1·11 kit "'111.&, tru111 u( 11n·k 
~•~ du-,..t, lkpiricmt·111nl "'P"h .. h.dl p•·nia. 

Sliri,:ht pi\Clllt'lll \·.ui.111101 ••II fn11111l1w•t·k; ... \'• 

t•r.1J ,,ii.:;11-.·111nl m.&t 11l..·,. i1 •• , .. 11m lc·h t~ut. 

S.:arriui,:douum ld1 t;.,, H111p-\·,11.!'~·r.111h~· 
alini.1 .• a1i1.c1 of ntnnt"t'l1\t" 11 ...... 1u· .11wl 1hk·L.t·mr~ 
ufbluw:I \'\"»l'l w.all• ufnit11. l)u·J l~("Mi. 

~·arrinric and lk·1•ir.:;11H·111.a1111n ufdur111u111 rh,:ht 
94M1t. llk·t.I I ~N;,!, 

Slii.cl11 rm1~ht·11in'( ouul pi\.tllll'll1alion h-.u:k of 

nt .. :k. ~lok•r. un in NH uf n•·t k. 

•.\Ct' = aU1t'l'uhi1..al ka.w. 

men1a1ion, bu1 the .... .,,.. ha»e faded ;ind r«pit.,•n..,n· 
l.'1.don has 1cn<ll·<l 10 tx:cur in 111ost l't.lK~. Xu C\'i• 

Jenee ha• l"-'t:ll ... 'C."ll 14>r the dn .. lupmenl of t.:hrunic 
radiation dcnna1iti:ii or prt·111.1li~u.u11or111~,lh.;n;uLI 
changes in any ca!M:, and 11to"1 pl·uplc uo"' 1ho~· 
li11lc rl"llidual cvi<lcrKe of lt:,i11u.. 11.iir of nunu;il 
color and tt·xturc n·~n:w hy 1• 10 1 '.! 1uunllu in all 
t.:a<e• except IUr one llliln who ''ill h.t, 'P'"Y l0 pila· 
tiun on the !>ack of hi.• head. 

Follow·up >kin hiopsil.,. of n:.idual lesions, stud· 

ic<l al fi mon1hs" and al J and Ill """"''· 11 p10,t c>;. 
posur~. histoloi;ic;illy sl111W<«I l°\LTlil"nt hcalini:. 
but in 1uost ca."'t:!i n·"~dual l'\ idnu.:c of t.'Xposurc 
w;is noted. sud1 •L• cpick:r111.il atruplry ;11ul thid«·11· 
int; uftlu: curium with t.:ollai;cn band•. ahhoui;h 
li11le evidence of sii;nifica111 »;hnrlar d1an!(C~ was 

!!CCII in theCOf.·1111 (.cc Fit;urc l~I). 

Though no malignant chani:<.,. in 1he skin h;ive 
1hu1 far been noted in the .\larsh;rllcsc, the <le· 
n·lopmcnt of skin caoccr due 1<> radiation cxp .... ure 
i. .iill a distinl:I p<.,1.•ihili1y, sinn· its latcnl period 
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Sli~hl rtMar.:lwnin!i( 311•1 pfi.:1m·11t.t1iu11 h.o·li;, uf 
1w.·•·k; pi!iitmc-nl \'oariouiorn• a1ul i.lii.:111 11~ pt·r· 
P'a.:11 .. ·111<.uiuu •luoum ri'-!111 k.itt. 

;\umt•rnut pi'(.llU'l1h'tl 1nou·ult-<1hu1h11i•l1·1 uC 
on~ .&IHI a k·v• uu .1111u .11wl . \( :t·. 

;\l,111l.·tl flili(UM'Ul,Ui.m OUMI tl•·(Mi.:11M'lll,1liit11t 

un fruul ul' un·k. UM·tl 1~1;·.!'. 

,.l .. 11l4•tl pii:11u·111;11inu e111,J 1l1·pii.:n .. ·u1.11Mtt1 

ou la.u. k ,,.. IM"t·k. 1 )w ,I l ~" •"-

Slia.:h1 ru~1""i1\ .uul 11ii,:iut·1111·d 1 Mia.:•·" 011 1 .. 1~ k 
... Ul'l·k. 

~lulc· 1..a,·k uCut•t·k; "'li~hl pii,:nw111 \·.11ia1tuu 
euul a '4.·\11· m.u:ulc·11 fru111 of IW I... '.\lulc· h.M k 
of11t•t·k, 

11ii:11w·nt \·ouialion anJ ruut,thc·uini.r; Crout er( 
01,·k. :"\ul o&ppart·111 1w •""·. 

I lic·pi.;11K"llh0d •·an Junum lrfl ftul. 

Sli~hl pi)(mt·nh·cl o&rt"OI clonu1n ri1o:l11 lin11 h ... 

Sum('rtMH pt·cluonil.,1c·tl mulc·ti .... w.1 • .,. ... Kt 
front of Ut"l·k. 

7~• '.\I Piw:mc·u11 ... 1 .... ,1 dq1i"'11tt·11h·tl ..... r 1•""h·rai.lf' 
MUU..,,. l1:h rar. 

may he as Ion~ a• ·Ill ~T;ar• a11<I m;iy. on th<" '"-..·r· 
age, be lun!lcr th;m fur "'"nl" oth<·r typ,·• ofradia· 
t'41n·inducl'll tn•lli~na11&..·y. ~loan~· of alu.· ~·uuu!otrr ex· 
l"'""d .\lanJ1all<,... . .iill h.1w a lun.; Iii(· t·x1M-..·t;111<·y. 

There art• M..0 \·t·rotl rc;.1'.'\uns, luHn.•\'t."r, \\·hy ,.kin 
cat1t.:cr ni.n· not <K.Tllr in tit<• .\larsh.111,.,.. .. Th« luw 
a\·cr1u;c l'IU'I ~y of tlH.· ht.·1.a r••Y~ n·suhl'tl in 11u1dl 
lcs. d;11n•11:c lo 1hc dl·rmi• 1h;111 lo the .. pidn1nis. 
Thi1 woul<I mak" the prui;nosi• fan1ral.le if, as 
m;iny im·,,.ti!l;alor• bclic.-c. 1hc Jcvdopm«nl of 
skin cam:n r«<p1iu-s •nlli<-i .. nl da111.11.:c lo 1hc 
dcnnis lo i111palr nutri1iu11 uftht· t·pith-nnal n·lJs. 
In the .\larshall .. .., the st1pcrli<·ial n;i1u1..- of th<· 
skin hurns. rapid hl";ilint;. ;111d ahS<·11•·<" 11fd1ro11i.­
r•uli;.uion dtTIUalili~ i.lfC f•u:lorK ll~aiU!\I lht• ,Jt'\'l'l· 

op111ct1l of !'oliu canl'l'r;'°; nt0 \·cr1lu:k·""· pt·r:-.i:o.1iu~ 
ll:llular di;111i:•·• arc st:en in their n-.idual .J.in 
lcsiu11._ Ir, a• Tdoh cl al.:11 lx:licvc, •kin G111n-r re· 
suits fn>111 <liret.:1 irradi;11io11 of1hc t"(Jid«nnis with· 
uul Jll."l.'.CSK.arlly M.'.'\'CfC dcr&Ui.ll injUI)'' i1s Ul'l'.lfffl'IM..'C 

would be more likely. The appcarant.:c ofnc,·i in 

j 
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•. it.:urr 17. 1•,·r~--.1lu'= <kpii.:nw111nl .aR·a,, G 11101uhs 
..thrr t''.\l• .. UU', lu .. 11·.o ul 111u'I ..._.,,.rt· lt~urnt ... ;: 

l"i~utt IR l·:O.r l1~on hc·aln,I, ti mutlll• 
o.11,·r t·x1111 .. un·. hilh nm .. •\ln.,bl1· ,..,·.;urlaaM:.~ 

lh•· m·d; rq:io11s 1ha1 •11s1aim•tl "<'n·n: hcta hurn• 
•11!(.l:'"'l• lhal lht· <k'\Tlopm<'lll of h•:nig11k·.iuns111<1~· 
have ht·•·11,·nh;111n·d hy 1h,· skin expusui·e (ll'C Fi11· 
urc :!O). p,~...,ihlt..·,·1M:.an·i1M1~t·11it.: f.u .. ·1ur1•uch us the 
uhr;l\·iol•·I radia1iu11 in lrupit·al •unli~hl and •kin 
ir-rit.ation fnnn n•ral. lr•uuna, anJ i11f~,·1iun1 n\ay 
n·ntkr 1ht·dt'\'t'l11111m·nt •~· m;ilii:11a111 d1an!(<'5 in till" 
,J;,i11 111un· likl'h·. hut th<' d;1rk pi~111t·nt;lliun •huuld 
uffl·r suuu· pn11n:1io11. ••~ i1 ho.1:i. IM..·t·n sh0\\"11 that 
J.;,iu l't.llH.Tr U. h"),K prt·\·.t1l4..·11t·.tun1•n~ Ni.·~roL.'S. 

E. OPHTHALMOLOGICAL FINDINGS 

Ru111int• uph1halmolu~il"al •·xamina1iu111 (in· 
dudini1 fu1ulusn1pi<·) han· ht·t·n induded i111hr 
rq(ul;1r ph~·si.:a( l'X;11nin;ll ion• of OUlh lhC cxpo,;cd 

2J 

t'"iacur~ 19. Srt:iion of Uin rrotn hrta-burn arra on lliM:k ~ 
IH."\..k ul ~f-n:·;1ir-olJ •·un""n t="u. J~J iitl 10 \'C.i.ln af1t .. "fC:J1.• 

fM."'un: ( 104~ X J. ~ulr ;au111Jh~· of t·1Ji,lt·rml; i..·i1h n.anov.• 
iu~ of 11llo.tu111 '(f .. mulu!tUlll ornd lituct·rliL.l" prujt.·1.:tium. of 
n·1t· p•·r.c11. s1,~lil .uroph~ uftlil" uu··· +'1..u1J dlM.'lt i1 ~lllC 
f•H-.,,.·111.l I 

... . . 
"· 

Figun.· ~IO. Pi~utc•n1t."1l nt·na,.JiL.t.• k"l .. •Ot in Jlf""''kllUI 
~11t·t.1·lnU"ll ;.an;a of IM.'l k 'toubjt"'l'I :"o. 78). 11 

;111d unt•spu"<·d p<>J>ul;11io1U. In addi1io11. •1x..-ial 
examin;11ions fur po•sible cffe,·u of radi.11iu11 on 
1hc cy··· han· lx.•t'll done ;ll i111•·n·als oy oph1hal· 
molo~is11accompanyin~1hl' mt·di•·al ••·am, llr.1 in 
~fay 19j~ (:.! monthsafu:r lhl' an:idt•lll) and 1hm 
in l<Jjj, l!l'.1ti, l!lj';, J!lj!I, 19j9, 1%:.!, 1!16~. 1%7, 
1!17 I, and l!li:.!. Thl' ro111inc e11amination• indmk 
tc,tin~ of \·i.sit.Hl. •ll'l"UllllUOC..h1tk.•n. IUUs.4'll"' bal.oUM.."l", 
and pupill.u·~· n·••l·tion!'l; l"Xtern•il ex;unina1iun; 
and fundn .. ·opy. \'ision is t<'Slt•d wi1h lh•· Sndlt·n 
char! aml 1h<.· !·:·.:hart when n•·n"S.<an·. ln1rao1:ul;n 
tcnsiun h.is lx:t·n m•·asurccl wht·n it;dil"alrd, and 
n>lor ,·ision h;is h<'t.'n 1es1<·d on 1<'\·era I OC<'asions. 
Spcci;1l exa111ina1io111 lul\·e i1u:l11dt·d ,;li1-lamp and 
funclus plu•h•~raphy. ,\5 pan uf1hr aging 11u<lin 
qua111i1a1i,·c d1ang<"S iu (l'rtain eye d1arac1rris1ics 
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(\'imal acuity, arcu1 scnilis, accommo<lati1•11. n·t· 
iu;il arteri,...:len.,.i•J ha,·c: bcrn rt·cor<lcd.•·1J.3~ 

1. General Findingt 

Some ~··ncral obsen·a1io111 on du: cyc1 of tl11.­
'.\lanh;1ll""-' h;iH' i11di.-;1tl'd dilkn·nec• from the 
<'H" of L'.S. Cau1·;i,ia11• whid1 m;1y be: rd;1tl'd to 
l'thni<· hal'k~round and P'"'"ibly· to em·im111nl'ntal 
l~1nor>. The major ryc lindin~• for the p;••I:. Y'"'" 
an· li,11·d in Tab!<- I I. 

The hi~h i11«id.-11<'t' of pin~u .. .-ulal' and pl<'rn:ia 
i.• thl' """I 11ut.1bk li11di1.~ 1l,1nl in the l.1lill'. This 

h:u lx.-rn found hy ulhcn tu Ill! d1:1raett-ri•tit· uf 
l""'l'lr li,·ing 1111 low coral a1oll1 in tht· l';M·itit· ;.md 
ti tlunu:ht lo be: rd;ttnl to irri1.11io11 of lhe cw• hv 
n•ral tlu,., sail walt•r, and hrii:ht sunlii:h ... Th~· 
utlll'r 111;1jor li11ding> list<«l w<·rc rdall'd lo i:<'11<·1;1l 
ai,:in~ l'l(l,·t• lluu uf vi,ual •Kuil)'. l";U.;ar;u.:1 fiann.01· 

lion, loM of ;w.:cu11uno1.l.uiuu 1 lo"" of o,·ul;'r 11n1,.,.:l._. 
h;.l.rnec, •:le.) ;.111J th<'st' :1pp<'an·d lo on·ur lo ;1 
k· ...... ·r dq;r<"t.' in the '.\l:ir>h:ill<·>e lhan in .-\mni· 

1·:1111. althou~h the ineidn1n· of ar«u• ... ·nili• a1ul 
e;ll.&r;KI> ><~"llll'd hi~ill'r. 'Ill<' '.\l;11,.h;1lll'>t' h;,.f 11">• 
1uyopl;.t. &1IM·rr.1tiun~ of fulur ,.i,.,ion. ;uul a1uhly· 

T.1t.k 11 

K11111,:d.1p ;md 
,\il1111,:11,U." t':\jMN"tf Rt••u.:d.apm..-~j••nl l'1i1iL. t''-1 .... ,, 

1Ju• 1 (IJJ•) 111~1·) 

(~:ul.u nmdi1,uu ~u ' ~u. 't :\:o. 

.\ui.-.:ori.1 I.I II 0 II II 

.\r~·u~ -c·11ih~ "!! .ll . .'1 .II :!~,,j :.!l !I 

.\r~\ 11-Kul•·n""'" pupil I.I u 0 II II 
('.h.1la.1.i1m 1..1 I 0 i~J II II 
( '.horuidui. ., 

:Ill '! 1.:~1 I 
Cu11..:C'l1i1.il dt·f1,·11 .l.U II u II II 
( "..·n1u11l'li\·i1i~ II II .. 1.:~1 II 0 
Curut·..il pi~mt·Ul II II II II II II 
l'.u1m-.d .... ·.ir I.II :1.;·. I l 
l>ni ... ·11 .. II .. 1.:~1 II II 
l~111•1~lula.tlm1111 II II 0 II l l 
L1n1l lt·.t1ion I.I 0 II II 0 
( ;1.rnu1111~1. prim.1r~· II II II II II II 
( ;1.rnn~u.1. "'t"t 11rwl.1~· II II I IJ. 7."• II II 
l.1.·n": 

("..uarat:h I! 17.11 :!t~ 1 ~ t ..... ~~· ~~· IA·111i,ul.u.1f-.u:i1ic."1 .. I.I.ti 11 10.:} l i l i 
f'1tl\Tllrt>Ul~ltk'. JitH"t'U 11111 I.I 10.11 l; l; 

~1.u:ul.ar dt0 '{L"IM.'ra1k,n .. :I.II I o.;:, l 
:'..: i~J.1 \'i!tlion impainm·ut II II II II 0 II 
:'\~·!lllOll:lllllS I u ~ l.."1 II II 
l'lnhi~~ hull.W u II II II II 
Vim:un:ula IO.O Ii c. 
1•0~1i\'t" H.uml•·rac l u 0 u II II 
l'n•1>h ... U. I u l U.i:t II II 
.. 1,.-r~ ~iwn 17 ~1.0 ~ l .II.II :.a.• ?:• 
P10. .. i!I. ., 

:I.II II II II II 
k1·t111.al .1r1criuM .. lt·r1"li. 11 1 ~I.; l'I II.II l 
k1·tmJI ht·11111rrl4,u,,:n• I.II II II II II 
kt·u11.'l"'·Jn I.II ., 1.:. .I .1 
Kt·t111up•11h~-. dl..h1:1w..- II II II II ., .. 
Strahf...,nu~ UI .. 1.:. 
L\·cl1i~ l.l II II II II 
\'a1rt,M.llllflWl·i1K."1 .. :1.0 l 0. i~t I l 
X.u11h11w11.1 I.I 0 II II II 

• Xumlx·r of IM..'upk· t·x.uui1K·d. 
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01•ia. '""" nu1able was 1hc:ir lack of re1inubla"'o-
111>1• 111ali~nan1 mdanorna• of 1hc choroid, and 
l1a,.; .. l n·ll ~;1r.·ino•na of 1he c\·t:lids. 01:11lar pa1hol· 
oi.;y cau><'d hy ht·r1,. .. •impl<'ll or 1.o•lcr \'irusu wa• 
uul *·t·n. :'\u l'aM..·s uf n·tinal tlt·laduuc11t tx:curn:J 
,.,.,.,'I', in 1wu , .. ,.pk· as a ••:•111rla of un•lar suq;•·~·. 

( :urot•al !M.';&ni, lll.iU.'ul;.ar c.lt·~t·1u:r;a1iun, \'ilrcuus 

llua1t·1-s, aud olht·r <lt·'tt'IH.0 r;.1tivc ln1r;.u11cul••r l·u1uli· 

lion!\ \\lTl' M-cn in ;Ll>olll the nu1nl.K·ri. C'.\)>CCtl'd in 

•ll&\' pan uf tlu· \.\'urld. :'\u 'f'H''c'"" infe!tt;.1tiun or 
ollwr iutro&1K:ul.;;u par;.&!\il.C."'1 hoa.vc IK"t.'ll l'HnHHHt'H'tl, 

;uul no tM:Ui.lr iu\·ul\'t'5Ut'lll hy the.· para:-.ilt."1 

Uruh"u'o' ur hlari•• h;.1~ hn:n "'-'CU. 111 du.· ouc ca!< 
ufinal·ti\T lt·pnr.-y ou l{uui,:t.·Lap uo tK ul.u lc!ti11u1 
han· IA't"ll nu1t·<l. Souu· ,JM·upl'-· h~•' t' n·,,idu.o•l M:an 

of ya\\~, hut nu ~•l·tivt• ll":iriiuu~ h;1n: lKTll ~·t.:u dur• 

iuo.: 1hc· :!ll-yc·;ir IM·rio<l. 
:\11.,.l uf &hl· nu11,tl'11l1;.al 111alfor1natio1u and fa· 

111ili•1l tM:ul.;•r lliM·a~"' found in . .\11u.:ri(·;rins w..-rc 
uot !itit't'U in the .\lar~hallc..·Y:. "tKh ••" tK·ul.tr dvflllitro· 
pliias. n·lluitis pi~nat·ntu"-il lt.·0111.~t·nital 11i~hl l,lind· 
IH.'!\.,), t..:011~,·uital •·;.teu;u.:h or i.;bun>1u.a in thr 

~OUU\t ur f;11u'1i,al 1.:tuu.:u1na 1n oldl"r pt·uplc..·. and 
l·ulultunaa of tlu: iri" ur pu~ll·1 iur !llt'L:lllt"l\I of tht' 
t·~·r. ( )11 the otlH·r h;1nd.tTl"1t•in n1111~n1it;•l trait~ 

app.11 l·u1 l~· ptTuli.1r tu ll1i" 1 ~UT \\"t'l l'.' 11ott.·d. 'l'he 
;t\Tltl~•· ,iit· ufth..-t.·unlt"a'.\ i .. i.:r•·.att·r th~an in the 
l' .S .. 111uu· th;1n hO'; uf thl' p1:uplt· t"!\;uui1u.·d ha\·· 
i11~ nu·u,·••' > l I nun iu tli~u11c:tt·r. 1 u - :.' ~ uf tht.· 
pt:uplt• tlu: rl'tiu;1I \"l':iri!llt:I~ ~110\H·d incn·a:iri4:d lurlu· 

o!rooily (n1rk!lll.·1t·w-likt·) ;u1d dd.•t.1tion. ·ri.i~ pht·norn· 
•·•u•ll h~,,,. ~unwti111t·~ bn:n tt1und ·'"'~o,·i.:Ht:d \\ &d, 
lill' •iddt• lTll lr;1il, irnl !11t• l;11l<"r h.1> nol ht'l"ll 
n111t~I in 1hc· '.\l;11.l1alln<'. 

l>it·tt·ti .. · •uul hyL:it·nil· n.rulitiu11"' in tht.• ~L&r• 
:irih.111 l:iriL.uuf,,. 11.;n·t• i11aprun:,f u\t•r tht· :!U ~t..·•U:t uf 
thi:iri "'tud~·· In t·arli•:r yt·ou~. pour 11ii.:ht ,·i:iriiou •n 
d1il'-ln·n dul' 10 \·i1~1111in .\ dt·lit.·it·1u.:y w~&s tM:t·a· 

,,.luually found. euul 1nullu!t4.'Uln nl11l.1~io:iriurn was 
._.,.n 1nun· fn.·,1u1·1ul~·: .;al"o lt·~iu11~ i1n·ol\"&n~ the 
J.in ur 1hc· ··~···lid•. furd ... ad, and r ....... II h;1• l•·c·n 
!'11.'\Troal yr~1n ~int·t.· ni!o:hl \·i~iun in1p.ain1u·nl ur 
1uoll11s.:11111 hoa~ lxTn St'l'U. 

2. Pouible Radiation Effect\ 

Huah tllt' d1·tu11~1tiun iu ~1.,rda 1~(,1 ~i11d du· n·· 
:iriultin..; C1lluu1 ~~l\"t• 1·ist· lo s..·n:r.d I yp•·~ of r.;uli.a· 

lion thal nai~lu t.:.;1us..• iujury tu dit• t.·~·~· 

/.u11.c.·t•11•·,· ,,,,Ji,1t111H. Din·t·t uh!'ltt.·1 ,·,atil)U ,,·ith tht· 

nak1·d c·y<' of lh<· lin·b.ill uf ;111 a111111i<· l•1111b cl<·11>­
n••liu11 i~ Li.uu\\·u ht pnKlut"l' n·1iu.a1 t.l.un••~·· \\·ilh 
,..·arrinl( and 1•issiblc blindnn.• .. 1. 1.:1 1 Thc l\ra»u 

fireball was ol-rn:d by a 51nall number of pmple 
on ltongdap, and, though ii. distance from them 
precluded thermal injurr w 1hc 1kin from long· 
wave (visible and infran·d) lia.;hl, injury IO lhc rel· 
i11:1 musl be considered. The firchall "·as de­
..:rihc<l hy tlw Rom;clap pc·ople as appcariua.; ··like 
the sun risini; in 1he wen." Ther probably <lid not 
,,. .•. ii al ii• a.;r<ea1t:•t lu111inesccncr. wlwn 1hc dam· 
aa.;inl( ucul;1r cffccu occur, bccau•c 1his co111c1 a 
fr~KtAun of a 111lcn.t!rooC.:'Cun<l after dctunatiun, !O that 
al a <li•1ance of 100 111ilcs 1hc f1n:ball wuuld nol 
nl haw ri ... ·n al~•vc 1hc huri~un. ;\J,..,, al 1ha1 dis· 
~nc·e 1he •i1.c of 1hc i111aa.;e un 1hc n:1i11a would I~ 
Y11all. Th""" fa<·lu~ prol,..hly explain why no one 
•·ompbim·<l uf hlindnc" fnun >t:ei11a.; the lin:ball 
ahJ no 1...-la11••l """-·•tr1t ha\t: hc.Tn fi,unJ 'n any ufthe 

p•:uplc. 

/ .. 111:i11( ..,414/iuN. The folloul on ltona.;d .. p re· 
... i1u·li in a 11a111111a do.c of I i5 rads w 1he whole 
hudy indudini; 1hc eye•. lkta ran lru111 fallou1 
tlqxi.i1<·d on 1hc !!round and co111a111ina1ini: 1he 
•·y< .. rc·•uh,·d in Millie •upc:rticial cxposurc uf 1he 
lid~. t.·oujunt.·tiva. and curnl.'a. l>ut lht·ir lo\\' )>l.'IU:· 

tra1i11n 111.1k•·• i1 unlikch· 1ha1 1hc l•·ns or n·1i11a re· 
t.·t.·i\·t·tl .1ny si~nitM..·anl tloM: fro1n thi:. ~oun·..-. Dur• 

iu~ tht.~ l\\"U tl.1~s lx·fun· t"\"al·u~uion, rnany uf the 

pc.•pi.., co111pl.1in<·d uf "'""<' i1d1i11a.; ;rnd lmrnina.; of 
tla· t•yt·i \\'lh :M.>11\e 1.,d1ry111at•un. Tht.~· !ty111ptrnn1 

1n.iy h •• v.: lxTll n·btl·d to radi.1tiun fnuu f.dloul in 
lhl' .,, .•.•. h111 phy•ical and d1t"111ical irri1a1io11 U\' 
1hc c;1u.1ic· follrnll du•I mav h.l\.l' pl;l\'l'd ;in im· 
l"•rl:1111 p.1r1. lllll't llal al,,.urp1io11 of r;1diunudidc1 
pn~>aulr did no1 nm1rilrn1l' h• al1t· r."lia1iun d......, 
lo 1hc cy<-s. 

Cu11ju11cti:·iti1. The hurnini: and ladirymatinn 
di•;ipJK";irc·d h,· lhl' 1ina· lh<· p•·opl<' w••rt• ,.,.a.·u· 
:uni lu 1'w;1j.al.·in l,bml. I l""l'H'r. at 1lw 1inll' uf 
t.k·\·,·k•pn•,·nt of l)l.:lt.i burn~. ~1bot1l :! \\"l"l'k.i aft,·r t'X• 

posun.·. lwo 1ut·11 c.lt'\Tll>pt·d nu1junl·ti\·iti» ;1nd in· 
ll.11nn1;11ion of al .. • l'\Tlid• hhid1 111a\· h;l\c· b<'l'll 
due..• lo lx·t;.i lrr;uh.itiu~1. Tht·M..0 le:iiiLu1u h~·alt..·ll \\·ithln 
•·n-r;1l d.1~··· 

(.',,,,,,.,,/ /1ictnnlft1fton. lk·i:innin\: 6at ;1hnul :! 1uon1h1 

po""l l'Spu~un'. in M•lllt' pt·oplt- •• pit:llll"Utt·d linr 
\\~ls uutt·tl in th,• ,,.,,rn1·a .tt 1ltt• li1nhu~ ln thl' huri· 

1.0111.al a!\ls of tht· p.dpt·hr;al lissurt'". whidt ap· 

]"·arl'd lo IM· l>t·low 1h•· •urf ... -.. of1ht• q>i1h.·li11111. 
II v;u i•·d from 0.:1 In:! m111 in lc·n~ll1. Thi< may 
h .. , .•. IKTll dur h• lx·1;i r.1di;11iun ;1nd wa> l"""ibly 
n:l;H<·d 1u 1hl' hluish pi~111c·111a1iun nol<'d in thc 
n;iil IK'<"- Th<· l.111.-r dis;1pp•·;in·d wh.·n th•· ti.iii 
lx'll i;r•·w oul ... -n·r;1l mun1hs b1rr, bu1 1111· n1n1l";1l 
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pii:ml'nlatiun pt·rsi•t,.d fur IC'."\'l"rnl ~·ran lx·forl' ii 
lin.111,· dioappt·ar<"J. Th .. .,.,. pii:m•·111t•J stn·au ;m: 
1101 tu bl" n111fu><·d "i1h t'onj11m·1i"al and l"tlf'111·al 
pi~1ut·n&aliun of ~t·nc.·til· ori~in nott•t..I in !6onu.· of 
lht">t." pt"<>pl~. \•hid1 is in ilw.· •11pc:rli.-ial ,.pi1hdiu111 
:uw.I i• p•.-rm:tm•n1. 

/'ta:i~w 11111/ pmi:ur1'Ul1u. l>urini.: tlu· t·:trly •111"\'t'P 
tin.• i1u.·;dc.·nt.._.. ut ptt·ry1.:ia and piny:uc.·l·utu· W••• 
1ho11i.:ht lo Ix· !(ll'Olll'f iu il1t• l'Xl><JM0 tl Kuni:d;ap 

lll'opl<· th:rn in 1h,· un<'"l'"'"'I n•mp.1ri .. 1n popul.t· 
ciuu. I lu\,.,.,·,·r. •U du· l~tth'r !ii:roup h~,,. i1u:rt·a..~.-tl. 
thi• nu luni.:a "l'IK';on i.1 l1t· llu· """'.- \•n· T.ibk· 11 J. 

O/"lflllo u/ lh#" lou. l >p.u:itil''.'I uf tht• It'll,. h.an.• 
hc."t"n ~• nH111uuu lindi11i.:: iu tlu· ~l.u·i.h~dll''.llot' l~c.·c.· 

T;ihlt· 11 l. ·n,,.,. ;or"" urn! in "' dn .~· d<Trt· • .,.inac 
~1.c air. l"•ll•1r;ac.·ti (a1 bi1r.•ril~· n1u'.'lidt.:1c.·d all a lt·ni. 
up•u·ity i1npairi111.: \'i'.'lual •u:uity h\· ~ :!O JO). lt·n~ 
up•M..·itic.~.1•alydu·oa11.uK: ,_.JHTll ..... ind 11,-,·~. Spt,·i;.al 
1nit.:rus4.:upit: L'X~1111in.11iulb f,,r h·u,. tlt.·l·L:.. ''Tre 
mado: in l ~Mi!l. 13 

lrr;.uliatiun of &he lt:U!lo in !\Ulli .. -i,·111 J,l!\,."lli:l'S 1n.1.\" 

n=~uh in a ~pc.Ttru111 uf u1Ml·i1it~ ra1u.:i11i: fro1;1 

polyd1nuu;11k.- ~Ju.,·ns tu full-lllo\\ n l·.1t;1r.;u. b . .L"1-·'" 

l>uly in the t·arly '.'llol.1~,..,. of t.·;11.1r~u.-1 fur111~11iun ,·an 
d1am,;•~s l·har;.1l·1t.·ri ... til" uf r~uli.atiun ~t·1u·rally be 
rt.T1•1i:11i1.L·d~ 1non· 1n;.11un· c.:.11.u.u.-1"' thu· tor.ullt.1· 
tiun \Uually t•t.llll\UI hL· dill't·1T11tiatt·d fnu;a thoM.." 

duL' tu .;u.:in~ ur di!'ol·;a~c.·. Tia· dt0 \Tlup11u·11t of ll'U> 

op.u.:ilit.·s due.· lu r.;uli.a1iu11 c.lt-pt·1Hl, un the.· L·h;1rek'• 
tt·ri:r-ti .. :sufthc.· r.;uliatiun. the: ai.,:t.· of the.· ~ndi\·idu.al 

al c.'l"""n" and tlw i111t·n·al afi<·r irr:uli;ition. 
:'\c.·u1ru1u are known to he.· !lot'\Tr.1l 1inu"1 a~ c.·at.a· 
ra.:tul.(c.·11ic a~ ".;u1uu.;a ur l>e.·t.a ray" .;uul plo.ayt·d an 
ianport~anl role iu Gllar;.ll·l dt·,·dup1ut·11t in the 

Jo.11>.o•Ul'SC." l'SIJilN'd tu 111l' atoiul,· hu1nl..,. a1ul al,o in 
l'\"t.:lutrun wurkt·n.:a;.;H• 111 the ~L1r~h.1llt..•R' uuh· 

~~uu1n.i& r•adi.1tiuu nt·t·tl bt· tu11 ... itkrt·d IM.T;ua~~ 
nu nc.·utruu, wt·rc •u\·ol\"t'd in l!it· l~a11uul .uu.J the 

beta radia1ltu1 did nut h.1n.· ,qflit..-it..·na t•ut·q1:\· tu iu1 .. 
p••rl a si~niJit·ant dus..· tu tht· lt·nl(. ·rhe ~;u11111a 
r;idia1io11 had a fairly t'11cri.:<·tic •J><·•:lrum ( l\MJ 10 
i:.oo kt·\'). Tlw l i."1-r;ad do'" "as dcli\'l'rcd al a 
dt"l"rt'a"'i111.; ratt· ••\Tr tht· h\u d~•Y"' .,f e:\.l)l""Un'. ·nu· 
1uininuu11 t.·~1tara1.:tu~t·i.it· 1.luM· uf s rJ\"~ ur 1.:anuna 

ray, i~ l."tHl!\idt·rnl to be.· - ~00 r•uls an~I thc..- c.ltM.' to 

produc.:o: pru1;r<' .. •in.- lniuns, - ."11UJ r;HL,. '" Tht' 
l~alcnl pcriu<l tl\"l'rtl~t.·i .about ".!. to J \"t•an. \\.ith 
lari:cr d1J!OC• 1hc lalc,111 pcriud "'""ht' ~honer. a11d 
with lo"°cr do•es ii m;iy he ~II \'Can. 

Thr sm;&lk!ll lens op;it:itin ol.•...rn·J \\ilh sli1-
la111p 111it:rust-.1py wcrt' lcn• llcc.:k•, whid1 ;.ire 
1hou11h1 lo he <ldct:11 i11 si1111k lc11s Ii hen. Tht"><' 

I ,1,1. 

di•·rrlr u1iad1ies \\'l"rl' al 1111 .. 1 uni~· a ft•\\' 111i.·ru111 

in ,u, ... a1w.I n1L1kl in no "-ar i1111Mir \·ii.i.111. 'llw.· 
11u111l1t•r of llt·d;s inat·;i,...·d \\'ilh ;.ii:r in all i:ruup•. 
lml lllt'r t1 .. n·lu11t'll nulf'<" rapidly in adol<-..·t·n1 t<--
111<1ll's.I~· .\ hi~h<·r 1<'11rt• in t<·111:1lr1 ;ii:t·d LI 111 :!O 
al t•spueri11rt• 1n••Y ha\·t• hc."l'U n·turc.110 tlu· radi.;atiuu. 
The hii,;h<·r inl'id,·m·•· of ll"d'" in ;ul11lt·><'t•n1 f,.. 
m;olt'S "·;u 1huui:h1 111 lx· ., ..... ·i;i1<•d \\'ilh lht·ir hii:h 
l"'llolfUl.!t'U It'\ l 0 l.1i. 

Ollll'r 1..,,. up;id1i,.,. 111,..·n·,·d in 1hc• t"XIM""'d 
:'>L.ir,h.1llt ... t• did nut tit lh•· dr>.-rip1iun• of r.uli;i. 
tiu11·indun·tl typc.·:i. ;.aud w1·n· 'i111il.,r to tlurw.· "WTll 

iu thL· unt':\.IMN'd J••pulatiuu. ·n,, ... 1....._.,.._.,. ut'r~uli­
at,ou-indun:tl c.·,11.11.td,.. i" llul uuc.·.\pt·1:h·c.l. ~i11t.·t• 

tlu· du._.: lt 1 thc.· ~1.u ... h.1llc-,.r \\•'"' IK·low tht· 1ui11i· 

111u1n du>e: uf ~ r.I\,, 11r L:.1111111.1 ray" 1u·t·tlc.·d. ·nit• 

Lap"'• uf:.?ll ~c.·Jr~ i-. \\l'll hc·~u1ul thc.· Ull-ll•tl bt1·1u 

pc.·riud •ind ii "l't'lll!t uuliL..rly tho.al any ,.uda Jt.,.i111L' 

''ill d .. n·l.,p .. -\ll 1l1t• .-;i1.1ral'i. ,.. ... ,, ha\'<" 1,.., ... of 

t11t· x·nilt• ur pn·-""·ullt· typc.· .;11ul "u ju\·c.·nilt• c.·ealo.&· 
r•u.:h het\I: lx·c.·n nutt•tl. p,....,,ihlt•t"••rrrl•1lio11 wi1h di~•· 
l>t·h-. i> di,...·u-. ...... 1 iu S..·,·tiun Ill.(;, Ii. Thr •lii.:htl\' 

hii.:hn int·itl .. m·t· of .-;i1.1r:u·1> in ll1t· t'Xpo•1l'1I Kua;. 

i,:c·l~•p pt"uplc.· o\rr thr ~t·;ao 1uo.1y Ix· n·l.1tc.'d to .a 
"'li~ht pu:pu1u.lt.·r~Uu.."l' uf oldt·r pc·uplt• in tht• c·~· 

l'"""l IM•pul.11iu11. 
l'ul~t,:11101ua1 ic: 'lil't'll'.\. yc·llu\"·i,h or •·J,.·.;11c·11 

l.r.l~, .. lo hhu··t.:tt"t'U int olur. \H"rr nuh·d in ..,.11nt• 
:\l<1r..!1.1llt'><'. IM•lh ""IMN'll .1111l 11unt·x1MN'd. Tiu.,..• 
\\t·re not .a~'4•t.:i.;ttt.·c.I with •111y lt•ntit·ul.tr up;.ac:i1ir1i 

d1Jir.;w:tt·ri. ... 1k· uf radi.:ttiou c'.'lk .. un·. 

F. GROWTH ANO DEVELOPMENT STUDIES 
OF EXPOSED CHILDREN 

1. Data Tahn 

1>111 ino: ""d' 111e'lli1·al •111\·,., .• ~· 111 .. :\bi.-h;oll•.,.... 
pt·oplt.·. '.\~ ,1t·1n;11ic.· l)t•tlia1 r i,· ···s•• 1uin.ati411t~ l.a\"l' 
IMTll nuuhu tt·d uu ii-ubjt.Tls u1ah-r tht.· t:hruuulu~i· 
•·;il ;ii:1· .~·:!II ~T;or. ("-"<" T;ohl .. l."1) with lht' l'Xffl>-
1ion of adult·,,n·111 i.:irl!!i \\·hu \H'rt' prn,:11;1111 or \\·ho 

h•nl h.ul habit~. Tiu· 'tudic·, n1n~i,11·d uf ~• 1,rid. i11-

lt·n·al hi"'lury, ruu1i11t· phy~it ;ti '''a11ai1111tiun. pal­
l);&tiuu ul" llit" th~r11id 1.:tuul. .:11ul .:1~,t·~,11wn1 of 

i.;n•\'ll·th :tud dt·H·l••1u11t·111. 

Tht· ~'""'' h •lat 1L' .,f 11,.. •·hildn·n t'XlM'""I 111 
faHoul h;L.,. lxTll 14•1luwc.·d n·i,:ulou Iv '.\itM.'t· 1hc- ini1i;al 
cx•unina1i1u1. Fruin l!(• I 10 I !t:,a'tht• &;row1l1 cl;1t;1 

l'IUl!lti~tt·d of ruutiut• 1n1·.tl.,UH'IUl'l\b of l\lalurc· ,ilncl 

''"t.·i""t&1. ln l~t~1~•. rut.·ut~r1101.trapliil· t'V•1lua1iuu uf 

··11 ....... ~,,..,,., .,.rn-d .... .-1" l)r. J. l~••·111..a11.. UXI .. 
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'1.dt·tal tic'\Tlupnu:nl I l.·ft Ji.an.I .1111 i \\ ri ... t J \,·as 
iuili.aln.l. 11 6UHl !\\.,lt'llla1it· th"' lld1-t·111 •• 11u11 uf an· 
llirupo11w1rit· d •• ;., \\.iO ~taru·tl. "l ~1c.· dot·unu·uta· 
tiuu \\·;b ,·un1i1uwc.I dur in~ tiu· i.un ,-..-dini.t t,:xa111i· 

n.11iun11o un ~ubjt·t:l"- t·ou"'idt·n·d tn l.H.: iu die.· L:;IU\'th 

pl"'"" ti:1·111·r;11ly 1l11u111:h al(t" 2111. Tl1t· 1t11a n:­
n•ult·tl n·i,:ul;nh· inc. ludt·cl :..t•1ndi11i,: lu·it.:,hl ('.-ital· 

urt·J. hod~- \H·i~ht. IH";ul t·in·u1111't·rt'lll"<", ht•ad 
\\idth, lwoul lt·11t.:th. t·ht·'.'\1 t·in·un1krt·1u:e. hi· 
;u·101ul.1I \' ithh. ;uatl t·.alf ,-ircu1uf1·rnu. t". and !t.pu­

r.1di,·•1ll\· indudt-d !t.l11i111.:; l1t·ii.:lit. d1t·,t '' idth.dlt~l 
d1·pt h •• :uul but1t111:k" t·•u·u1uh·1 t"IU.."l'. l ~HT • .\p1w.·n· 
.i;, i.1 

Thr dr\'t•lup11u·n1 of "'''·oud;ar~· 't'X d1ar;u.·tl'f• 
i'tin •. w.1, c.1u.•li1;1li\"rl~ ••~:..r.,..,...,·d atTurtlin~ tu th~ 
..i.1111t1rd ni1rria i:•·nrralh· .nTt0 plt·d in 11ruw1h 
,11uli1-. tl :1·1·ulid1 •"I ;11 .. " Sh111tlt0 \\·ur1h '3 1. Sud1 
prun·tlun-. indmk•tl lht· ,1.11:ini: or l.n•;o•I <kn·I· 
op11u·n1 lu ~irl:.1: ,.,.1i1n~•liu11 uf d1t· l~T"-'· p~•Ht·rn, 
.uu.I .1111011n1 of hotly hair t l~u·i;•L pubil·. a~ill••ry. 
t"ll". J; ••Hlf :..l,aa.:iu~ uf tlu: ~fO\\ th uf }K"lljllo ,&Hd h~t"S 

in hu~"'· Uuria\! ,.,.,.,.r,,1 c:,a1uiu.ui1u1s. phutu· 
~·a phi,· tl1"'.f.'UlU&'nl.ali1111 \\ ,,,., tl111u· .a:.. p.u l uf tlu.· 

;1"'"4"'-'"'''111 ••I' i.:nm.th "'·''"" ~uad l1h~ "i'11u-. 
0

l"iH" ftM.'11h,:r11ui.:r.1phit· t•\·•alu.11iuu of :11k1·lt·t.al 

tlr\•·lupnwnt \,.,,,., tlo11r h~· dll" iu""'i""' 1iuual tt•t·h· 
uiqur of ( ;H·uhdt a111l P~ k. 11 .and 1 lu· .\nh·ril·;.an 

.. 1;1111.l.anl"' '""'"" u...c·tl l~•r n11up.u j,.,11_ 

l. PhyWc:al Findingt 

·1·hc· t·~u I~ ,,....,,.,.,,.,"'un· ,.,.uui11.a1 i1u'"' i1ulit·.a1&·d 
1h.a1 th1· yuuau.:,·r t·hiltlu·u. i11 i.:,1·1u·1.11. 1u.1nitl .... 11·d 
1uurr rxh"U1'i\'•" •UHi anon· ,.,,.,.,.rt· r .ul1.•lu1n injur~· 

1li;111 lh<· oltli-r d1iltlu·n ;oml ;11lull•. l"ullo\\ iui: ,., .• 
t·o\·t·~· fru1n dK" a..·u11· dft'\'b of r;ull.11 lou. 1 ht· O\"l'f• 

all ph~-,.i,·al llalu• of ihr d1ildrt"11 .1ppc·.1r.·1l 10 hr 
normal,.,,.,.,,, r .... lh•· ... 1 ... ·11111·111 dn1·lop11u·111 .. r 
1hyru6tl eihnunu•1li16t")i, whid1 •Ht· ,tiM.'ll!llM.'d li.:lu~· 

'!1 

in Section I\'. The otlwr physical findi11111, whi<·h 
h;a\'c bttn can.fully tahula1cd in 1he indi\"idual re­
port• for each 1urvcy, indicate no dclini1c pancrn 
o( ahnormali1i1.-s 1hat would diffcren1ia1e 1he n­
l'""·J children from the uncxp<...,J cumpariwn 
<hildn:n. The usual spccirum uf infccliuus and 
noni11ll.-..·1lous di>rax-s. congcni1al anomali1.-s, and 
phy>iolo11i<·al varia1iwu has Ix-en noll-d in l>u1h ex· 
l"'"''J and unt:Xf"""'d children. 

3. Growth Stat.,. 

l111t·rpre1a1i11n ol'thr an1hropom<·1ric data and 
;a, ... ._,111t·nt uf 1hc yrow1h >lalu• of the cxpo-<:d 
l~oui:dap d1ildrt"11 havr l><:en <u111pli<·a1<·<l br (a) 
radi.1•.,11 i11j11ry lo lhe ll1yroid .;land, (IJ) partial 
or lctal 1hvrnidcnu111ic• in 1he d1ildren whu <le­
n·lu11t·<l 1h;·ruid nL~1pl;,.i;1, and (c) 1hc a<l111inis1ra· 
lion or lh\"roi<l hunnonc to tht· c1uirt" cxptM·d Ron· 
i:..!.1p l><;pub1iun •i1Kc Sq>1<·111h1·r l ~i:J. Ir 1hr 
tlala on 1he 1hn:c d1il<lr<·n (:"1a. J, 5. ;rnd li:JJ who 
\\ere ul"·iou•ly hyPo1hyroid an<l h;id markrdly 
..i~;ill l><l(h· 1111·a•urem<0 nh arr exdud<·d, cumpari· 
"""of"":"" sia1ure an<l .kde1al :1i:c: indit·a1<·d no 
•lati>lit·allv •ii:nili<-a111 ditfnenn· ht·lwt"t'll the l"X• 
l'""'·d and unespu•<."d d1il<lrt·n for t·illwr l>oy• or 
i;irl ... 

Cum1•art·d wi1h ,\mrrican tu>r1111. 1hr me;an 
J.t•lt·••'I a'-tt'~ eit ~i\"t•n t·hrunoluL:il·al ••~t.·1 fur c•u.:h 
"ruup \\l·rr. fur ullc.-!\.JMN°d ~irl~. <1uht· ,,,L1nitir. hut 
k•r um·spu .. .-d 1,.,~ ... lh<·~ ap11t·ared 1u be dl"layed 
b\· ti lu i 111un1hs al •·ad1 diro11ulo11ical a~l" . 

. 1·~1rlit•r prdimina~· compa· : ..... ,had •ll!ll(Cllll"d 
tha1 1,.,~·· espu .. ·<l at ai:r < :i ~ t·ars wt"re rciarded 
in ~taiur.al ..:10\\lh cotnp.an·d \,ith unt·xp-.t·d bu~'· 
·r11t· ,.lUTt'lll ;u~.alyM, t·M·hak~ tho•· with a !liP''·it~· 
di.1i.:1u.•i~ufh~ j)Hlh~ ru,diMn. ·rht· indi\·idu~d ~ru\' th 
and dt•\ 1.:lop111t·11t l'llr\'t'') fur 1 J l-hildrl'11 t"!\.j>U•·•·<l 

.al .u.:c.- <.'• ~•ud d11.·ir n1nnul.s~u1.· ~ho\\ I\ in Fi~un"I 
:.?1 a11Ll :.!:.!. ·ri.,. d('t·1.:l of1h\·rold 11t·.atn1t·nt on th~ 

1wu ho\'I t :"'*· J ;ual :>) i,. t•\"idt·nt. S4.·\·t·ral olhc.·r 
diil<lrt:n t :'\u._ 2. I~·. ti."1 • .; :.! 1 h.1d .1 1t·1uk11,·v hi· 

\,·~•rd rt·t~ankd dt·\·dop11u·1u. \\ liid1 lll~l\" havt• ht"t'll 

i111pro\·t-c.I h~ th~ ruld uwdi1.-.11•,•n. 
(. )n tlat· -ti d•l1d1 ,·n 1·:'+.,,,..•·d 111 u/1111. ,·an-ful t·x.un· 

in.uiuu., h~"t' n~ultt·d in no uuu,.u.•I ph~,.i,·.d lind· 
in~"- The.• t.:rtt\\ th pr••_).:n-.,."' ut' .\of tlu·rn l·,Ji lK"t'n 
11rioi1uil.1r lo 1h.11 uf ;~-.:t· pt·,·rt l'.'t't' ·r •• hk lti). llnl" 
1 .. ". \ :'\o. ll."11 h.1• h;1<l ;1 l1t·.1d t·irn1111fnt·11t·r 
"''n:1Lh:r 1h;a111ht· ;l\·t·ra~t· t~..- un1·~1)1r.o.t·d 1na1,.,..,nd 
ei ,.l,_).:lul~- n·1an.l,·d )l,;Ull·rn of ~L..1·ll·L•1I 111:Huratlun~ 

hu1 hi. •l;o1ural ~ruwth l"lll'"l" """ n•1np;orahle wi1h 
1ha1 of u11<·x1><-·d malt"5. 
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}inal C'\'aluation u( 1t;1turC' anJ 1kdt·tal a!(C' ... ill 
Ix- poo;tpom·J umil all the c~po1cJ d1il.trl"ll h.1\'C' 
!'l"achcJ the ai;C' of:! I tu l"n•urc 1h:1t ;11l ;1re fully 
mature. 
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I lt•ii;ht and wci!(hl dat;1 on lllr\'i\'On 11{ 1hc 
atomic ei1pl.•io11• ;11 I lin•hi111a and :'\a!:•~•aki h;iw 
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(adult) s1:11urcs and wcighu, mcauircd al age 21 1 .. dividuals >40 ye1en old ha\'C revealed the cardiac 
or older, of •ul.jech ex1>osed 10 radiation al age chang<.-s c"pc:clcd wi1h aging: arteriosclerosis heart 
,.;;; 17 indic;11nl 1h;11 1 hose expc~cd in I liru>hima 1liJ1Casc ~·ilh occasional <.ardiac dccompcnsation, 
allaincd a 111<'a11 heii;h1 markedly lower 1ha11 nor· Auricular f1brilla1ior, h:u bt.-en noted in a few 
111;11;ind1ha1 1he <lci;rcc of rc1arda1iun dimini•hcd people; rhcumali..: heart disca!le in only twu~ . 
wilh i11uc;~·i11i.: a!lc al cxpc."'urc, bci11g l!rc;uut in l'criphcral \'as<.uhr di.casc..'I (1hromhophlcbi1is, 
1lu101C cxp•....,J al a.i:c ,.;;; 5. The clkcl was more periphc·ral \'Cll4•US uiscasc, hemorrhoids) appear lo 
pru111inc111 i11 lioy•. The pn:li111i.1ary 1;1b11la1iun1 be less rummon 1han in 1\mcricans. O.cillumctric 
of gro\\lh c.la1;1 i111hc ;'\l;irshallcsc childrcn 1 u.~~ studies showed peripheral pul•<.'I lo be cxccp-
.J1owrd .imil.ir 1n:11ds. Sul"'"l"""1ly, !he cx1cr.1111 1iun;illy i;cM.d, l."\'Cn in older people and in diahc1ic. 
1hc 1l1~·roid iuj1iry d11c11111<·111cd i111he :'\l:.r•hallc..'llC (sec below). :\u l .. r1ic, mc1abolic, or nu1ri1ional 
d1ild1c11pro,·idt·d1he l~1,i• fur llU' pres•:111 a»•UlllJ>• IOm1 ofh<·;in di.'oC.i.•c has bcen sccn. 
1io11 1h;i1 i;nm 1h 1t·1anl .. 1i11n rclln·1<·1) pri111arily .;_.-
11 ... rnul1s of i111p;iiu·d Ill\ ruid f1111c1iun. h is an.'.... 2. Artlvltl1 

1i1·in.11t'1l 1 h;i1 "lw11 ;ul11ll (.Ii 11.il I aul hru)""""'ric ;\!au~· :'\larshallci.c >40 years of ai;c cnmplain 
l~U'•l~U.rt"llH'Ub IK't."OlllL" ;1\".11~.1bl1·. lurdu:I" cv••lu~·- or join• ·~·1nptu1n~ in 1hc artll!l and lc~s aud to a 

11011 ul_ lht· i;ruhlh J>all<·rn ••I 1hr :'\l.1r>h;illt'SC d11I· lc»...:r cx1cn1 i11 1he lower hac..k. :'\lany, parlicularly 
drcn l111d11d111i; h11li11·.r '."".".mt·111 ol 1he cllec1 uf ihc older ones, ha,·c complained also of \'ague 
lh~·ruul hurnu•11e ;uh11111"1r;i11u11) will be 1'""'1hle. muscle pains in 1hc arnu ;rnd legs. Some olclcr 

G. DEGENERATIVE CISEASES 

The :1.i;ini.; pro<'l'"' i• accompanil'd by an in• 
t·rea~·d i1Ki,k1Kc 11 d•·t;l'llcr;•ll\·e diii.l·a~l~, and lr· 
radiait·d ,1111i111•al~ havt· ~huwn i11rn·i1,!llit''i hud1 in 
1.;t.·nt·ral a.Ltill.~ plu:no11u·n~1 ,1uul in sut:h di~•&M.-s; 
llu·rditrc, in lht~· '111dit·~ t·arcful l·on"'i'h·r•Lliou h;as 
l.K·t·n ~i\'t'U lu "'i~n' uf ~u:iu\.:; atul lu the itu:idciu.·~ 
of •·anlio\';1sn1l;ir disc·;"'"'· ;111hri1i•, and olht·r de· 

1. Cordlovo1<ulor Di1eo1H 

C..rdim·ascul;ir di ... ·as<'• ;1J11war 10 he nu more 
p1c\·;1lt·111 ;11nuni; 1l1c ~l.1rshalksl' lhan iu .-\mcri· 
•·;11" ur ulht'f 1••p11l.11ions, and 1111 differc111:c wa1 
linmd l•·l\H'l'll 1h1·ir irn i.l1·m'l'• in lht• l'X!MJM.'ll and 
11111·~1"""" i:ruups. I h IM'rll'11si1111 ;1p1x·;1n In be 
"11111·,, h.11 I•·" p1<·,·al1·111 ;1111011i.: 1hc :'\l;1r.hallc...c 
1ha11 amu11i: .\111 .. rit ans. 111,.,.J prt.,.s11n·1 > HO;W 
h;1n· l.x .. ·n 11·1·unlnl in uuly ;11"1111 'J';; ut'1hc people, 
and 1hc incr<'asi11i; )l<'rt'Cllla!lc of uldcr people in 
tht· s•udy L:ruup."" dot~ nol !"n·1n lo have raL:M..·d the 
i1u·itlt.·11l'l" of hypc·rh·u"'iu11. ~l.,ny of the youngl·r 
p<·oplt'. panit·ul.11 h· f•·111.1ks. ha\'c 1101;1hh· lmn-r 
bJ,.,.J 1''''"1110 (!tit- lllll,':1•1.1i:1). The i.:•:ncr;ilh· 
lmwr hl1•1d )lrt'SSllfl'• in lh<' ~ l.1rshallt·sc· l;an· lJl'('."1 
1hu.1i;h1 lo Ix· rd;11,·tl to 111\H'r diclarv o;1h in· 
talr-•:.1 .ui lJLU 1 he ~radually iiH.·rt·•1~i 1.g ~M: of i1n· 
por1•·d fi••·.l• ur i:n·;il<'r s;1li n11111·n1 h;u causl'd 110 
app<in:nl innc.1Sl' i11 l"·1x·n,·n,i1111. ~l'rum •nlium 
;111<l po1a .. i11111 1,·,·ds haw 11s11;ill\' ht•t·u i11 thl' nor• 
mal ran~c. Routine d11·s1 x r.1'' :ind ECG's on in· 

women dc\'dop marked kyphosi1 in 1hc luwlor 
1horacic-l11mbar region which may be rcla1ed 
parily lo lhc !l(lllallini; or stooping pc,.i1ion 11<.-CCS• 
11ary fur cooki11g o\'er open lire•. X rays .!1ow many 
of 1he abm·e c1n11plainu lo be as. ... icia1cd wi1h 
o•l<'t~ir1hri1ic cl1a11i;cs; hul ma11y p1:oplc ,,·i1h corn• 
plai111> <k> no1 h;1\·e tlcli11i1e 1Mt11c d angcs. ;\nhri1i1 
"""n" no more 1·un1nion in 1hc expoS1:d I han in 1he 
1111cx1><...,d l"'l"'l;11iu11, and ii• i.>~ncral inciclcncc 
cloc11w1 dilfcr i;rc;11ly from 1ha1 among ;\mcri• 
cans. Khcu111a1u;cl anhrilis ho.·: rarch· been seen. 
•:x;11nina1iun 11( 1he scra fur "rhcun;alic fac1or" 
g;l\'e po•ili\'e rc1ul11 in only a few casn (3 of UH 
IC•lccl in l !6!>).• 

3. Nephro1Cl9rosl1 

Pri111;1r• kidney disea< · ha• 001 been nolcd frc• 
qucmly, lnn 1wphruodcrusis has occasionall~· been 
1ecn co1nplica1i11g carclio,·ascul..1 cli>1<·a.c. 

'·Aging 

R;11fo11io11in1ubl1·1hal cit"'" may reduce longC\'• 
ily in animals a11<l 111a11. ln<luc1ion of 111ali;:nanl 
1r;111•f.•r111a1i11n i~ wcli tluc1111w111ccl and a<·counls 
for n111'I uf 1hc early tlc;11h•, I l11wcn:r, <lcn·lop· 
11•<'111 of pn·malurc ocn<..ccnce wi1h a,..<0<·ia1rcl de· 
~l'Ul"roulvc di~l'."1."cs and inununodc..'licicncy. as a 
J.alC dfl'C1 or l'XlXWlllfC, is alsu bclicn•d lo aet'OUlll for 
1<1111c d•·i;rt'C of lifl' shor1c11i11g in animals. H·<t• For 
humans. clclini1e prnof of such clkcts i1 lacking, 
1hc only tlu.:umcnlcd lifc·shor1c11ini; clkcl being 
rc~u<'ll lo 111alig11anci<'l.'"'·~ 1 In 1hr Japan<-.C 00111b 
sur\'i\'ors, lhc <.:orrcla1ion of Jifc-•hor1cni11g with 
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malignandt-s is \\"I'll docu111cn1cd.)~·M but 1ha1 with 
otht-r k.,.. well·ddiucd aging criteria i• not cll·ar­
cul. Beebe cl al.,)~ rc1x11"1i11g on l:JOO deaths from 
19)0 lo l!ltili among ll:!OO exposed Jap:llll..C, 
Slated: ••Once cancer i• re1110\"ed from the li•I of 
natural causes. 111ortali1 y appears lo l.it·ar no rcla· 
tion lo radiation do•age. In none of the -t time 
FCriods i• there e\"idt•nce of general increallC! in 
mortality 1ha1 oue might cxf>c<:l frrnu the hyp•thc­
si• of accclt·ralt•d ai:iu!(." 

Since the undcrlyin!! 1m·d1anirnu of ordinary 
aging arc nol t:k:1d~· ddi11l'd ii i• dillin11l 10 t'olll· 
pare radi:uion dl",·t:h with 11,.· .1i:i11i.: pro•«'" :111d 
to n-cu~nizc ahdr i11tl·r•u.:1iu11. S1udic" uf lnll~l'\'• 
iiy i111he rd;itin:ly •m;ill :'>l.1r>hal!.-se 1111p11loi1io11 
under obscr\':lliou du nul pru\"idc ;1ny e,·idc11t:c of 
a P'""'iblc lifc-•l10r1e11i11g effet:i of radioi1io11 . .-\1 this 
time the a\'erai.:c age al <k;uh in the Rongdap ex­
posed group isti-1 yeancompared \\·iih Gj i111hc un• 
exposcd popul;itiou.and GI a1111111g the unexpo.cd 
Uiirik people. ·nie dilforcm:es arc 1u11 •ignilit:anl. 

Numerous cmpiric.1l •111dies ct11Kcr11ed with pu1° 
siblc r:11Jia1io11·i11duccd aging ..tllTh ha\'c been 
carriL-J out on the Japant'SC •ur"i,·or•'·~·"'' and on 
the !l.lanhallesc.•·•~.i:i.:.;.i;t On sc\"t·ral <K:C<L•i<ms 

Rongclap people wcrc giH'll a l.iallcry of 11ons1>c· 
cilic ll"Sll fur agiug similar lo thosc used in the 
Japane>e .iudit'>."· 1 ~· 1 " Some of these Lesh were 
l.ia><-d on subjecli\'e a.o;scs.,111enl, un a 0 lo~+ !11.:ale, 

of i1c11111Uch as grL·p1t'Sl nf h.iir, an:11s1t·11ili•, ..,nilc 
changCll in the .kiu, balding, etc., but mo•t imlll\'L-J 
direct 111ea•ure111enu of i1c11111uch as skin looM:· 
llC!ll, skin cla•tidty (•kin caliper), \'isual an:om­
modation, \·i•ual acuity, hearing (audiometric), 
hlixKI pn'ISure, neuromuscular function (light ex· 
tinction tt.,.1), hand •trength (dp1;1111omclLT), \"ihrn· 
tory scnllC ( \·il.irumcter), aud lean body lllallll 
(whole-body po1a .... i11111 by gamma •J>cctrugrnphic 
anal~··i•). Cornpari•on of lllL'lll" \'ahu:s in the ex­
l''""'d and uncxpo!ied !l.loir.halll·"" (Table 17) 
.Jwwed 110 .ig11ili.:;1nl ditrncnces. The l.iiulogical 
U!!e !ICun.-s (a\'cragl' p•:rn·ut .core). plollcd in Fig­
ure 'LI l<>r l1111h group••· ;uc about the s;1111e. 

S. lmm11nolo9icol Studiet 

Radiation i• known lo impair the immunulogi· 
cal s1:11111 of indi\'idual• •0011 after exp•••ll"e if the 
dose ii 1ullieicnl lo pnxlucc signili.:1111 lcuk11pc11ia. 
During the c;1rly 1x:riud, though the acute elll.'Cb 
on the l{oui:clap 1x:ople iucludcd COIL•idernhlc de­
prcs.o;ion uf 1x:riph<·ral hluud clemcm•, t·omp:U"isun 
of the i11•:idencl: of inlt'Clitm• \\"ilh 1ha1 in the L'tirik 
group g;1\'r no e\'idcm:e uf impaired im111uni1y. 
Reduced i111111u1u1lui:ical 1-csen·e mar likely he a 
lo11c elli:ct of radiation expo•ure,~~ but it h;.- UPI 

been oh"'-'1"\"l-d •:ondusi\cl" i11 man. The dc,·clup· 
ment of lc11ke111ia aud u1lu·r mali~na11dl:s l611l11w­
ing expoM1rc ma~· quill' pussihl)· he n:la1,·d lo re· 
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JUCllll iunnunoloyical "'"''eillancc. Our inten.-.t in 
immunological upadty iii rclateJ al•o to the L"Oll• 
!iidcration 1ha1 impairni<:ul of inur .• mil y is thought 
10 he a.wiciated "·i1h the aging t>rucL-u. 

,&n1ib.11/J' '"/'"""· Three rears after expoaure a 
number uf cxprn1cd anJ uncxpO!icJ Rongclap 
people were tcsteJ for antiboJy ~e•!><lll>e '°. pri· 
mary anJ 11Cc11ndary ktauus 1ox01J 111oculatw111, 
with a mou>e UM.U fur toxin·autitoxin a"-'U)' of 
•·rum.•1• The difference betwL-cn the expo•c<l an<l 
unexl"'""" gmup• w:L• nol •ii:uili..:ant. 

Jll,.,.tf ul/ d11111~rs. Tli<: 1icr•is1ent lat.: in complete 
n·co\'l"r\' of lcukon·tL-s was bclin'l·<l 111 H"ll<"<:t re· 
1lun·<l 1~111<• 111;11·ru•~· 1t.0>1:rw and 1hndiw.- rc<h1<·ed 
i1u1uuuuloi.;it..:al rcst:n~c. "l'hl." appa1 t•nl n:•·t·ul fl'\.'O\'• 

en· ol' h•·m111••i<,.~• iu the CXfl<>><:<l jM.011ple lo crnllrul 
k-~·cl1111a\' i11<lit..·•1tc an i1upro\'l"IUl'lll in thl·ir i111• 

munolui:i,·al status. Tahlc I II •hows th:at rc<luc· 
1i111L• in lpnplu•:yt<il and plaLl'lcts and an in_crc~.c 
in scdinu .. ·utatiun rates \\'c:rc t·orrclatt:d wuh Ul• 

cr<":asin,.; :age in the :'-.l:ar•halks.:. 
/111111u11"/1mJ1·i1u. l11uuun1k.."lct·tn1phorl0tk ;111.aly!liil 

11f11Cru111 1•rotci11s in l~li~ sl1<med nl"ithcr ll p.;1ra· 
pruh·incauia uur ;, typical pit.:l_uu: uf 11util~•dy de· 
li.-it·ncv .-·rnlt·rnuc. hut a high ln'l11a·ricy ol .. .,,..,of 
the int;,n;lli'•~luhulins was uolt·<.L 10• • C:ontpkuw·n1 
li":atiun stu<lit·s shmn·d thc :'-.l;u•h;dll"se lo ha,·c 
;11t1ihutHt~ ln nur..t \·irUM."" l'Xt:ept .-\sian iullul .. l1~a 
(an<"pi<k111ic11fthisdis.:aS<· l:11 .. r1M.·n1rrc<l in l!li:.!). 
Thl" antih.wly 1i1•·r• "fll''''"'·d ••1111,·whal lmwr in 
the ex1w .... ·d l""l'lc. 111 

The 111.i<-r IM."11pl<· h;ul hii;h..r ln·.-1. of i.:an•111a 
i.:lohulin• hut >lii;htl~· <lnTea .. ·<l alhu111in lcwl• 
( l!J'j~l),1:1·~'"·1"' lua111u1uKliffu"iun "'tudit"5 11oho\\"l•U 

1ho1t 1hc ri"'· iu i.:an1111a i;luhulin Ind• wa• pal'al· 
ld<-.11"· an innra•<" in in11111111ui;l11lmli11.' The i11· 
t·n·••*-· l·n I~(; ntoU."ty W~L .. llu.· 1111~1 pnuaou&K.'l.'tl.tuW 

ii .J1mwt!.i,.;11ilica11t n11T.-la1i1111 wi1h :ai.;c(• =0.iU). 
Th.- int·n·:aSl" in K li.i;hl d1ai,,. w;L• ;tlsu 1ii.;11ili· 
.-:intlv n11Tdat<"<I wi1h :a,.;•·. Th<" i111111111111Kl11hulin 
k·\·cl·· \H"re mun· d•·1m· .. -.·d in Ila· CXJ"'"'"'' i.;rnup, 
par1in1larly th11,,.· 11f I~(;, Ii.:.\. ;111<1 l. liKht d101ins 
('L1hlc Ill). llowcwr, hy l!li·I lh<· K•llnlllll Kl•~m· 
lin len·I• in 1h.- e"I""'''" 1><·11pl•· •Hrc n•·arly the 
""'"':as in tlu· ""'""l"'"',.d (Ta hit· I !I). 

/.rm/1h114·Jlt'.Jim,/11111. Tt·,..1:. u11 lhl0 phytuht0 lllf.IJ.:• 

i.:lu;iuin ( 1'11.\ I sl i11111lo11iu11 uf I• 111plwq·te• l'lll· 

•ur. K.U. s., ... .,. "'' U:\:l . .tMI 1l1o1·111· .u ... 1, .. ~. 
.. Un. k. llu1W.. Oi1ntl ,\. 11...-&ll"" 1hr1· ~"'"'" "'"'' (:n- l .. &1 • .,,.. 

tun1ti1l1l ...... ,,.1 ... h·•-.. 
'Tl....,. .. u.IW. ~rrr 1t."1t' '-" l>u. J 1. ...... ,., ..11Hl K. \\'•••i• 

•' 1hr ~ ...... .._, ( :..t4•T1' lmmu1t1tt(l.~.uh11 ( A·1111·r 
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lured from periphcral blood •how<·d a definite de· 
cn·Olsc of rcspousi\·l"n<""-' wi1 h in.-r<"asing a!le of 1he 
indi\·idu:il (Table 111 and Figure :.!~) but no Jcf. 
initc dilf.-r.-ncc bet ween '""P''"'·d and uncx1x1K'd 
i;ro111,..~w• 1 In a more n"<:·1·111 •tudy, acetyl:ation of 
nucld of l'I L\·treat<"<l lymph<JCyt<'S wa1 lll<"a..•ur<-d 
;it \'ariou1 tilll<'S llll ll function of lympllOl"yte 1ra1u· 
l<•rin;11i1111 and of a~in!(.'" 1> •. -.·re;&K·<l ...:.-1~·lation of 
nudei ia :.&U<11:i;1t<U wi1h iul"n·a»ing age and ia 
n•uKhly paralld lo the d<-<:r<'lllll" iu ly111phu:y1e 
1ra•••fon11atio11. Trnal :.i<·et;11c inl"1tl'pol'atit>11 in the 
nudei during th.- lir>I hour of culture "·as corrc· 
la11:d wi1h aceh·l:ition of hi•tOllL'S, but bv ;.'() hr 
acc1~·la1ion of ,;th•·r nuckar 111alerial1 l;:i<l alw 
occurred. 

C:J""""'l""'' '"""ts. In I ~Mi9 l·hrunu.>Munc l'uunu 
\\'l'H' m:id•· un l'I L\-11im11l;11,·d ln11plu ... ·y1<.,. nil· 
tllrt"<I fr11m periph.-r:il blood from ill unexp<>M."<I 

:111d '!.7 '""I""'"" Ru111o:.-tap l'"'P'"·'"' lloth h~·podip· 
~·id and l"'l"pluid lt·vcl• wt·n• found to Ix: rcl;Ul"d 
10 th.- •ubj1·ct ·• "t.;c. l·"t·m:.l<-s > :io and CXJ><llll"d 
male• >~ill had - I.:"> tim•·• :a• many hypc>dip­
luicl• ''" d1J 1h.- ~"""'!o:'"r suhj.-.. 1s; l"'ln>luid kwl• 
were sharply n·du.-.·d in •ill •uhjcl"l> >;•O. lly· 
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C:.orrt·l;u~111 of l1um111w11t·k"l:tn•11lu.wctk· ;and 1',•ri1.tw.•r.al 1\11••l •"&u,lin~ 
\\"i1h o\~ _.nd H..ulia1iou Exl'it•un· 1·1 (l>:tit•1.:n·oa!ll"; I= i1w.·n·i»l0

) 

('.li.tHl,:t" ( :.11 r•·l..1l~u11 l 1t•rt:l'UI di(, Si~11itM.·a1M.·r 

("ih-rk1u ~1th ·•Jilt" "'i1h <4~t' l' \,1lu.r) from LHW.'!t.l•111t•tl (.I' , ... 1 .... , 

l.~·mph1ll·~·tt.· &r.o11..Ji1Jma1iuu II 11.l~I I.I O.W 

S..·rum 1)(uh·i1• 
Tut.&I \ll'f'UIU flfutrina . :s:. - 1.: • .:!I 

.\llMlllK'll II .r. +1: •. 0 .01 
0

1"1t1.a) "lubuli.Ju. I .:NI - Ii.I .01 

.\lp1i ... 1 .Ji -:II.II .Ill 

.\lph ... ;! .1:1 -~~I.ti .OI 
....... .:I! - tii.lt .11:1 

li.unm.01 .7j -llU .Ill 

lmmurt1te:h"huJi1LA 
,\ \II(.\) .~!I -Ii.II .o:. 
I> (hl>I .~'O :I.II . ~ijl 

'.\1111''.\ll .:!O I.II .i I 
(; (ll(<i} . ill II.II .'.!:! 
l\.;1ppa focht t:h••in• .~Ni :I.II .li~t 

l.-..mhd..1 li1iChl di.was .:.!I -II.II .lj 

K;l.roiiio .H + II.I .i I 

1\1 ... dlinJinl(• 
I lc·m•11'•·ri1 ll ,ji + ',!. ~· .117 
St·di1nt·nt.ati1•n r<llt" I . i:! +II.I .tNI 
Tuteal lt·uk1a·~ u·• ll .n - :.! .. ·J .. i~• 
l.~·m11J .. -.-~ u·• ll .'•I - II.I .:.1 
,"\t0 Ulf'••f>f•if1 I .H -1.UI .Ill 
1•1 .. 1..i .... ll .ftj - II.I .l~I 

T .. l.&rl!I 

S...·rum l'rott·iu•, l~tiJ· I !17 I 

(;rou1> Tot,;1lpro1t·i11 .\lhuuw·n .-\lpha I 

Ku1ui:1·lt.t1> 7.i•t~o.;u ':!'.!~O .... J ll.~~1::11.0:. 

Aili11li(11.at' i.!~t:::o ·i1 I ~t.::fUi ll.Pt.::0.117 
l'tltik i.m::o.-.o 1 ~·•.::o.u 0. lft.!:11.0li 

l'n•··'J•,..-c.J 7.Ut~U.i I I.I I ::0.1.·, U. llJ.!:U.Ot 

(><>diploid len:I• Wl'rl' n·l.11<·d al"' lo radia1iu11; 
thi~ \\·.;u uaun· pruuuunLTd iu llu- 111all·1. with lhl· 

expu .. :d l1i1\'ittl( :!.a 1i111n ;1., 111a11\' liy1><"liploid 
•·ells ;u 1hc um·x1><...,d. "hn•·.1., tltl' 1·x1••,,..d f1·· 
mak.'ll had 1.:1 1i1111-. a.• """". "·' 1h.- Ulll'Xf"""'I. 
l'ul~pluid lc\·els were t&OI fu1111d lo he rd;1led IO 
radia1iun. lio1h >ex and diro111oso111e ,j,e ap· 
pcarct.I a• focwn (""1.•ihl" rdJt•·J to hy(><o<liploid 
lc\'CL•. In all 1ubjccl•. rcl(Jrdlo:.- of M'X or ""l""''J11:, 

Al1~1.1 '.! ll.·1a (; .......... Tot.al i.;lohulUa 

fl.h~J:::!:O.I! l.fNl~ll.:!I 1.:.~1::1u1 :1..· .. 1::11.'tll 
0.7'.!~0.J:, I0:"1::ll.~~I l.71•::0 .. 111 :J.tiO!:O.:·M; 
(Ut~f~O.JO 11.ll'J::o.'.!:I 1.1.1 ::11.1:. :1.:1:1::0.:.0 
0.i:i::ll.11 l.INl::O.'.! I 1.·.i::o.111 J.:J:!.:!_O.;".-l 

tlie lan~c·11 .;ind UU1'l fra·<pletU lu~.,.. of d1n>111u~111u.~ 

''"·'in lht• (;(\'J i:roup i:!.:l 1i111es ""IK't:ll'd lo.,•}. In 
1lic C:tX) L{ruup. li.·111.1lt·s lu~I I;'>.'!'~ 111u1·c d1rut1H.J• 

~u11•·~ than exp1.·"u·d aud 111alt°" I '.!.fj':; k·"''· 7'\o st'X 

11r radi;itiu11 l'lll·,·1 \\'as appart·111 in lht• ulh<:r live 
d1rou1osor11c J,truup". o\ st·ric~ uf additioual l:UI· 

lurt•• i11dica11.J lh<' flrL""'"''" uf d1ro111oso111c break· 
a.i;" faclur i11 1he plasi11;1uf1hc eX("""d suhjt•i:t•. In 
tuliun:1 uf ll1l" 1,u1c:r. t·hnuuos.u111c ahc.'.Tra1lo11" 
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Fi\(urt· :! I .. \u:t··rt·lo1h·tl di;m..:•· in 1\-mphon·tt" tr.;111,,,furma· 
1iu11 in pniplu-r;1I hluud nlll111T" ""110\\ i1u( tlK· mc:an 1•·r· 
,·,·111 1r.;111 ... turm .. u111n fur t·.id1 dn:.hlt· '"'ith •loanJ•ud 
d1.·,·i •• 1iou. 1·1 

m:re nt•;1rly douhlt'd hul ant'uploi<l lt·n·I• wen~ 
1101 atlt'\'lt'll. 

In !Ulln11aary, !lit'\'l'r.al iudi,·•&1iu11!\ lia\'l" lxTn K."C.'ll 
uf rt•ti&Ktiun or hun.kriinl' t.l,·Jkil·nt·v uf tlu: inl· 
lllllnoloi;;i .. al .i;illl• in lht0 l'SIMN.'ll l{1111~d;ip pt't1ple 
in t·;1dil'r y<";1n. h111no1·\·id.-11<"c 1ha1 1ud1 Jdi­
i..·it·nt·y W••" rl'la1t·d 10 diM·ast• i1H·id&·Ul'l". ,,·ith the 

l'"'''ihlt· ""n-p1i11n 1ha1 lhl' inn"""'"I dt'wlopnu·nt 
of 111aliL(n;111.-y in ilu· t•xpu-.·d Ron~t·lap pt•oplc 
111ay IM· an iudi,·•uiun uf rl'dui:nl i1u111uuulo~kal 
w.1rn·illa11 .. ·t•. l{t.Tt'lll ri~·s uf lt·uk1"' ya· and ~anuna 
gluhulin lt•\..:J,_ 10 nu1llul \·;1ltu·s i1u.lit·1.uc so1ut.• Jc. 
~rt·t• of n·l·un·ry, bul IM'lh'r lt''.'ls 1f.1r inuuunulu,,;i· 
l';il •1•1111> an· n .... .t.·d. 

6. Diobete1 Surny 

l>ial1t•1t·• i• ;1 nwj11r pr11hl .. 111 i11 ;ill llw '.\(;11,.h;ill 
(,J.uu.I,_, and i11n-,.1iL:.lliou ofi1 j.., i1up11rla11t If.If' l\HI 

n·~•-""'•ll!'ll. Fir""I. tlil' di"'t·~•""'' i"' tlllli,·uh to 1n•&n.1J·tl'~ 
ruli·• d& 0 \1°l111x·d li1r l".S. ;111d Eur1111t·a11 l'ctndi1~1n• 
111;1~· not apph·. C:h11in· 11f dit·I ;, limill'd. Tht· h\·· 
~icnk·t·undi1iuus [o·or i11lt·c.:ti1uL~ •uu:l 1n•al1: foot c.·a~e 
.- 1n.'ljHr l'Ol\.lliidt·ra1iuu; .al~o. hu1nt.· usl' of insulin i1 
pn·du1k·d in all h111 a ll-w """""· Ii wuultl Ix.· ;i si11· 
nilit·;111l l'ulllrih111i11n 1<111..- ""lf.11·•· uf 1he 1><:11ple 
111 dia111u ... • 1he l'umlitiou to;uh· and 111 ddiau: 1hc 
opclu1u1n rult•s l&1r 1n,01n.agt·1uc.:1ll, ,and •uh-•t.·l· on 
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this problem ha.' lx.-en re<1uc•le<l br Trust Terri· 
turr 111<.-<liC<il personnel, Second, 1he si1uation of 
11t:a1tere<l, !ICCJUeslered population groupa and the 
large co111ra•I in li\'ing co11Ji1io111 bc1wcen home 
a1oll• an<l Ji.iric1 L'Cllll'n make ii an ideal area for 
ill\·es1iga1ing the rclali\'e importance of pa1ho­
gc11e1ic dc111en1.1. In 1his rL.,.[>L-Ct, 1he situa1ion may 
not Ix: 111a1d1ed a1l\'whcrc:. 

During early 1!>7-t, :in pt:oplc: from Utirik and 
R1111~clap .-\tolls, 10111e of whom arc now residents 
of ~lajuro an<l l·:lx:ye, were examined in order to 
n1al.li•h 1hc in..-iU..nce anJ na1urc of Jial.><:tL"t in 
the ~lanhall hlan<l1. • The: :rn pre,·iou1ly diag• 
11«111Cd dialll'I ic pal il'nl• from olhcr a1oll1 were: ali;o 
l"Xamim:d hul a1c not indu<ll-<l i111hi1 analysis. On 
'.\l;1j11ru. I :.!U suhjt'CI• were •urn·ycd; on Elx:yl', 
I Iii; 1111lJ1irik,81; and on Rongclap, ,;a. lllood 
an<l urine gluc0<1C tlcll'rminalions were made, a 
<1u..,.1ionn;1irc ,,·as fillt..J out, and pertinent phrli· 
cal exa111ina1i1111 was dune to a11cu 1he presence 
or abocnL'C of <ll·~encrali\'c co111plica1io111 o( dia· 
llt'll'•. llluod wa1 ali.u ub1ai11c<l for uric acid, cho­
k•••·rul, ;111d 1rigl~·ceri<ll' de1l'r111ina1iun1. Plasma 
i:luc""c wa• 111 ... a .. 1r.-J in 1he fas1ing 11a1e an<l/ur 
:.! hr afll'r 1he ill!o;l'•liun of ij g carbohydrale (Glu· 
n1l;1). l111hi,,. 1111·\'l'Y ;1 pl;ism•• glue°"" lc\'cl, either 
£. .. 1inii ur po•l·pr;111dial, > 1:.!U mg ':f was comi<l· 
l.'l"l'd iudi .. ;1li\'c of alm11r111al glucu.., tolcra1K-c. In 
!l10111c cast.'' ~lyoaurla w•u al·.,;un1panicd b~· nor· 
111al pla•lllil !;lul·u...- and iltl'•e \\'t'rc not included 
in the i:ruup ,,·i1h <li;iht·1c1. Some 1ubj<-cll \\·i1h 
i:lycuo.11ri;1 <lid 1101 haw plaMna iilucooc dt:termina· 
lion• (for a \'arie1~· of n·asotu); these arc calcgo­
rizl'd aii 11t...ihlc Ji;1llt'1in .. \hhough a11emp11 Wl.'r<: 
111.Hlt• 111 ohiain l'omplcll' dala on all suhjects alCl'd 
> l."1, lht....- \\l'rl' 11111alway•111<.'l:c .. ful. The failure 
to .a1pp1'· rt"lJllt.,,h·d inl41n11a1i11n on 10111e qu...,.tiun· 
n;1in·• ;ll'l'oUlll• f.ir &Ill' dis•:n·pam·it·s in 1he num· 
ha• !ti\'l·n in Tahlt· :!0. The l"l'Sulu arc also •·a1c­
i:11ri1.t·d 011 1he h;uiu1f wht·lh•·r 1hc 111hjt•c1 pr•·,·i· 
1111•1~· lrnt·w 11f lh•· ah11on11;1lil\· in !;lun ... · 1111..r­
ann·. Oh ... i1y i• nal11;&1t·<l on 1hc ba>i• of hl'i!tht 
ilnd ""·i1:l11 h111 frt·11m·111ly 1hi1 infunn;i1i1111 i• 11111 
l'o111plt·1,·. Th•· d;11.1 an· lx·i11!: ;111al~·:tl"ll i111ht·ir pn ... 
<"nl furm. b111 1h.- mi.sin!: information \\'ill hl' ob 0 

1.1i1wd. ifal all po-.ihll'. ;;, lhl' prn~ra111 l'Ollli111H.,.. 
l1.-cli111in;1ry "'·;ilu;11iun of 1he da1a (><•t• Tahle 

:!O), wi1h till' l'1ui1~11ion!\ 1ut·r11iu1wd. !Urun~I\· !iUS,:· 

~<'>I• 1h;11 1ht· i11 .. itlt·tll't" of •li;1bt•tt .. 111..lli11;. in llll' 

•\\·r .&n- "r.111'ful "'I >.to. J.unt·• II. rM·ltl .uut C.ouh1·riur llt·trT 
.11 thr l'11iu·h1h of l'uh-hur.:.h !'k huul ttl. :\lt·Jk·inr fuf •n..11,..;, 
uflhr th .. la·11, ti.1ld. 
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~larshall Islands is considl'rable and is probably 
greater lhan in any uthcr popula1io11 i.:ruup• ex· 
l'l'pt p<"'-<ibly l'Crtain ,\111erica11 ln<li;111 i:roup•.'14 
,\hhou~h "'""" pr.,,·ious n·poru h;l\·e indical<·d a 
hii;h incidence of dial>ell"' in swne l'olyn<.,.i;m 
population":•-'··Htl uthl·r1 h.a\·l:' ~u~~l'!ill'<l a luw 
i1il:idc1u.:c.•*8·:0 

The o\'crall illl·idem:e of diaht·tit·s was :!Ii';;, and 
- ;.; of these paLicnu wnc unaware or their ah· 
nurn1•1lit~·. "l'hc •n'l'r.-~c a~c uf the di.-hclil·" wa• 
co1i.i1krnbly !o:l'Catl'r than that of the ""'"liabc:til'll. 
The <li"'a'c app•:ars to l>e a• •·0111111011 in male• as 
in Jl:na•Lle!ii. hut a ddinill' st~1tt·1nl·nt 111us1 await 
nunpl<·Lion or lht· data ;rnaly,is. ( llx.,.i1~· was much 
nu.re t.:0111111011 iu \HJIUl'll 1ha11 in 1ncu, and the 
dala indil·a1c au inl·n·•L'l'd i1Kic.leucc arnuuK ohl'sc 
suhjc:cls. (~tar an" !M.'.L'1ncd to be.: uuu.:h 111urc cun1· 

num in 1hc <liahc1ic• th;111 in thl' nuudialx·tic•, hut 
this \rnuld ccnainlr Ix: iullucnn·d I>)· the ulder a~c 
of the dialx:1ie population. :'\o dl'fiuitc difference 
wa.• !K'Cll in the inddcnce of ca1arae1• amonj( in<li· 
,·iduals known lo ha\·e diabcLL'll nnnparcd with 
those in whom the diaj(r>Osis was made durinj( this 
'ur\'cy. :\ ,ii;nilica111ly hi~her p.-rccut of the diil· 

lx·tics 1han of the 11011diahctin ha<l 111·urop;ith~·. 
Liut hct·aulll' of ;t~<' diff•·n·11n·• and ot h<·r fa<· ton 
prt·~·iously 11;t1e<I: , . .,, . .,ri;111•·c must I..: diminall'd 
f111111 the d;ita hcli•re th<·:oc ohscr\'atiorn1 •·an I ... · 
e\'otlual•·<I. (::'\europ;ithy \\'as c\'aluat<·<l un the 
hasi.s of hi.torr of pare.iht·sia.• and/or ohjl'l'li\·e 
alrnur111ali1ie• in rdlcx<-s aml ••:n"''I')' pncq>1iu11.) 
The limit<·d d.1t;i a\·ailahle did not •ll!(!:e•I e\·i· 
<knee fur increascdrc1inopathy ur pc:riph<·rotl\·a•· 
cul.1r di .. ·aliC anwni: the diah<·tica. Tl .. • diS<·a...c 
more cluscl\' r•· .. ·mhl•·• mat uril\' unACI di0tl><·1<·1 
with ;ihs•:nt·;. of "4'111<' 1y111p1<11111: kc·tc,.is, and al>-
1olul<' dq><·ndt·n•·•· on in<11lin tn·a1111t•11t. 

Tl1t• d;1I01'~'1101 •ui:i.:<-sl '"'Y dil1(·1·•·n•·•.,. l><·1wc-.·11 
Rm1i:l'lap and l:1irik lll"''l'lt· (J.:<0 n1·1in) or lx·1wn·11 
plan·• of l'<'>id,·11<·c (<·m·in1111n1·11tal inllu•·m·e), anJ 
1ht·re i• nu e\·id•·nn· 1h011 radi;1tiu11 t·xpuuire h"" 
play<-.1 a p;1rt in the p;llhogt'nl'si•. The Jill<:r<"lll'\"11 
in diet an<I \:<·ncrnl li,·in~ •·omli1ion1 l>etween the 
"oul<'r i•la11tl<"' a11tl 1hc district cclll<'l'll arc c'""'id­
erable and 111ii:h1 well pla~· a aignilicant role in 
pathu~t·nl.-si~. J lu\\'t'\Tf, an•1lysLs uf thi5 f41l·tur is 
dillicull 111:,·aus<.· of •.hl' 111uhili1y of lhl' p•·opl<·, \\·ho 
•·011,tantly nul\·e lll·t \\C<'n hU111e island and the 
n·ntt·rs; th<" pla•·e \\ lll'rl' ;1n i11di,·idual is •·xan1• 
innl may 1101 I><·\\ here he has •[K'llt the major l"'n 
uf. s;1 ~" I he I.isl 10 ~Toll"ll. 

[),-spite thl' li111iw1i111is, the prdi111i11ary rt'Suh• 
arc c1111sidcrnl tu l>e of .ullicienl i1ll<'l'L'SI lu l\'ar• 
ranl a 1uun.· t:t.an-ful •uu.l l.·u11apll·tc in\TstiJ,;.atiou, 
Additional uhst:r\'alious "·ill he made tu prm·ide 
the ntis.,iu,.; infunu.atiuu ;.uul lo uht6'ln inure uhjt.'1:• 
1i,·e d.ua reg01r<li11g the i11t:iden•·e of 11t•1uo1i;11hy, 
ct.ll1u·;u.:1,. euu1 n·tinupathy in tht·~· ;~•lit."1115. ·rhc 
insulin rt-spuu~ lu a ~hu:osc t:h.allt'UJ.(l" would ••l~u 
he.· of intt·u..•st in •'"""'-''."i.'in~ suuac uf the ftu:tur~ 1h~&l 
111i~la1 Ix: in1port;1111 in the <"lioloi.:~· uf dialx·ll'• in 
the ~lo.rshall blouuJ.. 

"l"hc ~x.unin••tion~ .art.• IJy nt·t.·cs.,ity rc~ll k1t·tl tu 
RU11i:cloip oaml l:1i1 ik lll·opl<:. \\'he11 1l1t• l·:niw1·1uk 
;uul Bikini l"'ople n·llll'll IO 1h1·ir home isl;11uls in 
~u11i,:it·n1 uu1ulK·r", llu: 'lialx·tt·,. in,·,·s1i'°'a1iun" 
111;.1y be: exp~uulnJ lo l'U\·L·r alat'!lie ~roup.lrii. 

H. CHROMOSOME ANO GENETIC STUDIES 

I. Sh1dies of Chromosomes for Radiation Effects 

In I !Jfi.I c.:hnnnosrnnc prcpar;11 ion• "''ere uh· 
1;1i11l'd fru111 ly1npl•ucylL'>t:ulturc<l frum th•· 1x:riph· 
eral hlcul uf -1:1 l'xpuscd (~I. age <:.?O; :!:!, age 
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Fii:uu· '.!:1. T\\t1·liii d•rrnnu• .. uall' .i1bnt.1liu11' iu 1·~1N•0tl 

'.'\l.u,Ja.alh..,,.·. 'I.up: ou ru\•· p11i111" lo d1n·11Uh. lorm; h•tl10111: 

anuw pomh lu 1111i.: 1;.,111_ I:.. 

>:!II) ;1111l II u11t·~pus"'I Ro11~t·lap p•rnplt•. • Chrn­
tnosonu· t•IK·rr•Hiuu!' \\"l'H' nutt·d &u ~J uf llw t':(• 

polil·•l ;11111 i11 :'1 of iht• 1111expo,..·d ~l.1r,hall1 ... •• hut 
the expo•cil ~""'I' had ;1 1111111lx·r of lwo-ureak ah· 
t·rra1i1111• (repn..._•nu·d h~· di.:c1111ic d1rnmo .. 1111t"11, 
1ran~lol·,ali,N'2'. and ;a rin~ 1t.r111) th•U art• t huu~ht 
lo he '"'-"'"·i;11cd with radi;i1iun t·xpos11rr (Figure 

•TlarM' .. n.1h.•' ••·rr du1w• h\· Un. 11. l.i1111.-u. ~r" tu11CLuwl 
l>r<1t'tMK'M llu,i.tt.J. 01ml W. .. \. (':..w••HL 11:\1.. 

..... ............. ~. 

:!.';).Tl :'\u 1wo-hi1 aherra1ion1 w·crc found in the 
uncxpo•<.-d ~r11up, hut IJ01ll1 !(rUUf"' had au ur.usu .. I 
11umhcr uf ;Kcntric frai:me11u, the cauliC u! whi<:h 
is 1101 known. l'araduxically, Ronicch1r, pt.~•plc 
wi1h the low<'r expu•urc had more al.M:rrati<1111 
tli;111 tl11""' "·ith the hii:her exposure. Tlwoe •ludit.'S 
indil"atc ti"'' a •mall hut wgnificanl numlx:r of 
d1rn111u•o111e alll"rra1ion• pcr•i•ted in hluoJ lrrn­
pluK:yte• i11 MJllle ~lar•hallesc a• laic al Ill y.-ars 
afler exposure. The rL">ulu arc comi•lent wi1h 
tho•L' of •imilar •ludie• 1111 the expo•cd Japam·.c 
li•hcr111l'n,1~ on \'i<:tim• of other radiation al"ci· 
dl.'llh,1:1 auJ on J~•p;11K'M.: l.Mnub !liUr\·h·un.:i 

2. Somatic M11tatlon1 

In 1~; I. st udi···· Wl"fl' made uf lhl' frl'<1uent.:y or 
;1111inu a•·iJ ... 1 .. 1itutiu11 i11 tin: ht·n111i,:lohi11 or lhc 
'.\lar.halk>e on hlt .. d s;1111pl<-s 1ent tu Oak Ridi,;c.:~ 

Siut·c there is 110 nKk<l i,..1Jcut.:inern in adult hu­
man hl'mogluhin .-\, iu pre...,ncc musl Ix Jue to 
L'flllr• in 1ra11S<"ription or 1ra11•latio11 or lo wmatic 
111uta1ion• ari1ini,: Jming D:'\,.\ rq1lica1ion. Errors 
in 1ra11snip1i<J11. whid1 ol"Cur infrL"<1uen1ly, form 
ahered ml{:'\.\. 11{:'\.\. and rR:'\,.\; they d1angc: 
the co<lin!( in the mR:"\,.\ anti may n·Juce the 
lidclil\' of 1he t IC'\.\ wi1h n·i:arJ tu both the kind 
of ;1111i110 ;u·id it a<'l'<'pl• and 1lu: mR:'\.-\ C<Kli.1111 it 
n·l·o~nizt."i.:: Error-. in tran:-.l~ulun:: ,arise thruu1.th 
the a1tad1111l'nl uf \Hon~ a111ino acid• tu tR~.-\ 
(;1111i11oa•·~·I ·~·111h,·ta.e error.) and the impn'l·isc: 
l'l'Cl'!o:llition ofml{:'\.\ t-.Klun• hy tR:"\,.\ amil"tllli.1n1 
(1rn11•latiu11al \'ari;uion). S.1m;11ic 111111a1iu11• rt.,.uh 
frun llll•ta~"' in rqilirn1io11 of 1>:-.:,.\; m;m~· 1i111;le­
h•a~··"ul.ni1iluti'n' n•utelli•u1s t.:l1all!J:C 1uuiiMJl1.·u<:ine 
i1110 isoll'ut·ine c•Kluns/• ;111d thl' rl'suhin~ mulanl 
n·lls n•uld h;l\·e l1L'111ui.:luui11 mR:'\'..-\ with i1uleu• 
t.:i1u.· oKlou". 1-'ur this n:ason. an i1u:rc.tL."'-' in the iio· 
ln1t·i111· n111ll'tll of h<·11111i.:lubi11 ,.\ would Ix- ex• 
JM'l'tl"ll in luuntUL<iri l'XpnM·d 10 •HJ:l'l\l" l-~,u~ing b.lM:· 
,_ulislituliun 1nu1atlun.,, f>u,..,ibl~· radituion &uay 
caust..• h.i~· .. ~ub"ailutiun 1uu1 .. 1iu11~ in luunan 10• 

111;11ic , . .,11,, uu1 this ha1 nen·r lx·•·n t.">lauli.hcd. 
Tht• i><•l•·11t·irn· •·ontl'lll of llll' hl'moi:lohin ,.\,,·a• 

dl'ltTmim·d in l>lt1<KI from 1 ·1 .. xp'"'"d ~larshall<'Sl" 
;uul I:! unt·xpo><'<I. Thr fn'<JU<'llCY of i•okul'i1ll' 
•ul:Hi11~1u1iou fur ut~u·r .unino ~1dd' in ht·1nul:;luhin 
was t·akul.1tt·d by di\ idi11g 1lw nanumult'S of 00-
k·Ut·im· h•· th•· llll.1l 11;1110111ull'• of all olhl'r amino 
a<·i<ls in •·;id1 s.unplt·. The frl'CJUl'lll'il'• art• listt•d in 
T;1lile :!I. 

•Thc·w .. lutlM.-. "'"t•rr1l1"11" h\' l>u. k .. \. Po1tp. (i.l'. ltU-... h. ,,.ud 
E.li. U..wh1r o11 04'- K1tlacr :"'.11M .... 11 ... 1.11 .. nur~· . 
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,\ •li1;lu, bu1 in•ii:11ifiG1111. iuo.:rL'llst' in 1ht• i."'" 
k.·lu.:iru· ~u1~1iuuiuu frc,ptt'lll'Y \\·.;u found in t:ou· 
trols •t"{cd h1:1wct.·u '!U aud j I~ lhl' liut·;.ar rt'~rt~"'iun 

h;i• a l""'i1i'·" •lop<' ofO.O:!:l 1X10-:•;y .... r. 1·:xnv1 

for •uhjl'CI :'\u. 1:
0

1 Ii, lht· hi ~ht·r fr L"<jllt·11cit .. \\ere 
found in !\•&rnplt·~ froua t'XJMtM..'d JK'r"ou~. hul MUlll" 

of lhl' <""l"""·<l h;id ,·aluc:• i11 1l1t• t·u111rul ra111(l' 
(T;ihk· :!I). Thl' hil(hl'r frt·•111•·11l"il .. Wl"rl' uh"l:r\'l'd 

more of1t·11 in indiviclu;il, ""l"""'d al you11,;er al!<"ll, 
;1hlwul(h 1hc l(lol.in fruru suhj<TI :'\u. :l:l. <·s1"••nl 
ill I ~Tar. h;ul a low i"'•l1·u1·i11e n1111r111. Thl' li11d· 
inL:s ,arl" •·on~i"'h'lll \\ith lht· hii.:lu·r lt·ukt."111ia iu· 
dul:liou. ;unonli( pc.·rwuu1 l"XJNN:cl lo.'< ray~:'!• 11nd to 

a11u11 hcuuh irradia1iu11 .. '° in I h1•:'A' t·xpo~t·U pn·· 
llOJlally a11d al ~·ounl! ai:< ... 

S1udit_ .. in prol(n-.. .iroru~I~· 'lll(l(t"t 1hat till' iu­
creal!Cd j,..,leudne cunll'lll in 1he he11tol(luhin of 

l'XJ>osc.:<l :0-larshalll'•e i• due lo hai.e-sul,.1itutiun 

"''°1a1io.: 111u1a1ion•. Thl' "'i'P"rtini: data7;• indu<k· 
a11alysc.·• •hm.-inii (I) that lri1;lrl'r isukucinl' •11l,,.1i-
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1111irn1 frrquc11d1·s un-1ir in l1u1h thl' alpha ;uul 
lx·t•1 t·haiu!6 of ht·11111i,:luhiu fro1n t•xpu,..·,J pt.'f!iMUL-.. 

aud ~ :! ) th•U 1·0111~u11iu.11&un h~· fetal h1·111u~lulliu. 
\' hit·h ,lc.·s l:u111.ai11 i• .. oll'lK.'iut•, l'Ould t·o111rihu1t· no 
111orl" th.au; pouts J)(.'f 11ailliuu a111iou a•:id n·:oiitlut'!'ll 

lo il1t• \'aim-,, rq• '"'"' iu T.1i.1., :! I. 

3. G•n•llc Studi•• 

a. Pouib/• Radiation Ell•cls. Thl' inhrril;UK"l' 
of r:uli;11iun·ind11n·d 111111;11iun~ h;r• IMTll amplv 
dt•t1itU1:rrilr<.at1·d i11 i.:r1w1i, \IU<fir"' on ;1ui111al~. lu11 i1 

lia:-. 1101 h1·t·n u1u-q11i\'ot·•1ll~· M't'U in uaan. l.-1r~1· 

uu1uhc:r~ uf auiuial!ll .an• 1u.•ct·M~ary lo dc11u•nslr•&1l' 

"" h au dfffl. arnl du· •izl' ufiht• irr;rdiatl'<l hu111;111 
popul;i1iu11• •t udinl j, proh;1hlr l<M• ~tnall fur i1 lu 

1.., reOJdily dt·lrt·lnl. Thl' l;1r~c•1· .. ·all' h11111i111 

.iud~· wa• madl' h~· .'\eel l'I al. 011 lhl' drildrl'n of 
parelll• eXJK•M·d in I lirusl1i111a a11J :'\;i~as;iki,•I 

;ru<l ii .J1uwcd 1111 rl<-.rr-cut ~cnl'lic <"fft•i:I•. Ex;1111· 
iuallom 11{ thl' 111111 h srnalll'r ~rnup of ~larslr;11lt'Sl" 



i:hil<lt<'ll horn 10 an eXIM""-'J parenl or pan·1111 
h;1w sho1»11, 011 1he h;a.'i" of inl'i<kni:c of !!""" 
;11111111ali<-s, 1111 e\'idl'ni:e of iuhcrilctl ra<lia1io11. 
i1uhu.:-t·d 1nutatiou.\. 

The prin<:ip;1I al1<·rrn1i1111• nole<l in ~larshallesc 
ml11hs ;11111d1ild1cn11;1\'c l1<·cn liilall'rnl .horl•·nin!I 
of 1hc liflh lin~1·r, pru111incn1 head of ulna, di>lo· 
l'•Uc.•tl wri~l. c·uL&n;t•tl l'Urnc;l, IUrllltk\il)' ur rL·tinal 

\'t•,,,...,.·J", asyuu111·1ry uf f.;u.·t•, t·u11~t·ui1al ny,1a~1uus, 
a111I pi~1111·11tation of 11,.. t·unwa. St11die• ..£ f;1111ili.1l 
p,alll't ll!\ uf !11oUd1 tldlTt" htt\T uol lKTll duut·; 1h1·y 
r.ur uol n·l<..ac.·d 10 t•spu,11rc. 

Tll<' l"""ihk i111n·a"" in mi>1:arri;i~l'• and still· 

l1i11h" ,jllllUU\t ""' c·s1 .. ~·tl \\OUU"ll d111 i11~ till'""'' 
:1 y•'fll°"' 111ay l•·oitl tu !\p,·1.:ul.1tio11!\ th.11 riadlat&u11 in· 
tliwn.l lc.·tla.;1l 11u11.11i,111s ln ~t·11n u·Jl, uftlac o\,lf)' 

or. 1,.,,. lik .. ly, in •1><·11n ,.,.11.,• Tiil· l""'"m·e of 
dan11n1.,..1111t· al1tn;11ion• in 1><·1 iphn.1l l,l1•Kl l)·n1· 
plu1t·yt1·• i11 lhe :-.liir>h;illc•C 10 ~'l·ars pu•l expo• 
~Jrl', and 1he po"'-ihlc Mlln•atil· 1uuLa1iun in 1he 
lll'll•O~l·d•in . .i .... ·rilx·d ;1IM1\'l', "'l'l~"-1 'J>l'CUl;11iu111 
llial 111ulation• in llu· ~··r111 pla,111 .... ·nancd and 
111i~hl IH.· 1k1,·..&t'<l in lilt' oll'prini,: Ii~· morl' >C'nsi· 
1in· h'!\b. l lu\H"\'l'f, in \'it. 0

\\' uf lhl' r..J.11i\Tl~· '111••11 
tlu!'ll. 0 of loullatiun •111tl tht· !\lll•&ll !\il.l" of du· popul••· 
1iun. un '' /'''"" ~1·uu11d'- a dt.·ar•l'UL tlt·tnon!\tratiou 
uf a i:l"1w1it.· dli....-l uf racli~11iu11 i11 llw d1ildn·11 l,urn 
to t'."Pt~·•l JMll"lll:ot would MTlll uulikt·I~·· :"•·n·r· 
llu·k:-.!\. ~ive·n llw 11.11 uu· uf I hl· l'itt.·u1u:-.t;.uu.T:-.. ii 
li;,1, lK't'll d .. ·,·111nl dt· ... iral,ll· lo 1u.1kl' l'\'t·r~· dlf..rt tu 

n1lltTI !\Ill h d;.tLI. Siul'l' ITlT!\'.'oin· u1111bin•1lion~ 

•.\luul 11tw-h.1ll tlll' 111i .... 1111.1~t'" •• 11urt·d 1111·'-1•-·1l \H1tnt•n 

111.1111nl tu 11111·11.1•••nl 1111·11 
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may take: IM:\'eral generations to affc:ct the: plu:no­
l)'l>e, n:coi;nilion of1hcir radiation etiology may 
he c:xlremcly dillicuh. :-.:eel cl al. arc al prcM:nt 
carrying ou1111ore.i1phistica1cd 11u<lit:1in1hejap-
111u:lit.', concerned wi1h 1hc occurrc1Kc of \'arianl 
k>rtm of:.! I scrum pru1cin1 and cr~·1hrocy1c en• 
iy111e1. I le and llr. l{,E. Ferrell kindly conscllle<l 
to ua111i11e blood >011nplcs cullec1cJ in I !iH from 
1117 ~l;1r.hallcsc d1ildn·n ;in<l parenu (cxpo11cJ 
and Ulll'Xl""cd). The resulh, summariied bc:low, 
indu<ll'd no •ignificanl finding• i11<lica1in11 ra<lia· 
1ion-iutJu,:c<l 111utaliuu". 

b. The freqvency ol "llote" Protein Votlo11ls. 
Tlw hloo<I """Pin n1e11tioncd aho\'C were 111b· 

jt.Tlcd lo elcc1rophorc1ic analyM:• for pulymur· 
plii•111> and r0tre \'ariant• of prull'in1 an<l cry1hro­
cy1t: c11iy111t:s.•~ Tht: lin<ling• were 1ummari.u:<l by 
:'\,,.I cl al.•~ a.• follows. 

··111"'.d 1peci111cn• from a sample of 187 ~far· 
"hall hlandcn were 11udicJ with reference to \'aTi• 
ants of :H !ll'rum pro1ein1 anJ crythroc)·lc enzymes. 
Six of 1he trail• •ludit·<l cxhiui1c<l gcnelic poly­
n1orphi.1111 (atlc11< ... i11c dl';1111i11asc, phu•phogluco­
muia ... ·1, acid pl1<,.ph;1tasc, ti·pho•phogloconale 
dchydroi,:enasc. haptui;lohin, !!roup >p.,.·ilic cum· 
JMlllclll ). There ... .._, in addi1iu11 011e 'rare" \'arianl 
10L1llm111i11) in ~O-li dl'll'rt11i11atio1u. l'lwsc rt .. uh• 
on r•nl' \'aria111~ ha\·c lx_Tn nt1nhi1u-J \\·iah th~ uf 
utht·rs on '.\li,·ru11t·~ians. aud the.· fiT<(lll'l'K'Y of r•arc 
\·arl.;.u11" in '.\li .. ·ru1a. .. ·!\i~111s ... ·0111parcd \\'ilh lht" frc­
<1ut·n,·il-,. ln \\'l"'l Europc.·;.ari ('..ull'••sian,..J.1palK."1tC. 
and .\11,..rindi;111s. Thl'rc arl' 111.111,· dillituhil'S in 
•11d1 l'mnpari,,.111•. and, ;1hho11~h 1hc ul,,...,rn-d ,·al· 
'"" k•r thl' fuur ethnic i:ruups difft·r by a fal'tur of 

l'h1·uo&~1.-

S\ -.1r111 :!·I ·• ....... 1 Gc:nc ru"<llM."IM.~· 

,\&'4-111 .... llM' dt·.1111111.1 ... · lh; Ill II Ill .. ,.\IJ.\I = tl.~l~tl 
(;1u11p"'pn1ti1·1u1111•••1•·111 I l 1 ; .. , lt~l , .... = u.n.i~• 
Jl,1plu1.:,luh111• .".ti ~u 31 1 •• " llp1 = u.:.:!f 
l'h,..,.pltt~hh u1uut.1 . ..,·1 •• I."••• :!ti IHI l'(;'.\1, 1 = o.~'1.! 

.\ .\II II 

.\1·i1l plu ... pi1.1t.1!'ll' 1111 i.\ II Ill"• .\I'' = ll.7U 
ti.J'lwl'ptu~llH'IJllotll' dd1~1h1tt.:l'lt,& .. ' lt1I :!I " IWo ·•-l'l;I)\ = ll.!>1.1 

•Tlw· 1 lp0 1~1.11· h·;,1,. 11IN·r\rd 111 I i1uli\ i1lu.1l'". 
• •T\\111·\a111ph-,. 111 llM· I'( ~'.\I pli ... 1ut~ 1•· ~. i .11111 .. 1 "i11i,:lr 1tlw·1101~·1•· ). i "'·u· '~""'·rn·1l t l't;.\h: :O.U.~l). 

. .. 



:1u 

:I, lhe !\li.-rnnl'1ia111 exhihi1i1111 lhc lmn'lll rl"l"• 
<ju•·nq·, ii i1 14:11 1ha1 no n>11d1uio111 l'Ull<'t·rning 
ditli·n·nn"'I l><:l\n•1•111·1huil· gruup• c:an he tlr:1w11 
al 1l1i• 1imt·." 

Talilt· ".!".!•hows 11~ !:Clll' frt•<1m·1wil'1' fur 1hc sill 

i:•·m·iic pol ~·morphi•lll• 1; •und. 
c. Slood SludiH fo, Genetically Inlier/fed Traill 

In Ille Marslial/ue. • ,\ lar!:<' hod)' of dala ha• 
ht·t'll culln·1t·d frn111!(t'lll'lil'1111dics u11 lht• :'\l;1r· 
.J1all•·><· pcuplt'. The rt'IUllS :ire 11u1 uni~· of l(real 
a111hropolui:il'al inl<'l"l'•I h111 oil•o 111;iy •how i111i111e 
•OlllL' pu»ihlt• t.,'l'lll'lil' l'lli.·,·u of r;ulioi1ion t·x1••Ulfl' 
i11 f111un· i:•·11..ra1iu111. T;1hk ".!:I li•l• llll· fr1·1p1<0 11<·~· 

of tbL· \·.ariou~ tl"•Lil~ ll.llill'lL 

JI/ ••• /~"·"/'"'~ •tudi•-. .lum· th.11 1he !\1;.,.,hall•·,... 
ha\'l' ;1 rd.11i\'l'I~· hi~h II l(t'll<' fr•«111•·m·,·. a hi.;h :'\: 
~··11c frcqll<'ll<')', all t'Xll'l'lllch· hil(h R 1 !:''""fr, .. 
que11n, ;111d 1u1al ab1t·m·e of Kdl ;111d Di<0 1(11 foe· 
turs. Tl1t-..· d1;iral"l1·ri>1ic• diJr .. r fro111 llUN' of l'u1'·· 
lll-si;1111 aud •111(1(•·•1 a rcla1iu1••hip uf the !\Ian.hall· 
, . .., p1:uplc \\'ilh Soullll'a•I ,\,ian• and l111lum-siana, 
I lapwi:lubin •llulil·• 1howt·d a frt·11111·nl·y of lhl' 
llpl i:ene hii.:her 1han in Eurup••an pupul:t1iu111 
1h11s f.ir lt'>lt·d ;and l'U11•i•1t·111 wid1 1h:11 of popula· 
1iun• livi111( lll'ar 1he •·11ua1ur. The tfi,1rihutiun of 
h;qi11~luhin type·• >1111\\'l'd the pup11la1io11 1u he 
n.-lo.11h·dy lu>11101.tem:4111~. Ira1n/~'tt111J in all M.'r;t· 

wne '''I"-' CC. 1he n111111u•11 Europc·an t)'llt'. //. 
.-\111inu~~obu1 yri1..· ~ll'i'I u1 iuary lt.•\ L0 ls ,.f utwt·d 1he 
!\l;ir,hallnc lo(,.. 1hc hi14he>l l'X1Tl'll'fs uf 1:1i• ... ·id 
of any pop11l:11i11n 1l11i. for n·pon•·d. I.en·(., in 1hc 
t•xpu~.-d ~ruup \\t'fl' Alhoul 1hc !6a1uc as in lht· un· 
l'Xpu~d ~ruup. ;incl nu l·urrda1iun \\·as fou1uJ with 
bucly burd .. n k\'el• of radiuuudid•·•; 1his indil'al<'I 
lh.ou tl1L·,.c i~ prub;.d1ly nu t:urrcl.11iu11 \\ i1h r1ulit1· 
tiun t'XP'""11rc. //,,,,,,t.:,f11l1rn ~I/_,., wen· t.'Ull-'iclen:d 
nonnal (all had 1ype ,\.\.~). S1cllm~ Inf, >l1mn'tl 1111 

siddilll( ll'11<ll'1Ky in am· of 1lu· Jll'oplc. (;/un,.,.1;. 
/1lt1H/Jhr1/t' ,/,Ai "'''t:--'""' uf the n·d t:elJs ,a ppt·art·d lo 

1,._. n1ir111al in 11 ... .:'\l;11·•hall1.,..,, S1udit-. ofCrn /J,.,,,,. 
11/n ''""n·d lht· .:'\lan.halk"" 111 have IOlt:; (;111•••' 
and nt·arl,· ltlO'.; (;11111•••. There"'"" a •·11111pl1·1e 
ab"'"''' of C111' and a hi1:h fr<'<(IU'm·y of (;II ·likt• 
l(i111•·1. St.·nuu '.llludit·" 1•jr Ila· .\L: --y~1t·r11 rt'\'t•.011 

th.11 1ht.· Ru11~dapt·:o.1.· t:o1upo1n·d \\ilh ullwr wudd 

•\\',, ,ur vro1kli,l h1 lllf' lullnWiolUV 1w·r-w111" l1lf .au • .J\•·•. t1l•••f 
l(rittljllll!irl'll - l>r. l •. ;\;. :i-.1 • .._ .. m .. u. u .. -1111 ..... ,., 11 .... , ..... 1. h.1phtt:l1.i .. 
i11:..11,111 .. t••fflU• •• \C ii .. uri1tt·11i. - lk. It·'· l~J1m1l111•rl(. J11 .. 1i1u1t• I·~ 
(:..run k<1·w-,u1 )1, J•Ja1l .. d1·lplu .. ; lw111"i.:J .. luu h pn - Ur111. K.I.. 
t.mcl1•, Jr. ,11ul (; C : ..... 1illo1, ( :u1urll l'u1\..r .. 1I\ \Jr1Jt1 .. 1 ( :.·111c-r. 
o111tl Or. !'II.II. U.nrr, Juh11~ U111I""" IJu.,pi1.1I: "1:lu11 ... ··h·piw•· 

1J1,11r 1ld1\1lr"1tt·11.1..- 'lll11tl1t"" - l)r. is .. ~rr, H.\IU 'lllU1ii1"" - Ur. 
"'i. \I. ( ~.111h'r, L'11i\•·r"'1~· •I \\' .. .J11111(1,,11 ... rul I >r. Hluml•·rrc. 

lH·1at·1it·all~· l1•lM·1·i11·tl Tro1i11 iu ~l.anlh1U1..-
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pop11l;11iu11• han· a hi1:h fr1·11111·11•·\· ufC:.<ldl. a11li· 
~·r u111 n·ou:l111'1' and JI lu"'' frt-tjll•'flt·~· ul' ~I'\\' \'u• k 
a111i .. T11111 u·a•·111r•. Tiil' it-\'..! of ll.\111 (/f-;1111i11u­
''"·IH1l\'ric a•·i<I) w;1> 1h1· hi~l1t••I ~Tl rr1M111<·d fur 
;an~· popul•tliuu. 

( :u11:-.idt·.-.&iJlt· t.·1.11uiou uu1l\I lM• t•x1·rriw:d i111·val· 
uaaju~ the n·,uhs of 1Ju~t· s1u,lit·~ 011 J.wru-ti'-·•alh· 
i11l1<·1 i1cd di;1r;1~1ni.1in hc•ra1uc uf lht• .,.,.,(·I 
1111111ll<'r of s.;1111pk"' IL-.led. The 1lata do "-'t'lll lu in· 
dit ate rela1i\'C homo~e11t·i1r of 1h .. l"'Pulation a111I 
d•"'-''I kin•hip \•ilh J><'ople of S.>111lu·asl :\sia. 



Tl1r,,.· 1l;,1;1 ;1l,..1111;i\· l.1e ust·ful ;"'a ha~ line, >houltl 
i:c·11<·1i" d1;111i:1·• a1;1x·;1r i11 l:i1«r \ll'llt:r;11io11s, J"*• 
!'rlif~ly n·t1h"tl lu 1;ul&atiun l'.'•q.llt!llUrt·. 

IV. Thyroid Findings 

A. EARLY FINDINGS 

E~a111i11alio11• lior l""''ihl1• 1hyroid ;1lmonu;ililil'> 
\\TU' all i111p1111~an1 part of tlw pro~ra1u fro111 llit.· IJL'· 
~iuuiu~. Al tin" 1i11u: uf lhl' atTidt.·111 i1 '' •l' uol 
,.,,."jdl'll'C) likd\' lh;ll Jill' llinuid li.11! 11'1Ti\'l'CI a 
~ufli,·it·111 duM.' ,;f radiuitulin~· tu 1 t''.\lih in al,uur·· 
1nali1il"'.\. 111 JTll"l•!1.IHT1 this pto\t·tl tu la· quih· 
\\ runi.,:. !11.ilu.T 111~ ruitl iujur~· ;.uuJ it' ""''11wloit· h~J\"l~ 
l.M't:u llw 11u1 .. 1 ,,·riuu'.\ lalt.' fl''.\Ult of thl' f.dluul t:X· 

l"'"ll'l' i11 ll1t: '.\Lu·•hallc>e pc:opll' .. \ duonulugi<·;ll 
'1'\'il'W uf t'\THl~ lt·;.adin~ lo the dc\'t·lup1nt·ut of 

1hyroid ah111M 111ali1in li1llow•. 
Bt·~in11i11,i.; sc\'l"r~d yl'an .afll'I l .\ptt'.\llf4! ii Wi.t5 

uolnl 1li;ll :1 of l~l d1ildrl'11 l'"l'""'"I ;ii <JU ~'l·an 
tl ;a~t· ~huwt"d rt·lard•atiun uf ~ro\\ lh. "· 1j• 'l"hi~ \\···~ 

1~111in1l;1rly 11111ahlc iu Iii" hoy• l'Xl'"""d al <j 
y<"ars of ;ig<· ( Fi~111" :!Ii). Th<· 1·;111~ of 1hi, fl'lanfa. 
tiun \\·a~ uut t11111u:(liatdy ;.1pparl'Ul. It wa!ti n·l·o~· 

ni;.,·d th•ll thyroid honnolll' ddit·icn(·y fro1u thyroid 
iujury nJuld rt:~uh in !'llUdi ~ruwth JTtard.;stion. 
l lrn""·'·r. cs;11ui11;11i1111"l11ri11g I his •·;1rly 1x·ri1 Kl did 
1101 fl'\T;1l ;111y 1hnoid ah11on11.ili1i•·s, ;111d lht: 1'111 
k·wls i11 1Ji,.,.., d1ildn·11 ;i. wdl ;1• iu all :\lar,h;1ll<'11C 
\\"4.'l"l' iu tht• nunn•il to hi~h ran~t" ·rhl.' t.:row1h rl'· 
tard•1tiuu gr•ulually hc."l·•uut• 111urt· app;1n·n1, •uul ,;1& 
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II )'t';ll'I l""I l"Xl"'"1arC' ii "·a1 nolt•tl 1ha11wo bo)'I 

wai: par1it·11l;1rly •IUnlt•d in i:rnw1h ( Fii:urC' 
:!i 1.'"·'" Tiil')' h.1d lx'l'll ""l"'""'l al 011l' yl'ar ,~·ai:C' 
and i,:r.ulually dcn·lopt•d alroph)· oflh<" lh)·ruiJ 
i,:l;ind and •ii.:111 of lll)'Xt'Lkllla with puffy f.>L,'I, 
tin· •kin. •lui:i:i•h n·lkM'I, and hon\' d•·•i:<'nl'•i• of 
th~· hum•·nu.and ft·mur (•'l' Fii:un· :.!II): Tht'"'' twu 

'"''°' ( :'\:••· j and .'.>) •n·rC' t·u11•idl'roihh· •hortt"r 
th~n their hm1ht·n ( :'\111. ll:I and U I l ,;.h., \\Wt' 
yo11n11t-r and h.1d l>tTn t'Xl"'""d 111 u/oo. ln l~Hi~1. •• 
""i,.Lu.:tury nu:thud fur ,,·ru1111hyro'.\int• .an,;al~,j,. 
IJ\' &011 t':\d\~lllti:t' t.:olu1u11 bt·l'.unc.· ~1\·aiL,hlr. S1t1d· 
it,':. hy tlaii uu·thuti i.liu\H'd tli .. 1t i.olUl' oftht· l·hll· 
dn·u did irn .. kc:tl h.t\'l' l1•\' .....,., u1u thyru:t.iru· lt0 \c+,.. 
l :u111rul ~1 udi,·1 01111ori11.1l ~l.1r""'h~1lll'"'' rt·\-.:.11.:d 
th.H 1u.1n~· uf lhl'lll h~Ht 1uu1 .. u.t!ly hiL:h iudupru• 
h·i11 lc.·n.:l~. ll·.ulinli( to ;.1 L1l,.t· iu11·rpn.·1,;11iun uf pn~ 
tt·i11·lu11nd iodine: t l'lll tdl'tn111i11alio111. la hc:c11m• 

;ippan·nt n11lr lht·n th;11 Ju\\ 1huoxi11t· (I' 1) lt·H·I• 
i11 .. ,,.,.. ufthl' d1ildn·11 Ii.id pruliahlr lx .. ·11 111,,,i., .. 1 
Li~· hi~h lt·wls of i1Kl11pro1.·i11. 1 •·•J Sc.·,·t·ral d1ildn·11 
\\ith .lii:ht i:rm-ih u·1.1rd.11ion had lowt·n·d T 1 
i.., ... i.. Tiu: h''l"''hrruidi,111 .1 pp•·an·d tut,,. f1 on1 
pt i111.1r~· thyruid J.11n.11.,:l' .uul not !W.·t..·u1u.J~u-~· tu 

pituit.iry darn•u.:t·. ~iun· lt'-.l!\ f11r t.:ro\\lh hun1uu1t· 

in ~c.:n.·ral ~ruu.1h-n·t.u-dnl d1ild1t.·u \\'t·rc uunn.11, 
.uul thc.·lr ~·rurn 1hy1oid-,1i1uulati11\,( hurnuuu.· 
l TS! I 1 lcwl• \\t·rr dt·,·;1t1·d. 

I. DEVELOPMENT OF THYROID NODULES 

111 !~Iii:!, 'I y1·an ;iflt'r l'Xll<>'llrt', ;i l:!·yrar·old 
l(irl ,,.,,,, fin,ud to ha\T an~"~ 1nptuuaatit· uodulc uf 

'141-
• )( • .ili.:t·l.11• 

.\il111t.(ll.M" 

l'1111k 
l:u11l1ul 

' ' _, 

t'ii(urr ~~t. ( :u111ulot1h·c· pt'ffl'lllJl.:n• of pc·r-.un~ "'i1h thy· 
ruid lr"o•u in t.""l•M·J l<.oul.(dJp .. \ili11~11at·, o.1rul l'1irik 
i(ruuf;,.. ilfld in IUlt.'lljlUM'tJ H.u11"1'.d.1p 1.:u111rul '(ruup •iru:~ 
I !ithl. lw~·d 011 uuml ... ·n uf 1•·~111i. i11 llil0 l(r~1UI"' iu P111~I. 
llil· lillM.' \\lu.-u r.uli.uiun·i1uluu·d M."iu11• \H·rc tinl oolt••J. 

'_ ... -f' ............... .---- _ .. -- ... --------~- _,,_ -

1l1t• thyroitl i:land. I >.·n-lop111rnt t.f I h~ r• ~d ;1l.1uir· 
mali1it'I in utl1t·r ,111.jt't'h n111ti111H'd duri11i: , .. 1 ..... 
1111<"nt ~·..,ar1.'"'~" ,\t prrw11t (I !Ii 11 :!~I of !Iii r~· 
,,.,...,( pt·opll' .~· Kom;d.1p ;1n• all<·1·1t·d, i11dudi111: 
lhl' l\\U •tt1n1t·d hoy• \•hu drn·loprd lhHuid 
at mph)· without 1uKlt1l.11 it~·. I )11r uf I d1il<lrt·11 rx• 
l'"""l "'u/ou tk·n·lopt·d thyroid nudult~ in !!Ii I. 
l·'i(ure '.!~• !'lhu\\1 lh~~•. n111~idt·riui.: llw population 
n·111.1ini11t: a1 ri•k q ... ,. ... ,11. li\'ini: i11 l!ltil. at till' 
ti111r of ap1•-.1r;111n· of th<" all\·ruid al11111r111;1li1in I, 
the ln·ud &~fur 1·uuth11u·d d1°\Tlop11u-11t uf lt"iou~ 

\\ilh rnTlll i1u:n·a'''" .111u111i.: tlu- lu\\t 0 r•t'.\lw.~u11· 
.\ill1n,:n.u: i,:ruup. 'l'al•lt• '.! 1li'.\h1lw ll1~·roi•l ,1~1l11~ 
·~·.i11 "'l .... ·d Run1:1·l.1p 1•·upl<' ;111d uf 1•·upl1· ,,i1h 
fM.••ilin· li11di11t:.' iu '1·rl.1iu ud1t'I" pupulatiull'.\. 

Thi· 1h~ruitl suu.lulc.·, \H'lt' ll'•U.1lly 1nultiplt·. 
\\"t•rc.• 11ul \c.'IHlt·r. 0111tl \'iu·i1·c.I in "'ilr fro111 '.\t'\Tral 
ruilli11ll'1t·n tu M;"\TI'••' t.T111i111c.;lt"h in tliouau·\t"L In 

"""'"of lilt· da•ldrc.·n noc.lul.ar lr;l;uul~ \\Trt· ••~11r.ot·i· 
atrtl \\ilh low thyroxi11t• 1.-n·b a11d sli~ht ·~: .. w111 
n·tanl;11iun. Th" 1wo •tunt•'tl (,.,~·· ( :-.;,,., .I a11d :, 1 

,j,.,., ... l 111;irl<·tll\· rt·1l11n·tl 1hyruxi11t' kn·k :'\011<' 
of llu- euluh" wi1h 1u•duleu·i1y lt•1tl luw thyru-'ia.,· 
lc.:n·l~ priur to '•ui.:it·al t•xplor•Uiura. 'J'lw ~ruh lh rl"• 
l.1nl.&1iuu \\ i1h rc.·c.lut.·nl tli~·r·uxitM' lc. 0 \Tl,. ;.1ppt·.1n to 
ht· tlw n·,ult uf r~uii~1dou iujur~· lo llu· thyruid iu 
ll1t· d1ildrl'11 ('4'l' S..·1·tiu11 E. IK·low I. 

T.11Jlt· «!~J li'.\h tlu· i11t·idt'lll't' uf lu:ui~n ;,anti rua· 
lii.:11.u11 lt·'.\iou.' ;.and 1lw t-:-ti1u.1tt·tl do••t' ufr·;uli•1lio11 
tu the.· 1h~·1·uid i.:la11d., iu tht· \'ariuw. popul.uiuu,. 
·nll' hi~hc.·~l iuc.·idc.·ut. t' uf h·:\iUU!tlo (a~• .. ·.··; ) ha~ IK'l'IJ 

Uutl'd OlllhHU~ lho"'4.' in lfu- lu 0 01\ ily t·xpu"'4:d ~rou1t 
\\ho \H'I<' <Ill yt-.tr• old al tl1t· ti111t· 11ftlw ;u·1·i· 
lh·nt. Tht.• 0111 ..... ·uc.t.· uf k,lull'.\ a111u11~ 1ho ...... · of t·orre· 
'l.w •utliu~ ;,11.;t'' iu t lat· 11·:\., t·~p•N:d l' 1ir i~ ~ruup ;uul 
thl' 111u·~JNN°d t:ru11p!\ i~ 11u1al•lt·. luu :! of I~ c.·x· 
pu:-.c.·tl c.·hildn·u i11 llu· .\ili1u:nar ~ruup h.n·t· IT· 

n·nlly dt•\ dupt'd lt·"'iun"'. 'l'ht· i1u.·i,Jt'lll'C' 1tf ll1~·11,id 

lc·,irnh t.u11011~ 1hc.· t:-"P'l."lit:d H.0111.wl~ap acl111t~ j, nu1-

"'idc.·rahly lu\t.e'r thelll thal t.u11011~ 1Ju· d1iltlu·11 but 

hi~h.-r 1h.111 a1111111i: tlw L'1i1ik or "'"'"l"'"·d 
l,!ru11ps. The l'1irilr.; t.:;nn1p d11t''.\ uul ••ppc.·~•r lo han· 
l1.1d 01 hii.;lwr i1H·id1·11n· uf1hy1uitl l1·,ion' lh;u1 llu­
u11e:..po'.\t"tl J.:ruul"· l,u1 uut· l'1l1il iudi\·idu.&I dt·· 
vc.·lupt:d ,·;.11u.Tr 1,J llit· thyru&tl. 

C. SURGICAL EXPLORATION 

In ,.il'w of 1111' l".._,.jl.J)· n&01lii:11;111t 11;1lllrl' of !Ill' 
1hrruid •~•d11lt.,. i11 lhl' "·'l'""'·d l"'l"'latin11, .,ir.i:i· 
<'.al l'Xplur;11io11 ufal1t· ;ilk1·1rd 1hvroiil•. \\'ilh rt'· 
111uva1 uf uodult.·s, w~ l'U&hidt·n"(l ;art.:r:-.."•uy. 'll1y· 
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•I l.tN· f10111 1·11 1. 1.1:.:1, U.IJ, OJlul 1.1:.1 phu ~~1t11111oa; llh:Olu Ju.- c:xtrapolatL'J from c.·akula1i.a.m,,:.:•i kJr a<luh1 and 3·~"4.!oar .. oldl 
(.,.·t•St"tliuu I;\. 

1• lt1 ... ·,f 1111 nu111l•·r c•f JJ1"t111lt• t'"l•,..•d, e•'"''•1diui.: tlM•' '" "tno (nun1lx·r of l'o&!iil't 1lotal nu111IM·r in group). 
"Tht· 1li~r11id &,; u1u~i,lc·n·d 10 Ix· fully 1h .•.. opt·d by ;ahout a~t' lU . 
.,, )aw.· ouJdi1Um~d c·a'""· of .uk-no111.t. f1.ttm<l at ornloJ"")", not i1w:ludl·J hc.·r~. 
• \\"t"i~lalnl mc·~111 du...,.•. 
' l'.11hulut.:i"'h dilft·u·d a~ 10 "ht·thc·r 1hi1 lt•!lokm wa,. malii.;nan1: it w.u 1COn·d al benh:n. 
1·1lu·11111u• c·1wr~t·lit". Jaur1t·r-lin·J ;.,.,1upt"'lofi1..,fi11c l·ontrib1nt·ll lt.-u 10 lhl• lotal 1hyroid dll1r in th~ t•tirilc proplr le­

t'·'""'' 1lw fall1111l •M.n1rrt',l l.111·r 1hc·n·. h mi~ht lx· 1u1m•M·Jal1U \ha1 the hoiulugi'-·•11 dftTliH·nc·u oftlu· 1h~·roid dolt" per 
1.ul \nuild I•· h·M• in 1lir C1i1iL; ~n•up. 

ruid "'rt;l'r\' ha" lx·l'n l·arrinl out on :!·I of thl' l'X· 
1w.,.nl Ro11~dap p<'ople wi1h H'll111\·al of \'arying 
,;u1111uu1s of thyroi<l li!\~lll' dl'p•·ntli11~ uu till' cxtl.'nt 

of till' ll',iulh (: .. 'tJ WlTe subtotal a11J ·f total th\Toid­
l"t'IUJllil"s with 1-..1r11thyroidl0l'lo111y in~ul\'l.l'll·1~lly in 
onl' ufalw l.1t1c·r who \\'as 1huut.:ht to hein: c•u•ccr 
tll tlu· tiuu· of suq.:i-ry ). ( )f 1ht·s.· l"•lst"'· :I were 
l'1111al It• h.t\l" can .. i110111;.1 ufalu: tl1yruid ••nd :!I to 

lian· Lw:11ii.:11 lc·:--lous of th(• 1liyruid. 

Th" lir•t "'"" of c1l'l'i110111a oft ht· t hyruid """ 
('Urn·cl in a ·IO~yt·•1r·old \\'0111;111 l '.!~)at the 1i111e of 
""IMisure) iu the h·:a\'ily ""I'"""" i.:roup. Tiu: intl"r• 
\'al h"t"""'" ""l><J111re and di;ii.:nusis wa• 11 
~'l·.irs.~"·~·1 The M:ouul anJ 1hinl CL'l'S in this !;Wll[l 

un.:urn·d l:t ~'l'ill1' ••flL'r c~1li1·tun·. in a :U>..yc,;1r·old 
"""'"'n (ai.:c :!I at e:-'lx.,ure) and in a :.!:!-~·l'ar-olJ 

wu111:111(aJ.:l"6 a1 exp<.,url'). ,·\fourth ca!IC of cancer 
"''" fuund. I ·I ~'Car. after l'Xpo•urc, in a 36-~·car-old 
L:tirik wo111a11 ,,·ho lwd r<...:l'i\·eJ l'On>idcral>ly lcu 
cx1xisu1'C.~:1 ·111n-cor l~JG u11expo1t·d Rougclap peo­
ple ha,·e had surgery with re1110\·al ufl>cnign adc· 
1111n.a.<. :\II 1hrcc '"'''" W<MIK'n. I lu•pital •u11u1i;1rics 1/ 
l';L"'"' ;11.l111it1t'll :11 11:'\L :1n· pm••·ntl'd in :\p1X'ndix IO. 

l.. GroH Appearance 

Sinl'l' th" di"'"""'l'Y of the tirst thyroid lesion 9 
~"'""' aftl'r radiation l'Xl><mire. dinici;ms particu­
larly inll'l'l"'tl'd in thl· thyroid ha,·c panil'ip;ltl·d iu 
the annual l'Xa111in;:tio11•. :\s :1 rl'sult, any slight 
irrq;ul:1ritil .. di,...·m·erl'll l>y palp:uiuu drew special 
a11c111io11. This hii.:h ckgrl'c of •l'rutiny aud '"'" 
pil'iou kJ to the dcll'l'tiun aud remu,·al of nodules 



wht·n 1hey ••·ere much smaller 1han nodules usually 
cncoumcred in general clinical practice. t'ew o( 
the les:ons were •·isiblc from the cxlcrior, :md none 
"';u accompanil'd by 1ymp101111. 

;\t 1he lime or surgical exploration most olthe 
th~·roic.ls i111he expoitcd Rongdap people were lobu­
lated and contained small di11Crete ma~scs which 
\\'l're not of sullidcnt size to cause •·ery signilicanl 
cnlal'gemem or to distort the sp11111etry of the 
gland.~~ ).IO!il of the 11la11ds in the expo..,d Runge· 
Lip p<.-opic with only one palpable n .. Jule pruwd 10 
ha\'e muhiplc nodules. Oft,·n the palpati:d no<lulc 
w;is not 1he le>iun 1ha1 uhima1d~· prnmpted 1hc 
nunt t..•onl'Crl• un llislt>lugit..·al ~xa1ui11.•1ion. 

The gland in wme ca ... .,. showed many lllrtuuus 
hair-like \'C""Cls on the su1 face, rcminiscenl of 1hy· 
roids tha1 had pre•·iously lici:n treati:d ,,·i1h ndio­
acli\'C iodine for hyperthyroidism. The cul surface 
of1he 1hyroids re\'calcd some nodules which ap­
peared 10 be discrete with distinct cap<·~les (~ig· 
ure 30). In some i11s1a11ces 1he>e discrele lelions 
wcrt" •·cry firm, pale brown or whiti•h. In some 
1herc \vere hemorrhagic ur degencrati\'e cysts. lllC 
margins of some 01her nodules wi:re indis1inc1, 
producins a lobular character which comprised 
most of 1hc: 1hyroid in such a manner that 1hc en• 
lire gland appeared 10 be responding to a di:Tu<e 
pathologic proceH, not unlike the type of gland 
obscr\'cd in d1ronic iodine ddicicncy but in min.i· 
at ore pro1,ortionL 

... iHute 30. Grta.1 rrial 1CClion1 •ti' an irradia1cd :\.la,.,,,hall· 
L"4:' tliyruid. llmwinJ( muhiplc di"M. n-tc a'lc:nurnalOI <lc,·d. 
•1pi11'( tlaruui.tlumt l>t•th lolx"111,fll1c lh)·ruiJ. Scarriul( i1 
c\ u .. kut IX:l\H'Cll 1hc:.c uoJulc1. 

~ ... 

2. Mluoscoplc Appeoranco 

On 111icr011Copic examination all llll' thyruic.ls u( 
cx1x,.;ed Rongclap people •ho\\'c<l •·arying (k"i;r<."t."ll 

of adcnomatow change. ).l:iny of 1hc l<.i1io111 were 
completely 1urrounded hy a di:11im:1 cap1mlc: an<l, 
unlike the remainder 11( 1hc thyroid, had a di.iincl 
hi•toln!(ical pallcrn which r:rngcd from minofol· 
licular Ill fetal, 1olid, or t•mbryonal typc1. UncX• 
pectcdl)· 111.111y of 1hc ;uknomas were p:tpillar)· 
(Figure 31 ), bu1 all cxc•·pl lwo of tlm•e that wt·re 
papillary were considi:rcd benign. ~l11sl of 1(.., in· 
di,·i'.lu:.ls op1:ratL-d 011 later in thi: ,..,,.;..., \\'l"l'l" giwn 
a small lr;iccr dose of"" I "'' 1h:tt tht· func1:onal 
IMlut'C of the ;uk·1111111alm" an•;L• n111l<l ht· •ludi<.-d 
IOr radioio<linc uplake."'1·"1 ).lultiple aulorad;,,. 
grnphs prepared from tis.-u1-. from the lasl l'J pa· 
1i1·n11 h.i,·e shown that t••.o•cntially all 1he di..:n·te 
lesions took up signilicantly i...,.. radioio<line th;m 
1hc non-nodular th)·roid tissue and in many cases 
to<1k up none at all (Figure 3:.!). Onlr in one indi· 
\'idu.al a single lcsirn1, whirh was pa pillar)' in char· 
ac1er, 1ook up more radi11iodinr. tha11 the surrotmd· 
ing normal thyroid tis.•uc. :\lth11ugh rcdtlL'l:d rndi1>­
iudi11e uptak1· docs nol ncn-ssarily indicate a ma· 
lignant IL-,.lon, it i• conunonly 01,.,.,.,·cd 1hat l<-"iuns 
having a capal'it~· lu mcta•t•hizc 1;akc up far k-... 
radiuiudinc than the cxtranmlular 1is.,uc (u•uallr 
1hc ra1io i1 <'!I .... ). 

~IOlit of the thyroids ha\'C been f11und 10 crnttain 
an unusual llumhcr of minute ericap:mlated k-sio111, 
some of them cu1111><»<ed of wlid cellular ma .. cs of 
n:lls (Figure 33 .. I, /I, ;and /) ), in nnll ra.•t 10 lt.-.iU111 
f;>ut1d in m011t adcnomalous goiters, which arc 
nm1post.-d of follicular structure• similar to hut not 
identical to nonual or hypcrplas1ic gland .. On 
careful grou cxaminatiuu oft he gla111L•, I h<...., mi· 
nulc lesions appeared a.• tiny whitish dois - I 111111 
in diameter (pinhead size). The ;atypicalit~· oftlLL-.c 
lr~iorur and the presence uf 1uitosc1 in the cdls of 
SllllC of them gi\'c rise lo sp1:c11lj1ion rt·i:anli11i: 
their uhi111a1c 111ali,gnanl potc111i;al (Figure :i.i .. 1 
and JI and Figure :1:1/J l. cspt·cially sim:c scn·rnl 
olH·iouslr malign;int lesions h:1n· lwc11 found in 
1his exposed popul;ition. Thi: lc•iun1 show11 an• 
from lh\'roids not h;irhori nlol frankly 111jlig1i;tnt 
lcsiotL• cJ:..c\\'hne, cxl:cpt the le.ion in Figun· :U/I, 
whid1 was found iu a thyroid that also h;acl a 
highly 1110.lignant lcsi1111 in a distant p;irt . 

Of1hi: four mali~nant l,,.j,,,., found {Fia:ure :S:1), 
two were papillary adenoc;arcinum;is displaying 
some areas th;it were 11..-...• well dilfcrc111iatcd, con· 



Fi..:urr 31. Two 1wulift·ra1h·~ p.apillary oulc-nom;ata th.&t 
wt·n.· l·uu,_,i,l.·14.·tl 1-.·oi~n ull thr l.t.i,l'lit1 of J,i,lululi(•t.:.al C5.olllJ• 
in•Uiuu ( X-1~f,11ulJjt·t.:I :'\11. l~1, 1~#411.t). ()lht.·r mi111itl" a,Jt_.. 

uum;U;.a frwu the l.iilllU<' t1ubjcu OU"C t1hfnHl iu l°i!(urc JJ.I. 

,.j,1ing of a snlicl cellular pattern. Hoth lesions were 
al·l·•unptanil·d hy 1nclasta.~-s in the: ccr\'il·al rcglun. 
In one ( Fi1111re :Jj.I) the ccr\'ical metastasc• wi:rc 
t:llten.i\'e alt huu!(h t ht• primary lesion was rda· 
tin-I~· •mall.,\ total thyroi<lco:to111y a11J unilateral 
radio:;il cen·ic;il ly111plH1<Kle a11J upper a111c1·iur 
;ulll pu!'llt'rior 11u:dia~linal di)iM.'l'I ion \\'ere pt.·r· 
li1ra11.-J in thi• ca.c. ;ind there h;" hecu nu e\'i• 
c.lt·rn.:c uf fl't:lllTL'nL·c in ,:, yL·.;u~. ~l'IH: !64.."l'.Ol1<l ca.\C 
(II) ,,·as al,u tn·all·d hy tot;il thyr11id.-cto111y aucl 
n·i.:i111101l lnnph-a•Kle tlisMTti11n. Only a >iu~le 
lymph 1111tlc adjatl'lll 111 the thnuid cuntai11l'<l 
llH'la:-.t,;atil· lun\ur •1hlunH.:h &11\'•t!'<li1m tu ,·untiJr,;uuu11 
ht ... d H.,._.._.1. w;is 1101t:J. This suhjt..:t ha• re111ai11<·J 
frt..: of n·currl'lll dis•::1.c k•r lU ~Tao. 

Tht• third 111alig11;1111 lc•iun ( C:) w;is a follin1lar 
a1k11ucard110111a whid1 •hmH'll considl'rahle inlil· 
tr;ition uf adjacent normal thnuid tis.,ue but was 
n111li11rd tu the r<'t.:i1111 uf tllll' "'l•:1iur l"'ll' au<l was 
11ut anumpanw:d by l""'iti\'e lv111ph 1u1tk.,., .-\total 
th)·ruidl'l·t11111y with r<"giunal ly111ph-11<Klc dis.cc• 
ti1111 w.u dune. The rt•t.:ional lymph nmk'I did not 
n1111ain 111etast;L'IC•. 'll1erc ha• 1,...-11 nu r•·idcnce of 
nTurn·Hl'l" in.:» yt·ar!'i. ·rhc ;tl.>o\T J pa1it·nu with 
t·arl·inu1na \U'l'C fru1u H.urn.;d.1p. '' lu:n· lhc expo" 

~Ull' lo falluul wa." 1.tn:atL'Sl. 

Tht· founh l'art'i1111111a ( /))''""a rclati\'rly 1111· 

dLUl·n·1ui.a1t·d tull'&UK·•1n·im111101 -:! .. 01 nu in dioun· 
ctcr. In many arc;as it "''"'solid l'l'llular in d1arac• 
ll"r. Th<" pl<~nnorphic n·lls had hrn·d1l'd tht· c;11>­
s11ll' iu many plan ... Thl' tumor".,., ub ... ·n·cd in 
\'asnil;ir •pacl.'I hut nut iu lyonph notlt'I. and no 
Ji,tant mt·tasta.'it:I could(,.. idn11ilil-.I. The 1>;1tic111 
h:11I prt..,.1111i;1hly n..:.:iwd 111i11i111.1I radiation cllpo­
sun· uu Uti1 ik. au outlyini.t i""la11d 'piilc rt'llHtlC 

.. !"'!'.·:.-. 

... 

t"ii,;un.• :t! . ..I: ;\ hl,.tulu1,:it..· pn·p;tra1i11n of a lc.~t.Na lhoat 
•1t·\·do1w:J in .;au ~rr,;.uli.ih·ll ~l..c -.ha lint· th~·rui'l {XI~ 1. 
Jl: Au1or•uliou:re1ph, 11ho\\ Ioli( :tn·.a of "i\Cuili,.,a11l 1.u l u1•· 
1aL.l" 10 hr iu lh4.' ··uorm.11" t'lli.lr;11uKll&i..1r ti,.,.m·. in hu1h 
uppt·r l·onu·n of ilw ll't"liun. ouul 110 up1.alc· i11 Ill«' U<"o· 

pl.al'>ln (tlilftu.t" •lipplimc i11 h.KL~rou111l1. Thi• Jt.,,iu11 wa1 
&htl .._·uu .. idt.·n·tJ mali..:uam. (S.uut.• '-Ul>jt·t·t ·•• F&'(un· .H.) 
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frum 1111: an:oas of the mon~ heavily exposed grouJll. 
Tlm.'t! other 1uhjcclll l'mm 1his island wi1h 1hc: same 
eXfl'"'urc have: had surgical excision of nodulc.'I 
whid1 pro\'Cd 10 be hc:nign adenom:as. 

,\ lilih le.ion 1hat \\'al papillary (the size of a 
m:atd1 head) wa.• found in a subject l'rom an island 
whne lhe cx1•"'11rc was inicrmcdiatc: {:\ilingnac:); 
ocn·ral olhcr i11di,~dual1 cxpo!ied lhere ha\'C: de• 
\'eloped hcni~n k•ions after a lalelll period IOlllC• 

what lon1;er 1!1;111 li1r tl1101C c:xpu•ed on l{ongclap. 
,\fwr rc,·icw of this papillary lesion h>· cle\'cn pa• 
thulo1.:i•ls, • opinion i• di,·idcd as tu whelhcr ii 
.J1011ld lie .:011,idered 111:ali!-:11a111 (Fi1.:urc :11.I ); we 
h•1\·t· rl-cun.1,·d it ln our Mali~tiu' •U hcni~n ln \·kw 
of Lhc 111.ajuri1y upini•Ha. 

:\ li:w J<.,.io11s uf 1he 1ln·roid f .. dl i1110 an um:cr· 
taill l';ll«gury in whid1 e\'~11 1hc mu.•l l'XJ>erien.:cd 

•s>n.. S. \\'i6fn·u. \\'. ~lt·i .. nrr.ornd ~I .. \. l ... ·'llC· ~t·~· t:n1(bud 
l•ra&·•u..-u I l1.,pno1I: J.ll. krid, Ckn.·l•uJ :\lt•tr••f•ilta<An (f1.·n· 

4."fOlll llt""fMl.al; T. \\'iuJ1i1» llkU.'»t•JI~ L.U. \\'uolttr'f, M;,i)"o 
CllnM:; I .. \'. .\6.-lu~rm.orn.SU~\' al Slon~ lh"oui.. k.\', Rua,·ull, 
t:mon l'oiH·ni1r; and S. kohbi111, :\. \.id1.rr)'. o.od II. Ciullc• 
mo1u. M.a..,...·Ju....,111o tit.·1•-r.,.1 t l'atNi.al. 

pathologisu an: unable 10 reach a firm opinion as 
to a diagl'IO"is of malignancy. Some of tlll"M: k..Wons 
uhi111a1cly pro,·ed to have been malignant as t."\'i• 
dcnt.'t.-d b)· a distanl mctasla.•is some )'Can after n:· 
movitl of the primary lesion. It seems thal a neo­
plasm mu•l reach somc significan1 sizc: before ii 
can unequivocally satisfy 1he criteria for a diag­
nosis of malignancy even &hough smaller k-sions 
may ha,·e cclluJa;• characteristics thal 1uggcst 
malignanl capahiii&ics. In clinical prr.c1icc many 
lesions are of sullicicnt size 1ha1 •.he cri1cria l'or 
mali1111anq· arc readily fulfilled. :\mong the .\lar• 
1hall""" pa1ic1111 mo•t of 1hc &hyruid noduk'I ci1hcr 
were de1ec1cd by palpalion "·hen scitrccly I cm in 
di;uuc1er or \\'ere luuud coincidemall\' to re111u\'al 
uf lklipahle adenuma. ~lany lesions .1;owing alyp· 
ical .:dlulari1y were 1U small 1hat perhaps 1hcy 
had 1101 yc1 had an oppo,.tuni1~· to manifc>l all &he 
usual cri1cria upon which a diagno•is of malig· 
na•lCY mar be based. Figures 33(.' and 34A show 
one such minute lesion. This emphasizes 1he im· 
porlancc of 1hc earl>· diagnosis and irca11nent of 
~lanhalksc k-siuns. 

JiN:Urt'.' :.J..I. •:xampk"'I u( \'t·r~· mi11UIC' neopl<.IJUUI, only a (c."W nun in diameter ~nJ compk·u:I,· l"l1• 
t:o~ll'Ula1t-J bua ci•1111,.,..,.,.·,1 ,_. n·U1 \\lat~ f>.lltcrn 1u~!(l .. 111hac if the k...iuna were l..t.rJiet'r 1ht·\· mit.:hl 
~l1~p1~~,. ft.·a1urt.-s promphnl( 011u~piil'iu11 • .a· mallgna1w.·,.. In l.JuLh c:..;;ampla 1ho"·n (.-.I, x l~:!.1ul>· 
~n.1 :\'.11. H. 1~17:!; II, X ~n, :"u. J'i• l~J~•) r\·idc.·un· u( bluoJ \'C~".-1or1,,·mpha1M: i11\'aM01l ~• l•w.:k· 
·~~lit· <1Jw.I lltt• l'a1 .. 11k·, "hk·l1 "-"••• \t•ry 1l1in. "'» IMK bn·t,·l1ed. Thr t.·mi.n: k·1111iuo o( ol ~ .}10" 11 in 
~ 11.41111.· :UC, \\he-rt· il1111 •i.1.r •·.111 I•· t:111111M1l0 d \ilio·~1la tl1at uC •urruu11d•11~ lki•rm.al f11llidt.,. 1~~11 1 1lu:M' 
C"-U11pl1:• .1n· f1u1111hyru1d11111h.u la.uJ 110 fr.aukly malign.uu l'-·•km1o dM.·\lilM:rc iu 1IM.·m. 
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fi~ure J:.. ruur CMdnomiU of lhe lhyruiJ (ound in ~lanh;olJ.:w: wlJj<'l·t1. .4: l'apillary adeno• 
t.:.il.n:inum;.a "tth 111.iitll)' ccn·icaJ lymph ncdca containinM: llM..'liiL"&.iAM.."I ( Xl«J. 1ul>jc:t.:I :"to. 7'!. l!.Hi!J). 
/J~ YoapilL.ary it<lcrw-..:•tt:inr•mil "jah .a Uul(&c lymph node coru .. ini::I( mcl.&.lit"'ti.c ailC' ( X '!I.!'; ••. fi-t, 
lc..H)'.'J J. C:: lufihr ... tiu~ k11ltcular ac.Jcuocarciuon~ wi1h korn.-·n .. ,Clit'.'iil..,'1(..-s ( X :!~i, ~u. IH, 1~4i!.J). 

/J: lolcl"1t\'d~· u11<liJCcrc:11tiOAlctl CuUM:ulJr aJcnocan:inomOil ( X .; .... 2:!:!4.J, l!.H.i~J. 



D. HORMONE TREATMENT 

111l~ll1."i,1h1· M 0 ri11u.111-.• 11fth1: tl1·\·1·l11111111:11111f 
1lir1uid l1·,i1111., i11 11 ... R1111~l'l;1p p•·upl1· .,.a., r•~.,.~-
11i1.nl, a111I a 1i;11u·l 11f "·~IM'rl• wa• 1·;11lnl '"~"lh<·r 
111 t1°\·M.·,\· tht• Jiucliu~" .a1uJ 111•akc n't·o11u11t·1ut&1iun"' 
u·i.:•lrcliu1.: tht· pul'li!llihill1~· uf i11i1ia1i11i.: 1ncvt·n1i\·e 
tlwro1p~·. •~··::.s 'J"lu· t'1Jlll'&'ll'11lo Wit' th~al tlil· 11ut1e 

lwa\ ily •·~pu~&·d H.1111\.wl.ap ~lhttp ,1u1uld Ix· plan:tl 
uu u·plou:1·tm:u1 thyruxiuc fol" lik &11 uHkr to IJloc.:k 
·rs11 ... 'l"n·1iun by 1lic pi1ui1a1y ~L111d. 11 \\'a!\ 
l111pnl 1h~1t uullifyint.: du· ""ti11111!a1111~ ou. ti\'it~· 111' 
ll1i, lio11111uu- uu tlw ti&~ rr1id ho11ld i11lad1i1 tlt·vd­
up11w111 uf l-.·uii,:11 .11ul 111;ilii.:11.111l 111Klull·,, •11ul 

111 • .i i.:111\\ iii anti lh-u·lop111l'l1I 111 the bur 111uJ1l'• 

ddlt·i1·111 d1ildn:n wuuld ht• 11n1u11H·d. Thl· J.M .... ,i. 
J,ili1y uf1h·n·lup11wu1 ufpituil;H~ 1u1uun.. whi1 h 
11•1" Jx·1·11 1111tc:d i11 hypoll1~ r11iid .111i111a!.."';1 aud hu· 
111.u1 lx:irn . .:,."•i 111i\t,ht Ix: p1t·u·111rd. Etl1it.·~l l·un· 

... idcr;a1iu11' nil1·d uul ra11du111i.1.nl ~ linit:tal Hi~l1' u[ 

llu·1.1py. 

S•11ll11·1il' I ·lhyr11xim· 1S,·111liruid, Fli111 l>rul( 
( :u.). h liidt 111i~h1 IM.· n1u1T 'tahll· lh•tn dt·"'~iGHl·J 
thyroid u1ukr Uupit·•d l·uudi1i1•11"'· \\,a,, rc."t.·u111· 

1111·11<1 ... 1.11a.i ....... r11.:l111~. ""' 1i1r l""'PI•· <:io 
~t·o11·, uf .1~1· ;uuJ 0.'~ lllt: 1 do1y l(1r du~t· > .. tO. 'l'rr;U• 

1111·01 \\a ... 'lllK'r\'i"roC·tl i,,. dU" lu·~1ltl1 aidt·. hut dill!· 
1 ul1i1·, iu 111t1iu1;1i11i11~ a !iilril'tly n·~ul.1r 1n·<.1t11u·u1 

Fi~u11· '.\tt. /.</i; Sul1jn·1 ~11. ;, (!'lu ... 11·r) .111d hito '•Hllh:,1.·r 

hr1r1hrr ( ~u. U~tl in l~~i.I. /(11!.ht: S.111u· h\11 i, ... ,.,,· in )~Ii .t 
• 1f'11·r :'\11 . ."1 ha1l lx·r11 li(i\·1·11 1h~·roul hnriuoiu· l~•r U \'t't1n. 

Vil(urr J7. Sount l'Olllf ... riaon "'in rillUIT .Wi, 
rur •ubjt,·1 ~o .. t .a11J liia ~uu11ricrr IJrotht:r ( ~u. HJ1 

n·i.timcn MMHI hc.·•.:ana· apparTllt. In an dltw-1 1u 

o\TITu1nc.· thi!\ prohlt·1n it''''° fuund 1hal Lti,·ing 
1hc l'lltin· '"Tdd~· du!\c at 011\' 1i111l' \\·a" l·tltTli\'t: 

•uul ~aft". •uu.J n·~ulll·d in 11i•1i111<·na1H't• uf nunual 
J .. wJ, of1hvruxi11«.•: EH·n 0111hi• •i111pliti .. tl trt·;il· 
llll"IJt "4.:ht.·dult• a fl"\\. uf l11t· l.M:upk. irn:ludi11~ MJllll" 

\\'hu h.ul t1IH_kn,~u1u: th~1oiJ,·,:tu1ny. "'hu\\'l'd lo\\' 
1hvru.\iut· lt.·vd, indit·;uiui.: lh•U tht•\· ,,,·n· nut nm· 
.W"'~'·ntly 1.aLiu~ lhl· nu-dil·o11i11n. ( ·j·hi" \\·;e,_ unc.· 11f 

till' n·oa.••1.un"" h1r l''.'lllahli ... liin~ thl' l:N'"'' uf n·""itll·111 

phy"il·ia11 i111ht· bland~ i11 l!li'".! tu naunitor llu· 
1n:•&l 111t·u1 pruL:l'•Ull ~•~ \\ t·ll ;,1"' utlt·r lu:•1h h t.:.an". I 
Ft•r I pt·u1)lt·•11t 1hilll n·~iuat·n \\·(111 dt•\t•lopt.·d •ahon·· 

lhJr111;d ·r. h.•\t'I"". ••'"''t"·i.1h'll '" i1h t.·u1nplaiut" uf 
11c.·n·uu ... nl'' ~inc.I p.alpit•1tiou. lht• tfl,...c: \\'·'" rt·dun·d. 
l 11 \'it·\\· uf tht· fl"l'l"lll apJ>l'•ll'~llU'l' of I hyruid nod· 
ul1·s aruunir: th~ ·"lini.:u.;u· ~ruup o.uul in a "'uhjl'l'I 

t·xpo!iit'<l 111 "'"''·all 1>t·r .. un"' c:xpu"'c·d un till' .lloll 
an• now i11d1ult·d i111hc· 1n·a1111c·111 prui.::reun. 

'J'hl· l1onuu1U' tli1·r••p,· l1ta"' unc1uc· ... 1io11eabh' c·11· 

h~1111Td ..:ru\\lh euul ckn:1111u1u·n1in1lu- i.:ru\\lh· 
n·1ard1·d Ro11~<"1ap d1ildn·11 ( Fii.:un·, ~I •. lti, ;ind 
:Ii -..how llil· i111prun·1111·n1 in tlu· l\,·u llhr,.i.l ~•u1u1·tl 
Ix 'Y' l. I lmn"\ <"r. 1 lir l1<·1wli1 uf •11d1 1n·a1111t·111 ri·· 

~;mlini.: 1ll·\'t'lop11..-111of11<Klut1ri1it·• i11 1li.- 111\'rnill 
i.• 1111n·n.1i11. Of lh<· d1ildn·11 •·xpuwd ;11 m:1• .<Ill 
~·1·an< in 1111' 11111n• hi~hh· 1'XJ><"'-'d R11111:1·l.1p i.:rnup. 
1111ly 11\'o han· 1101 d,·,·..J111><·d k•ion.. Tl11· J,.,,., ,.,. • 
1x1,..-.I :\ilini.:11•11· i:roup. in whid1 d1·\'t'lop1111·111 111' 



th\ n•id k'iou;i.i i" tuurr n·•:rnl. h~a" n111 ht·ru 1111 
tn:;.atnw111 luni.: t·uoui.:li l~1r ,.,·alu.lliuu. ·nu· 1111111 '" 

,·.1,c· \\ ·'"' l\UI pl~u:l·d Oil Ill\ roxi Ill' llT;lt llH"UI Ulll ii 
aht·r nudult'" 11.ul hrt·u clt·l1Ttt·d. 'l"hn·oicl ll~iu11' 
1lr,rl,1pt·d iu ,,., t·r.al 1u·r,nn' who wen· p1c,u111· 
.d1h t.akiu~ ilwir 111\·roid 111C"di,·.11ion rn:ul~11 h 
.111d \\h11appc-;11Td to lwt·utli\111id \\id1 nu1111.d 
tll\Tuxinc.· lt•\"• 0 1!\. 11n 1ht· 11tl1t't li;111d. 1l1\1uid 1111d­

ult-" di,.•ppran:d i11 l\\41 ,_.;i,,., 1 '.\o,_ .·• \ ;u1d 101 

duri11~ th\ ro.\illl' 1n·a111u·u1 1111 t lw \;111n· c.·.1.'4', tlll'\ 

rrniru:d .;.u1d \\TIT sun~ic.·.111\ n·1uo\ t·d ). 

I. Follow-up 

(:;irdul follu\\·llp 'tudic.·, 011 1hc· '1d1jt'l"h \\h11 

had t'illllTr. ind11di11i.: '' l111Jc.!Jud~ '"·.au:ii. al ·rripll·r 
.-\r111~· ~lt·dic.·.;.al C:t·ntt·r. h;.t\T ,ho\\"U no "it.:n" uf n.·· 
l.'urn..·au-t·. 7'\n t:lt·t.1r·+.:u1 t'\ idt·1u·,. lias htTn st'\'ll c•f 
funh.-r ck·wloplll<'lll uf 11odul.1ri1 in in !Ill' tlinui1l 
n·111na11u in 1ht· IM:11ii.;11 t·~1'l". Bc.0 Llll'.\t" papill.uy 
th~Toid Gardnusna pro~l"l'""'l"'.\ \Tl'\' slu\\ I~-. luni.: 
t·o11linut"t.i tlJ1luw .. up olw·r\'atiuu i:ii. nt·1·l~sary. 

Xu dt•;.ulu ur •u·ute ill1u· .. ,t., ha\T ht·t·n o.l'.\'4w.·i .. 

.atc.·d ,,·j1 h llu· I hyn 1id •d111un11.d it il"!\. ~lurhidit y 
h.1, ht't"U n:l.11L·d to du· d1°\Tl1>1>11H•11t uf rc·duu:d 
th~·roid f1uu:tiu11 rr~ulti11~ in ,·.11·~·ini.t dc:~n·1·,. of 
hypu1hyroidi.;111 and ;n out· l .• ,,,. of hypopart1thy· 
1uidi:ii.ru fi11lo\'ti11i.: tl1yruidtTlu111~ The lac.:k of..,,trid 
4 0111pli.u1n.· with thl' iii~ ruid trl'•1l111t·111 pru~r;un 

in tlw 1>p«rall'd COIS<'S inn1ln-s lhl' pot.-ntial da11~rr 
th.11 :ii.crious hypothyruidis1n 111ay dt.0 \Tlop. p~1rti1·· 
ularly in p•tlit·111s Jj,·in~ on 1 ht.· outer i'.\land" and 
therdiffc ll·s.' fn·qut.·ntl~· st'l."n. 

E. STUDIES OF THYROID FUNCTION" 

I. ProcedurH 

~lt.·t1!'i.urt·111cnt of L"irculatini.,: thyn1id honnunc 
has been an important part of lht· t•\·aluation uf 
1hyruid function in tht.,.l' '""""Y'· l>urin11 th<· lir't 
Ill \'t'ars it was done by Pill analysis a11CJ suhse• 
q11l'ntlv ll\· ion·exd101nl(c chromatol(raphy (lhy· 
ro:\.irn: hy l"IJlu111n ). Sinn· I ~~i2 ,.,·alu;,ilion of 1h~-. 

•I h\t•11d up•.tkc· .. rui1u"" ""c·ri· d•11w _., tlt1111it1·l .. p iu I'••"• ,uul 
l'•il h\ l>r . .J.t".. K .. lla11d111 l'••i .. 11d l'•i!ln,· l>r J KuMurP. .. \1 
lt'I. 1huo1d fuu1 Imo "'1whc·,. -.u•r1· duor ''"' l>r. 11.1 .. ,\1k1n· l'IH 
d1·h'r111111.a11•ui1 \lol'rt' m•cir i,,. tlw ( :J1111c al ( :l1r1111"'1r'· ."W-c:t1uu .at 
h.'\l.0111d h\· h1u Sc:icuc·r l. .. hor .. tufll'"'· \All :"uu. (~hf. .... h11 

,.J,..1d1dc.thn-.rrum11Klior<An•l\'W"'I ·1 1.an1I 1·.lh~· KJ.\,0111ddiol· 
ln .. blf' T •·TSU. :.nd T~C h\· rr"cf"V·Un"" .-lt."C:truphotc.·!lil"' \fot'rt" 
.m,kt11..:I h,· Ur. P.K. l..ar...-n "' thr L'111n-r,.i1~· 11 fliti.IJurich •nJ 
mow rnrmly tll th~ t't'.'lrr hir111 lbiwh .. 111 I lo,pit411. JS•,..lt•O TC~H 

4IH01ihv1 l1\' KJ,\ """"-' dorw b~- l>n. .\1. (~nh1·nicurn .rnd J. Koh­
t11111. :.tnd Ttf •m.i.h·'D h~· l>n .\I. I.turn .... u<lj.-L. u .. ul1t·u. 

ruid f111u·tiu11 Ii.a .. luTll i.:n·.1tlv iu1pru\1·d II\ 1lw 

""''' uf .-~uliul111111uru1.1"'·"· 1tTlinupw'.\ l~1f J11,-,1,111 • 

i11i.: T 1. T.1 ~ triiulod1\ ru11i1u· 1. ,111d TSI I.'""··'!' S1wl· 
it·, uf M'IUIU l1uloproh·iu .... \\liid1 11.ul n·:ii.ultc·tl 111 
.u1it1l"lu.d d1·\,1tiu11' 111 llw "·n1111 Pl\I 111 th1· 

\J.11.,,l1.1llt·,,., ,Ill' d1,, 11,:-.t"<l lwl11\\. ,,, ou1· 1111111· 11·· 

, 1·n1 11w.1 ... 11rc·11w11h nf 1 lin11"inc" hiudiui.: pn 11t·i11' 

.11al ... ·111111 tll\111clulnili11 
~11uli1·, 11f 1li\"l11id f11w·1i11n h,1\ 1· ;11'.\u 1111 l11dnl 

ll'"'"" 111" 1.1d1u11..,li11t• 11pt.1kl' .111d c·,1·n·1io11 1111 .,,,., .. 
1·ral Ul ,.,,,ion'. I 11 Ille' tlrld du· ..... · \\"l'rt' dune· \\ i1h .1 
""lllH'\\ h.al pri1ui1in· appar;11 u,. I Fii.:utT .U~ 1. 1 '·.:1 
w;1 ... us,·d tu 1uiui111i1.1· llw du...,,.t• 1u I he· 1 liyruid. ~f1111· 
,.,h'll,i\1· ou1c.f ,..uphi ... 1i1·,11t·d It'!\&"" \\c·u· dorw 11111.1~1· 

1ic·11t"" hn1ui.:,l11 lu B'.\'I. 1i1r 1·\·.ah1.1tiu11 priur tu''""" 
i.:1·ry d~·\dU"rl". 'J'lu-,.t• iud11dnl 1t·~1s uf il1n·uid 
r;ulioiuc.lint• up&akr and ~t·;.an:ii. I ltTh111·1iun1·!•~t,,, 1 
bdi1n· and aftn TSI I '1i111ul;i1i11n: dr11·rn1in;11i11n 
of ba,al 1nc.·t•1huli,1n r;.111'. dault·~1,·r11I •• uuill1~Tu· 

a,:luhulin •11llihody h·,·rls~ anti~• \'ill'it·ty of di11it·•1I 
du·111&,..1ry h~l;i.i. 111 a 1111111IH"r uf •·.a~•·" a srnall 
;1111uunt uf a:iq wa' ad111i11i,tt·n·d prior tu s11n.:t-ry 
a11tl ilu· fu1Ktio1111fc· 1ffl=--t:d lh\'Juid l•·,..iuus ~uac.l ,111'· 
ruuudi11Lt 1i,..,..tll'"' wa" 'tudit'd by a11lor•uli11~rapJ1\ 
Oaw lll·.i-;11-.. ld 111'111 I :\o. ·1111liril'll.-1ln..-l1>1x·d 
oan11l· 1li\Toidi1i" af1t·r ·rs1 I atl111ini,tr:.a1irn1. 

2. Studies of ExpoHd Rongelap People 
With Thyroid Abnormalities 

Evidrnn· uf •hyruid Ii~ pol'1111c1ion aud 1t·d11n·d 
l"<''.'l.t•r\·1· \\'i.IS st't'll i11 .1 k\\ ol tlu· d1lldn·11 111iur111 
''11 ~l'ry t :'\o ..... '.!. "..!O. :L~ .. a11d ti~» 1 and tu~• L.:1"t';11t·r 

dq.~Tc.·1· in the~ 1\\'u hoy' who dt•\·t·l111x·d 1uy"·tlt·1ua 

,, 

. -
~: i 
~ __ ,, 

llf 

Fii.:un- :m. Th~·ro4d rum:tiun IMlilll( 

under lidd cundi1ion.,, l~H:..i. 
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wilh marked grm.-1h n·1arda1io11 (:"01, 3 anJ 5). 
T, k\'L'l• bdt•rr •Uf!;l'f)' wrrt• lo•n·r in 111hjl'l·I• r"· 
po .. ·1l in childhood th;in in un<"xpu><·J contrul1. 
Suhj•·•·t. cxpo .. ·d a• ;adult• \\ho dn·rlopnl •·ith•·r 
lx·ni!:n or 111alii:n;1n1 1h)·ruid 1, .. iun1 did 1w1 •how 
nu1ablr impainm·nt of thyroid funt·1ion. Th•• 
!ICrlllll iudint• kn·l• of l'"i'""'"I and uncxpnM"<l 
p<'<>plt• f," thr p•L•I l.'I year• arc i:i\'l'll in .\pp<'ndixll. 

In l!lti.i, till' rat<" ofurinc.· ;111d tl1yruid ;ll'l'UlllU· 
l;11io11of1.t~j wnc lll<'Ol"lrt'll un·r a ·l·hr p1:rit'<I in 

:?l Rnni.:c·lo1p 1ulijt'\'l1, ofwlu>111 ~I \n•rr u11t·x1• ... ·tl 
and I:? \\'l'll.' l'XlllN'd ,., adulu.•• The data an· 
1un1m;iri1.ed in 'l'ahle '.!ti. Cn111pan'll with :-.:unh 
o\nu.·ril·••n nonn;al \'•ahu-. oh1aint·d in l~Hi:. 1111 

(urinr, ,\.,t i:l :?; 1h~·ruid, ,\~ 1 ;al; t h)·ruid fr;u·tiun 

~o.:U), hoth th·· ''"l'""'"l ;11111 unl'"I"'"'" '.\Lir· 
sh>1ll<:><" sho\\°l'll slu"· urin<' a11<l 1hyroitl trau,fl-r 
rate• u( <'Xlrathyroid ;, .. lid .. hut a l1ii:h tl1~·roid fr;u·· 
tiun. Si111il.1r •tudi<"• dout' in I ~Ii:? 011 l:? l(uni:•" 
l.11x·-e without dt'll'l'tahlc thwoid al111ur111alitit,., 
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"ho ha1l lx·t·11 l'XJl•""'d al ai:l' I 0 to :!0 )'t•an. l(a\~ 
rl'suh• si111ilar lo those 11b1ainl'd i11 l!Hij. Thus 

tht• lto11~da1M"'l' do 11111 show a lrl'Ud ll•Wiir<l tlc:• 
1·rl'asi111; 1hyrnid i1xlinl' uptake as <lo ;<.;onh ,\111t:r• 
it·;ms (;1111il>111<·d lo iunl'il•l'<l dil'lary iotli11e ill· 

I;&~•').'"' The: 111ai11 purpc""' of 1hc: lall'r •ludy. how• 
'""'r, w;i• ,., ,...,. wl1<·thl'r lht• l'Xjl'"'"d i11di\'iduals 
i11 tl1t· i11tl'n11•·di.1tt· ;11;c: 1;roup 111i~h1 1.ie 11<-wlop· 

i11~ 1hyrui.J fail111<· dl'spiu· thl' """'lll'C of lhyroi<l 
w1dult·,..; it,.. rT~uh,. i11dil·~11t·d no cvitll'IKC for this. 
(I lu\\TVt·r. ~'~ di~'U'-'-t:'d h..!11\\'. ._.JJUt' t·xpu~cJ l{on· 
L:•·l~1p JH'ople \\ill1uul li1yu•id alu111r111.1litit~ an· 
llO\\ ,ho\\ i11i.,: l'\·idt·1uT uf 1nlucnl fl&ul 1iu11 011 I lat• 

h.,,j, ul lt''(M•ll...._. lo TSJ 1 .. 1i111ul.11iuu.J 

ICuli11i1111111111o;i""'' i Rl.\1 f,.r '1'1 ;i111I TSll 
J1a\·L· l~T11 t·~1ninJ out ... i1wt· 1~•;:.! 011 lht· t•spo"'4.·J 

Hu11i,:t·lap i.,:ruup and 011111lu·r p<'oplt• \\hu Ila\-.: 

h.ul d1\111id ,un.:erv. ·nu: '""'1111~ uu "ubj.-n" with 
l1111\\'U.tliyruid lt"'i."111" ~Ut' ptt·,c·n1t'd in T&1l..ll." '.!7. 
( lf lh•· :I:! ,11l1jn·1s """"!. Ii ur ~i.I'; hiid ;ii lrast 
""<' TSI I kwl ;olim•· 11"' 11pp<·r li111il• uf 11or111al 
ft lo""'' a11· i11 l•1ldt1n· i11 T.1lolt· :!i ), Tiii'><' lindi111;• 
i11di,·~11l' I b~tl I }IC' n·,idu.d I h ~I uid 1i,,,!1olll' j!lo inadc· 
•1'•~11l· lo "'""''·'j11 ,·uth~ ,,..,fa .. 1u in tlu:!\t' 1·aM.':\ and 
.;1l .. o n·lltTl inadt·cl';o&lt' adlu·t t'IU"l' lu tht.• prt.·· 
,.., ibn! 'I' 1 n·plan·11u.·11t n·~i11u·11. l11adc·c1u~•lt' '1'4 
rq•ltu .. T111c·u1 i~ appa1T11tly ·' d11011it..· p1ublt·111 fi•r 
t t'rlai11 p.atintb ( ~u~ .. ·1. ~:\, .\J, fi.'t, .uul 7'.! I. Elr· 
\·,11i1•11"' 11f 1>l.a .. 111a ·rsl I h.an· IKTU ,,IJ~·n t·d al~o 
i11 ~1 11u111IJC·r uf t·~pu'l«l 1wuplt· \\ithoul known 
111~ 1oid lt· .. l11U!\ I tilt' 'l'Sl,, UIH'l'Utra1iu11 \\a" > 10 
1•L', 11110111\- 111 ,ulojn·" :\11. i I ;111d i I - .._ .... 'L1hle 
'.!B anti .\ppt·1uli., a1. l'u·.,u1u.;1bly 1lu·"'t' ,_ubjtTl!llo, 
a., \\Tll .;1" !\t'\Tr.al u1lu·r, \\itlt pl.1 .. 111.;1 TSll l'OU• 

11·1111.11i1111 :;,...·, t.111<Ill11l· 11&1 f :-; .... ·I. Iii, JI, 

Ii, eia •. u1d 7H) .• an· 11u1rn1·i\i111.:1lu· ·r, 1ht·r.;1py 
;;, 1t·i;11l,11 I\·•" 11.111 IKTll li11pnl. 111 tlot· l{1111i.:d;1p 
n11111ul t.:ruup pl.1 .. 111~1 ·r1 u1Ut.l'Ullt1tiun!lli \\'l'l"l"dt·· 

1t-11ui11t·tl in lt~f "ulJjt·t.·t,,,. In thu"""' \\.·i1h ·r1 < .. >J•~I 
di 11;··; uf 111"""'' 1 •. ,,,1,·d 1 ·rst I \\ ·'" «lt·1t·n11inc·t.J; no 
t·l1·\"~llnl lt·\t·I~ \n•n· liu11ul {tL11a 11111 ,_huwn). ()nl\· 

I uf~1q l'1i1ik ... ul1_j1Tl"i lt·,1nl h.1 ... li.ul ~111 dt•\"•llt•:l 
'"111111 TSI I Ind I :\u . .!.!.I·.! 1. 

"J'lu·"· 11111111al liudi11~' in I ht· unt''.\pu ... t·d and 
l'iirik i;n1111" si1i.:i.:•"' tli.11 in tlo•· i1 r;uli.11.·d 1{1111° 
~ .. l.1p i.:rnup thl'I'<' i, i111p.1in·d tll\-ruid f1111l'ti11n 
wid1uul palpablt• lt·:-.iuu" '' hil-h n1uld bt·t·u1nt• 
"y111p10111~&1il· i11 lht· fu111rt'. Tht• h'SI rt'"Ull" prul>­
,ably lt 0 4hl lo u11dt·n.·,,.1i111.a1iu11 uf the• HlH' int:idc.·1u.·t• 
uf i111pain·d thyruid fuul·1iu11. !\illl't.' pn°!HUU;1hly 

111a11y of 1lu: p•llit·uts oan· 1~ali11~ llu· 11u .. ·llit·•11iun ••s 
clirn·tnl. It ,1u11ild lw: 1111ll'd that it is lh<· 1x·r,..111;1l 

rxpcricnt.T of mall)' uf thr 1hyruidolol(ist1 in\'ol\'t:<l 

in this stud\' that ii is exlrl'ml'h' <liflirnh tu make 
a clinical <li~l(ll••is of hrpothyr~<li•m i11 thi1 pop· 
ul;11ion. Thi~ <lifliculty l'mpha.i~t:I lhl' impunanll: 

of lhl' plasma TSI I 111ca>Url'111cnt, which i• now 
n·cu!;nit.l'<l as 1h1: 1110.1 twn•iti\'t: indicator of pri· 

111ary 1hyroid <ly>function. Thl' s1a1us of thyroid 

function in l'Xf><•st'll f><"plc wi1hou1 apparl'nt thy­
ruid J,.,.ion• wa• further tt.,.ll'<l with l'x111;c1111u• TSI I 
i11 l!Ji I, as dl'...:rilx·<l lx·l11w. 

3. Thyroid Stolv\ of ExpoHd Rongelop People 
Without Apparent Thyroid L .. ion• 

111 prqiar.ltiun f .. r TSI I lntilll( of fl'SIT\'l' th\'• 
roid fwu·tio11, prupliyl.1l lit: T 1 1nl·dic;.1tiun w;.L" di!'I· 
l·uutiuued for'.!. 1uu11th!\ lx·furc thl' I !Ji I "UJ'\'t'Y in 
;111 '''I""'"" 'uhj•:l'h \\ ithoul rt'l·or:11it.l'd lnions. 
I >uriu~ 1lll' 'urvt·~·. pla,rn.;1 '.;1111 plt'!lli \\en· ubtai1wd 
h..fore and~ I hr afrn in1r;1111U>t'lll;1r i11jl'ni1111 of 

JO u11ii. of lxJ\·im· TSI I tThnotropar •. \rmuur 1. 
Both "'Is Wt'rl' ;111;&1\'/.t'<l fur T 1 and thl' first K'I 

iii"' f11r TSI I. The n·•ult•, and 1hn11xinl'-bindinl( 
r:l11liuli11-l.i11cli11r: rnl""·iti1-. 1TB(;.hi11di11r: cap;1t·i­
tit~) l11 ;.cm1t' la~·~. •Hl' 1..:i\"cn in ·r.1blt· :!H. Tht· 111t·;1n 

i11•n·111t·11t in pb"11a T 1 f11l11111 inl( TSI I w;u :!.:G= 
I.~ 11r: 'di (nlt';111::::: S.ll.1. Thl' n1t•;111 T, prior lo 
TSll i11j1·tti1111 was ti.ti::: l.i l'I( di. Simil;ir ll'•t»• 
on LI "1hjn·t• ;11 rh•· l'11i\n,i1y of l'i1i..huri.:h 

!\hU\\'t•d a tlll'.lll i1U:lt'llll'lll in pl.l!\lllJ ·r I of -I.;= 
I .II /II( di. ;111cl ;1 h .... ·li11l' pl; .. 111a T, of i .J 11i.: di 
\\ hk·h i~ nut ,j~11itil·a111l~· ddli..·u·nt frui11 thal of lhl· 

<''l""'''d l{1111r: .. 1;&p i.:ruup ln·inl( ll'stl'd. Thu•. llw 
TI "'''jXlllM' '" TSI Ii· ,ir:11ifa·;111ily 1 .... ( /i<0.001) 
in thi" ~ruup uf :.!ti t•xpu~c:d Ru11~1.·l.q1 i-uhjt.•t;t~ than 

in till' r:ro111i of I.I •11hj1Th li11111 t ht· l' niwd S1ah-.. 
B(·c;au,_, . .,f1ht..• t)f,•"'d)ili1y 1h.a1 lhl' ,_111Jlll·r inn·t·· 
111<·11t i11pl ... 111.1T 1 :! I hr ;1ftt·r TSI I i11 the '''l"""'·d 
ii.ul>jL'l'l,. \\·as dut· 111 L•t'lur,. t1tl1t·r tll,:111 dt..•l'l"l'a."4.:d 

1hyroidoal H',_.L.r\"t'. ·rs1 I "1iua11l.ui1111 "'"" \H·n.· 
1l111a· 1111 Ill t·utlonoid llllt'XjH•H·d Ron~dap ;rnd 

l.' 1irik p•:11plt· duri1111 ;1 """'''l"''lll """"''" Tht• 
11u·an i11i1i.ll pl.t .. 1n.1 T •in 1hi!\ !o:l 1u1p w.1s frO= l.7 
1•i.: di: ;1ml ll,.. 1111-.111 i11nl'111l'11t :.! I hr ;1f1n TSI I 
i11jtTliu11 \\·.a,,,~-:.!= I .. ~ l'l.t di. ,_i~nilil·•uuly µn·all·r 
( f'<ll.IKll 11ha11 i11 th•' t'"l"""'li suhjn·ts. 

Th<"<' n .. uhs and th<· Ji11di1111111' dt·\'ah·d pl;N11;1 

TSI I lt·i·ds '"1111•''' 1ha1 tlll're is undnlyini,:. dini· 
l'all~· i11.1p11;1n·n1. 1l11·ruid damai.:t• i11 lht· l'XJ><1•1:d 
Roni.:dap p11p11l.11i1111. \\'hill' it is l'1111n·i,·;1lilt• 1hat 

tlll' T, rq>l.1<T111t·11t pro11ra111 111;1y ha\'l' kd 111 ti•·· 
nraS<·d th~Tui1I rt•,,.·rn'. tit•· h'lll rt'S11hs i111lit·att• a 

lll'l'd li1r l'lllllilllll'd ...i ..... r .. 11uw· up of tl1t• '''I"""'" 
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' 

\ 
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popula1io11. ·111<· lirnlin!(• al•o 111ppun 1h .. pru1;ram 
uf 1hyruxi11t• rq1li1n•mt·111 in 1hc: '""l'"M·d Rnn!(dilp 
populalion lo prt•\'l'lll uolh dinit-al h~·pu1hyroid· 
i.•111 an<l llu· a ... 1d;11<-J ri."4· in pla•ma TSI I, whid1 
may he: 1u111uri!(<'llM:. 

4. Thyroid Function In tho Utirik oncl 
Unoapotod Rongolop Group1 

l>urinic lht• l!liJ 1un·•·\·, T 1 and TSll .-om·c:n· 
lra1iu11' Wl'rl" lltt'•L"un.·d in pla:-111.a fn1111 ll~• u1u.·~· 

l""''"I J.t11111C.-l;1p and 'Ii <''l""'·d L'1i1 ik >1al1jl'l·h 
1,.. .•. Tai.It' 2~1). Tl1<• nll'.111 T 1 in lh•· Ull<''l"""'d 
l(unt.:t:l.ap ~ruup. i. i p~, tll. \\·'' 1l1c '•llnt• •O ln 
lh•· l'ni1t·d SI.II•·•. and .• a. in 1l1t· l'nilnl S1;11, .. , 
thl· plalllll•& T, n1un.·utr;11iuu~ \H'H' !l.L.t•\H'd to tht· 
upp•:r ran11<'. In lht· l'1i1ik ~auup, lh•· 111t·a11 T. 
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bound pl'r mole TllG, 1hc rxpectt-d ralio is i7i000 
i•g/57000 mg= IJ.o. The rt"lluhs oflht"SC analyse."" 
arc •u1nmarin°'I in Table 30 and Fi!:ure -10. "lltl'rc 
was no 1ignilica111 dillCrl'nl~ in Tll(; oc1•n"t:111he 
Roni:clap and U1irik gru111* or he1wee11 1hc n­
P""''d and uncxpu•cd Rungcl;ip !:roup•. Ei1o:h1 .. ,u. 
j:l'll had high TUG lc\·da. Tht·>e wne all k111ak-s, 
and li\"C Wt:Tr known lo be pn·i.;n..&ul, a ..:uut.h1&uu 
1h;11 l'an dc\'alc 1he 1t·ru111 Tll(;, 

The rt"lulu of lh<"ll' analy'<'> prn,·idt" Ill t·xpla­
n;uion for 1hc dilll-n·nce in 1nu111T1 n•n<'l"nHa· 
1iun1 lx:hH-..·n llw largt·r !:rt"' I'' .,f R11111:d;ip and 
l"1irik 111hjl'l·u; lunn·n·r. lhn<" n·,11!11 .&rt" ha,...·•I 
un hi~hl~· St:lt'\.'lnl s.;uuplini.: and dwrefi>n• ••n· nol 

t'\•pn·St..'Ul•all\·l•ttflht· l,.louul l.!:111\11•" .L" ·' \\holt·. E.'(.· 
;11ni11a1ion of i11divid11;il l'1i1 •~ .111d Run1o:•·la1J 
pl.;a:uualll suii;~l·~&t•d 1 httl low ·r 1 ~.-u11n:1H ra1 iun1 
W<"re a,..n,;iall'd wi1h rt·latiH·I~· 1., ... Tl!(; \'alu<-s. 
To 11ud~· lh<" intt·rrda1iunship uf T 1 bintli11g and 
TllG lc\·cl• in !:fl'•Ht·r <k1.1il. ii"· di.1lnable frat:· 
tionsofT1 (Dl·"l' 1) \\'ere dt·tt·r111i1 .. ·J i11 a numlx:r 
of pl;isma "'unpl<-. with I"". nu1111.d, .. r d1·,·;11l'd 
Tll(:.bindini: rnt~Kiti<-s. Tiu· ll'•llit• ,.,,. prl'M'ntt·d 
in T:ible 31. In sulij<·cts 1<il11 !u" Tl\(;, th<' m1·an 
IH"l'~ '""' i:rt·a11·r 1h.1n in ,ulijn i- "ith nurm;1l or 
..i .. ,·atl'll Tll(:. The;1l»ul111l' fr1·<· r, '''" 11111 dif· 
fcn·nl in !ht· tha·e i:rrn1p<. "l1id1indi<·;iu·d1h:i1 
the almuriual T 1 le•·cJ, a111u11i: tlll"l' "'hjn·u rl'· 
lln:l ahl·ratiuu!4 in plo.L'tll~' h1ff1uoUL' bindinL! r..-1hc.:r 
tl1~ui in 1hyruxiul· pru<luuiu11 r .tl(."!'I. Siol"C \·irtuo.1lly 
all 1hc suhjt·l·ts ,,·ith lu\\' pl.1~1n .. L T 1 L'OUlT1Ur;.t1ions 

in 1he lan.:er L'tirik :m<l Ruui:clap i:ruul" had nor· 
111al pl;L•ma T:-il I, we would e.\Jl<TI a 111;1re ·~·•tc• 
1natie •lud~· of TllG lcn·I• bv RI.\ to •liow a 

high<"r frt•fjlll'llq' of luw TUC: l1'\·cl• in 1hc L'1irik 
grou11. Sud1 a liludy ill t·urrcntl)' in progn.,... 

F. IODOPROTEIN STUDIES 

..\n;ih·-.·1 for prn1cin-ho111ul i111li11c in .. Ta uf 
~l.1nh:illt·sc p<:uple rl'\'t•aled a lc\'t'I •i1o:niti1·anil~ 
hi~l1<·r t h.111 th.11 •<.'l'n in :'\ori h ;\111erit·a. • •.w S11h­
•·q11t·n1 •t11<lin •IHl\H'<l thal 1his cle\'ati11n •·uuld he 
;111rih111<·d tu an incn·;"'e in 1he irnluproll'in friK'• 

1i1M1 and indi1·;11t·d 1h;11 thi• wa• fl"'l""''iblt• ttir in­
t·urr.-..·11'\·;1l11.1tion of th)·ruid funt·tion t!urini: 1hc 
•·ady ~·1·;1n ·~· tht• ''•rn·ys. Thi• unusuai tindi11i: 
1~ru111pll·d "'' 1udt·h.-n11iur "4.'nuu itKh11n·u1t·1u ~'\Tl• 
iu ><·nr;il uth•·r 1'.u·iti1· I-lauds l(IHll("' (-.·1· Ta lilt• 
:I'!). l·:xn·pt fur a ~ru1111 uf :\1111·ri.·a11• Ii' in!: 1111 

i.;,.,·;1jaki11 ,\11111, tht·sc 1o:ru111" al><1 l'~hihi11·d hi~h 
M..'rtllU lt.·vl'ls of iudop:-uh:iu. 'l'lu: ~tuii ~ruup ,,·,1~ 
l'u1111>ri<1.·J of lll'fS<ms of alnu .. 1 pun· I la.,.aiian ;111-

l:t''Stry, MHUC of \duun •llC M.:•IWl'l'd iu l••f!-:t' cpL;ui .. 
1i1y, bu1 1he iodoprott:in lc\'cl did nul t·orrcl;ue 
\\ ith thi• di1·tar~· i111i1ke. In lhc Ru11gd•tp popnl;1° 
lion, it is ofinh:rc~t lh~ll the iudoprult·iu lc:\'d rt• .. 

n1•1inl'd hii.;h in 1wo tlthyrt."Jlil.'. boys; •afll'f ~ul>&o&;.11 

1hyroi<k0 t:hll11\'; ;111d duri11i: 1hn11id suppn'S.•ion liy 
thyroxine ad111iui:oiH•lliu11.:u Thi:oi s11·un.1.;ly i111plit•l'i 
;111 1·x1r;11hyruidal (•·ndog<·11u11•) ur a di1·tary (l·x11~­
l'1Jott•) !lollfl'l' fur lhe iuduprn11·in. The •·a1•'il" of 
1hc l 0 lc\·;.11iuu, hu\\'l'\'l'f, ha."i nul lx·t·11 ;1sn·rt.aiuc:d. 
One 111 .. sihilit)' i• thitl it i, pn1<h1n·tl in 1111ly· 
tnnrphonudc;ir l1:11k<ll')'lt"•. Tht..., <.:ell• ill'l' lmo\\'11 
lo 1wi:anify iodine durini: phal(111·ytu•i•.1'1 .\hlMMt~h 
lhl' ~lar,h:tllL'M." du nul llOl\'C llllUSU;illy hi1o:h l1·u­
kocyte cuunls, lh<·r do h;l\'e a mild t•u•inophilia 

St·ru111 lu.Jopr11h·iu l.t·H·I~ II'~ r::;) i11 l'a,:ifk li.Lmcl l'opul.11tuu~ and iu ,.\uwric·;m.'4 

Group :"u. i11 ~ruup Tu1al I Toi lt111.lupro•l·i11 

K11n~l'iap t'Xl)l""",1 
.:\'o ll1H11id 11o<luJc, JO i.'.!~:! I 1.11-"'.:lll :! .. ·,~.I.I 

Th~·rt;id atrophy ·!.11::::0.1 l.~=o.~, l.1~11.11 

Th~roKJ 1u-.:lult~. prt."''fJ B. ,.=.I.I• 11>:.'.:l.I l . .!~J.!• 
.\fwr p . .u1ial 1hyn•itln·1t,111\· ., .-, .. ·,.=1.1 l.l:::l.11 :!ti~:..'.U 

.·\i"it-r 11.a.ail 1h~·r·1idt-'1'h•my :l 11.11=1.1 :!.fi.!:.tJ.I '.!.!•·~I:.! 

.\ilanl(J~ I 7 .B-= I.'.! :u :-11.11 .I. I!: l.i 
l"tiriJc 111.1 =:a.~, :1.11:!:0.ll ·u-101.i 
l<··ut.c;t·IMp UUC:XfJU&nl :!I H.7:!:'.!.H l.tt:::l.O 1.~i:::L·, 

K.011Ji11~am.u.ouu~i !.t 11..·.::::1.11 ti.'.!~:!.fi J.tt~U.41 

l'i11~ala11 
.,. . ' a.1:::~.o :S.li.:!:O.ti :s.:1~ I!) 

ll"1"'(:'1l.1ui) Ii 4>.7:::1.:l U:::l.l '.!.'.!:=OJ& 
:\mc·rK::.t.11~: K\4i·aj1i11lein I! rt.1•=1.J :1.•1::: I.I l.!•:!:O~ .. , 

lJ.S. ') li.l::::l.:I 1.1:::0.~. I.I.!: 1.0 
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1-'lgun: .IJ. l1t."n..~u1ai,:t"11 of pt.•opl.: in \'arioU!I j(rot.1~ ha\·ing 
Kiv.:n lcn:l~o( thyru~lolmliu th~· Kl.\J, l~t1:J. 

and ;1 hii;h im:idem:e or para,i1ie infecli<HlS. ,\pre• 
li1ninarv cxaniin.:lliun of :'\orth 1\1ncricans ,,·iLh 
·1lmorm~l lcukoc\'le t.:OUlll<, ho\\e\·er, did not lihow 
~ currcl;Hiun I.><:; ween k11km:~·1osi1 and iodopro­
l<·in level. Funher .iudies 011 1hi• arc indkatcd. 
The d1e111ical 11a1ure of 1his iodoprulein is alM> un• 
k11own. 11,· ~1naloi;v wi1 h limlings in various thy· 
mi<l dis1:a~cs.''~ 1hc iod:ipruleir; is likel) 10 be CINll• 

prised mainly uf i11dualhu111in arising from the 
ioditltalion of scnun Jlr&Jtt:i11s. 

II i• now re1.:oi;ni1..,d, however, that thyroglob­
uli11 ('l"G) i.< a 111i11or <.:01111x111en1 of normal plasma. 
:\la n·poned rn11ccn1ra1iun of 5.1 :!:0.-1\J (S.1::.:\1.) 
ni;/ml (rani.:e <I.Ii to :!O.i) in normal :-.:onh 
:\1nerit.·.;uu,H.s ~t11d 01:-.~u1uin~ ;.in iodine conlcnt of 
U,j';{, 1his would he equi,·alcnl lo ;rn iodoprotcin 
iodine lc\-cl of :!.ii:!:U.:!.'1 ni;/dl. :\It hough it acem1 
unlilcly, 11/1w11i,1ha11.:ircula1ing 1hyroglouulin in 
1hc '.\lar,hall""" could h<· t'kvatcd enough lo gi\'C 
au iudoprntein kn·l of :I 10 ·I 11i;;dl (i.l'., >.''>OU µg 
T(;/<ll ), 1hc l""''ihility ""' ill\-cs1iga11·d by radioim· 
IUUl\Oass;•\" llll'asun·1nt'Hb ( ~J. l.t.l'MI, j. B,\l'l.U:U, 

ASU.J. Ronm"'· 1111puhli,hcd ouscrva1ion1, l!li4; 
occ Fi,.;urc ·I I). Th<: as.<ay n111ld d<0 ll0 c1 TG lcnl1 
>511i;/111l; lewl• >-tO 11g; 111l wne 1101 qua111i1a1l-<l. 

In 1hc ltongcl;1p and lJ1irik groups wi1hou11hy· 
roid lesion• ( 4 i a1.d :!:

0

1 •uhjt"t.:t• rl-s1icc1i,·cly), )~ 
of 1he \';1lue1 were wi1hi11 the U.S. range, and no 
l111·n·l;11ion \\·;11 "'-'l"n hl'l\\t'l'll ele\';&ll'd scrum iodo­
pro1cin ;rnd ;1lmor111al Tt; lc\'d-. :\ fow members 

---~------

<L-~~~~~·~~~--,~~~ 
li "' ~~ 1 .. h ..... 1 

I\•< TSll 
II.owl 

ri~ure ~2. t:ffcc1 ofTSl I aJ111i11i>lration on lh)·mg~,hulin 
1c,.·cl1, J~iJ. CJ, JlcrMJnl .._·ith th~·roid Jciio111 (Rongdap 
plus L:1irik); e. "ill•1u1 lc•it1111 (Kon~dap). 

of each group, including 1hc V .S. normal group, 
had TG ,·alut.-s >:IO ng/ml, but 1hc significance of 
1hi• is un<.:cnain. Of :!4 .u! .'.e. '•with eleva1ed scrum 
iodupro1ei11, only I had ..•• Liil\ TG >JU ng/dl. 

:\ atriling finding (Figure 41) wa1 1ha1 in 1hc 
Rongcl.ip plu• C1irik '!rnup wi1h 1hyroid le•ion1 
\36 people) ahnost 5U'7c of the levels were <5 
ng/ml, a much higher pcrccn1agc 1han in 1hc 01hcr 
groups. '.\lost of these people had had prior 1hy· 
mid •urge~· or were ath~-rm1ic, and i1 is presumed 
that 1hcv had i1,.ullicien1 111\·l'f ,.J 1io•uc for nom1al 
TG produc1ion. l'unhcrmor~, T~ suppreuion 1hcr• 
apy may ha\'c contriuu1ed 10 the low TG levels in 
the Rongclap 1x.-oplc. 

TG wa1 also measured IJcforc and af1cr TSH 
kicc1ion in 10 Ron~clap plus L'1irik subjecll wi1h 
tl;vruid lesiuns and in :?0 Rongclapcsc wi1h none 
(Fi!lurc -1:!). In ever~· rnse, T!:il I resuhcd in a ri!IC 
in TG Jc,·cl, and 1hcrc was nu apparen1 difference 
1Jc1wcen 1hc lwo groups. 

The anu•uall\· hii.:h level ol iodoprotcin in 1hc 
'.\lanhalk"»C 1x·u1~lc i~ intri!(uing, and runhcr stud· 
ic~ arl' in progress. with 1:.:~·1 u~cd as 1hc 1raccr, in 
an attL·111p1 10 id.·111iry 1he pru1ci11. • 

G. CORRELATION O!= THYROID ABNORMALITIES 
WITH RAOl,\TION EXPOSURE 

S1a1iotic1 on 1hc incidence of 1hyroid .1bnonnal· 
i1ic1 in people living on 1hc '.\l;1nhall Islands are 

·~li.M tl.F. Scrotub, U'.\I .. Ui tli.1iu( tht• dw-mi1.:al omalp1n. 



1101 \Try rdi~lhll·. Fn1111 our !'oUf"\.l'Vs oflhl· llhl'X• 
Jl""'d flt.'"l'lr of Rungclap and 1.ikt<"p (a m·<1rlH' 
;11ull 11ol l'~l'""'d Ill fallo111 I, till' im·i1knl'<' app!'ars 
h• Ix.· al Hnat:>··;. 1nusd~ prl'"l"lll in oldl:r a·:t· ~roups 
l'.'otT Fi~ua• :.!~••ind "l'ahlt· :.!:)), \\\· h~1·.t· !'ll't'U a tl·w 
l·~a"'t''.'o ofhypt·nhyn-~d~:o;111 a11d Ill\ Sl'tk1ua tJI tht· 
~d.1juru l lo,.pi1al. hue no '.'lt,1~i~tit··~ art' a\'~1il.1hh·. 
·r\\n l·.1.t\t"i uf thyroid t.,1un·1 ttrt' n·purtt·d l'nuu 
ho'.'opi1.il adml~"iiou:i; fnr a lll·~l'al' 1writKI 1 l~I.-•:!· 
1~•1).!1 fnr thl' \lar'.'oh~ill (,L111d'.'o, 1lu: population 

\'.1r~111i.: lu:hn·,·n 1 ·1.000 ;and :.!U.lHIO c.luri11~ 1hou 
p<·rind. Thi., h.1 .. ht·e11 t·,1i111.1tt·d b,· Tn1'.'ol Tc:rri· 
1ury nH·llical p<·r~1111wl 1l) lw abu111 h;df1lu- ~u.tual 

lllllHhtT of l';l'.'ol'~ tlht•1d.~11t' a l;l"-'"" j>t'I' :.!0.IM.10 

1~:11plt· pt·r .!D ~·«~u·"' \\~h 11 .. nl !'ur ~1.11i,lil·~ll t·u1u· 
p.1ri ... un'.'I). 

D.11;i ou iudilll' iu1.1~t· .u1d l'Xl·n:lion iu 1l1l' 
:\l.1rsh.dk"'· 11ab11l,11,·d i><·lo\\· and jlfl"''llll'tl in 
<ktail i11 ,\pp<·ndix ~11 i11di,·a1,· 1ha1 iudim·-ddi­
l'il'nl'y ~uilt'f \\'o~ild 110! hl' t•xpc.·l·tt·d in this 

pt•pt1l•11io11. 

~~i~-
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Titt· uriuary iudinl' l":\LTl'tion is sunu.'what lowl'r 

1ha11 the l'.S. 1111·an of 1!10 µ~. da\ 1 IB-~lU) in 
I !II I ."1 On l hc li;1'is of 1 la· f<·"· di1·1: .rnal \'l.l'tl, I It,• 
Jaih· iodine i111.d;<· '4.'l'll\S tu hl' within th~· l'<'t'•llU· 

lll<'mlcd ra11¥,c of 50 lo /j 111~·'"" These iodin1° ll'\·ds 
arc so11ll"\\'ha1 lo,,·t·r than would ht .. • cxpt"l:lL'd ln .an 

t>l..'c~111it: population but arl' 111\Kh liit.~ht-r th;.&n sct·n 
in ;,1n·;.1~ uf cntkn,ic goiter.~ .. ; Tht· ~lar.r.h•Lllt-sL· dil't 
l'.OOt•iins 1u1 know i.:oitro~l'ns. •u1cl dill"usl" ~oitl'rs 
(l ypiGil c1f l'1Hlc111il~ i,:11i1t:r) h~l\'l' not ht.'t_'ll olJ~'f\'l'd. 

·rhl' hi~h inl·idt·1H.·,· of hot h IM..·11i~11 and 111;.1li~· 

11a1u tliyrDid IHKlult::-i in 1lie L'.'Po~c·d Ru11\.!d.lp 
pl'ople appcaf!ri. lo ht· cka1 ly rda1cd to r .. 1di~ttiun 
L'XJ.Mhure \\·ith a IOlr~c \·0111po11L·111 dul' to radio· 
i1)dinl' iu die l~1llout. \."1111u.-r1HI' '111dil"~ j111 a11i111.ds 

li;l\t.' 'ho\\ 11 1h~H lhyroid !ll'tH>l.1,i;.l follow, c..'XjMI· 

'lite both 10 x-irr.uli.nion a11d to radioiodinl;ri.Y:'·!~• 
S11cli IUllHH'' 111a~· Ix.· hl'i1i~11 or 111ali1.:11a111 and ap· 
pl'ar tu he dosl'·"kpc11dl'11l to ~11111l' dq.~rt·c.·. "l'hl' 
i11cidL0 1ll'l' or t liyroid llilllOI'' j, j IKl'l'i\"iCd in .Jap­
~IUl':"\l' .a10111 ho111h sun·i\·or:-. 10 .. ·!•U ( Fi~un· -l:i). 

There j, a n~n~idt:rablc a11u111111 of c.LLt•1 showi11t,t 
th~ll d1ildrl'll \\ho \H'l'l' 1-:i\cll radi~1tiu11 to tlit• Jn-;.id 
~uul 11cd.;. l'l'~ion for l•t:~llUH"lll of d'y1uir liypl'r· 

•I h 11td11w .w.1h ...... \~~·11· du1w l1\ \I 'I "'-111-.!1·\ ,111d I> F 
l.1 .dn .11 B'I. 
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1'1i.,:111t· 5 L I'll'\ .il1·1u •· 11f di .... ·.1"·"' 111 I h•· I Ii\ ruul. lif1 Ii ,.,_ 
.u11i11.1tu111 l 'l k. l1\ r.1d1.111oii1 d"'l' ,111d nl\ f~•I lf.·111.dt .. " 
.11.:t· 1110 I~· ,11 1111u- 111 111111111,. 1 1'r.u11 lkl .. L.\ rl ;ll 1°1 1 

trophv .• Ll'lll'. ;.uuf fU111:\l'."I uf llu· ,,·aJp h<.a\l' all in· 
t:n·:t~·d i1u:idl'lltT of lxHh hl·11iL:n aud 111alii.:11a11l 
thyroid lt·'.'iuns in l.11rr Yl'•U's. • 1

•:•· 1 1:: Rc.·1M•l1:-1 of 
tu111uri1.:L'11i~· dll·c.·t"' uf r•1dioiudi11l' i11 111an ••re 111ort.• 
li111i1nl. Shdim· l'l al .. ' '·1 in lhl'ir follm\'·up •lll<h­
uf :2~>0 po1tit·11ts trl'ah·d l'41r hypt·n hyroidis1n. rl'· 

1.w1rtc.·d B ha,·ini,: nodular ~oitl·r. of \\·ho111 I) had 

hn·n irradi.11,·d al ;1~,. < ~O and I al a~t· <: 111. 
~lol'l· nTt·ntly a nu11ilx·r of l'al1<Trs of tit<· thnHid 
h~t\l' lx·t·n n·1Mu·1ed in palil'11ts pn·vi11usl~· tr~·alnl 
\\ itl1 ro1diniodi11t· l~1r l1y1H.·nhyroidi"itll.' 11-1 u; Tiu· 
n11111hc.·r of SUl h t';t'.'ol''.'r< r t'purh·d i"'. howt•\·c.·r. lo\\ Tr 
111.111 111ii.:ht he L"XIX'l'tnl on tlir ha~i~ of thl· wiclt·· 

sprl'ad "'<' uf "' 11. pnha1" lx·,·a ""' 1 lw n·lls an· 
1uorl' likdy tu 1111dt·1~0 ll'thal da1n•1~c'.11:.1:!:.! 

ln 'hl' 1nun· hc·;1\·ily l'SIH•:ro.c.·d Runi.;:yl.1p 1-:ruup 

thl' adult thyroid~ rc.·11.Tln"l •l dusc.· j JJ."• folds) about 
lwi(.:t~ thal 10 lht• -.dude l~ud\· 011ul 1ho!iool" ofs1nall 
d1ild1c·11 ';ou tu I 100 r;1<hl ;~bout U 1i111c.·, 1ha1 1u 
Ilic..· wliuk budy. ()11 tlu· l)~l'i"' uftht· i11l·kdL·11n·of 
IH:11i~11 11oduk~ iit thl' Ullt'.\(>U'."ll'cl \l;ir'.'ohall l ... l.a11ds 
pupul.11iuns exa1ninnJ. ttl)4.1u1 .~ 1u I c.·a~-s \\utdd lk· 

t'.\JX'l'll·cl charing tlu: :.!O ~\'.&l"!ri. in 1lw H.t11t1:l·l.1p .. ,. 
p••'l'd i.:ruup. \\h{_·1c,::"\ '!.~ 1Kt·11r1t·d. (11 llll' l'.tirik 
L:"r1111p iibout 11 \\tndd Ix· c.\IHTtl'll. and ti tH.Turn·LI. 

Rn.::;1rdin~ c;1nl er of llu: 1hn·u1d. 011 1111· ha"'i~ llf 

~l.11'.'r<hJ11 hla11d:"\,lilli,1it·"i. ;1!~1111 O.lU.S l'a'.'ot''.'o \\11tdcl 
be l'.\pc-ctl'd i11 llil' Ron~t·lap ,t.:ro11p 11\TI' thl' '!,() .. 

~<·ar p•:riod. \\hl'fl"a!'ro .\ o<.Tt11Tc.'cl. lu lhl' l'tirik 
pop11lati1111 oiboul U.lHt cas<·s \\'ould h~ t'Xfll'\·tnl. 

11d I 1H.Tllnl'd~ iu \'il'\\' uf llu.· lo\\' du .... c.• uf racli~1· 
1ion ii is 11111ikdy that thi!ri. t·;tsc is radiation i11dun·d. 

Tal1li-s .1:1 and i I 'how the i11cidl'nn: and 1lw 
ri,k l"''r rad in 1:11· :\J;irsh;dlt·"'· nunparcd with 
1ha1 in olhl'r 1•1pula1i1111s li1r J.11h h1·niL:11and111a­
ii.~11a11t 1hyroicl 11t·oplas111s. l>.;,ita on 1',cnii,:11 tlav­
roid 11od11l~1l'ity an· ~rarn·. b111 tilt· inc:idt·iu·t· in 



~tu-,hallt"'t' d1:ld1rn ap1w·;ar' ,j111ilar. 011 a 1 j,k pl'r 
1~ut h~''";"'. tn th~11 i111lw ,.ray•·d d1iltlrt·11 ,1udinl 
11~· 1 lt·11q .. ·l1u.u11a. 111;.1u'!• Ri~k ti•r th~Toitl l·a1w.Tr i11 

tlw l{u1ti.:t·l~1p p•:oph.· i~ al~1 'i1uilar In d1.1l tt·· 

po11l'd lt11 ulht·r (>4•pub1iu11~. 
Tiu· d;1t.1 iu T.~bk '.!:1 i11tli1 ~1tt: d1.1t al tbt.· du~e 

lt·H-1:._ i11\uht«l tiu·1t• i~ a n11n·lati1111 ht'l\\tTll lnt·i· 

d<'lll't• uf 1hnoid l<-,.io11s a11J thl· <»1i111a1rJ Jose lu 
tht· ~l;111d. ( )11 tht· h;,,j, .~· thr im:ickm·r per r;iJ i11 
the hi~h "~l'"'"re R1111~t·l;ip d1ildH"11. ahout '.! 
l·l1ildn·11 \\·i1h adt·nrnua~ would bl' l'X(>cl·tt:c.1 ln tl1e 

. \ili11~11~1c.- ~· oup. \\here.·".! \\ crl' 11otc.·d. and 4 in ilw 
L'tirik L:l uup, \\ hl·rt· llOlll' \\';.aS found. ·rhl' )o\'\Tr 

dli~·tiH·1w" pt:r 1;ad i111ht" l'1i1 ik d1ildn·11 may Ix: 

~~ 10 'r _.Iii ,.r 

1{11111.:c-l.11> 
.\ili1u.:u.u· 
H1111i:.d.1p ,\;,, .\iliui.:11.w 
l'1i1 i~ 
X-r.1~ ,-.1 t hildu·u I 17 ~ r 110; 

ll l .! 
It I 
7t·ll 

Ill) 

.!ll 0 

( '..uau·r 

:\-1.nnl ~ l11ldw11. l11\\ do .... · 1 I 7 \ r ,1 .. ; I.II 

~1.11._li,1lk'4'lUllll11l"I 

\\'u1 hh' idt· .1\·. 111 • 

l '11i1nl Si.it•·''"; 

Ki.11i.:,·l.1p 1:!111 
.\ilirn.:11.w 1 :!t11 
l{1,11i:.d.q) ~'\; . \i1111i.:ll.ll 0 i .!Ill 
l'111d. 1:.:111 

K•• lu-...h-r t I; i 1"; 

;\1111 .\11 ••• t 171 10 ~ 

lk.ul1 ~ l>11lpliin ~'-'011.!.t 
L'.'1\-;cr.\R 11;1"' 
.-\B(:(: (',!111''"1 

.\HCC1.!01 111 1 

111 1 H X tO-~' IJ!l <ai.:t""'I 

2.·.x iu-:, 1oall .1i:., ... 1 

T.thk.11 

n ....... rallL:t'. r.ul" (hpc•) ·~·ni~n 

7111-11"•0\l/l.·f) ·11.'f 
~!Ill- 1:101 t/I. yl I.I.I; 
~1111 ll

0

•ll\l/l."1l ~~.I 
I.ti- !I-, 1 l/f.-(I 11 

\ \·, l,I\ I I:\. r;a\''I 

,!II \,I\ I (:\. f,l\•d 

\:'\f.l\"1) 

It HI ~t HI I' I ,I'.' l 

.!II IOHOt·f. ,jl 

t y. ,,. 

td.O 

.!LO 

('..mn·r 

-.. :. 
,., 
1.; 

I) .\-1 _· • 

.\ 1.dl ,1i,:n•t 

tl .! t.all :l~l') 

•H,j.J. i" t-.1kula1nl fr11m 1hr np1.11iou 

R,j .. ~ = ~'-'~~-'~.,.__ x. ~-
du ... · X \t"·""·" ri-.k 

lkuic11 

I I.I 
.II.I 
1 ·, K 
-,_, 

-.1 

o.·1-1.h 

.r;~1 

u.·1-1~1111 

.l".!7 
II 

Ri?"l = -·--·~--.--- ~u. nf,·a·'"'"' X IU'
1 

'."u. ul 'lihJn"I" X mc·;rn d11M." X mc·.rn :\u. uf ~ t•an~ ;II ri,k 

( '..alll l'f 

I.I 
II.II 

·'·~· 1.0 

I .II X llJ-·' 1all .1~•·" 
.! ..• IX JtJ-.'• t;,all Jt.:t"I 

> IUyr 

I0 . .'1 7.U 
I :11.1 II 
'.!:!..:. ti.1 
ll~• . .! I~ .H 

Hoth rq11011i1111"' .~i\t· 01lmu"I iclrlllit·al n-"ulu li.1r 1hr ~lan·liallt~· IK·,·ow!Ol· ofth<" unifurmi1\· uftht· d,1t.~. :'\'.o nirn·,·1k1u 
h,1)1 ht•t•n 111.ult• ·~·r t·~ptTlnl 1111111ht·r uf ,.,,,n l)lT,U1'4.' 1ht0 l':'\JM.'''liUW111 ;1111011~ llUl'~fM•st.·d "IUh

0

jt•t'lS i~ IOU lo\\" to .1fft•t"I lht• 

ff)iull" l"i('t' T.11,1,· :ui. 
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panh· rdatl'<l to tla· sinalll·r nrntrihutiun tu thl· 
dose fro111 slu>rt-li\'l'd i:-.4>l1•1>t:s c.>fiudi1u:. :'\c\·l·niu·· 
less th« :\nu :\rhor < hildrt·n in I lc111pd111ann ·, 
study•0 ~ had t.ln inlTl"a ... t·d inl'idc.·nl·c.· of 1hyrnid tu· 
n1ors folluwin~ 1.1 n1c.·an dosc.· of uuly JU r;.ul' to tlu.· 

i;land ( Fi~urc H l. and mon· rl'n·n1lv '.\ludan ,., 
al.1 IU ;111d ll;irln· ct al.11 1 han· rq>ort1·d an in· 
crt·••~·d i1Kicll.'nt·c.· of thyn1id 1u1uor\ i 11 ditldrt.·n 
who ha<l rcn·in"<I about ti.~i rads 111 1hc thyroid 
~lo.ind durini.:: x-r~1y tn·atn1c.·11t oftl\l' St.:alp t~.r fun· 
~us infc.·t.:tiun. ~ludan el al. !oilOlll" lla.at .. one.• would 

stru1ndy suspl'n a 1nini·q>idt·1nic uf thyroid i.Hk· 
nu1n,,-- in thl' L:rt1up 'tudic.«l. In c.·unsidc.·rirn.~ thc.• 
ri,1; <laia of I lnnpdtn.inn» aml '.\lod;in» i.:rnups. 
thl" laq.,::e dl·11u:1H uf.Jl'wi'h pl·upll· (\\ho ha\·l· in· 
crTast..·d MIS4.:L·p1ibility 10 1hyroi<l turnors) 'ho11ld 
hl· kepi'" mind .. \1,,. •. I lt·m1x·l111ann"s \\Trt· irr;uli­
att·U as inf.u1bo ;.uld tben:fl)rL" rq>n·~•·nt uuh a u.11·· 
row aL:;C ran~e. 

I. latent P•riad 

In FiL:t1rt.' ~:, the<ll'\Th1p111t'lll ofthyruicl .1b1u•r· 

111;1litie' j, plullt.'d alTurdin~ to radi.11iuu d1....c· .111d 
1i111l· ilhl'I" cxpu,urt·: the loitt·nt J>L'I iutl appt·ars lo 

Ix.· loru,:t-r \\·ith lo\\l'f du't°"'. Fi~un·s -Hi and 17 !'llho\\' 
1lw rd~atiu11,hip lx:t\\ 1.x11 d1""'L' an.d a~e ;,1t dt·,·d· 
uprtH..'Ul .,r thyroid ,,.,jtJlh. Tht.''(' d.tli.l indicate th<.ll 

tht· radio11ion-indw.Td 1t· ... i111h rn.Tllr al l".lrlil'r iH.tt"' 

in tilt' t·xpu,..-d Runi;d;q> 1x·uplc than in lhl' Ctirik 
111" u1u·spo,ed ~roup.'\. In the la1lt'f t.:roups .alino.'\t 
:ill dw 1hnuid nud11l..ri1i"' d.-n·l"Jl in th.- uld.-r 
peupl.-. R"''""' d.11.1 uf I li-111pdn1a11n l't al. 1"'' in· 
dicale 111.11 1h.- la1.-n1 1x·1iud mav he >:Ill , . .,,11,. lior 

•' T'' ''I 

1111111---

·" 

l'ii.:urr Ct. Ti1m· uf ·'Pl"'·.11".llln• uf th~·r·•itl lc·!l.iuu ... i11 
\l.ar!<ol,.•llc·~·. E.'l" ...... ,t al .1i.:1· < IU: . lx·u-~n; ·• 100tlit:· 
n.u11. E~pu""'.''l .u .u.w '• IU: e. l•·ni\tU~ *. m.1fo:.uaut. 

<kvt·lupnwnt of radi••tiun-indul'.c.0d thyroid lu1uurs. 

·rhyroid Guu-c.·r ha .. i IKTll n·por1t·d a" lun~ tas -10 
~Tars aftt.·r r;.ulialiun c.·sposurc.·.•::."i 

Correlation \\·ith st'X ~howc.·<l th.oll sligluly nuuT 

cx1K•SCU Koni;dap fc111al<·s (Ill of 4 .• •) dl·vdup<·d 
1hyruid lt-,.iuns th;rn did m;dcs ( 11 of 41 ) .. \II 1hn't' 
Cil:-.t."S uf t·ancc.·r uf the.· 1hyroid \\'t•rt• in fc.:1nalc.-s.. 

The 1hnuid -:land is -:cnt·ralh· 1huui;ht tu Ill· 
1uon· St'Hsitl\T 10 r;.ldiatio11 durin~ c.:hildhuod. 1 ~·o.1::1 

Po":hin1l" c.·:-.1i111atc:s a pt•1·c.·ent int·icknn· pt:r 100 
rads of o.;, lo I.II fur adults .rnd 1.:l li1r d1ildrl'IL 
C:lTl•1iuh· tlu: 1t1r~t~l 1u1111lx·r of ht·ui~n lesion,. •»l·· 
nllT«d i;, tht· '.\l.1"hallesl' d1ildrt·n. Thi, i' proh­
;,bly due 111ainly tu Ila· 'n"allL·r sizt· oftlw thyroid 
i,:lands rt"suhin~ in l.01rgl'r dosl'S per ~rain of ~land. 
I )uni•u.:h 1-.:u tht·uri1.es that thyroid 1un1ors •art· pro­
tlu<Td liy ;111 i11i1iati11i.: fa,·tur (r;atlia1iu11) plus a 
pru111u1i111.:: t:1l·1or (l'SI I) \\·hida iut.:rc•tSl~ 111ito~is 
;111d t 0 11liant.T:iri. tht· t•xpn:s. ... iuu of ;1 possihlt· 111alig-
11;111t dout·. In iulditiu11. in t:hild1Tll llu.• ~fU\\ th 
l~h.:lor 1uay lw i111purt.u1t. !<iii1u.:t· al u101turi1y the thy­
ruicl \\t•i1.:l1"i 01buut '.!O tiuu.·s •1s nH1ch .as at hi11h. 
Tiu .. '"-' f.ac.:turs \\ould i1u:n:a"-' tl1t· d1aun·s fur 111a­
lii.::11.1111 n~111,Jonu;1tin11. 'l'he lu\\Tf indtklH.T 111" 
t·;,11HTI oftht· tli~ruid i11 t·hildrl"n th•1n iu ~1d11J1, 
Illa\· Ix· n·l.11nl 11: lhl' l.u-k or dust• dc.:pt·1ult0 IUT 11f 

1l1l" ,·.1n·i11oc,l·Uil· dli·lt uf rouli.11iu11 ill hi~h d1rr..t'S. 

St•\( I inH·,1ii.:atur' han· ,Jiuw11 l11~1t hii.:li du,,., 
11f r.1,!1;11iun I both:\ r;l\·, aud r;uliqiodiut· J t.u1· as· 

••• un.;.. \\ ith a lu\\Tf i1Kidt•11t't• of thyroid ni;ili~· 
u.1uc~ .h~111 lo\\l'f clu,es.. p11,,ibly IK"i.'iUISC.' tlu: hii.:h 
du'4.'S proc.l1uT t·uo11i.:h t·dl dt·,1ructiu11 lo prrd11de 
1noaliL.:1101111 1r.:u1,f11n11a1 i•11L !'ll: •• 1~o.l~t.I :!•i.1":!4 'l"hj, 
111.1v l>l' 111" ca ..... with '.\lar>halkst• d1ilcln·11. It has 
IK"l"Ol nOil"ll ihal J(,llm\illt; lrl'alt11l0 nl ufJi,·p.-rlhV• 
roidistn wi1h Ian:<' doses of radioiodinc, although 
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hypu1hyroidi!\lll dl0 \Tlop.._. t lie l"•L'l~ of thyroid GU\· 
c..Tr ;.1n· ll•\\t·r 1lian e'.'\pc.Th'<l. 1 ~ 11 · 1:.: 1. 1 ::". 1 ::~• ·rhc c.lL·\·cl· 

up11u·111. in till' twu 'l11111nl ~l.1r,hallcs1· hoy"-. of 
1hyruid •1trophy ,,·itl1 h~ pod1~ roidi,111 but without 
tlu· ck·n·lup111c..·ut of tunuir:oo. ls in line with this. rl'i.I• 

~)uini.:. ( >tl~.:11i11i.:. '.'li111nc.·\, It.it. t lw ~rcatt·r i1Kidc..·1U:l' 
of1hnoidc111tTI i11 d1ild1..-11 j, lhl" lindin~ 1ha1 dtil· 

dn:11 'un·i\'t' lou~l'r th.u1 11ldl'r pc:oplt·. L'\"l'll with 

the..· wdl dilll:n.·1uiatnl '' 1w'.'. i. 111 

'l"lu: pu!\!\ihk L·lf"t-n, uJ ilit· 'Ill"!\!\ of pubc..·r&y in 
1ht• dl'\'t'lup111c11l or 111~ 1tnd k'.'liions ha\'l' lx0 l'll pn·· 
,iou:-.1~· iu•lt·d.:::L ·nu· ... 11t·" ,.r f1T<(lU.'nl pn·~nan· 

l'il'~. \\ hidt had lMTUn nl lu-fun· I hl· dL'\Tlopant'lll 
uf111.dii.::1tau1 ll'~ion' i11 till' li11n· Roi1i.::l'l61p \\Olnc.·n. 

111.1~ h;1\T IK·t·n •1Lh1111 in tkn:lopnu.·nl of lll'U· 
pbsi•a. Bui h t lat•,c.· nu 1l'l.1t11111 .... ho\\ l"\ er. Illa\· ht• 

liu·luihu1~. 

2. Compari,on of Thyroid Neoplo,ia' From 
X-Ray Radiation and Radioiodine Irradiation 

Th<" dala iu Tahk.,. :.\ .111d :l I '"""' 1h;11 llM.· ri'k 
p<"r rad fur lhl" clcwlup11a·111 uf thnoid lll"l>Jll<L'lllS 

iu thr :'l.larshalksc ""' 1p1i1t· ,i111ilar lo 1hal in 
popul•1tio11s cxprn'-' .. ·d to ,.i1 r.uliation. ·nw ctua i11 
Fi~urc 44 indi,·a1e a 11111·.ir rcl.11i1111>hip bt·tw<'l'll 
nudularil\' in ilu· :'1.1.11,h.illoc d1ild1Tn. whu n·-

.,. • u.-u ... 111 -· 6 .\l~focnou11 
IUOU .. 1 "' "t· 

I 
·,.~, -

l "' "" . • 
11' A I • I • • I , . :-I - I 

111 -" ~· ~" "" "' :...···· 

Fii.:urt· -4 7 Kt"!.ali1111,Ji:p .,f 1h-. ruid •lu..c.· ln .ai,:t· \\ lu:ll It·· 
.. i1111" dnt·lup iu .\l .. r .. la •• llc.·'lot·. e. Bc.·11iLt11: .• m.ahl(nant. 

<Tin:d their duse lari:d,· from ra<liuioclines. and 
llll' i.:n1111 .. rl"<.Ti\'i11i.: x-irrnclia1iu11. These da1a arl" 
111>1 .. '1l·mi\'e l"rtuui.:h ltl shuw possibll' thrc•hol<l 

t·ffl"<.·1•. Since in animal cxperi111en1s " 11 1 i• only 
ahuut 1 111 10 1'10, as. t•fft..-c.:tivc as x·irra<liation in pro· 
dut:in~ thyroid 1u11ua~.i-.\.t::n.l:.:~•.l:to \\'hy do thl' 

~lar,hall<·st· d;11a indit-.lle nl"ar cciualil\· of df<TI.' 
h is ,.,.1i111all'd 1ha1 thousands of chil<lrl"n han- r<"· 
<Tin·d di;ii:noslil· ""I I :!U 10 50 µCi l in 1he pa.-i rl'­
"1hi nl( in lhHoid dmcs up lo hundrc<ls ufrads. 
,.t'l unlv l t·ase \\·ith tln·roid 1u1uon has bt•t·n re· 
j,.,n,·<l.'i:11.n" L".S. l'ul>iic lkahh S.:r\'iet· worker' 
11.'lTlllh· re\"it·wt·d a lan:l· nu1nlx:r of (:a~ hi!'\toriL"!' 

of p•:o1;1<- "ho had rl"n-in·d radiuiu<linl" for ll'l'al­
m<•nt ofh\'pcnhnoidis111. 1 "~ The\' wcrt• unabl,· 111 
sho\\ . .any dt·ar-nn im.:n:~L"i.C in inl~idl'tH.:r of thyroid 
turnors in this ~roup cu1nptnt·d \\"ith a ~roup 

lrt'all'U [>,· •ur.:ical 1 hnoidl"l'IOlll\'. I nncasini: 
nu111hcrs ;,f1hc p.11i .. 111~ tr<";llcd wi.1h " 11 1 dnTI· 

opl·d ,·aryini: <k.:1•·"' 111' ll\·p111h,·roidis111 in.l;itl"r 
\'l'ars. Tlw low inl·ide1Kl' of tu1nu1-s fuJlo,,·in~ sud' 
;n·;11111<"nl 111av I><.· rdatl·d 10 1hc hiith ch;,.,.,. or 
radiation ~i\Tn lo tlit' 1hyroid. sulliL·il'lll to c.lt-,.truy 
i1s fl"L!t'lll'l"ati\·t· c.:ap.0Lt·i1~-. 

11 :-.lu111ld bt~ 11ou:d. ho\\'l'\'L'r. 1h;11in11H· pa't 
fl'\\" yl'ar:o. a n11111hc.·r of thyroid 111.align~uu:it·s h;\\T 
l1t•t•n n:ponc.·d fullo\\ ing- .-~1diniodinc.• tlu.-rapy for 
ln·1x.·nh\'n1i,lis111. 111 • 11•• ·rht· 11u111IK·r of L'a~"'!ii rt·· 
portl'd i:o. lo\H"r I han t"'.\J>l'4 • .'ll'd on tlw basis of do:-.· 
~IL:l' t11 the 1hyroir.I. Tlw int·1Ta~d tun1orii,:t•nt-sis in 

th<· \l.11·,hal1.-,.-111a\· i. .. n·l.11ni lo ilw na1un·uf1IH' 
r.adi~1tio11. 1nort· than h.1lf du.' (IO!<i-l" l>t·inLt dut· to 

,hun-lin·d i,..>101><.·s ur iudinl' 1 p;ir1in1larly 1""1. 

"'"I. and ""•! ). whid1 an· nwn· l'lll'r!(<"lit· \st"<' .-\p· 
1><·11dis 'IC). \'a,il,·nku and Klas.,m·skii ""' han· 
d .. 1111111slral<"d th;ll wh,·n lh<'S<" shont·r-liH·cl iso­
topt-s of &odint· ~•n· '°:u1nbi1wc.l \\ ith 1.11) the tunu1ri· 



~··ni<' dli.·,·t in rat• and doh"' i• <·qual un a rad h;L•i• 
Lu that uf x ran. \\'alimkr "' al. ha"" l'l'J><>rll'd 
sisuil.ar liuding~.1;u,1;1;, Dunnin~.Llti i11 t·sd1nati11g 

l11\·roid doM.· fnun ahsurptiun of r;u.liuitM.liut·~ iu 
fal.lout. nmsi<kn th<· short•·r-lin·d i"''"P<'S to Ix· ·I 
ti1ut·s as t"nt·r~l·ti •• : ;L" &:llJ. ·nu· 1nun· l"IU."r~etiL· ht·ta 
ro.Hli;atiou \\·i1h a hii.tht·r du~· r.u1.· aud lung1.:r .. an~t· 
~ivt·~ a 111urt• unil~ann tis.."i.Ul' distribution of radia· 
tion than is pmd11n•d h" 1.11 J. This mii:ht <'"Plain 
\\ h\' du.· inL·idt•nt'l" of thvrold lr.·~iuus in tht· d1ildn·n 
11.·t·~·j\·in~ ltKX) rads foll'."! un a line.· nu n·spondiu~ lo 

lUt!O ratls ut' x-r.ulia1iu11 t Fii.:u1T -Id I. ur it llli~ht 
indit-~'1t.' th.at thl" r~uli11iodi1h· t 0 .\p11,uu· \1;;1s .about 
10 1iuu-s as t:tll·\:ti\"l' ,,,_ 1 ·~ 1 1 .duul" \\'ludd ho.l\"l' lx•t'll 

1~·t· Colt·1:1;). Thu!\ lht· ,,,·u hoys \\id1 atrophy uf 

1ht.· thyroitl 1u.1~· h.,n· h.u.l d1~l"'."o tu du· ~la11c.l t·uul· 
parahl•· with 401KI to l~JllO rad' or 11um· of '.\· 
i1r•uli.11&un. 

3. The Development of Thyroid AbnormalitiH 
From In Ulero Exposure 

·nu· dt.·\·c.·lop111l'lll uf thyruid ;.ult·nu1nas in uue 

uf till' ~larshallt·sc huys l'xpost.·d '" "''''" i"' of in· 
lt."l'l"~l. Fuur d1ildn·n \H'l"l' t.•xposc.·tl 111 ,,,,.,,, .. iu •he.· 
hi~ht.·r r;.1dia1in11 ~roup. uiw at the.· t·ntl of tht.• sit"l"• 

ond trilll<"Sll'r a11d '"";ii 1111' t·nd of th<· lirst tri· 
111c:i-H·r~ in lfw )o\\Tr do,t.' H.011~d•q> ~roup. out· at 

llw t'IHi of the sen1nd trillll"'.">h'r. ()11h· lht· bu\' 
in th<' hii:h,·r ,~..._. -:ruup ;ind .:xposnl in ih•· ,..·u>11~l 
tri 111t.'!'lilt.•r h;.l~ dcvt..·lopcd I h ~·ruid lt.•!\ion~. St'\Tr;.tl 

,·a..:s han· lx."C:ll n·1>t•rt•·d of d1ildn·n who had 
1uyxcdc111a fullu\,·i11~ "' ,,,,.,,, cxposurl.' durint: 
trt.·~1unc11t uf thc 1uud1t·r , ... ·i1h lar~t.· du:-.t"S uf r;.adio· 
iodim'.l.l~·l 11Ilu\\·t•\'t'f,1hi' '.\J;ir,h;dlt:St' l>t1~· <LJ>­
pt..·ar' lu lw tht' lir't tt•p11ned (·as,· of thyroid at.k· 
no1uo1s dt..'\Tlupiu~ pn·,u1u~1hl~· frurn 111 14/011 l':\pcr 

surc tu r;.adioiudint.•s. 
In 111r,,, thyroid du!'iit' t..·;,d,:ulation!\ arc: nu1 po ..... ,i. 

bit·. '."oillt.."t..• in-..ulliclt.·n1 data an· 41v•1iL.thlc on ft·t~•I 
thyroid upt.1kc: of r;Hli11ic.c..line"i from the.· 111othcr .al 
various 'l.il~l'"i uf fi.{C!'iilJtion. 1 ':.' Fi~lffl" -HS :i-how!'li thy· 

mid function of thl' human li:1us. The i,:l;111d is not 
thuu~lll to hc'(in to fu11t1iun and lo acl'UllHtlatL' 

iodine until al1<n1I 1he l'!th \\·nk of i,:e.ia1ion.' 11.11!, 

:\I the tim., of ""I""'"" of I h<" '.\IMsh;1llt•st• hoy 
1aho111 :.!:.! lo '!·I \\t:l'k-1 th.: lh<Toid should ha\'C 
1><:<'11 a<:li\'d\' fun..:Lio11i111(. l ll' r.:u:i\'l·<l l i:i r;i<l' of 
~a:niua radi~1tion hut the cln'\t.· fru111 raclioiodinl!"I. i~ 
uru·<-r1ain. In ,.j"" of 11 ... hii.:h uptakt· of radio­
iodinl's p<:r '(ram hy thl' ll-1al 1hnuid at~·! wn·ks. 
iht: ill\·roid dust• 111ii.:h1 lie "·'l"-'Ul'd lo Ill' hii.:h. 
I luwL'n .. ·r, !'iiince it .r.1ppc.u' front our d,;.1ta that 

1·.11 ~ 
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lon~•·r h•h·nt p•:ritML-. an.• ass.tt.·iatt·d with luwrr 
dusn of radi;ition tu tht· thyroid. i1 i• likd,· 1ha1 
1lw thyroid in 1his hoy t•spus.·d '" uf,.,,, n·tTin·d •• 
Ml\H'r d ....... than 1ha1 in '.\larshalJ, .. ,,,. d1il<ln·11 ,.,. 
posc.·d al a youn~ ;.tt.:t·. :\ls.ti. thi1' hoy .;uul tht· ullH·r, 

l'sposc:d i,, ,41,.,., h.lH' shown no i11q>;.1in1u·111 iu 
~ro\,;th .and drn·lopnll"Ul. II l!iii of iutt·n·~t th;.11 the 

1nutht·r of thi!\ hoy h.1~ 1101 dc·vt·lopl·d .1n~· ll1yruid 
ahnunn•1liti1·~ •111d ;.1pp:ar~ tu ht· t•t&1h\ruid. ·n ... 
1\\"0 l·hiltln·n t..'XJ)f.r.~ . .'d .11 thl' t·1ul of th1· lir,1 uinll"'· 
tt."r proh.ahly h;.ul nonf111u._·tiu11ini.: prin1unlioal ll1y· 
ruid ~land~ 0.11 tliat tiual' "iif.1 that tin· ~la1uL"JtTt·i\·t·d 

uuly lhl' ~a1111na c.·spu!'lurt..• and \n·n· 1ln·n·t~1h" lt-s' 
likl·l~· lo dt•vt·iup thyroid ;1h11ur1uali1 it·~. :'\u1u· of 
the..· l4..1ur t·hildn·11 t·x.1~~:d m ,,,,.," h;,1' '.">1111\\ n 1uitTt•· 
t:eph;.dy or 11u·nt;.il n:1;1rda1iu11. whi,·h l1a\T htTll 

lllllt'<I in !'iiOIUl' uf lhl' d1ildn·11 t'X)>0'4.'d "'"'' '" i11 

.Jap;i11. 

V. Neoplasia 

.\1no111( tht· lalt· dli.·ns uf r;idia1 io11.1lw t·11han• , .. 
11u·111 of thl.' tft-velup1111·nt uf ncoplas.ia h;.l'."o htTn 

\n·ll d1M.'UIHl'lllt.'d. lu irradia1c·d anin1als. 111aliL:· 

111uu.::it-s not onl~· na.ay ht· iuducL·cl ill ;.ua t'ilrlirr at.:l' 

hut apJ><:•ir in in<:r<'a,....d numl1<:rs. In tht· .Ja1~111t'M' 
;,1lCllll l)Olllh ~Uf\"i\"ClfS, k11L:t•tni;,1 and lhy1uid Hl'lr 

pla~i;1 ha\'l' shuwn lht· 111ust dl'•tr·c.·111 il:'\."''M·i;•tiun 

wilh radiation l'Xposurc. lhuu.~h 1uun· rt'l't'lllly 
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odu·r furin~ 11f 1u~ili~u~1iu:v ;,re lu·i.,:iu11i11~ 10 "-ho\\· 

n1rrt·Luiu11"'-.1 :-; 
Tht• Ct:\t':\ 11f 111;.all~n;.u11:y ITt·urc.lt"<l a1no11L: 1hl0 

v;u inu:\ ~la1 ... h~1:l1·!l4.0 IM1p11l.1tiun~ uruh·r :oo.tudy <lur· 
i11~ tin- poa~1 :.!ti vt·a1' ;,n· li~lt:d iu ·r..ahh: :r>. 111 
llu·M .. ' p«uph-. 1l1yroid 1uali~1\0UH'i,·s t<li~c.·u:ii.~~d 

;ibu\T) show .1 n11 rd.11iu11 \\'ilh radia1iu11 l'XJ>& ... un·: 
ot l"·r l~TM"' l·;1nzu,1 l"'· ;L .. ,Tih4.:d dc:li 11itl·ly lo r;.ulia· 

1iu11 l'Xpo~lll l'. 

A. A CASE OF ACUTE MYELOGENOUS 
LEUKEMIA 

111 l~t7'! au l 0 :\IM,.._l.d H.01u.:d.1p 111.tlc.· ('\uhjLTl :"\n . 
. ·, 11 din.J 11f lt·ukl'111i.1 .11 .q.:c I~-- 1 ••• Ill' h;ul IMTU 
t''\}lll""4.'d lo I;:, r.uh uf ~a1u1n.1 r;ulia1iun un l{un· 

i:.d.1p ;1l •1i:.c.· I ~T;1r. ;.1i.d h;ul l":\pc:ri,·ntTd t•;.uly 
t10111:ii.it:u1 '~1np1u111-,., n;1u'.'oL'a and \u111il&n~ ;.uuJ 
i1d1iui.: ;ind hurnin·~ ul ti"· ~kin. 111: ~hu\n•d n1ud· 
,.r.111.· lkprl'~~iuu ,1f l~ 111pliu,:y1,·~. pla1c.:lt-ts. and 

lll'lllrnphik hi' \\'Ill: druppin1': 111 :l!llMl h\· G wt'd'" 
a11<l his pla1<·ki. 1u 14ll.ll00 hy 4 ,..,.._.ls. lk ,J,·vd· 
"l"''d lx.·1;1 huri" ol 1h .. · skin. panin1larly on•r lh<· 
nc.Tk. •1r1ns. e111d lq.~s. and st11nc.• q1ilatinn of du: 
,..·alp (1-'i~<irc 4!l). Tl1<·s<· l<»iuns h•·akd un .. ·v•·111· 
ll1lly. I lis blood clcmcllls shuwrd slow r..· .. ·un•ry 
ltlward normal le\ ds hy I yt·ar. I le rl'maint·d !:<'n· 
crally hc;1l1hy. \\'olh usu;il d1ildlwrnl i11f,·..-1iu11s. 
11n1il a.i;<• 1:1. wht·n 1uM.l11ks tkH·lu1M.·d in lht• 1hv· 
mid and he was 1akl'n In ll1l' U.S. fur SHl<h· (Fi~· 

' ... :--:,. . 
~~,... ... -..~ 

--'."'" .... 

' ..... 
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Fii,:urc· -1~1. Suhj('n ~~o. ~ .. at a1e~ t year. a month ar1t'r 
c~p••Uft' tu f..t.llout. ,.·ht•n b" h~d 1pou~· t:pil.a.tlon and 
•:.a1h·rt·d bt:1;a burn k·.iu111 011 tht" k·oitlp. ncc.:k. arms. lc-1«\. 
oitUJ .au-'I n·i.:•un. 

un· 30). The 111xl11k-s rcmo\·l'd at sur!l'-·ry (indud· 
ing a I !Unhle <·ell ad•·noma) were lx·nign. He was 
plan~d on cominuous 1hyrnid hormone treatment 
;111d n·maincd <"Ulhyrnid, wi1h normal grow1h and 
dl'vdopnwlll. (His mother. fa1her, and t\\'O brtilh· 
l'n also had thyroid lesions suq~ically rcmovrd.) 
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riii:urt" }I./.,//: lmm.11u1t" m,,·l·k•·,,·1ic u·lls (man,,- prom\·t•h._·~·u-.) in marro"'· u( 1ul.tjt'\'t ~u. :i·t. 
ti "'"'U t. ... ·1i.1rt" dt·.1th. X lti:HJ. H'~hl: t•rom~t-lla:~·1c-. "'·uh ..\Ut.·r rods wrn• llUllK'ruua.. X hi:.O. 

During the !!Ii:! annual t"xamim11iun thr 1ub­
jt·ct was found IO ha,·c a \\'BC of ~!000 anti a 
platelet cuunt of I ~U.000. I It· •lumt·d no otht"r sill· 
nificant tintlin~s ;u1d appt·art·d to bt• a hl";ilthy and 
husky l~l·y<"ar·old. I k wa• brn11~ht lo 11:'\I., wla·re 
a bone 111arrow L0 Xau1inJliun rt·\·ealt·<l typil·.al at:ute 

myc:lu~t·nou• ku~<·111ia. prt•tl11111ina1dy of the: pro­
mydocvcic type with 1111111t·rnu• :\uer rotl• (sec 
Figure: :"i I). I le was tramft·rrt"<l to the :\'.ational 
Cancer lnstilulr at lkchestla. wh<"re examination 
rt"uhcd in few physical liudi11~• beside• the bonr 
marruwchan~"' nt>lt"ci.• I le had a slight inllamm.a· 
tion of chc pharynx. p<"rioduntiiis around the rii;ht 

•t>n. E.dw.ml S llrm&.·rw111 . .J.11111 ... ~l.1l"\·,.J1~n Uull, ~l.trl.1 
Trnna'-lC'""'ki. ,.ml J.u 11\u-lrnr l'n1~ ... ilM· ~.111011.11 ( :.ar••:rr 111· 
11111u1r .and J)r. (;und.1l1h.1~1ha ('.h1~k.1p.& 1,/ Ur1-.H..hon-ru s ... 
1i1N"1.1I J..,,t1111.r<1tor~· ,._,._trd ... 1111 th1:. .. 11ul\·. 

third molar, and a kft chronic otiti• media. :\nli· 
k·ukc111ic ml'dication indmkd «ytusim· arahi111 .. idt·. 
ti-chiuguanine, heparin, oxacillin ur n·ph;ilu1hi11 
wich ~en1;11nil'i11. and bwr ampicillin. Ill' '"'""iH'd 
hltw.J and pl;11de1 1r;111,fusiu11•. some from au 
uldt'r hrnthl'f lluw11 i11 from the :'-.lar-hall hl;111<k 
hut n11np.;11ihlt• pl;&1dl'ts •n·n· n111 a\';iiJ,.hh-. l'lal<'· 
k:t lt·,·ds t·11111inul'll l11w, and wi1hi11 ~""'·ks he dt•· 
\'elop«d ,j!:"' uf a hl'11111rrhai.;i« diath"'is wich 
1••arh-tl hemiihorax. I k w.;is pl;in·d i11 ;1 rl'spirntur, 
hut his condition wur•ened. and Ill' dil'<l ti wc:eks 
;ifter admis.,ion. (S..l' :\pJ><:ndix 11 for huspic;il 
sun unary.) 

The principal aucupsy linclini.:s indutkd a«111<· 
myduhla."ic ( prn111~·el•..:~·1i<<' I kukl'mi;i i11 spl"·n. 
lymph nutl .. s, ar;1chn11id, and lx111e 111;irnm'. Th<Te 
had heen m;L,,i\'t' pulmonary ht·morrhai:c hilater· 
ally and inll;1111111;11iun uf cht· parotid 1-:l;ind. It "''" 

l>llft·rt'llt.1' i11 '.\1r.;111 Pt•riphno1I Ul1ucl IA·n·I-. l~·l\n·t·o Suhjn·1 
\\'i1h l.c.·ukt•mia f ~o .. 
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interesting that radiochemical anal)'lil of bone 
1101m1>lc1 w1owed ""Sr lc:vc:Js about the: same .. in 
pr.opl<- li\'ing in :'\ew \' ork. 

/ltlru1putivt .1/M1f of Jv,,11110/ogic•l Ju/11. The hema• 
tological data 11:11hcred 11\'er the I 11-)'ear period on 
the 1uhja:t wi1h leukemia (No. 54) were compared 
wi1h the mean le'"' ls of 8 other Rongdap li())'I ex• 
po!i:d al <5 )'Can of age and of 8 unexposed bo)'S 
io the: same a11e range (t°i11ure 52). The pcrccnta11e 
dillCn:ncc:s in mean peripheral blood le\'els bcl11>"ecn 
1uhjel:t !l:o. 54 and hi• CXJ>Olicd peen are gh·cn in 
TaOle JG fur the: lint )'ear and for the subsequent 
)'cars. The: 1uhjcct with leukemia showed greater 
<l1:pn.-..ion of ncu1rophila both during the immcdi· 
ate polil•cxp<•urc pl'riod au<l in sub•t.-qucnt )'UR. 

The least diffcn:oce ap1x:areC. to be in the: c:r~ihro­
poictic system. Morphological studies of peripheral 
blou<l smean re\'calcd no significant abnormali1ic:s 
until the dc\'clopmenl of leukemia; unfortunat.cly 
no bone marrow examinations had bc:en made 
before. 

Since the ~lanhalk-.c: children are prone lO rre. 
qucrll infections a•nciated with granulocytoMI, it 
was of inter~ .. , to compare this rcspon1c: int he tub­
jl'cl with ll'ukemia and in the other exposed boy1. 
Th<' rl'cord1 .howcd that the white cell count ex• 
ccl'ckd 10.000 a total of 3ii time• in 131 counts 
p;•;;,) in the other ll exposed bo)'S and only once 
in Ill coullls (Yk) in •uhject :'\o. 54. llo\\·r,·er, if 
1hi1 indinlled a reduction in marrow rescf\·e in 
this bu)', the reduction apparentl)' w;u insullicient 
to re•uh in any illnc•• •crim11 e11uu11h to require 
ho•1>itali;,~atio11. 

Other data related to leukemia .,.·ere gcncr· 
allr nqpth·c in 1ubjcct :'\o. 54, including alkaline 
ph.,.phata.'IC k·,·cL. of ncutrophil1, bawphil coun11, 
;\ustrnlia a111i11•·11, and IJlooJ prnll'in1 (es•·•·pt for 
a .li11h1l)' dc\'al•·d gamma i;lobulin ll'\'cl, which is 
common in 1he :\larshalk-.c). Chromosome 11ud 0 

ic.·• of lhe p•:riphcr;1I blood made 12 ~·can af1cr CX• 

posurc and of lh<· hone marrow durinl( his tc·rmi· 
11al illne11 did 1101 show a11N1ploid~· or llrUl'lUral 
d1;mit• .. of lhl' diromo•omca. I lmn•\·er, i1>4:rt•;ucd 
chromosomt· bn-.1kai;e ( 11 •;;.of thcccll1) wa• not<'ll 
••·ru1i11alh. 'd1id1 111;1y l1;1w lx.·•·n rl'la••·d 10 radia· 
1iu11 l'Xl""''re 10 d1l'111<>lht•r;1p~·, or 1x,.1ihlr 10 his 
di>l'"'''· 

Oiwmiu11. h i• po .. iblc that radiati1•11 expo· 
111rl' wa• in\'uln·d in the l'tiolo!o(y of kukl'mia in 
•ubjcn :'l:o. :H. Radi.11io11 expo•urc has long Ix-en 
as. ... ..:ia11·d \\'ith lhl' 1k·\'l'lop111<'lll of 1hi• diM:a."" (in 
phy•ici;1111. paniculad~· radiolo~is11,u:.1 .. in J>a· 



licnl1 arlc:r radiation trc:almc:nt for ankyl111ing 
apondyliti1,U" clc.), and i11 c:1iolo!(i<·al role \l>"il& 

n1abli•hcd ..-i1hou1 qut.-.1io11 by 1hc: hii:h inciU..·111.-c 
of leukemia in 1hc: Japan<"" cllpo•c<l 10 1hc a1U111 
bomb.11111.m 

Some: finding• in 1hc: Ja1>an<·sc: lend 10 support 
r;adia1io11 ctinloi:y in 1hi1 ~lar1h.1ll1•51: I.Joy. lu his 
case: the: lalcnt pcri1KI "·as quile h1ni:, u111 1hc in· 
ddcncc: uf l<·ukcmia iu Jap;iu is 11ill (;if11"r >:.!5 
>·c;an) hi!!hc:r a111Ut1!! 1111, np0>c:J i:roup 1h.111 
an11mg 1hc gcnl"ral popul;i1iu11 .. \l .. 1, lhc i1..:i1k·11n: 
ha• b.·cn hi!,llll"r anHUI!! 1hou· ""l'"""'l iu d1ilJ. 
h ... ,.1. panii:ulad•· 111al1,., iu" hu1111lu: i:r;111ulu1·~·1ic 
form uf l1·ukcmi;i ha• lx:no prn .11<-111; and 1111· s.111~ 
!Orm h;u l>l'l"11 mor1· prn·.oln11 i111·a''''" "i1h loni:cr 
lalc:nt Jll"rioJ1 anJ lm.-.:r "'l'"•urc•.••~ ()u 1he 
basis of:.! c;uc1 per year pa 111illio11 p•·oplc: p•:r 
rad among the L'"l"""'J J:ip.111<·>C, lhl" cx1x:cta1..:y 
among the Cll(>O.<ed ~l;ioh.1lln•· would 1,., a lutal 
or aboul O.:\:J L00L"'-'1. l iowL"\Tf, lhl· norma( ind1l<·nL"C 
of 11"ukcmia i111hc: ~larsh:ilk..,, from the 1krtdw 
11;11i•1ics a•·ail;iblc, appc:ars lo I.Jc low, ahout :.!U 
ca.'l<.'S pc:r year p.-r 111illiu11 n>ruparc<l with W In iU 
i111hc U.S.; lhu• iloc 1111111U..·r of s1w1111a11couu·a. ... -. 
cxpci:lc<l a11111111( 1hc "~l""''·d :'\l;ir,h;dlcoc would 
be a 101al of 0.0:.! lo 0.llloi. Th" ralio of ra<lia1i1111· 
in<lui:e<l 10 •1x1111a111·uus ""l><·1·1auq· (U.:IJ:O.O:.! or 
O.:l:l:U.Utii) imlil'at1·1 il1al d1aun .. arc about 5 lo 
15 ti111c1 a• i:r1·;i1 th;i1 1his :'\l.1r.halksc callC wa1 
ra<lia1io11·imlun·<l •L• 1ha1 it "''" s1w1111a11cous. 

K1·,·icw of 1hc hc111atolui:i .. al dat;i on 111l.jc1·1 
:'\o. 5~ uvcr 1hc I 8-~-car p•:riud h...forc I he <lcwlop­
mc 111 of lcuk<"111i.1 i.• uf i1111·u-,.1. Th<· i;n·a11·r <l<"J:rL-e 
of hcmalului;ic d•·1irci••irn1 in hi111 1h;111in11~ 01h ... r 
exrw•SL·d hoy• in<lica1co 1:iila:r a i;rcatcr ra<lia1iu11 
dose lo the licln;.1tup~Ji<.:lil· 1i'·'lll"I or gn•atl·r M..'Us.i· 

li\'it ~·or prodi\·it ~· tu 111arru\\' lkprc""'un. ( ='unc 

of lhc 1x:riph<-ral i;ranul11n11· lc\-cl• in 1hc olh•:r 
boys, cxp•""'d or u111·x1><.,,1·d. pl1111t·<l imJi,·idually, 
\\"Crc a.• luw a.• hi•.) l'crh"I .. hi• ra<lia1ion <luoc was 
actu;.illy grc:atcr. i.inL:c ht·\\···' the yuuru.::e'-I Run· 
gclap child ""lw,,..·d and 111av 1licrcf11rc ha•·e lx·cn 
in du;cr conlaCI wi1h 1111: f.dlu111 1ourcc: un 1hc 
iiroun<l. llcini; youugcr 111ii:h1 al•o imply grca1cr 
radi1111enoi1i,·i1 y. 

In view of 1hc later <lcvd11p111c111 uf 1 he i;ranulu­
cyik form of leukemia, ii is ,,f i111cres1 that 1hc: 
early bone marrow injury wa• d1arac1crizc<l by 
ha,·ing the: iireatC51 effttl on the granul1icylCll,wi1h 
the 1hrombticytic an<l ly1nphu1:pic cell• le,., af. 
lCctc<l and the ery1hriicy1ic i:dls lca.•l. The c:rythro· 
qiic S)'llcm <lid not •how evidence of failure u111il 

near d1·a1h. In spi1c or thl' l11ng-1rr111 lin<li11i;•, 
1111irbid niJcucc: u{ the: di .. ·a.., was nul appan·nt 
umil the lalll fow mon1h1. 0111• }'<"ar IJC:f.1n: thcdi;a!(· 
11olli1 of leukemia 1hc: pc·riphL"ral blood cdt. ill>• 
l""iln-d normal C:llL't"pl rur a , ..... ibk iucn·asc in 
ill}"pica( nWlllOl"}"tt'S. 

A pn·k·uk1·mic 1y11dn>111t• h;u IM."<:n ck ... ·rilx·1I for 
1<11ne , . ., ... , uf 111111l}·111phoL"ytic lcukt·mia1.1~;1,1~• 

l.i11111an and Saarni 1 ~• 1ta1t· I h;it 1he fr1'<111c1w.·y of 
1hc ·~·ndron~ ni;1y 1,., a• hii;h as twu ca.._ .. in five 
i1n<l 1h.11 11rdcnk<"mi1" li111lini;s "rdku thr t•;ul}" 
11ai:e uf lll}-cl111ir11lil;:ra1h·r di.11rd1·n "'·hid1 will 
C\"c111uall)· fullill thl." cri1..ri;1 lo l.Jt· das.ilic1I ;u 111\·· 

clu111u1111<·,·1ic lcuk1·111i;u." The •y11dru11K· i1 do;1~­
al.·1t.·ri~1·d h\' \'arious 1&11di11~"' nut eall 11t·n.· .. ~•u ih· 
llft'Sl"lll, 1111·1·, '"' a1K·111ia \\·i1h ny1hn1t:y11· ;1l>t1••·11~1l· 
i1ic.·1.1hrumlu:ytu1•·11ia, a1n>irnl pla1t·lc11in1l1t· p1:· 
riphl'ral bluod, :rnd n•·u1ropc11ia.1a;1,1:.1 Chrumu­
••mc: almon1~1li1it-. arc n·p•>rtc<l in alx1ut lwlf ihc 

CilSl'l.1.u hola11-d 11cu1ru1x:nia is an u1.·c;uio11al life• 
leukemic finding; in the case rcpurird here, 1hc 
n:la1i,·c 11e111ru1x·11ia is the 0111)· finding 1hat 111i1:h1 
Ix: .:uusidt"l"l'd"" 1><dcukc111ic. If 1hc prclcuk1·111ic 
phaoc i• t"u11.i1lcrnl 1u tl;11c back to 111·ar the 1i111.­
uf radiaiiuu cx1x,.urc in 1hi1 t"a .. •• 1hc11 it had a 
lo1ai.~t·r t:our"'l." than is U'.\ll•all~· 1uttt·d.':•• 

Tlic ,,. ... ,i1.ili1~· 1ha1 lhl' i;ra1111lt1<·y1ic r<'Sl"f\'l' w:1s 
n:du1-...d i111uhjl'l.:I :'\u . .'ii as a n·uih ofradi;i1iu11 
cxpo~url· \\'iu indit·a1ed by his ~ranultN.·ytc rl-spunM.· 
lx·iu~ lowt•r 1h;111 thOll of hi• pt•crs in n·1pu11sc to 
d1<1lk11i:e hy childh•KKl inft-ciiun•. One 111ii:h1 •1x:t·· 
ul;i1e lhat the fn"<jll<'lll i11fel"tio111 lO \\·hich tlic 
~larshallcoc arc ""l"'"''d may h;1•·c pl<i>·cd ii mil' 
in aci:elcra1i111( the dcnlup1111·11t 1/ a r;11li;11 ion· 
i1nl11n·1I 111111a111 lcukt•111i1· duuc. Thi• wuu!d he 
.imilar in so111c wan tu lhl" rolc 1ho11!-:hl 111 1,., 
pla}·cd by Ilic 1hyrui<l·•l1111ul;11ini: lM1n11urn· i111·n· 
li;uw..·inJ,C 1ht· Jc\Tlop1ut·nt uf tu1uon iu r•ulialiou. 
injun·d thyroid 1;l;1111l•, "' ha.• IA·cn ....... in 1h1· 
~larshallcsc ~· .. an aficr exposure of 1h1·ir th~·ruid 
i:la11tl• lo radiuiu1linr fro111 1lw fall11ul. Tiii" alMl\"C 
li11di11i:• do not rule out the pus.,ihili1 y ur ;i ,·ir;il 
c1i•1loi:~· fur thi• lcuk<"111ia. 

llcc;i11><· of lhc dt•\·clopmcnt of this"""" uf ku· 
kcauia. t·o111plctc lu:n1a1ulor;il-•1l t·x;i:11in;.11ion!' on 
the "'l" ... ·d :'\larshalk-.c f><•;nila1ion an· now lx·ini: 
carried oul •c:111ia111111ally i11stt•;11J uf anuuall~·. 

B. OTHER MALIGNANCIES 

~lali!!nant:il'!I uthcr 1ha11 111\'roid cancer ;ind 
leukemia (SL"c Table :1.·,) ap1x:ar~d In have a hi!.:hcr 



•. ;i;, 

i1u:iUc11t.-r in 1hc expu•e<l Ru1111clap people 1 lian in 
the Ul\CXIMJOC<l i:ruup and the lo"··lc\'cl expu11ed 
Utirik group. Whether or not l hi1 iic 1·orrclated 
with radiation cx1x .. urc cannot he a..cc:rtaim'tl. 
The data 1111 .. t l.1e intc:rprctcd with considc:r:.ble 
.-auliun sinc.'C.' (a) the 1••JMlla1i11111are1mall, (h) the 
""''"IM""''I popul;uiun was not examined before 
l!t:'J7 :.nd has undcr11one d1ani.:c:1 due lo both al• 
tritiun and :&1.ldi1iun, (c) the Jiat:•""'is of mali!(· 
ll<llll')' i. 1ui1 certain in all l'a"'-"1 hec:.usc: of the Jjf. 
lin1hy of oht;.iinini: aulop•ic.-. fur \'Crificatiun, and 
;ti) the typ•·• uf m;1li~11;am·\· ""''" 1wt tho•e th;11 
h;aw l.oct·11u1rrcl;alc<I \•·i1h r;111i;i1iu11 n1•.sure in the 
J;ip;111<· .. · n1u .. :1l ;al I lin .. hi111;1 a11il :'\;1~a>01ki.L:r 

VI. Radiological Monitoring 
of Personnel and Environment 

A. GENERAL 

llurini: 1l1t·ir :1-n·ar .. ~m1rn 1111 ~loijuro ( IY.)~. 
1!1:17 ), 1ht· l{uni:d.1p pc•oplc-. ho<lr hurtlcns of 
railiunudide .. 1.kne;iocd r;ipidlr, as 1h1M·n by 
r;uliochc.·mi1·;il ;111al) .. CI of mine. H)· ti 111t1111h1 
rouliunul'lilk·i. in lhc urine \\"l'fC ho1rdy dl'h.-c.:to.ahlc.: 
'l11e l.:1irik l":oplc.· were 111m·ni b;u-k 111 thc.·ir humc 
i,l.uu.l alit·r 1hc i11i1i;al l·x~u11iua1iuns aud ,,.,.re l'X• 
posc:d 11t \'cry luw ltovds uf n:"idual r.01dioacti\'il~ 
tlll'rt'. In l!(1i ('.\wan afl,·r the a•cidc.·111) Kamma 
~JK'l'lru~rapl&ic.: •1n;,LlyM.:~ \\Trc l';arricJ out on .. 
l{o11i.;c.·la1•a11<I :! U1irik pc:upl.· al ;\q~111111c National 
l..ihora1ory iu C:hi,·ai.;u. '"''The liuding of delt."CI• 
al1ll' lt-n-1• of i:i:c, ;rnd ·~·i'.n (11ighcr in the Utiriks) 
imli<-;itl'd tlll' ft·a•iliilil\· uf u•ini.; thi• ll'drnique in 
tlu· i.1;11111'. \\'l1t·11 the 1{11111.:d;ip pc.·uplc returned 
lo lht•ir lu1111l' j,l;wd in I !1:1 i, 1 he luw lc\'cls of en• 
\'iro1uu1.·nli1l l'.'0Ut;.uuinatiun were soon rt.·fkl:tl·<l is1 

i11crea .. ·d h• .. ly lumll·n• of"'""" radi111111didc.s. T ;\ 

11111111 .. ·r of radiuloi.;i•·al "''n·c.·)-."";.1o;~ al RonKd;1p 
and lJ1irik han· lx·•·n t·arrii·d uu1 in t·u11ju1u:1iun 
with ptT•o1111c.·I m1111i111ri111:. l..rgdy by lJni,·er•ity 
of \Va>hing11111 stall' ;111<l 11111n· n·n·nil)· ;also by a 
~rnup fru1111111· ll:'\l. I l.-.1hh l'hrsin and Safoty 
Dh·isi1111. Thc.·"'· •ludil'• h;in• pro,·idt·d impunanl 
infun11.tttitu1 tUI alu.· 11u1\·l·11H0 111~ uf radi1J1tlll'lidL-s 
from the •oil thn111gh the 111ari11e and plan& food 
chaiu lo man and should pro\·c: U•dul in prt.'lli.:t· 
iuic fu111rc hod)··lmrden p.111 .. rns of IK'nplc: rc111m• 
ing lu Uikini and l·:nim·111k. The pri1Kipal re.idual 
rad;oac1h·ecl ... 111t.·111s 1111 R1111gd.1p ;111d Utirik .,·ere 
" 11C11, ""Sr, '"•Z•1. :11111 '•'•Fe. with s111all but nll'allllr· 
able anu1u11i. uf 01 lier li. ... ..;1111 pmd 1a:11 an<l neutrun· 

----·--·--·-- ······· -

•il{U"' ~J. Su:d room usrd 
fUr ,.·holc·boJ}· gamma •pt-c1rooropy.r 

rigurr ~~ . .-\rran~rmrni ol lead brK:kt 
UM.·J fur -..·hok··b.id~· c..uuming. 
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i111l11t"d ac1h·i1i<~ (·\"Fe, ~T.~•.•~•C.:o, iM~fn. 1uea. 
u •t•r, "!•Zr-,.,..:'\h, uml 1o•;Ru.1•M1Rh). R•uliological 
a.w.i11011c1L1 h:"' inc:ludcd •ur\'c~·s li11 11a111ma ra<lia· 
1io11 lc,·cl• on the islanU.; radiot:hcmical siudics of 
••ii pmli!Cli, 1:1110111 bull<J11••, marine lire, plums, ani· 
"'"I life (e.I(., rut•, t·iic.:011111 crah•), fuoJ items, anJ 
urine s:1111ple1; ;111d i.:a111111a sprctroi.:raphic anal~ .. is 
of inlcrnall)' depo.i1cJ !(•llnma emillcn in 1x:non• 
nd. The mc:ilieal lt·•11n ha• heen re•ponsible •incc 
l!Hi!J for mo11i1uri11111he IM><l~· lumlrrlll oft he people 
n·tumin!( lo llikini, '"well a• of the !\. lar•hallc.c e"• 
p•.,..·•l lo fallout and their t·o111rul•, and more re• 
n·111ly .,1,0 of the people 1·e1ur11in~ Ill E11iwc1uk. 
The l!li·I >lluliL"S of e11,·iro11111e111;al radia1io11 on 
Ko111,;d;1p, l,:1irik, ;a11<l Bikini ;11c t .... ·in~ puhli>heJ 
M.'J•·aratdy.••i:• 

Until l!llij i.:anuna •pcclr0>copy wa• dune in a 
·~I ·Ion ott·cl d1;11nhcr huil1 al II:'\ L fur shielding, 
wi1h addi1io11;al housing fur 1hc counting ec1uip· 
111e111 (Fii.:ure j:I). The •uhjt..:l 1u be cuun1eJ took 
a soap anJ waler >hower, pul on paper pajamas, 
and 1hc11 •l;ayc<l in 1hc cli;unber for about 15 min, 
durill!( which soft mu>ic was piped in. Onl\' a few 
sm;all d1ildrc11 were ;ippn.:ht·n,i\'c during the pro­
t't'durc. !I.lure rcccn1ly '"hole· body counting has 
lx'Cn clone wi1h a >rnalla '"shadow-shield"' ar· 
rall!-\l'lllClll of lto;ul hricks. a 111mlili.:a1ion of the 
I l;inliml nu><kl'Wi (Figure ."1 I). In I ~Ji·I spt.'<'lfll• 
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graphs showed a characteristic peak ror 131Cs and 
U.''>Zn, but eoeo was barely disccrni blc:, ir at all, al 
the lo-.· levels presc:nl in the people: (sec figure 
.).)),lfi!.u111 Annual collt.-ctions of21·hr urine: um· 
plt.-s from a number of people have been maJe for 
radiochemical analvsis. 

The n:suhs of radiochemical analyses o( urine, 
water, and crahs over the pail .) years arc sum• 
mari:tcd in Tables 37 to -10; 1hc rcsuhs o( indi· 
vi<lual uriru&lyscs arc gi\'en in Appendix 12. • By 
l!JH the only dc1ec1ahle gamma cmiller was 
U 1Cs; i11 levels arc gi\'en fur Rongclap, U1irik. 
an<l llikini in<li,·iJual~ in Appendix 12 and fur 
groupot in T ;,blc 1 I. Since the rel urn to Rongelap, 
no diffcrcnt:cl ha•·e been 11t:c11 bet ween exposed 
and unexposed groups. 

Figun.-s .JG and 57 1how the estimated hodv 
burdens of gamma emi11crs and llOSr for the Ron'. 
gclap people al variou1 times after the initial ex­
po&ure in 19.H. After their return lo Rongclap the 
body burdens increased. ~Zn was present for a 
ICw yean, apparently from fish in the diet; the rca• 
son fur i111apid decrease was not immediately ap­
parent but may be related 10 movements of marine 
life in and out of the lagoon. Small amounts of 
8"C'.o were identified in personnel <luring the early 
years after the return (the highest concemration 
\\'as in dams). ""Sr bod\' burden. reached their 
higbes1 le,·cl during I %i Lo I 965 al about 12 nCi 

•\\'~an indcb1rd 10 Mr. l::.J"'arJ P. u.,.rdv, Jr., llirrctur.•:.n· 
'tinM»nrmi4J Studies l>i\·11ion, ,.\LC llcalth and Saifc.-lv L...Uorai· 
lory. :'\cw Ygrk., X.\'., for carr)·ing oul thr roui~hcmic.iil 
ano&l~·M.S. 

'fable .I() 

R..dionuclidc1 in Coco11u1 Crabo From Rong•L~p 

,.l';&f 1·"Cs. pCi/kg '"'Sr, pCi,'g C'.a 
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•rrum uorthcrn i~d~ndJ of Run1i&dap :\loll, wlK"rr radi· 
ouion dosir \\'al mud• h&i.;:hcr. 
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:;~::j~,:~f~:.i·~~·-~'.: . 
in adults and 22 nCi in children, about 6 and 11% f local nuclear testing program and also rrom world­
re~pectivcly of the maximum pcrminihle lifetime .· ;· wide fallout, and lo be concentrated by marinr. 
hody-bunlen lcvet.. for the population at large, i.e., -~~~ life, particularly fish. The estimated body burdcns ,. 
lie the ICRP value.11111 Analrscs of bone samples :'~;.: for the Marshallcsc tested (Table 43) arc higher 
from several autopsies during the past 20 years ;~ than thtJSC found for Japanac: bomb survivors and 
ga\'C estimated ""Sr body burdens •imilar to those '!"' for others tested, but they arc not more than 'Aot 
obtained from urinal)·lis (sec Figure '17). 1a:es .. of the maximum pcrmissihlc levels fOI' non-occu· • 
body burdens also reached their peak in about · ." · pationally exposed indi\'iduals estimated wi:h the 
196.), at nearly 0. 7 l"Ci ( 2:.1% of the pcrmi~•iblc total body as the critical organ. '.fhc nlucs att 
lc\·el for the general population). The body bur• .tightly higher in females than in males, and sig·' 
dens of the Utirik people wcrc cun•idcrably below nilicantly higher in older persons. ~~Fe emits pho-
du.lllC 1.f the Rongclapcsc. Ta hie 4:.! show.; that the tons of \'cry low energy, and, since it is incofForatcd 
estimated lx1nc marrow d"'"' of l{um;clap people into the hemoglobin of the red cells, i1 res.;!!! in 
front intern;il and cxlernal .,ourccs (both natural rcla1ivcly liule irradiation of nucleated cells. Some 
and lll<lll·lllilde radioac1i "it,.) wcre comic.krahly blood ""Ill Pies from the I 9i 4 •urvcy arc also :Xing 
reduced hy 1!17-1, and prt'>l·11" J.lla also fur C1irik analrzcd fur ""Fe. 
and Bikini.• 

The cocunul crab wa• h;o1111l'd from the diet nn 
Rungdap lx.'Cau.o;c uf ii• hi . .;h Incl of radioac1h·i1y, 

C. PERSONNEL MONITORING AT BIKINI , 

hut i1bou1 '..!)'Cars ago 1hc han w;is liftr.d on the '-. In 19-16, before Operation Crossroads, the resi· 
11ou1hcrn island. of the aiull hccauoc the radioac· ·";.,·dents were evacuated fro1u Bikini. After sta\'S at 
ti\'ity had decrca.'ICd 1ullicic111;¥ (S<.-c Table -lO). ··l• Rongerik and at Kwajalcin which pro\'cd u~tia-

. ' .. ;".· fuctory, 1hey were reloca1cd on Kili Mand in 1hc 

B. 11Fe BODY BURDENS IN RONGELAPESE 

In 1971 bloo<l sampk'> from G:? Rongclap rl!'i· 
denu were a11;1ly1.ed•• for ;,;,Fe, and their body 
hurdcn• were ,.,.tima1ed by 1he meihod of Beasley 
cl a1.1:u :.:•Few;~• known 111 he pre.cm i111hc ~lar. 
shall lsl;inds in foirl" hi).:h kn:l• a• a result of 1he 

•:\Ir. K. F~tin·hiltl ,,.I II:'\ I. ,·al1. ul.a11·1l 1I~ Oc.inr m .. rr(•W d.M 
,.,. , ..... 1~f7.& tl.tila. 

... ll11r :.:.t·r ;.1nal~·triu Mi'l'rt" 1· .. rri1·1l uul hv T.M. lk•;Hlrv and 
t:.t:. I l1·ld .11 lhr U11lHr~a1 ~ uf \\ .1~l1iu"1o;a Sit: boo& uf ri•t'~rtd, 
Sc-Jiik·. 
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· 1au1hcrn ~larshalls, which also pro\•ed unsatisfac. 
tory. The [niwetok people were relocated at 
Ujclang .-\loll, 10 the wol, aficr their evacua1ion. 

Afier the l!J:JU moratorium on a1mospheric nu• 
clear 1es1ing, numerous radiological sur\'cys were 
done on Uikini and later on Eniwetok A1oll,l7l·tH 
In 1967 the principal isolopcs con1ribu1ing 10 the 
gamma radiation lield on Bikini and Eneu Islands 
were ' 3 'C., 00Co, 1~:·Sh, and 1:.:•Eu; slight amou1111 
of Pu were 01lso found. Co1uidera blc \·aria lion was 
1een in the con1amina1ion of indi\'idual islands 
comprising the atolls of Bikini and Eniwc1ok since 
diffcrenl tests had been conducted on \'arious ones. 
The con1amina1io11 of Rongcbp and U1irik \•a1 
more uniform, being due largcl:- 10 lallout from a 
single detonation, Uravo. 

In 1968 an ad ltut committee re\'iewed the 1ur. 
vey results for Uilini and decided that Eneu and 
Bikini Islands were safe for habitaiion, with ccr· 
lain measures reco1111t1c1alcd to reduce exposure 
('cc ,\pp.,ndix IJ ). In 1%~1 ahout JO people stancd 
work on Bikini ;\toll (li\'ing on Encu), and in 19il 
IC\'Cral Bikini families 1110\'ed hack lo Bikini lsla.1d 
iuclf, which now has ahout 50 Bikini people plus 
a few ad111i11is1ra1ors and construction workers. 
Annual moni1orin1j of pcrsonnd has been carried 
out 1ince l!lli!J. In l!JH radiochemi,·al anah-sc:s 
were done on urine (•cc Table 37 and Appc~dix 
I:.!) and other samples, whole·body gamma spec· 
lro..:opy wa• carried oul on personnel living on 

------.. ·----.. ·---- ··--
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Bikini (sn• Tabl<• 41 and .-\pix·ndix I:!), and ;1 
~~un1na survey of 1hc isl;1nd w~1s nt,adc by Grl"l"U· 
hrn1s<' cl al.""; (s<'l' .-\ppemlix 14 ). 

On Bikini Island almost all lht• i:a111111a radia-
1iun i; now due tu 1:17c.,. The gamma le\"d due to 
ualural r.uli,>ac1i,·i1,· is considerably less on these 
isl.1nds 1h;111 in lhl' U.S.: tl1is is why lhl' a\"Cl"agt• 
)(a111111a dose lo all inhabi1;111l is lowt•r in Bikini 
\'illagc 1han in certain pans of the U.S. Tht• 
pt·oplt· li,·ing on Bikini cal a dicl •·u11sis1ing almusl 
cnlircly or imponed food, I.nil I hey ing<'SI sli)(hl 
•11nounls uf radioal'.li\·i1y tro111 loc.:;11 scal\>01 ~. "l"lu: 
nt·wl\" p;an1cd coconut. pandanus. and hrcadfrui1 
tfl'C'S \\·i!l nol bear l"ruit iu any signifo:;.uU qu•UHil ~· 
li.>r so1uc ~T411~ yet. "l'b·· 11rlnary rildinnudidc lcvd 
oftlw Bikini people 1s · •m scn·ral 1inll's a< high as 
when 1hey 11·crc li,·ing on Kili I-land, bul s1ill rna­
sidcrably below 1hc p•:rtnissible range. The 101al 
csti1uarcd in1L·rnal IJ,.ne 1narrow dose in lYi-l to 
the people li,·in1: on Uikini w.1s aboul half 1hat to 
1hc people li,·;ng 011 Rongclap, bul wilh Lhc cx­
u:rnal <lose.· incl.1ded, the dose to the bone marrow 
was about 1he same (S<'' Table -l.!). II is rcas.<ming 
1ha1 anah·scs of uri1'e fur plu1011ium show le\"ds 
nc;•r b;"·kground in the llikini pt·ople (sec Table 
Ji;. \\'ell w;i1er0n ll1ki11i has had luw !t:\'l'l•ofac-
1i,·i1\ I. ;cc T'lble :\f:). Thl' •liciary lc\'ds prnjcc1<·d 
fur l\il(iui \\"hen till' ncwl\" pla111ed trl'es bc;;r Crui1 
•l10wd be corL,idcrabl\" luwLr 1ha11 1he lcn·h l•.L'<'rl 
on an;llyscs of fruit from old '.n:es Ul'l'ausc oithe 
;uii r<"no,·al procedurl"i used al pla111i11g, b111 !hl'.ir 
&if.LUal cvalu;uion 1uust ;...wait 1n.uurl1~· of the tn.-t~ 
:iml further ar..1lysi,s. his pl;rnne<l 1.• ,.dJ supple· 
meruar\· •·akium It> 1 ht Jiel of tht• Bikini pcuplt­
tu~'''· 'c·<lucc ahsurption of'"'Sr. Expcri:nellls a1c 
u1. 1··1 way to invc~tigatc the tolcranc.:r. of fvlar­
shallcse people for puw<lcrcd milk as a sourt·c ,,f 
calcium. Race• 01h..r 1han 1hc C;1ut·;isia11 arc re· 
ported 10 h~\'l' ,a lower tokranL.:c for 111ilk bt.·caus&· 

of a gcnl·tit· in~bllit y lo di.~cst lal'.tosc whid1 gi..-t.·s 
n'ic lo 01bdrn11;11;d dist.:orufort~ diarrhl·a. and olhL·r 
!'l.y111p101n,. 17 :, 

VII. Comments and Conclusions 

A. THE £);AMI NATIONS 

The rri111..r\· respomibili1'" assii;11cd rh<.: mc<lii:al 
team hv tht· :\EC (nuw ERD:\) was ll•L diaL:11'~ ;, 
and treatuu.:111 ,,f p•)~'iblc dl~Tts of raJi'-•tiun expo· 
>111T in 1ht· :'\larshalksc, hul :11e\'i1ahh· 1he exam-

i11in!: !:I'll Up• ha\'l' b•·en <·onn ntcd also wi1 h g1·11-
crnl health c;1rc al !he 1i111c of lh<·ir \'i•iis. The re· 
sponsibililiL'li ha\'e been lillt•d by c:irrying mu.,,.. 
1c11.•i,·c a1111ual t•x;uninalions. supplcmt•111cd in re· 
Cl'Ul yt'an h:; !itl'1niannu•1I hcrn;uulu~y t·hct.:kl\ and 
quarterly \'isi1s b\' a n:sidenl physit-ian. The cx;1111-
in;11ions, whid1 ha,·c bc1·n cal"f'ied uul \\·i1h !ht· 
a'-•ist;111ec of 1ht• TnL•I Tt•rri1ury I leahh S..·n·in-s, 
h;1\'l' rcsul1t..·d in l"Xtl·nsi\'l' 1nt·c.lit·al laisluril·s and 
rn:unls for cad1 indi\'idu;il and ha\"c 111adt• i1 I'""" 
sihl<· lo diagnus<.· and tc1·at many di,·.east·s and ill­
ncs."\C.~ •ll au l't1rl~· sta~l'. 

;\n in11w>nant tUiJX'l.'l of lht• 1ncdiL'ttl surveys is lo 
111:iin1a1n rappun wi1h lht· pt·oplt'. 111kcq>1ht·u1 
inl'C.Jrtn~·d uf 1hc 1nl·tli":.al lindin.~s. lu l'Xplain lllL' 
nt·c<l fill" l'Xf.uni11a1ions. and al ti111e~ tu l'.orrn:t un· 
l<n111 cd rumors aboul falloul eff<Tls. Uull•rtu­
narch· 1his has 1101 ah•ay• bct·n suu:i:ssfully l.;"l't 
up lx:causc of dilli:rcnn'li in language an<l u1hurt'. 

Som•: siudie• ha\'c been of bendi• 10 1he l\lar· 
sh •• a Islands as a whole. suC'h a.• !he sur\"ey• or the 
incidence of diabcles and nf parnsi1ie inli:s1atio11. 
In a<ldi1iu11. a great tli-al of data ha• accu111ula1cd 
from studies of genctiG1lly in!1eri11.:d charnclt'ristics 
whid1 n1uy pro\'t• \'aluable nut only in dt.•h·nnin· 
in!-: J•<>S.•ihlc !i'efll'lic cff.:cts of ~adialit•n bu1 also in 
an1hropolui:y. 

B. CC.'r\PARISON WITH OTHER 
HUMAN EXPOSURES 

In l·untrc.t."'l tn other ~roups cxpOlCl'cl 10 r;.Ldiation. 
lhc :\larshallt'Sl' arc unique in 1hat . ey comprise 
1hc unly human pupula1in11 c\·cr ;·:.posed 10 anuc 
radia1i.111 from falluul. The accidcnl ·. ·:u .. ·d al· 
1c111i.1n fur 1he lirsl 1i111c nn 1h•• hazards uf falloul 
fro111 nudear dcto1w~ion!i. "l'ht· atn1ni1: blasts 41ho\·~· 
llirmhima ;111d :'\;1L:asaki r<·stdlcd in •·asualties 
due: to pl'nctratiug: i;:o1111111a ouHI UL'Utrou radi1io11 

directly fnnn tlu.• l.M>1ubs ,,·ith liUIL" or no fallout i11-
vulvccl and tht·rd(>n' t·;,1u~·d no dli.'l.'.ts dul· tu in­
tcni;-1 .ah!'<>oq>1 io11of1·;,ulioac• iv•: 111atcnali. I 11 Lill· 

lra:-.l. 1hc ~.lar:-i.ilalle:\C wen· nol espo:"lt·d lo dirn:t 
l'll'ccts of thc dl-'l(IJl.ation h111 only to radio~u ti\·r 

fall1111t rc,ulti11.~ i11 whull··hotly. !'>~in •• and i11tl'rnal 
t•xpo,11rc. 'l'r;u11na and l'Xlrt'llll' p~ydu•loi.:ical lfo~­

turl)aru:cs did not t:o111rihu1t.· 10 tlu· drn:ls in the 
\ L1r.h;dle,.e a• tlu:.· did in lht· .Jap;11u•,,.·. Tiit· i111-
purtaut:e of dw h-.11.~u·d fro1n i111cruoal ah."irp1iu11 of 
roulio;.u.:tlvc iudir;.e h;.1!\ IK.·1··• ·i4 .. ·•1rly ch·1nonstr011t·d 
b\' the :'\la1-..h;11lcs1.: 1·xpnil'nn". The :!:I .Japa1wst· 
fi..;lalTllH:n un ~l,t· '.111 l~r /)'"!'•·11 rcn:ivt·d an l'Sjh1-

sure ,i,nilar 1c. 1ha1 11f llw R11n)(clap )(rnup lm1 
..... 



prohahly wi1h l<·s.< inll:rual ;ihsorp1iun of radiunu­
didl.-s, sinl'c their '.\lured waler and ICMKl were cov­
en·d. and 1hey ha\'e had nu 1hyroid cffccls (,;cc 
:\pJK'lldix :!). 

E\'<1lua1i1111of1he cffeLls uf ndialiun exposure 
in hu1ua11 beings (patients. physician~ u.'\•ng r•adia-
1i1111, accidenl cas<'.S, etc.) is always dillicult bccaui.e 
1~f t111ccrtaintlt:s n~~anli11i,; exact dosa~c. fracti1u1a­
ti1111 and d•.,.e-rate dli:cts. panial-bodv expo.,ure, 
rnmplicatin~ di,cascs, etc. The doses recci\'cd by 
th<· l\lar,halk-se, like 111ust hu111an exposurrs, 
could he only r11u14hly esti111ated. allhuu'lh 1hc 
he1;1at11lui.:ical data W<'re n1111patihle ,,·i1h the cal­
culated \\holl:.hudy do~-s. Even ~realer u1u:cn•1in­
til'S \\TH' l'ncuuntcn·d in l''li1uatir'~ the do!<i.c'.\ due 
to i11tl·1·n~'l ;,1h:-t(>rp1io11 of rat.lioiuu.:lidl."S, 

The da1;i un lhe ell'eLts of falluul rndialiun in 
1he '.\lar,hall<·'e h.l\·c pnJ\·id.:J i111punan1 infor-
111atiun tho:H will itpply in a ~Clll'ral way to any 
po}ud;.11iun expo,..t·U acl1'l'ly tu fallout. l luwC\"l'r, 
tht• l"lli.T1-.; 111•1y bl· 111odili1:d in u1hcr situations if 
1uu.:lcar c!\plu~io11'\ UlT\Jr in n.c;ion'i \\·i1h dilft·rcnt 

1crrai11, rnil 'YI''-"'· clim;i,l'. ;ind a\·ailahility ufpro­
ll'Uin'.' lllCaSUl"l'S. 

C. A.CUTE EFFECTS 

"l'hc 1no!\t !'l.t·rious at·ute l'lrcl'.ls uf lht• cxpusurt• 
in 1he '.\larshalksc \\Tn" clut: 111 pt:ne1ra1in)l !Pill· 
111a r•Hlia1io11. Thcsl' indudcd lransit·nt anorexia. 
nau~ca. and \'n111i1ing and sl~nilicant depression uf 
tht· 1x.·1 iplu-ral hlooll clt:11lc111s in 11\any Ult·111lx.·1-s of 
lhl· highlTl"~l""'""'" 1{"11gdap group. The h<·ni;llo· 
lo~i,:al dcpn.~sion was not !'llullit·ic.:11110 prc.Kllll'l' dcti· 
nil<" dinil'al ,ig1is ;111d n·quin·d no 'l":l'ilic 1herapy. 

C:11111amina1i11n of 1he ,kin in lht• Rungclap 
group rl'suh<·d in wicle-'l'"""d be1;1 burns or, pans 
of 1l1e hod\' 11111 cm·n<·d h\' d111hing and in st"'"Y 
q1ila1io1111flill" "·alp. Th"'" dli.'l'IS were probably 
a.c;~ra\'alt·d by dday in c.kc.:ont;i.111i11ation anJ b\" 
pt-rspiratlou dut· to the \\·an11 l'1&1nal~ causiu~ th~ 
C.llmn 111 slick 10 the skin. The supl'rlieial nature 
of the ksiun~. lap;d hcaE111.:: w&th 1nini111al rcsidu.il 
!\kin d1a11~t-s, and n·t.trowtl1 of h.1ir \\'l'IT uo duul>l 
<luc to thl' ltm· ;i.\·t·r.u.~t· c.·1wrc;y of thl' lx.·ta r••diat&on 
i11 lhl· folloul. 

Th" 1:11·k 111' rn oi.:nilahll· <ll llll" l'lh·l'ls from lhc 
int,·111al ;1b~orptiou of 1.Hlllu\111.:lides 1s nntcworth\' 

,-it·,,,,· uf thl' ~t·rious thyroid 61b11un116ditit·s th61.t 

1.a1er dl0 \'l'lopc-d. 
lki:ausc of n-sic.lual null•uuination on thl' i!<ih1nds. 

radiolo.~ical 1nnnitn1 in,~ of 1x:rsf)11ncl a11 i l'n,·iron· 
111t·11t has ht•t•n an i1nportan1 p;.1rt cfthl-· sur\"l·ys in 

i:I 

c\"aluating body hurd.:ns of radionudides in the 
Kungclap aud Utirik p.:oplc. Recenll)' the areas 
undergoing such moniwring ha,·e included Bikini 
,\loll and the people who ha\"c relurncd to li,·e 
there, and they will also include Eni\\·etok when 
it• people return homl'. 

D. LATE EFFECTS 

The possible emergence ,,f late effeclS of expo· 
sure in 1he :'.1.larshallcse has rt:cei\'ed considerable 
allen1iun in follow-up examinations. Except for 
1h.: tll\-roid lesions and 1hc one case of leukemia, 
only a kw lindings possibly rdau:d 10 radiation 
l0 xp11>ure ha,·e been s1:en: olhcrwise 1hc general 
incidence of illnes.-.-s and 1ht: O\'crall physical con· 
di1i11n h;l\·c been similar in 1he c.~post:d and i111he 
unexposed comparison ~roups. The increase in 
miscarriages and .1illbinhs amon~ the exposed 
Rungelap women durinl! 1he lirsl .l yean af1er ex­
posure n1••Y or rnay not ha,·c hccn rc1att·d 10 radi· 
;Ilion clf<:..:lS. :'l:u gcnc1ic elfc..:l• h;.n: been no1cd in 
l h.: children born of expos<·d parents; thi5 i• nut 
surpri,ing in \'iew of 1he generally ncga1i\'e lind­
in14• in 1he much lar14cr J;1pa11eS<: Slue!\'. The lind­
in14s of pcrsislelll chromosome abt•rralions in cul­
tured periph.:ral hl<MKI lymphucyu:s al 10 yean 
lll"l 1°xp<isurc and a pos.,ihle so111a1ic mutalion in 
hcmoglubin in se\'eral of 1111: exposed gn.up sug­
gcs1 1hat g.:ne1ic nrn1a1iuns may also bt: prt"SCnl. 
"111<0 pos.,ibilil\' of g.:nclic ellcns in 1he offspring is 
of •crious concern lO 1hc cs posed people and de­
sc.·rH-s funht·r sn1dy. 

Elf.:clS of radiation on lilc shonening or monal· 
i1y arc dillicult tu l'\'aluatc lx·cause of 1he "nail 
number of p<•opl<· and lh<· dillcrcnn.,. in ag<· dis-
1rib111ion helwecn 1hc exposed and .:0111parison 
grou 11"· 'll1t• on h· <lt·a l h l ha l 111a \' be rel;11cd lo cx­
l""u rc is 1hat from kukemia. The occurn·ncl.' or a 
few addi1io11al Gtsl'S of cancer tollwr 1han lh\'mid l 
c;mnol he asc.-..ilx.'d cklinitcl\' to radia1iun •·xix•· 
sure. llw lack of skin cann·r from lx·1;1 burns m;I\· 
b,• rdal<·d Ill tlw 111i11ini;1I 11a111rl' or lhc n·sidu,il 
skin dian~,·s. probabh· dill· Ill insullici,·111 r;1dia-
1iun injury tu 1ht· clcnni· •. but tht· l)ll!\sihili1y of !\kin 
Clnn·r dc.:\Tlopin~ musl he krp1 in n1ind bl'C\U!'>t." 

du- latt'lll p.:rilKI 111.,,. hl· \Tr\" Ion~. 

·rhe dl'' t•lopnll'llt -.r .1 case of oit·u1t· lt·ukt·111ia in 

1he Ron~dap bm """. ur """' 1101 bl." rda1nl 1U 

radia1iu11 t•xposurl'. I lo\H'\·er. this disc.·a""t.' ;.1ppic..·ars 

Ill b•· '''""" rara in 1he '.\l.n,hall Islands th,111 in 
lill' U.S. his n111,.,,·onll\· 1ha1 his discaSl' was lhl' 



1n\'<:logcnous form, since his pasl hcnu1gra111s 
shm.-cd ;i fairly consis1cn1 dq>n·ssion uf neu1n1phil 
counts cumpart·d \\·i1h llu~ of 111hcr cxpo•cd hoy• 

of 1hc "''Ill'' age. 
The inabili1y lo demons1ra1e clear-cul aging cf-

1<,cts i111he exposed group in spi1e of repealed a1-
1cmp1s with a \'ariet y of IL':ll• is in accord \\·i th I he 
gt•nerally OL'gaLi\'e results of similar allcmpls in 
the much larger exposed Japanese populations. 

The absence of radiation-induced ca1arac1s is 
nul unexpa:trd sim·c the do•c tu the lens \>'as prob­
ably below threshold and rn:u1runs (known IO 

han: a higher RBI·: for ca1.1raL'I induction 1h.an 
gamma radiation) were nut i11\'ol\'ed in the :'llar­
shallt-sc cxposurt'. 

E. THYROID EFFECTS 

The high incidence of 1 h Hoid ncopl;L•ms (in '!7 
of llli exposed Rongdap people, including 3 with 
carcinomas) and the dc\'clopmcru in some chil­
dren of hyporhyroidism and growth rctardarion 
pru\'idc clear e,·idcnn: f-,r L he seriousness of rhyroid 
injur\' due 10 radioiodine absorbed from fallout a.•­
sociall-<l with aiomic ckrunations. Had nm carelial 
medical s1Udies in rhe populatiun been in.-tillllL'd 
soon after &he cxpoMirc and continued 10 the prL-s­
cnt date. the ex1c111 of rhyroid clkcts mighr nut 
h;we been discon-rcd. 

Tlwroid exposure is likdy 10 be greater wlwn 
indi\'idual> arc cxrx>scd wirhin 100 lo I 50 milt.,. of 
the bomh if dt·1<rn;itcd nL'iH the ground. In such 
si1u;i1iuns, if lc1hal exposure to pcnclrnling radia­
tion clo<.-s not occur. the principal hazard appears 
lo be the late dcn:lop111cnt of thyroid 1umors and 
leukcmi;i. Since the lallcr is ulti"•arch· fa1al. it is 
inure serious lh.tn I hyroid 1nall~nanl'.ics, 1nost of 

which arc \\ell clilli·1cn1i;i1l'll and ha\'e iln exccl­
lenl pro~nosis. The rdati\·e im:icknce of thyroid 
1nali~11Jnl'.it:s fnuu radi.a1iu11 appears to he about 
lht• \.allll' il'lii lh.lll of I .ukt•J" .ia I II a ··r··r r;Ld"' h. r"·· l;j 

Tiu: iucidencc 11f thvn1id t.:•uu.:cr is consi<lt·rtLhlv 
hil(her 1ha11 rh<' n11:n.di1,· from it. Of 40 ,.a .. :s 
•111101\1.t the l'.\poscd J.1p .. 111c•.t', J-1 \\-C:fc livin~ in 
1'17.1. and onh· c111<· dcarl1 had hccn artributcd lo 
1his C.'all!\C. :\n l'\'jd4•11t:e ol" lit~ ruid dy!l.fUlll:liun had 
hecn nrnccl al rhc rime or di;111111"is. 111 the :'llar­
shallcsc rcdUt'l'cJ f~Utt.:tion \\a.'\ llOl f(n1nd in l\\"O of 
the G1nccr <.·a'\l.."S c:-.po~cd •t' .;1dults. bul was in tl1c 
case· exposed"' .1 d1ild. 

The hil(h incicll'nLT of tli\ rnid clfct:ts in children 
c.\po"t"<I al < 10 ycJr' of JLW wa~ no doubt rdatc<l 

10 1hc hi!(hcr dose In lhc child's 1hyroid because of 
ii. •m;~llcr •i;<e. The rapid grmnh of 1hc !(lan(L< 
during childhood probabl)' increased 1hc dmnL'L'S 
li>r neoplastic changes. The growth .retardation 
in some of thL-sc children was though! 10 be n-latccl 
to reduced thyroid fum·1io11 resuhing in lower hor­
n1onc levels. Thi• ddicien•·y was 1101 recognized 
during the early years because of falsely high l'l\I 
lc\'cls rcsulring from unusual!~· high iodopro1cin 
k:,·cls, ,.-hicl1 1urncd out l<l o•:cur generall~· i111he 
:'llarshallcse and arc nuw being further studiL·d. 

~lue<I ofihe thyroid glands 11f1he cxpt••<:d l>L"ple 
undeq~oing M&r!(<'fY comaincd 111ul1iplc nodules or 
i.IJTas of ade1uu11atlH1s L"l1a11~t·. ~la11y niil.'ruscupi,· 

area•, althou~h t'OIL<idcrcd l>enig11, WL"rc t·om1x>S<·d 
of diS<Tctc are;1' of ;11~-pical n·lls, suggestive in 
s..unt• l"4L'4.."S uf rualigu.anl polcntial. 

The risk of dc\'cl11pin~ benign and malignant 
neopl;isllL< in the Rong•·lap people app•·arcd to be 
about the same as 1hal noted in pcaplc cxp<1'<.-<l lo 
x-radia1ion. Clinical experience \\'ilh 1:1q sug­
gcsied that 1he risk would ha\'C been lcu, hut ihe 
hii:her energy uf1he shurt-li\'ecl isolopcs of iodine 
(particularly 1:1~1. 1·1"1, and 1:1:.1 ), resulting in 
higlu·r dost· rate and 1non: uuifonn exposure of 
&ht· lh\'ruid. is llwught lo ha\'e been lhc important 
factor in inne;"in~ the n11mbcr nf 1hyroid almor· 
malitics alx1\'e 1h;i1 L"Xl>e•·red from similar dtlSl'S 
from 1"'1 ;&lune. It is not unreasonable to s1>eculatc 
that tumor incidem·c in the :'llarshallesc would 
kl\'e been L'OJL<idcrahk smaller if univ ""I had 
l>L't:n in\'oh-ed in rhc cx.pcis11re. The lcs~r a111011111 
of •lwri-livcd i<Kline isoto~Jl'll in the Uiirik expo­
sures (because of rhe larer arri,·al of tlw fallout) 
m;iy ha\'e been an inqKirlanl foctnr in reducing 
1he dose clfc,·1 lo their tll\'roids, but rhe nun1bcr of 
pcorle im·oh·cd is Loo sa;1;11l f.,r any Jinn n111du­
!\ion lo he <lrawu. 

Trealnwnt of the cx1~is1"d Roni:clap pcopl<· with 
lhyroid honnuuc has IM.."l'U of lx·ucfit in 1:nhanci11.~ 
~row1h ~111d dt•\·t·lnprnl"nt in the ~n~\\'lh·rctardcd 

<..:hildrl"ll a:ul i11 1uaint.1inini.t a nonnal 1ul·t~1!)olit· 

:-.latl· i111hc opcr.11t·d G1.-..:s. It i.~ nol l"t"rt;ain "lu·ilwr 
ii has pre\·1·111cd 1111· de\'dop111c111 .,f 1hn11id 
111Klulcs. 

Tlil· du:1u11e11tati11u of llu::-.c thyroid l'lli.Tt;; hao.; 
i1npona1HT not ouly fur lhl" pl·ople irl\ol\'ed hu1 

;.11:-.o for lhl· .ad\';.1nl.'.c11u·n1of1uc..·di,·al k1uadc..·dg:l" 

;111d liir plan11i11&.: wirh n·~.trd lo C:i,·il Dcll·11sc a11d 
ren1otcly poo.;.:-.ibll' fulure .an.:idcnl~ i1l\·ulvi11.~ re­

lca:-.c of r;.Ldioiodi nt·s ( c .. 1.t .• fnuu a IH&dcar pu\H.·r 

pla11t ). The 1'.Lirsh~ll1·sc an:idt•lll rqin·senls ex• 



P"surc under extreme conditions, with no correc· 
li\'e 1ncasurcs taken to reduce intcrn;1l ab~orption 
ofradioisulopl.'ll prior 10 e\'acuation uf1hc ex1x•"'d 
p•:ople from the falluul area. It did not inrnl\'c the 
conlaminalcd paslurc·calllc· 111ilk cycle, which 
111ii.;h1 Ix' all i111pur1anl pathway of radiuiu<line to 

111an in other typ(."!I of acddcnis (such a• the \\'ind­

..:ale au:idenl ). 11'1 

C:i\'il Defense plan11in!( can pr<n-idc fur se\-cral 
111casurcs thal will rrdul'e the ha1.ard of thyroid 
l'xposure due lo radioiudinc all'orpiiun and thus 
lar!(d)' preclude thl' dq~rec uf Ill\ roid i .. 1jur\' sus-
1aincd h~· 1he :'\larshallc,c. Si11ll' the hatard fru111 
ra<liuiudinc is acute fur a pn iod ouly of days. 
early prutl't:li\'c 1uc<.\~urc.:' •11t· L'\.trt.·nu:ly i1upor· 
Lant. ·rhcsc indw.le avoidi11i.,: t11l1..1la1ion of radio· 
iodines by shelter prult:<.:tion. LD11,u1ning foo<l and 
water only frrnn dUSl.·d c:ontaiuer.: k·cdin~ l.:U\\'S in 
cunlaminatcd areas prnl<Tlcd fuddcr; and tem­
j>ur.irily withholdin~ c:uu1.u11inatcd 1nilk sup· 
plies and din·riing lhem i11ll1 prut:esscd products 
with a shdflife lon~er 1han 1hc life ufthe isowpc. 
'rl1c ••dditiun uf~tahlc i1Kliul' lo food or watt·r dur· 
in~ the lirst \\'Cl'k wuulld 1nmidt· a relativdy inex­
p<'l"ivc 111c1h11d of r<'<ltKinl( lll\·roid uptake of 
rouliuiodi1u.:s hy isotope dilu1io11 and satur;ation 

\\ith 1u1u·11.uliu~U'tivt· iodinl': lhi,~hould rardy pro· 
d1H.T any ~t.·1 ious ~ide drt'l"l' ;,11al wuuld he of p.Lr· 
tinalar v~Llut.· in L.:hildn:n .aud pn.·~nant wrnn"n. 
\\-hl'n <'XlM>Slff<" of the Ill\ mid has alread\' oc­
~unTd. pmpll\-l;ll·til' 1n·a1 ,;1e111 with thyroid hor-
111un<', nu\\' l><·in!( us1:d in ilw :'\larshalkse. ma\' 
hdp prL'H'.llt de,-clup111c111of1hyrni<l 1u111ors, and 
t.'\"C.'11 af11·r tu1uor dt•\Tlopnu.:111. suq.,:il·al t.•xcisiun 
111ay 1rdun: 1uonality tluc to 111.dig11a1u.:y. 

The th\'roid l'll<·<-1' iu lhl' :'\l.11·,hall<·-.· \HTC not 
.;,1ntil'ipa1l'd at till' tinll· ul'tlw .H l idl·nt or during llu~ 
caily yL"ars aftl'rwards. In 1Ttr1r.o.pn:t this is nut sur· 
pri,inl:. !'or M'\'t.•r;il tTa:-.on ..... \t 1h.1t 1i11u .. • thL· thv· 
n1id wa..; •honl!ht tn hl' n·l.11iu·h r.1diort'si,ta1;t. 
(Mrlin1I.1rly wi1h ITg;1rd 111 I ;1di1;iudint• C\j>O:<olll"l" 

{011 llw basis of anin1al '.'roludil·' .and di.iL!HO~ti,- and 
1herap•:11li<· lis<' of "11 1 in l'""l'lt'!. a11<.l llw .-;1ku­
t,1lL0d 1hyruid doses iu tlw :'\l.1r...li.dlt.·"e \\TIT n111· 

,i1lo-rnl 1<1 h" ln·low till' ln"I' lil. .. h- tu prudun· 
luntoo.. In ;.ulditiou, tH:itl1tT thl' i.nport.11H."l' ufthl" 

t·xpnsun.· lo ~hurt·li\"ed iodinl· j..,utopt·s i11 falln11t 
nor llll· lhHnid 1lus<• dilk1T111i.d i11 d1ildn·11dm·111 
lhl' ssnalkr ,i1e of llll·ir ~la11d ""'hill\· ;ippr<'t-iall'<L 

I 1 is quill' likd\' 1ha1 thl' Ii n.il '"'"It' 11f 1 hHuid 
lt."~inns iu llu· ~L.;r!'lhalll'"'l' .Ul' i11ro111pk1t: .1.1 this 

1i11u· ~inn· Ill"\\" h"!\iou~ ,11r ,1dl oru1nin~. Tlit· 

mean latent period fur radiation-induced 1hyruid 
tumors may he as long as 30 years. Ca.,L-S ha\'C 
hee11 seen as late as 40 years after exposure. Fur­
thermore, on the basis of the present data the: risk 
of developing radiation-induced thyroid ncopla.,ia 
is prubalilv untlcn.-stimated, since surgical rem0\0al 
of polcn1iall)· 111ali1:1nant tissues may ha\•c:occurred 
and the hurmunc treatment may ha\'c inhibited 
the development of some tumors, although the: lat· 
lcr is questiunable. :\s has been pointed out, also, 
thc true carcinogenic potential of the exposure, 
particularly in the children recei,·ing th<" higher 
dusc, mav have been masked by exccs.\i\'e cellular 
des1ruc1io11. The recent finding that suhclinical 
1hymitl deficiency is present in some uf 1he ex­
p<JM:<l pcuple who ha,-e 1101 shown any thyroid ab· 
normalities indi.:atcs that the 1hvruid effects in 1he 
:'\lar,hallese may 1101 yet be co1;1ple1cly manifest, 
•111d continued careful sur\'eillance of this popula­
tion is neccs."41.ry. 
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in 1lw "':T<'ys. \\'i1hm11 their <kdica1<·d l'lfons the 
surn:ys t·ould lll'\Tr ha\T SUCLTt.'dcd. I le: is al~o 
~n·atly indchteci tu the.· 1n~1U\' tc..·d111ical assistants 

\\·ho h.1,·t· n1ntributl·d n111d1 to the suc.Tl'S'\ of 1hc 
""'''<'\-s, panin1:ar1,- to :'\Ir.\\'. Scoll and :'\Ir. J)_ 
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Clareus uf li:'\I. for lung years uf faithful S<"r\'ice 
and ;ilsu tu ~Ir. P. lkuti• and ~Ir. ~I. ~labr. In 
the Trust Tcrritor\'. ~lcs.•r•. S. Shunilll·r, N. 
Zctkcia, K. ~li1zu1a;1i, J. Saul, and I'. Bien, ~!rs. 
R. lfarris, and 11uu1~· uthcn h•\\'e pro,·ided in\'al· 
uaLlc a.uislt.Ull·c over the years. 

. .\1 llroukha,·cn 1\'atiunal l.aboralor\' contribu· 
1ions ha\'c lx·cn 111adc bv 111.111\' indi,·id:1:1l• and U\' 
many dcp:1rtmcnls aud.di\'isi,;ns. including ~lcdi·· 
cal. I u.1rumcn1a1ion, Health Physics and Safrty. 
l'hotugrap'"' •ind Craphic :\ru, l'un.:hasing. Sup· 
pl\' and ~latnicl. Staff Scr\'iet·s. and otl1crs. \\'e 
an· indcbt<·d tu the following pc.·rsonm·I al 11:'\I. for 
tlwir atkit·c and support: i111hc l>ircnor's Olli<·c. 
Drs. 1..J. ll.1w11r1h. :\!.Goldhaber, (;.H. \'inc· 
,·ard. ;111d \'.I'. Bond, and :\Ir. P. R;11hnin; in the 
~kdical D<·pan111en1, Drs. E.I'. Cronkite, R.11. 
.-\runson. H.L. :\tkin.•. L.K. Dahl, :\.D. Chanana, 
G. Chikkappa, J. lwai. J.S. Rubcrl><HI, L.V. 
I l;rnkcs, C.H. \\'u. R.D. Stoner, and D. Slatkin, 
~ks.•rs. \\',;\,Finn, C. Goldman. \\'.J. \\'alsh, and 
\\'. Hanso11, :\!rs. I. ~lontancz for scnctarial help, 

·•J the nursing staff and orderlies whu ga\'c the 
• rshalk-.c paticms cxcdlcnl care: in the I leahh 

l'hysics and Safct~· Di,·ision. ~Ir. C.ll. :\lcinhold a11d 
:\Ir.:'\.:\. Greenhouse.Jr.; in the lic,lrumcnlalion 
Di,·ision, Dr. :\I.\'. Rackka. \\'c arc also grateful 111 

~Ir. K.11. Thompson fur s1a1is1ical rnmpu1a1iuns 
and ~lrs. :\I. Dienes for cdilllrial assi"ance. \\'e 
arc n10•l apprcciati\'e 111 tht· people of 11:'\I. for 
generous donations of cluihing. books, and toy• 
fur the ~li1rshallese. 

\\'c arc indebted 10 the . .\111111ic Encrl(y Conunis­
sion (now ERIJ . .\) fur their staunch support, p<ir· 
ticularly lo Dn. J. Toua. J.1.. l.i\'crm:1n, C.:.E. 
Caner, \V. \V. Burr, C:. \\'. Edington, S. ~larks, and 
:'\ .F. 11..rr and i!lso lo Dr.:\!. B. Biles and :\lcssrs. J. 
Dc<il and T.F. 1\kC:raw; and al 1hc :'\c\'ada Op· 
er;ilion.• Ollic:c lo :\Ir. :\I.E. (;,.,,,.. and ~Ir. I~. 

Ra~'. \\'c wish lo ;1drnmdcdgc the oulsl<in<ling 
rnmributions uf the l'acili..: ;\re a Support Office in 
I lonolulu. by ~lessn. \\'. Bonnell, \\'.B. Hills. J. 
:\liller, \\'. :\lorrison. J. :\hrcu and partkularly 
\\'.S. Strccnan, whose dc\'otcd scr\'icc was essen• 
tial lo thr. sucC.l'Ssful co111plc1ion of the sun·c)"'I. ,.\1 
the :\EC llcahh and S<1fcl\· Laboratory we ap· 
pn:c:iatc the as•ist;rnc:c of Drs. E.P. ~brdy, Jr. and 
J. I brlcy in c:arryin.i,i out radiud1c111ical analyses. 

In the Dcpar111em of the Interior, :\lc•..-rs. S.S. 
Carpenter, J. De\'uung. and 11.L'. Brown ha\'c 
been 111os1 c1101><·ra1 ;, . .,, In the Trusl Terriiory 
1uany individuais. havl:' hel'll uf tre1nc11dous as.,ist-

ance in carrying out this joint mis.sion. in panic11· 
lar ~Ir. E.E. Johnston. I ligh C.:n111111ission.-r. :\Ir. 
I'. Colcm<in, l'\lr. D. I l<·iuc, Dr. :\I. Kumaui:ai. 
and Dr. \V. Peck al Saipan, u1d ;11 ~l:1jurn ~Ir. 
0. Dcllrum, Dr. J. Tobin, Mr. J. l'ualo<i, ;ind 
Drs. J. lam<in, E. Riklon, J. ;\njaiu, !'II. Korean. 
and others . 

;\1 Kwajalcin ( Kwaj<ilcin 1\lissile Range) '"l' 
arc grateful fur the •plcndid rnppon oft he l.J.S. 
Army Group: Col. J.L. Fishback, Cul. R.L. Ru•· 
!ICll, Col. R.:\. l·:hlerl. Cul. R.F. Sulli\·an, 1\lr. J.S. 
Bca\'ers, and ~Ir. R. I l<ilcy; and lO personnel fro111 
Ciubal ;\SS<x:iato: ~Ir. R. Bryant, ~Ir. l>.1>. ~k· 
;\Jee. Dr. J. Sd1adi:r, and partirnlarly ~Ir. F. 
Gr:innid1 and ~Ir. 11. I bm:k; to Trust Territory 
rcpr<"SCnlati\'I: ~Ir. \V. Ownbey; and our spt.'Cial 
th<ink.• go to the crew of the I.CU (l.i~l11111u ) . 

In Japan we arc inddited 10 the slalf of till' 
..\10111ic llomh c~"uahy Cu111111is.•ion (now R:1dia· 
lion Effect• Rt'SCarch Foundation) panicularl\' 
Dr•. G. Darling, I.. ;\lieu, H. l\laki. and I. !'\•u~ai 
IOr ~cnerous support and as..'\islancc in 1naiutain­
ing li .. ison between the two studies; also lo Dr. T . 
Ku111:11ori and uthcn ofthe staff oft ht• :'\;11ion;il 
Instilule of Radiul11gic:1l Scicncco al Shih<i. 

In Engl;1nd it i• a pleasure 10 :1L'knowlcdgc tht• 
ad\'ke and hcl1>of Dr. E.E. l'udiin ufthe LJni\'t'r· 
sity College !11.,pital ~lc<lical School, London. 

:\mnng medical spt·cialists frrnn uthcr i1c<1iw1i111c< 
we arc tlltlNl grnleful to Drs. Shields \\'arn·n. \\'. 
~lci.ssner, J. Rl'icl, ;\. lJptun. and IL·\. \\"MK.I for 
tlwir p<:rson:1I interL'Sl in the examinations <ind for 
their <id,·icc 011 p:11hologic:il diagnosi<: also 10th<· 
folh,..·ing paihologisls who ha\'c coniribut<·d: Drs. 
L.\'. :\L'kcrman, U. C;c,1le111an. 11. C:.111it·r. 1 l. 
.Johnson. G.11. Kli11ck, ~J...\. l.q,:g, S. l.indsa\', S. 
l..ippincntl, S . .J. Ruhhins, R. \'. Rusrnll. ;\.I.. 
\'ickery.T. \\'i1c,hip(tk1:cascd1.and 1..11. Wu1lm:r. 

\\·c .ippn."t:i,;.111• \"l'ry 1111u.·h Jhe assi!<r.ti.UHT uf(:ul. 
E.J. Kamin <inu his stalf al Tripkr :\r111\' :\kdical 
Center in carinl( for :\Lu.,,halll'sl' palil'ots br<1111(hl 
tu I lonol11l11. 

:\l the L:nin:rsil)' ul'\\'ashingwn Drs. :\.I I. Sc~" 
mour, E. I kid. an<l \', :":clson ha\'C <id\'i>•:d and 
coope1 a led in studies uf llllll ual i111cn:s1. 

\\',:arc most grateful lo the charitable organiza· 
tion :'\cw Eyes for the :'-iccdy. Inc. (Short I I ills, 
:'\ . .).)for don:uing hundreds of pairs of cyci:la""'' 
r.ir lhe ~larshallcsc. Thq• were lilied and dis1rih­
u1cd al the lime of the s11r\'eys and pr11hahly 1u1 
od1l'r ~ih h:cs l><·cn 1111ire i:rald°ully rl'l't'i\'l'd by llw 
pc11ple. 



\\'c ha\'e been i.:really saddened by lhe n·ccn& 
dea&hs of several indi\'iduals in &he !1.larshall Is-, 
lands whu have con1rihu1ed much 10 the surveys:· 
!\Ir. E. Lihhv, Dr.i. A. I licking and T. lshuda, 
and !I.Ir. M. l~cjuhn. We exprcs.• our heanfeh ap· 
pn·cia&ion for all they did for us. 
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Cl1111c11/ .h/wtll 11f /11du.r .\1'1ub1,/um. t" . .-\. llo.l\jl Co., 
t•hiladt:lpl1ia. l!Hi-1. 

~7. :\1AllM ....... u .... ,,. •. 11.:\1.. "'" \'11:•1:••·. A.I... 
The dft·ns of \'ariou~ doses of r•diuacti\"C' iodine on 
the fum:litm and 1uuc1ure of 1hr lh\·roid of thC' rat. 
r:ndu<fl•'·"'(r ~: •i12-:18 ( l9'>2l. . 

9H. llt•SIA<.:11. I., (:0111parison ••f 1he cart:lno"'C'nic.: dfcct ()f 

x·lrro.di.att.m wi1h radio.;u.·1i•·,.'iudinc on the ra1"1 th,·· 
roiJ. //.,1 . .f. C.'unm 11: lii · 7t, 1195 i 1. . 

!f'J. Li:'l.USA\", S. "'uCUAlti.un·, l.L .. Thie dft"Ctsofirradi· 
;Hiuo on lht· thyroid ~land with particular rtfen·1KC' 
lo lht.• 1mh&.1..1io11 of 1hyr11id 1M..·upla!0ollli: .\ n·\'i•·". 
Cmcn .l(,.1. 2-6: 10~~1·1107 ( l9t)~;. 

100. 1 hn' '"~"wok 111. D.R .. 1 l Ato\1111us. 11. ll .• T.--\'.\IAGAKI, 

11.. \'ll lh.1.1n .• (.;. \\' .. T.1\ ruid th!Oc:a'.'IC.': .\ :o1u1d\" in 
l linl'!l.h1111a. Japan •. \/oh!,,,,, ( H1Jllm111rr) .i2: -ti ( l~~>J ). 

IOI. \\'01110, .).\\" .. Touc;-\1ii.1. ll.. :\'nc11~111.S .. s.-_ro, T .• 
S11n.uus. \\'.t"., .\wu1tw, P.(; .. 11."''"Lru,, H.U ... -\:'l.JJ 

Ju11,s.it:\i, K.<.;., Th~ ruid t.·an-inuma in a.um•c bomb 
!iun·i\·nr!I, llinn.himot a11cl :"alt•Ud~i • ..i,,,,,, J 1~·p1-

J,,rw./. U~: "4·1-1 ( l~hi~JI. 
10-!. Suu••us, H..J.. Kt\", C.R .. lll-,~llf.K. C.H. .. ASll 

llJl\I \, S., Th\·ruid Gi.rl·i110111.t in I liro,him.a 01ind 
~.;1~a1.1ikt. I: P~l·\" .. ll.'110: of th,·n1id l·arcinuma 3& au· 
1np•~-. .J..1..1/ .. 1. 2ll!J: 1;5. iO 1 I %\I). 

lCU. Pul:lll,, E.E .• 1-'rcqu<"ncy of iudul·liun of mali~nan· 
llt'I in m.;:111 h\· iun.iilin!( ra<fouion, in //'1111/liud1 "" 
11wd1:rnui"lio1 u:11hol~1:,, • . pp. J 11.:,j. 0. Olsson ct .al.. 
Et..liLHn. Sprin~t.·r· \'t·rl.,!(. lk·rlln. 1~)7"!. 

101. llu•~L .J.I. .. T .. :111~Mu. K .• •SD J"11.us,S .• Thr 
ht.·.ahh of 1ht: ah.1111il· Uumh Jur\'l\·on: _.\ <ll"\.·adc of c:~· 
a111i11ouio111 in a lixcd popul.uion. l"a/1 ). H1"l· .\frd. 
14i: ~ll1·% 1 l~li:li. 

ur •. 1•1,, ... ~. R ... \ .. Kt 11:1111:\, s .. ,so 11 n11•u ""'' '· 1. 11.. 
Thyrrn<l ahnormalilil·I ar1~r radiation t'.11.posurc in 
inl~•nt.·~· .. l,m. /111ot1 .• \/fJ. 61.i: 11 j.j.ti I ( l~•ti7 ). 

HM). Tu\uo.., '· E.T .. PltHt . .),\\" .. ''u llt:,wu "-"'~"· 
1..11.. :"l·opl.um!' in l·hildn·n 'rL·att.·d wllh S•r.a\"s "1r 
1hymi,· t·11l.11~t·m,·111. Ill: Clini1·.;1I dc."k·rip1i~n of 
,·.;1sc.'ll. .f. . \·,,, C1111·n ln.\I, J l: I.{ 7~kHfJ l Hlt>J 1. 

Hli. 11 .. .,.,., ""~· 1..11.. H.i•k of ohnoid m·upl.1'111• afo,·r 
irrOl<li.uiun iu d1ildhood . .'idold 160: 1.i~~-tiJ ( l~•ti~ll. 

I OB. C.'11111.,., /t" rdrn,·r "' F1;·r (.',,11t11u11h. lt1lr11111.t1111wl l ·,,,,.,, 
.la:1111:~t Cmot. 1•;;11 St11dr. \"ol. "..?. R. Doll. C. ~luir. 
;uul T. \\".1h·1 hou!Oot". Edihll"!', Sprl111.!t.·r· \"nla~. XL"\\" 
\"111 k. 1~170. 
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ll~I, llt.>ll't:I" 1..11 .. ll.•11, \\'.,).. 1'1111.111• .. ;\I., 
C.1.K>t-t·a .\Sil :\'-o:s, \\".H.., :'\t·opla11m1 in f>t.'r· 
•uu trf'a• .• 1 x-r;n:1 in infarn:\·: Z:our1h •Uf\'t"\' in 
".!O \"ran. '"'· C:1111a~ Inst .• in pr~·H ( l~li.ll. . 

1 IO. ;\I.;""'·· .... U.•11>.-rl, D .. ;\I .a r, 11.. Sn""~· K .. 
"'su l.t:\'IS, S.(i., Ra<li•11io11-iru.fu1.·t·J IH·.1<l .md 11t·1. k 
&unmun./.attul I: :!77-8(197~1. 

Ill. ll.-•1.~\'. :'\.11 .... \1.Kt'H, K.E .. S110Kl, K .. ""I'••· 
H.M!\ii..\C:lii., H.S., t"ullo\,··up ~lml~· uf p .. uit'llh 114."Jll"ll h\ 

x-ray cpiliillion for tint·oa t'JJHlis, \'I: E.:tu111.1tw11 uf 
tht• doM- 10 1hc 1h~·r11id auJ p11u1t..1r~· i.:1..tuds .uni 
uthl"r 1truc11.res uftlu· ht·.id .111d 11t·1.·lic. •. l,jh. 1~·m·11•.11. 
llf'11/11t, in pn"U ( l!•ij I. 

11:!. R1:n:·rut·F. S., ll..\1tkll'>u,, J. i-\.,K,,tlll'>h.I, H.T .. 
K . .-.1'1.AS, t:.l..., lh(;M.OUI, I. .J. '"· Uth.tM\IA.,, C .. 
C:0111inuiu~ Ol't:urrt'lll'L' uf 111\ n11J L·o1fl iuuu1.i alit·r ii. 
ra1.li'"'1ion 1u thl' m·t·k iu 111l.1u, \ .u1d d1ildhtM•L .\. 
f.'nel.j. .\In/. :in: I; 1.:. 1I~1:.-.1 

I IJ. Sut:l.l:'lit:. c;.1-: .. l.ISU!'lo\'f, s .. \1~ CPM.,t.\Lto. K.R .. ""' 
G-\L.\STE. ~I .• Tll\·roiJ 11udult-s 1H.n1rri111i( l.atc .afu.·r 
lrc.urrn._•nt uf1h~ ·o~o.\it:o~l~ \\ 11li r.aJi111odiiu:. J C:/111. 
f~',,Joa1H11l .. \lt'111lt. 22: U-1 H \I 'tt..! ). 

11~. ~lcDotU . .\I .• l.R .. Th~·r111d l .Jnu·r o.&f&c:r ludinc-1 JI 
lh<-r.ipy. J..L.1/ .. ~, 227: • 1111 1•1;•1. 

115. Ku1·•. E.;\I., Ku1 ... S.'.\I, "'' Kktv<, S.l... Tr<"al· 
111en1 ofhypc:-rth~·roic.fr•111 hHh '"1d1um iodide JUI: 

Can:inoma oflhl· 1h~ ruid .1l1n .!.0 ~t.·.an . .J.:1 .. \/ .. 1. 
2:!6: iH·'> (l!li.I), 

I lti. llA\IML.kGlM., J.I. A:"lol• ~It It M. IL\ .. C:.t.nccr fullu\\'• 

in!;( trcauncn1 of an au10110111uu._1., fu11t:11011inl( th~·· 
ruid 11o<lulc: h·ith .1th.Jau111 i11·d1d1· I ui, ..t11.li . .\"'(· JU:J: 
iti!·• ( l!li 11. 

117. Dut.1•11"· (;.\\'., T!u.· ri ... L.; 11f di\ roid 1.·arn.:l'n. folio\,. ... 
inw: irradi.~uion. 11,,,11;,, /'ii• 1 I j; .!. l !f.:.!H {I !~.tll ). 

118. Poc111s. E.E., Radi.11i1111 t..'\Pl""urc from !lit· Ullot' of 
rJdiuiodinc in lh\·ruid dm:.1:1oc..'. J•,,"'· li'111. .')"'c .\lnl. 57: 
;°)l)l-511%\J .. 

11~~. '.\l..ticG11.t.t~uc. ;\.G .. in /Ju /J1p111,/ mul Its /J,M1Ht'f. 

:\.S. ~l.a~m. EdiltJf, Piunan \tt·<lit.:al l'ulili~hin~ Co., 
l..undon, I ~liJ. 

1~10. DusJACll, I., J:ffcclia of radi.i1ion on 1hvroid functim1 
and s1ructurc, in J/tJ111ib•,.,J. ,,/ /'hH111lul(,;.1Sn·1. i: t:n. 
d1.l(:riuoluK)·; I U: ·n\~·roid 1. pp. r.~1. ;:J. ~I. c;nxr eand 
D.11. Solomon, U.Jill'f:\, \\'illi.1111~ .wd \\'ilki11'-. 1!17 ... 

l:!J. 01WA\·, Jl.J. A'lil• EM&nL\''· K.C., l.cukt·mia and 
thyroid carcinoma:.\ t.'11111p.art..1111 ofl.a.1c mor1ali1r 
ri ... k~ from rr.,.uor an . .'idl·nt<1., . \'ud. S•1j,-11 11: -lH:!-~ 
'l!J;()), 

I:.!:!. Uu1n·,~. H.~I.. Siu 11,t. (; L. \\'1111:1nn,, .J.H., 
Tt1\Ui.IS!'ll, E .. ·\ .. ~kC11 ... \llt \. ,,. \I.. ''II UH.hot.It, 

I>.\'.. ~l.di"(n;1111 .and hn111.:11 1u·11pl.1'111~ ul 1hc l11y· 
roid in p •. 11it:111"" lrt:alcd f11r II\ pc11huu1di ... 111 (a rr·pon 
ufrl1t• C4M1pt·r;.atn·e Tli\r1Jtf1"l•"'" Tht·ro1p~· Foll11h· 
up S1udy J. j. t:fm. J-.',1d•"'t1"'''· .\/, ,,~fi :UL ! .. l"i'lf-~.W 1 l'J7 ~ ~. 

l:!J. lh.A1;11, S.:\. \:\.U l>u1 1•111.,, (~ \\' .•. \ 'ltu.Jy of 1f1t· rr· 
J,uion:..hip lx:l"-'l."t:fl X·r01y dint' dd1\t·n·U lo 1ht.· 1h~ · 
rofich uf..:hildrl'n and 1hc ~ul1 ... npwnl cll0 H·lup111l'Jll of 
maJil(nauc 1umon. /'J~rs .. \J,.,J. fl,,,/ Ii: .·Ju.s ( l !H1'.! J. 

I 'l I. H'/"''' ,~f 01' I '111/n/. \'1111uu Sn,,111/11 {.',,,,m11/I,., "" •/,,. /:/· 

_fort1 1,f;l 11.,,," Jl1,J11Jll••lf, Supt•I . \~ ." ! r. \ 101HJ I 1. L'ui1nJ 
~alioni. :\'cw York, l!Hd. 

I '!.j. (;001.ut::'\, :\. \\".G .. C :.an uirn11.1 •• r 1 !le.' 1 livruid lf.1lluw. 

in~ irr.adia1&011. /lr1t .. lft,J../ ',!. 11·, 1. ·, ( 1•i·.a1 

1:.!ti. Sun 1 .\H-uua:11. <.:. J .• Uu,u. ,. JI .• ""' ( : ... ,.,., ... 
l·:.1•., Su1dic."I ou roul

0

1;uiu11-11ulut ,·d rn.uum.u ~· i.:l.uul 
llt.4\1pl.1:..ia i11 lhl· r.11. \'II: Tiu· dlc·1h111h.k1iuu.1ti1111 
;111J pru1ra4:1iu1111fs11hlt.·1i1,,l 1111,,J-hod~· i11.uli.ui1111. 
J:,u/1111. /ln 17: 1111-!• ( Pll1.!1. 

I !i. ~I .\1t~l'>. S. ""• lh'!'ri I""· 1..1\.. ., Tli~ r u11l 1u'\1plo1:1o111"" in 
... lu·q• ll:d r.uli11i111.li11r. J. \,11. C:.1111,., J,,~1. :m· t.hl · 7 ·' 
1l 1 H.l'1 

I .!II H1" '""· S .\. -\'11 U1· ... r -\II, I .. K .• l°:llf.'t·h of r.uli11i1 ... fi1w 
.11ul .\·I.I\ Oil b.·.u.:lt• pup~. ~II ·''""'''' u,.,...,,, /'171, 
u.,,J,,,h,u/11~1 / .. ,1."''''°" · pp. I .t7 ·~'. L'l :1) -1 i'.!· I .!O. 
Junt· l!H .I. 

1·-~t.S.u."a.x. E.L .. Su 11t1e. I(.\. S1t1111,1.;, T.I> .. \'.\I• 

ht.kt.I oa.s, J.<• .. (:.tu i1111L:n1it· dll·t '"' ._. 11.11, um· 
11o1n·d \,·&th ~-irr.uli.11iu11: . \ IT\' it'\\. 11,.u/1'1 /'/11,. !•: 
1.lil·ll~ 1 l'•d1. 

1."J. 1>011•111\'., (;.\\'. ""' lh \t:U, S.:\ .. Tlu· 1t·l.11i11u,hip 
IN.'l\\l't'U r..tdi.11io11 du ... · ddiH'll'tJ 111 tlu· tlnruid" ul 
t:hil,Jr-1.·u .md die.· ~11h"''<(lin11 d1·\ d1 •p1111·111 uf 111~1liL:· 
uo1111 lm11or<1.. /J,,,/1/, /'/111 !J 1.m.~,.''41 ( l!lr4d ~. 

I JI. 1•11 t:JI, ll.Z .• K .\II:'\. (i.K .. "-•.It II \\.I. ;\.S .• ""' I It,. 
...,,. J). Tll\·ruitl t.·•rnn·r .111,·r r.ula.11iu11, I: l>i.11,:uu""· 
1it.· prtN.'t:duH"!l in d1ild1t·11. 1"1d1.1t11,., ~•I: H~tB.~t4 1 '! 

( l!ti:l1. 
I J.!. I .fMU\. (;., 1'l'l1'1t11;1l tu111muni1·;.11iu11. I !t7 .t 
l:U. \" \:1oU t.:'\lrri.U, l.J.1. '"' t\.1 -\ .... !'>o\ :1o1i1.11. lu .. \., l(,·1111111" 

4.'U11.,,..-c1m·1u 1"ll uf 1h~·ruid in ;ulioi1iu11 "i1h r,ulio.1t 1in· 

iutlilll' isulupt.,., i11 Sh .. \11110. N11d111/t1"""''"' f.'ml11l.r111••· 
/11i.:1111 • . \ ... \. \'11i1k1·,·id1. Ecli111r, ,\l.r;.ul. ~fl•tl. :\;u1k 
S.'iSK, l!tl>i. pp. li·lll1Tr.111 •. 1. :'1:111-il-1'111. 

I I.I.\\" ·\I l">t M, (;, ·'"' ~J1i11J.'.\ •. \ .• Elli.Tl of 1rr;nlia1iuu 
1111 alnruid ~1unil1 in 1nut1""' l1M.·111 ... 1·s ;111d i:,1111111i:,c·11 

1. hallt·u&:t•U .ul11ll 111h 1· .. 1.1., N111/i.,/. / h,., /'In 1. '''"' 

IU: ·.:~1-~I! ( 1qi I 1 
t.l."1. \\'\I l'llt.N., (;., .J11'""'1 ''· C . ..J., A"-11 S1i'111t., •. \ .. I>. ...... . 

ralc dq>t·11tlt·111·t· i11 1lw i.:ui11ui.:c.·11 .. ri11111J.,1nl 111011 ... c· 

1h\·roitl. Aft14 J(11d1•.J. /ft .. ,. /'hn. /fo,/. 11: .!. I· h1 1 I ~ti'.! 1. 

l.ki.. l>1 'M:'\'.t~.c .• Two\''"'~" lut·~1imalt• 1h~ ruiJ tlu~t· from 
raJioitKlinc.- in f.alluul .. \'u1 /,,,,.,,.. I ·l ( ".! ): :m.-11 ( I ~1!'1t11. 

I Ji. Cui t:. K .. /,,;,,,,,,,,,,,, ,,, N11•hl1/ll#J,,,,. j.',.,,,, /·~d/uul. J/11:.11./1 

'"'" C"""',.'""''~"''·.J, llt.-ft·lht' C:i\al 1'1r11.11nlin· .. " 
.\~l·m.:y. E1n·iru11111t·iual .1.kicun· ,\)lo"M.·i.11t'll, Hudin· 
i.:amt·. c:.&1if. •. \1n(. l~i7!. 

JJH. R1·~~•1, K.P .. H.11!\t'.. 11.. A'IJ SI .\MM. I' .. Tlw •·ffn h 

ofr.1dio..tnin· iu,Jinc· i11 111.11c·r11.1I .111tl h·1.1l lh\r11id 
fo11t·riu11 d111i11u: pn·i.:11.uu·\'. .'\111e. (;1nu,,f. tJl .. 1,1. IOI: 

.·11 ;,(I· I ( I ~--· i' 1. 

l.J~J. F1~11111. \\'.D .• \'uoMllt ....... \I.I. .. "'I> c; \M11,•1t. I. I., 
C'.11111.::t·11ilJI l1\pu1hv111uli ... rn 111 i11l.1111lul111\\i1H,:111.1· 
1t·1nal 1 1 · 11 1ht·1.ap~·. wi1h .1 n•\·ir" of li.1.f,11d,.11fn1· 
\&10111111·111.11 r.1diui"111111•· p1n1.11ui11.11iu11 •. /. }',.J1•il 

ti2: l:l.!-Ht1l'lld1. 

I 10. I l n1111. (;.<: .. .J""'' ''· .J .. \ .. "''o \\'\ ''•· \I.I>. 
J"1·1.1I dl't·c h of r.adui,;1t:li\'\0 i11di11r ll1nap~ io a prn:· 
11.i111 \u•111..iu \\ith lh~·roid 1·.11urr . . Jm.1 . .J. tJ/,,fr'f. 

(;1,,0•./. Iii: JOHl·'.!J 1 l~Hil J. 

HI. I{.,,., E.\\'., S1tMl.l:'\r;. K.S ... ,.,II C~.\kllSt.r. 1..1 .. 
C:orn.~rnito1I frt·1iui ... 111 ""~H i.11nl \\ilh Jl:ll 1lwr.q1y. 
.LILI../. />1 .. (,'!.,/,/, !Ul: 11~·1.1 ( 1•1-,'IJ. 

I I'!. \' .\., ~1111111.t..""wow 111, I... L1uur"" i11l111c·ru·i11a: 1hc• 
thyroid up111kt· of irnli11r i ... 0111p•·"" fr11111 11111 k.1r Jj..,. 
<i1iuu: :\ re\ ir\'. /Im/th /'111 1 ~J: 11 '•7 · l '.!I I ( I~ It 1 'J. 



I I.I h ""TC.,""'·"'·""'"· It.II .. llua•a.>. l<.E .. 
·\'ld'\0~1;. C. \\°., K:ulioiutlint· ll)llakt." ~ludics uf the 
la11m;11a 1t·1al 1hyroid .. /. . \·,,, / . . \J,,J. K: I~. j .t,(J I I ~H>7 J. 

111 llu1M.t.!\, l<..E .. l·:\"A'~• T.<:., lhAPlll"tl\ J.T.,A'U 
1'.11. n 1.1, \\'.( : .. Tiu- 0M·nuuul..,1iu11 ol radio.rel:U\"l~ 

uHl11w hy lu11uo1u f1·101I th~·roitll'I, ./ Clut. f:Mloouwl. 

.\Jlf11l1. ·~·· ,~,J-7 t l~f.~,,_ 
11°1. ~1 \\·s, ( :.\\'., l'ni\'l"l'ity uf L"1ah, l'tT~HlJI t_·umrnuni· 

l Otli11u, l~fi·l. 

1 lt 1. ( :u,_\Mh, K .. ·\., .\ t'•tM" uf ;.1n11t• 1H\1'l111:1·11uu:r. lcu• 

Lrmia l411lrn,"in1.t 1:1llrnu r~uli;1tiur1 l.'x111l!'IUrr • .J..·1..\/.:1. 
~:t!: 1.r11 .. 7 t I ~ti~,, 

117. 111.s"'u"'"·· P.E. A~U 1 Lw" h.1'.\.-', j.\\'., lnt·idt·un.·uf IL·u· 
L1·mia iu pliy,M.·iaul'I,./. \~11. (.'w11,., /tHt. -4: :H~•-~1)( l' .. U). 

HH. ~l.\kl'll. 11.C .• l~·uLc111ia l11 ronliulu~l!otb, J\,1,JuJ.,e,1 -li1: 
:.!i 0

1-U I l~ta \I. 

11~1. ( :01·act-Ua&o\\.,, \\" . .\I .\,111>1.111. I(.., .\lu1 todil\" from 

, .11u 1·r .uul 111lu-1 1·.u1'lll'!ot allt'I 1~ul11•I t1t·1.11>' ll1r o.anL~ · 
11,..&111.! "'l1u111I~ l&ti"'. /lut .. \1,-d .. J ~: I \~7 ·.L! I l!Hi~,1. 

1.·,u I.'·''°· It.I>., !\lu1u,t.\·. \V.C: .. '''II y..,\1"'·.Ui.1. T 
l.1·u'-.1·mi,, ~rnd 01111111i1 l.01111.t .,ur,·i'"'"L I. (;1·nrr~1I 
.. 1.i .... -r,·a1iu11!ot, u1.,.~1H . . ·,; .•. u.·1I1 1.1:111 

J .'1). .\fu1 u,t.\", \\'.( :., (.,.l'llkl·miJ a11J ~un·i\'Of!ot of atomic: 
h11111hirn: •. \'. /-."11i:./. I .\lo/. :c1:t: HH-~HJ I P(1.->J. 

1 ·,·~. ,.\,Ht.K~u,, H..t-: .• Sympusuuu on du: dd .. n·d const·· 

q111·11u·, uf t"1'.l)l"'un• tu iu11i1i11~ r.uli.11io1i. p.atholu!.!y 
.. 1wli1·!'i .u 1lw .\1n111;t Ho111h (. '..1 .. u;dt\· ( :ommi .... ,iun, 
I llr11 .. hi111.1 .;11ul :".u:.1 ... 1L.i. l'.l~1 l-l 1t7U. /fo,,,, /'11th1,/. 
:!: lh~I-

0

1 j .\ j I~-; I I. 

I 01.t P11- Kkt, H.., l'u·lc-ulr;1·11~i ... · !o.IOUl""'· s,,,, ll11111Jlu/. 11: 7:\. 

~-~ \ I !•i • I. 
l."ll. l.""'1.''·J\\' ''11S\'l.tt'I. '.\11.. Tlu·1ul·l1·ul1·mic 

.,~·ndr1111u· •. \.,,,, 11,,,,,,,,,J. 11: ~' ~-10111 Pli I J. 

1~1."1. ~l11tt.K, C.E. ''" S1t.1,titt-\l1Ht, O . .J .• '.\h·a~un·· 
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Appendix 1 

Chronological Listing of Events in the Marshall Islands 

1946 Bikini people moved from home island to Rongerik Atoll (later 
evacuated to Kwajalein and finally settled on Kill Island in 
the aouth~rn Marshalls). 

Kwajalein established as U.S. Navy Base. 

Operation Crossroads at Bikini. 

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

1947 Administration of Trust Territory tran~fcrred to U.S. Department 
of the Interior. 

1948 Eniwetok people moved to Ujelang. 

1954 March 1: Fallout accident following detonation of Bravo, a 
thennonuclear device. Exposed people from Rongelap, Rongerik, 
and Utirik evacuated to Kwajalein Atol' or examination and 
treatment. Exposed people on a Japan·. ;e fishing vessel 
Fukuryo ~ (Lucky Dragon) return to .okyo. 

June: Utirik people returned to home atoll; Rongerik servicemen 
transferred to Triplcr Army Hospital. Rongelap people resettled 
in temporary village at Ejit Island, tlajuro Atoll. 

September: Second medical examinati<>!'i of exposed Rongelap people. 
Decision made to examine Rongelap people 11nnually, Utirik people 
every 3 years. 

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

1963 Epidemi; oi poliomyelitis at Rongelap and in rest of Marshall 
Islands. 

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

1964 Ex gratia compensation (- $11,000 per person) granted Rongclap 
people by U.S. CQngress. 

Thyroid abnormalities begin to appear in Rongelap exposed people. 
Thyroid surgery performed on 3 children at the Guam Naval Hospital. 
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1965 - 1968 Thyroid surgery on 12 Rongel.1p people c.'.lrricd out in 
Boston. 

1969 Cleanup of Bikini for return of inhabitants. 

Five Narsh.1llese had thyroid surgery in U. S. 

1970 One ~larsh.1llese had thyroid surgery in Cleveland. 

1971 N<1rshallese Congressman (Congress of nicronesia) visits Japan 
and invites a Japanese team to visit Rongelap. Team .'.lrrivcs 
but Decause of conflict over credcntia!s they arc denied visas 
and r"'turncd co Japan. 

Return of two llikini families to Bikini to live. ll~L medical 
team assumes responsibility for radiological mollitor.ing of re­
turning Bikini and Eniwetok people. 

Docurncncary movie ~ ~eoplasia !.!. ! Late Sequella of 
Radioactive Fal;out filmed in Marshall Islands. Show~ the 
medical tcarn~ion. 

1972 January: }!arshallese Congressman accus"'s the U.S. of knowillgly 
and consciously allowing the Narshallesc people to be exposed 
to radioactive fallout in order to study the effect of radiation 
on hwnan beings; accu.ses medical team of using Rongclap people 
as guinea pigs and not giving them proper medical examinations 
and adequate treatment. In Narch he told the Rongcl:ip and 
Utirik people not to cooperate with the medical team. Annual 
medical sut'Vey not completed. Also 4 p:iticnts who had b"en 
operate~ for thyroid cancer and were to be reexamined at 
Tripler Army Hospital were ~topped and tolrl to return home. 

April: Congress of Microncs ia cs tiibl hl,cs a Sped,, l Joint 
Co11r.1itte" concerning the medical cxaminatior.~ .1~ l«•ni?,clap and 
Utirik atolls. Chairman: Senator Olyrnpir r. ~· · , .. 

August: Resident physician stationed in~!•··., c. L:.rn<ls. 

~eptcrnber: Annual medical survey resume<,;, ,,,, -'-~ 1,..:ralion from 
Coll'l:littee from Congress of Micronesia and part~~ipation of four 
appointee! m..:dic:il observers from several cou11trles. Comnrchensivc 
report generally favor.~blc to the medical examinations published. 

October/November: A young exposed male, found to have acute 
myclogenous leukemia, dies at National Cancer Institute, Bethesda, 
Maryland, and is returned for burial at Rongclap. 

Decision made to conduct hematological surveys at 6-month inter­
vals. Two Rongel3p people h3d thyroid surg·ery in Cleveland. 
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1973 Eniwetok radiological survey COJllllleted. Report NYO 140 
published. 

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

1974 BNL survey group organized for radiological surveys in }!arsh1.ll 
Islands. To be coordinated with medical surveys ~nd per5or,nel 
monitoring of returning Bikini and Eniwetok people. 

Special bills passed by Congress of Micronesia regarding further 
compensation to Rongclap and Utirik people, and providing special 
bcncfits anJ hospitalizat.i.on privileges in case of illness :~oci 
any cause. 

Docwncntary movie ~ Bik!n!ans fill"ed at Bikini by the Univer­
sity of Georgia. 

Three Rongela~ people had thyroid surgery in Cleveland; one case 
exposed ~ utero. 

LCU obtained for medical and radiological surveys. Christened 
Liktanur. 
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Adamik, Emil 
Anjain, Jcton, D.O. 
Argonza, w.s. 
Ash, J.>scph A. 
Bach, Sven A., M.D. 
B.:irton, JohMy N., H.D. 
Batcr.l.:ln, John L,, n.o. 
Bender, Byron, Ph.D. 
Bien, Peter 
Blumberg, ll.:iruch, M.D. 
Bond, Victor, M.D. ,Ph.D. 
Boon, R. 
Burd er, W. K. 
Erown, Robert A. 
Browning,L.E., M.D. 
C.:innon, Br.:idford, M.D. 
C.:irter, Edwin L., M.D. 
C.:irter, Robert E., ~l.D. 
Carver, Russel K. 
Ch.:ipman, W .!I. 
Clareus, Douglas 
Clutter, W.G. 
Cohn, Stanton H., Ph.D. 
Colcock, Bentley P.,M.D. 
Cole, William, M.D. 
Cook, Lawrence 
Con.:ird, Robert A., M.D. 
Cronkite, Eugene P., M.D. 
Deisher, Joseph B., ~l.D. 
Dcmoise, Charles F., Ph.D. 
Dobyns, Brown ~I., ~!.D. 
Dunham, Ch.:irlc~ L., N.D. 
Eicher, Maynard 
Elanjo, Laijo 
Emil, Mcnassa, D.o. 
Ezaki, Haruo, M.D. 
Farr, R.S., ~l.D. 

Flanagan, J 
Gays, w. 
Gibbs, w.n. 
Gideon, KDlman 
Gilmartin, James T. 
Glassford, Kenneth 
Goldman, Morris, Ph.D. 
Co1:1ez, Wentolin 
Greenhouse, Nathaniel 
Greenough, James J. 
Griffin, David, M.D. 
Cusmano, Ernest, Ph.D. 

Appendix 2 

Survey Participants 1954 - 1974 

technici.:in 
Dental Officer 
technician 
t.:chnici.:in 
Physici.:in 
Physician 
Int. ncd icine 
Anthropologist 
McJcx 
Endocrinologist 
Physician 
Tcchnici.:in 
technician 
technician 
Physician 
Surgeon 
I~c. ~!cdicine 

P1'diatrici.:in 
Parasitologist 
R.:id. Scientist 
Electronic Specialist 
tcchnic .. ~n 
Scientist 
Surgeon 
R;idiologist 
Technician 
Physician 
l!er.lo'.ltologist 
Physician 
Scientist 

y,•.Jr J 9 I 

B:\L 59,61,62 
TIPI 6.'.., 72 
US Navy,NRDL 5.'.. 
ll:\L 74 
US Anny,AFS\.'P 57 
US Air F<-rce,AFSWP 58, 
B:-.01. 69 
TTPI 64 
TTPI 70,74 
Niii 59 
US Navy, NRD!. 54 
TTPI 61 
us :\avy,:.111u 55,56 
ll:\L 7J, 7:. 
US Army ,AFSWP 54 
Mass.Gen. Hosp. 56,57,6J 
US :-<avy .~!RI 57 
S:ate U. Iowa 64 
L'SPl!S 58 
US Navy,t'::'IRI 54 
BNL 61-70; 72-74 
L'S Navy, 1'11Rl 54-5 7 
n:-."L 54,59,61, 74 
Lahey Clinic 6 7 
USP!lS 72 
ll:-."L 6J,65 
ll:-!L 5~ 1 56-74 
US N.:ivy,:::-11u 
TTPI 
BXL 

54,55 
66 

Surgeon Case .Western Reserve L'niv. 
68,69 
69,70,72,7) 
57-59,65,7) 
57-59 

Physician AEC,DB~l 
Electronic Specialist ~':'!RI 
Technician !TRI 
Dental Officer TTPI 
Surgeon 
1:cr.lo'.ltologist 
Technician 
Technician 
technician 
Technician 
technician 

Hiroshima School of Med. 

technician 
Par'1sitologist 
technician 
R.:ld. Scientist 
technician 
Physician 
R;id. Technician 
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US l:avy,~JRI 

US Navy,NMRI 
rt PI 
l:S Navy,Nfilll 
TTP! 
Bl:L 
US Nav:,· ,~':-!RI 
L'SP!lS 
TTPI 
llt.'L 
nm. 
lJS Navy,NRDL 
BNL 

7:, 
67 
72 
5:, 
54 
6:.,6'.> 
5!, 
64,65 
59 
59 
58 
67,69 
74 
57,59 
55 
61,65 



Name 

llamby, J, w. 
llarranerstrom, Richard, Ph.D. 
Hansell, R.E. 
llartk;, M.:iri. .. rn L. 
Hayakawa, C., ~.n. 
llcchtcr, l!ym:m 
llelkena, Jack, D,O. 
llendric, J.C. 

Survey Participants 

Technician 
Scientist 
Technician 
Technician 
Physician 
Statistician 
Dental Officer 
Technician 

lleotis, Peter M. 
llicking /\rob:iti, M.O. 
llollingsworLh, James l<., 
Huggins, C.E., M.D. 
llumphrey, Douglas 

Tcchnici3n 
Medical Officer 

M.D. Int. Medicine 

Ianl.'.ln, John, M.O. 
Jaffe, A.A., D,D.S. 
Jesseph, Joseph C., ~1.D. 

Jomule, Jude 
Jones, Irving 
Karnofsky, David, M.D. 
Kenny, John 
Knudsen, Knud, '1,D. 
Kumatori, Toshiuki, M.D. 
Lanwi, lss:ic, N.O. 
Larsen, Recd, M.D. 
LeRoy, C.V., M.D. 
I.cwis, William l!., M.D. 
Libby, Ernest 
Lowrey, Austin, Jr., M.D. 

Lyon, llarvey \.I,, D.D.S. 
MacDonald, Eugene II. , M. D. 
Makar, Michael S. 
McPherson, S.D., M.D, 
Meyer, I.co M., M.D. 
Mizutani, Kosang 
Moloney, William C., M.D. 
Momotaro, Francis, D.O. 
Murray, William c. 
Obtcn, Antak 
Oh, \'ang, II., Ph.D. 
Otto, James S. 
Paglia, Don.ild E., M.D. 
Peck, William, M.D. 
l'ochin, Edward, N.ll. ,FRPC 
Potter, David \.I, 
Rai, Kanti, R., ~1.D. 

R'1ll, Joseph L, M,D, 
Rich:irds, J.B., M.D. 
Riklon, Ezra,M.O. 
Riklon, Kimra 

Int. Medicine 
Photogr3pher 
Hedi ca 1 Officer 
Dentist 
Surgeon 
Tcchnici3n 
Technician 
Oncologist 
Technician 
Int. Medicine 
Physician 
~:cdical Officer 
Endocrinologist 
Int. Medicine 
Cardiologist 
Technician 
Ophthalmologist 

Dentist 
Physici.1n 
Tcchnic ian 
Ophthalmologist 
l!cr.1'ltologist 
T<'chnician 
l\c1'1.'.ltologist 
Dental Officer 
Photographer 
Technician 
Scientist 
Technician 
Hematologist 
Physician 
R.:ldiologist 
Scientist 
Pcdiatrici3n 
Endocrir.o log is t 
Physician 
Medical Officer 
Technician 
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19)4 - 1974 

US Navy, Nl-IRI 
BNI.. 
US N.ivy,NMRI 
t:S Navy,NMRI 
Tokyo, Japan 
NRDL 
TIPI 
US Navy,NRDL 
BNL 
TIPI 
ABCC, Japan 
US Navy,Nl-!RI 
Bl\1. 
TTPI 
TIPI 
B:\1.. 
TIPI 

So. Nass~u Cotm1. Hosp. 
Sloan-Kettering Inst. 

US J:\avy 
Bl\1. 

NI Radiological Sci. Japan 
TTPI 

Univ. of Pittsburgh 
AEC, DBM 

Memorial Hospital, N.Y. 
TIPI 
US Army(Rct) 

US Navy, 1'':-!Rl 
TIPI 
B:\'L 
US Navy ,N}!RI 
V.A. 
TTPI 

Bos~on Ci~y Hospital 
TIP! 
NRDL 
TTPI 
B:'-1. 

US Navy, Naval }led. __ Center 
CCI.\ 
TTPI 

Year 19' 

54-57 
63 
54 
)8 
72 
57,58 
60 
54 
73, 74 
62-68 
59 
56 
70 
)9 
60,61 
65 
67. 72 
61-63 
61 
55 
71-74 
64,72 
59,60,64,65 
72,74 
54 
59 
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Arc misc:arri:agn e:auu-d b~· the rallout:!' 
Some of the miscarriag<"S in t•xix-·d Rongdap women during the first yean afttT 

the fallout mav ha,·c lx-.,n due to radiation exposure. Sint-e that time lh<"re wc1~ 
only a few miSC:·arri;1~<"S and this i• normal. \\·u111t·n no lungrr ha,·e lo worry alx•ut 
misi·arriages due lo raJiatio1L 

CJ.ildr'1t aiUl.1&"Gm'1t 

Tl"J au lu11//l!r· 

If I ha\"C trouble" i1h my th~·roid, will I ~ ht·ahh~· ~:iin:!' 
If you arc tr<·atnl properly and you fulluw the tf1..:1ors advin:, you should 11<.· 

hral1hy ;111d slroni: like anybody else. You should be •·xa111i11c<l l'n·ry yrar "' 1ht• 
donor •·;111 lind 0111 if you ha\"c 1l1yroi<l di ... -.L<e. If 1he dotT•l"li upt.·r;11e 011 your thy· 
roid. they will \:i.-c you medicine. If you li•lcn lo l!ic d11<.·1t..- and kcq> 1;iki11i: your 
mt·dicine, you will s1ay strong and hcahh)·. 

Since pt·ople "ho Wl"rt' nnl cxpust•d tu folluul ha\·c hn·n livini: on lhe i•lands for 
some timt•, ha,·c the llr1H1khan~n doctors fo11nd an~· •ii:ns of radiation ~kknus in 
•hem and if su will 1hcy be compt·n>atl'd:!' 

Thac ;_, pr;Kli1·;illv no d1a11l"e 1ha1 any uftht.,.., J1<."41pl•· will dt"\"dop an~· radiation 
!Uckm-s.• sinn· th•· a111uu111 of radia1ion lt.-fl on 1hc ;,lauds is so sm;ill. If ii did hap1><·11 
lhc gun:rnnu .. ·n1 probt.ihly would l.'Oll,itk·r cuanpl·ns.alion. 

- 98 -



Appendix 

A Summary of the Findings over the 20 Year Period 
on lhc Japanese Fishermen Exposed to Fallout inl954 

On March I in 19;4, 23 Japanese fishermen aged from 18 to 39 

wer•· e:-<posed lo radioactive fallout produced by the thermo-nuclear 

test <!Xplosion which was performed by the U. S. Authorities at 

Cikini lagoon. They were crew of a tuna-fishing boat "The 5th 

Lucky Drago:.". 

The location of the boat was 166'58' E. and l 1°53' N •• At about 

3.50 a.m. they saw a huge rec light in the west and heard detonation· 

like sounds I· 8 minutr:s later while they were fishing for tuna. 

At auout 7 .00 a.m. white ashes !.iegan to fall Ch the boat which continued 

for about 4 l /2 hours. After 14 days naviga~ion •hey returned to their 

harbor, Ya;zu, on March 14, 1954. After landit~·;, o.ll the fishermen 

were iound to ha\'e been injured bir the radioactive materials. Seven of 

them were hospitalized to the Tokyo University Hospital and the other 

sixtn·n to the First N:itional Hospital of Tokyo by March 28. They were 

dischargcd from both hospitals in r..:ay 1955, except one fatal case who 

died on Scptcmbcr 23, 1954. After being discharged, most of them 

ha, .. _. b•·1:n cxa1nined so far as poss'ble on an ant:al basis. 

A. Stall' of Irradiation and Estimated Radiation Dose 

When fallout fell most intensively they could not keep their mouths 

and eyes open. Fallout deposited on ~he deck as thick as their foot 

prints were marked. The persons were irra.d.iatcd in the follo\l.'ing 

three ways : I) From the radioacti,·e materials adhered to the skin 

2) Exten1ally from the radioactive materials in the cabins, on the 

deck etc. 3) Internally from the radioactive materials entered various 

organs. 

The e:,timation of radiation d0se to skin as well as the dose by 

internal ex-posure were difficult. On the other hand, the estimated 
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"xkrnal radiation dos" was approxi1na td1· 170 - 600 rad for l-l days, 

about half or morc· b"ing irradiat<'d on the iirst day. The dosc• to 

"ach person di(iered dc·p..,ncling on his behavior on the bo;.t and lh<' 

position o( his cabin. 

The integrated dos.: to th1·roid ~l.:inds irom 
131

1 was infcrr"d as 

about 2.0 - 12.'J rad. Urinc' ••1111ples which wc·re c·olil•ct,,d at -l w,·eks aitcr 

the explosion rc\'cali:J signiiicat.t amount of radioactivity. llowever, 

the radioacti,·ity ckcreasc·d rapidly, e.g. at about 6 months post 

d<:tonation th.: adi,·ity was barely det.,ctable. In the analysis ai·~er 
137 90 . . 

S I/?. years and JO years tl1" l,,,·ds of Cs and Sr 1n unne w<·r<· 

th" sanw to tho•c oi normal Japanese. At the same timc· the results 

oi whole body countin:,: showed no significant difference bctwc·•·n 

fishermen <J.nd controls. The radioactivity in several organs oi th.e 

fatal case was higher than controls, but low. 

13. Clinical and Laboratory Findinp 

1. Gener<J.l syrnpton1s and si!:nS 

Soon after the initial exposure most of the fishermen expc·rien<·ed 

anorexia, t'atit!uc, and lachrynution, and in sorrlc.cf thcn1 naus~a and 

vornitin~ occurred. 

2. Skin lesions 

Skin lesions were caus"d by beta irradiation. Shortly after the 

ex-posure, they suffered from erythema which was follow"d by edema, 

vesicle, erosion, ulceration or necrosis',. Epilations were observed 

in 2.0 case•, especially 2. cases who did not wear.hats during ash-fall 

revealed complete epilation. These skin lesions were similar to 

ordinary radiodcrmatitis ·.,istolo~ically. The skin injric·" rec·overcd 

gradually. At present, namely 20 years after the exposure, in a f<:w 

cases dcpigmcntation, pig'11cntation and capilla~y dilatation arc observed. 

Atrophy of epidermis with narrowed stratum granulosum were clear 

in histolugical section of these area examined 10 years after the exposure. 

3. Hematology 

a. Leukocytes Total number of leukocytes decreased gradually, 
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showing nunimum count at .Jth - 8th week. 5 cases reve;.led a count 

of less than 2,000/mm
3

, 13 less than 3,000 and 5 less than 4,000. 

In one case, the leukocyte level depressed to S'IOO. A correlation 

was fuund bet-ween these 1ninimum count and the externally irradiated 

gamma doses of each individual. At first lymphopenia was noticed 

and then ncutropenia bccaml' 1narkcd. Since 8th w.:-ek recovery was 

provc•d, In many cases remarkable eosinophllia was observed at 

th;1t time. In so111e cases in1mature neutrophils appea:·ed in peripheral 

blood slightly. 

b. I::rythro<·ytc:s : In severe cases slight ancn1ia was observed, 

<.c.:ompani<·tl L;1 the depression of reticulocytes. Color indices 

wc•rc· higher than I. 0, The Price- Jones curves of erythrocytes 

diameter were displaced to the right of normal one at first, which 

returned to almost normal after one year. 

c. Platdets : Platdcts counts showed increasing depression, 

reaching minimum at the 4th- 7th week ( 15,000- 100,000/mm3 ~. 
Slight coagulation disturbances observed in a few cases. 

d. none· marrow: In s<•vcre cases bone n1arrow was highly 

h)l)Qplastic at the critic;..l stage, which changed to hypoplastic and 

turned into almost normoplastic, Rccovcr1· was not complete even 

a!te1· a ycar. At tlw recovery stage coexistence of h;-poplasric area 

and hyperrilasti< arc"<l was observ'<'d in histological sections. 

e. !\!orphological abnormahries : Several morphological 

a bnurma Ii ties. c·. g. a bnorina l granules in l;-mphoc}"tes or neutrophils, 

vacuoles in var;ous l<»:koc;·tes and n1egakaryocytcs.,giant nuclei and 

h1-pc·rsc·i:111l·ntatio11 oi ncutrophil~, binuclear lymphocrtcs, abnorn1al 

mitosis oi ,•rythrohlasts etc. wen' obs._,r,·.:-d for about one ;·car, 

L'Spec-ially at the' l'ritical and rc·covc'ry stai;e. A dttk inc.reasc of 

"111itotic-ally c-01111..,ctcd .,_1i11or111aliti"s'' was found in bon" n1arrow 

smears oi a iew cases after 10 years. 

f. Recovery: Thc> cumulath·e dist1 :bution curves of numbers of 

leukocytes, errthrocytes and platc1d:1 displaced to the left of normal 
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ones remarkably at the c ritical stai;.:. Though th.: curves of 

erythrocytes and platcl.:ts lay on normal Japanese ones after 2 years, 

the curve oi leukocytes still displaccd slightly to th.: left oi normal 

one cvc•n aitcr 6 years. 

-1. Cytoi,:enctics 

f'ollow-up of chron1oson-.. obser\•ations in blood cells has been 

pcriormcd sincc 196-1. Even 2!1 years aitcr cxpo>1urc, cells with 

chromosome• abnormalities (both Cu and Cs cells) exist in th" 

peripheral lympho..:ytc-s with much higher frequencies than in general 

population. The frequency of Cu cells ( dicentrics + rini.:s), howe\·er, 

was decreasing. On the other hand, Cs cells remained fairly constant 

in the frequency of around 2 ~~. The frequencies of the chromosome 

abnormalities were foWld to be corresponding to the severity of injuries 

indicated by minimur.l leukocytes count at the critical stage. In the 

bone marrow, cells with chromosome abnormalities (Cs cells) 

occurred rather constantly.with frequencies of more than 2% in all the 

-I times of samplings C'arried out 13 - 17 years after el<posure, 

5. Spermatopoiesis 

Number of spernutozoa deer.cased about 2 months after e"posurc, 

and ·noospermia was found. I3oth fall of motility and morphological 

abnormalities of spermatozoa were also observed. Indications of 

recovery were noticed about 2 years after exposure. Then most of 

the patients got healthy children. 

The testicle of the fatal case, which died 206 days after exposure, 

showed extremely reduced spern1atopoiesis. 

6. Other findini,is 

Slight disturbances of the liver function were found in a few cases 

at thc time of hospitalization. Later it became more obvious. One of 

the fishermen, who revealed remarkable hematological disturbances, 

died from liver damage. During follow-up studies elevated values of 
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GOT and G.PT were obs<:rved in several cases. ln 1974, ascitcs were 

prov<:d in 2 cases, one of which was accorr.panic<l by <liabctc:s mcllitus 

and scpsi:.. Thc:sc have recovered alrea<ly. 

Ophthalmological examinations showe<l slight lenticular opaciticl 

in sevcral cases. Its significanc<.: is not apparent yet. 

Other studies including thyroid studies ar" going on to <lctcct 

late cff<:c ts. 
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Survey Participants 1954 - 1974 

Name Yc:ir 19' 

Robbins, Jacob, M.D. 
Robertson, J:imcs s., 
Rothmunn, John C. 
Saul, Jospeh 

Endocrinologist 
•1.ll. ,Ph.D. Scientist 

Technici:in 

Schork, P:iul K. 
Scott, Williurn A. 
Severson, C.D. 
Sh:irp, R. 
Shonibcr, Scbio 
Shullll'ln, N.R., ll.D. 
Sipe, Clyde 
Sr.iith, L.J. 
Sr.iith, Robert F. 
Snow, Lloyd D. 
Sor:is, Phil ipo 
Steele, John, M.D. 
Strome, C. P.A. 
Sutow, W:it:iru W., M.D. 

Tenorio, Pacifico 
Tomcsch, Charles 
Urschel, Harold c., Jr., M.D. 
\Jaithc, William 
Watne, Alvin C., M.D. 
Wcdcn, E.A., Jr., M.D. 
Weldon, Thomas 
Wolff, Jan, M.D. 
Wolins, Williar.i, M.D. 
Woodw.:1rd, Kent T., M.D. 
Zetkei:i, r>clson 

Technici:in 
Technici:in 
Technician 
Tcchnic Lin 
Rad. Scientist 
Technici:in 
l!cm.<tologi.st 
Tcchnl.ci.:in 
RaJ. Scientist 
Photogr.-i?hL:r 
Tcchnic ian 
Tcchnic ian 
Pediatrician 
Technician 
Pediatrician 

TcchnicL:in 
Physid:in 
Physician 
Technici.:1n 
Surgeon 
Physic i.ln 
Tcchnici:in 
Emlocrinologist 
Int. Medicine 
R;:idiologist 
Technician 
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sm.. 
sm.. 
ITPI 
US Navy, :'>'MRI 
s:.'L 
US N:ivy,NHJU 
US N:ivy ,:.":-!RI 
TTPI 
VS Navy,l::-!RI 
BNL 
US Navy ,:-llUJL 
BNL 
US Navy, N:-IRI 
TT!'I 
TTPI 
US Navy, l;}IRI 

l:D Anderson Hosp., Te~::is 

US Navy ,:'>'MRI 
Bl.'L 
VS Navy,ID!RI 
lN University 

Univ. of West Virginia 
US N.:1vy,NRDL 
B~~L 

:nu 
B:-11. 
US Anny,,\FSWP 
TTl'I 

66, 72 
54,58,65 
74 
71, 72 
54,57 
58-74 
56 
54 
59-74 
5.; 
54,55,58 
54 
59,67 
56,59 
61 
74 
54,55,56 
58,59,61-63,65, 
67-69,71,72 
58,59 
71 
58 
64 
64 
54 
67 
74 
58 
55 
61,66-74 



\\'h~· d1M-..n'1 1he AEC remm·e 1hr radial ion from 1hr soil and planli..~ 
It is illl(M""'ihle lo <lo M> an<l since 1he ra<liatioo is M> •mall, 1here is no rca•on lo 

<lo 1hi1. 

Why didn't thr U.S. explain lo thr pcoplr thr dangi:n of1hr fallout lx·forr 1he te.i! 
The p•:uple wt·re nol wanu·<l of 1he <lan~1·rs of 1he fallout lx:causc: 1hr likdihoo<l 

1ha1 falloul would unur mll•ide 1he restrii:u·<l area was nu .. idcre<l ""'remote to 
ju.1ify warnin~ 1hc l"'"Pk. The 11t..:•: "reni:e of fallout in an unr<">tride<l an· a ah<'I' 
l(;t· llr;a\'u T..-1 "°'"' tlu· lir•I a<Li<l<·ntal l'\'enl of this ki11<l 10 l1appe11 after a nudt·at 
\\;t·apun tt.~t~ 

n ..... ~·'·'f' l 'ii11J; 

\\'h~· did thr l'..S. nu11;1I..<· t'xlra pn·t·aution? 
Th•· U.S. h••k tht· 111•·•·au1i1111uf1 n·in~ to kt·•·p p<·oplt· out of the an· a "h<·n· th<'\' 

•"XJll'l'lt"<I falltllll lo 1u·ur. . 
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I w:a• 1101t•xpu-.·d111 radia1i11n "' "h~ ,fu I"''"''" ht• t·xamim·d:' 
"l"ht• dof..'lOn l'X.111\illt" pt:11plt• \\·ho \\Trt' 111•1 l"'Jkt,nl b.1.•1,';.IU!'4.' lhry 1u·1·d lo lllo\\' 

\\·hru tht• t•xpo:-01.·d peuph• bc.·,·uuu· '.'lii1.·k. &fthc:ir ~i,:L11t~" ii l'~lll!'l4.'d I·~· 1·.uliouiu11 ur 
~Ullt'lhiuu; 1.·1"4.·. If \OU \\Tfl' 1101 1.·xpos..·,J ;.uul i:ut !!.i1.·k and ~·our hnulu:r w.as rs1»it.1--. .... l 
;.a.nd lif:Ul tht· !';urn: sid •• 11t's.."· tht·n die.· '14-.,·tun would !rriU!tl.(k't'I th~u ti..- sit:l&U'!IL""' ,,.a, Uni 

1.·.au~·d hy radi.uio1L Yuu du uut 1i~1n.· tu I•• 1·x.a1ninc.'d if you d1• not ''aul to lie·. 
Rt'Hlt'IUl>f:r, thuud1. tlta1 ~ou •Ht' ht·lpin~ your f~unil~· and fr&,·1ul" '" lwu ~•HI .. ur 
t'X•Uuinrd .. \l.-...1. \11t1 .111.· n·n·i,·iu~ a fnT tau'1.lictl l·'.\;.11uina1iu11 b~ 1Ju: h•·,1 cl1 .... ·1up. 
in t1i, .. ,,u1ld. 

/),,..,,., nam1'11~• a patknl 
} ·,,,~ iUt" , \ i1mil41 ,/ /11 ""'A,' ""' NH//1111t.:, I• ;1 ·••"It.:. 

\\"h,· du I han· lu ht• t·xamincd l'\'Cr\' n·ar~ 

Iloc.:lon still do 001 know l"\"t•ry1hi1;i:·ahuul r:.Hli.uiou sit·Lut"'-"" .... 1 llu·\ ·o.tt«' dw1·ki1u:. 
you 10 111alt.· sure· 1h.1t ~ uu ,arr lll'.;lhhy. "l'lwy dui.:k you t'\Try ~···~11 ..,., th;u if you an· 
.,.jd.;. tJwy t";&ll Jiud it t•arly a11d ln·at yuu. J>o..-tor (:.,Ul~ll"lJ's lt\llU tn·~1l JU;uay pt·oplt• 
t•\·rr~· ~Tar.r\c:n ,,1wn 1hc·.,.ickuc·,,<luc-s uol nunr fnu11 r;uli.11iu11. ·nu-<:C111i.:n-,..:o-11f 
~lit·rouc-,.ia rn·1111111u·11d., th;al l'\Tryunt• 1;1lc· tlw c·.\;1111i11.11io11. 

\\"hy arl· 'omt· pc·t•pk lu:nunin~ 'it·k nu" :!ti ~-,·•tr'.\ .,.fh·r tlu· 1t·,1:• 
'l'lu· racli;11i1 u1 '' ·" in llirir bulH".\ au<I u·n;,iu ll<lrl~ of 1lu-ir bud it·, "II h ;p" 1lu· lhy .. 

roid i:t1ud. J)o:lor .. ,1iJI duu'1 u11d1·1"'l~lnd .1ll t1lwu11 r.;ulia1iun di""t·;1"'. 'l'h~11 j, ,,·liy 
tlu-y ••n· dwd~.i11i,:: '• '" 1·, 1-ry ~ c·.1r 1u 111akt· ,1.n· ~ uu •.rt· h1·,.lih\. 
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\\"h~· du ~·uu ha•·•· 1111akt• uur hlcMKi? urinr? 
Tl1t• d, •. ,,.,.,. c·hn·k your l>lu11<l lo li11d oul if you han· I.loud discas... Tht:y t:htTk 

\1111r uri11t· 111 lind 11111 ifvou han· 111h..r dist·ast-.. Fur t:xa111plt:. Dr. Conard found 
!Wt1nr p•:opl1· wi1h diaht·1a·s fsu~•ar ~it·kut'!\.') ,,·hida is nol t:au~·d hy rtadiation .and ht· 
.. ,·•as •ahlr lu ~ivr 1lu:1n 1nt«lidne . .:\nod11·r rCa.L\C. . .U a~ that thl" urint• n·u1u\·l0 :ii radi.iltion 
fruu1 your huc.ly ~· tlw cJ1111.:1un ,,·ant lo find out if you !i.lilJ hiil\'l' radiation by luokiu\! 

in your uri1u·. 

\\°h~· du tlu·~· takr uur hlcH1J fur examina1ion and lht·n 1hrnw •111nr of ii ;awa~? 
·11,.. ,1,.1111" l;akr y1111r J,J,.KI 111 slud\· i1. Tht·v lllTd lo ,111dv '"'" hli•w:I d•rt"t" •II' 

l~uar 1i1ua~ .... llu·y w.u1t 1u n141l1· sun· th•at tlu:y h.an .. · rnuui,:h blood. 11 i" ht·lter tu 
1ak1· 1uur-r bluud than 111111·nolu,:h hc."\·ausc.· if tht·v nn.-d 1uorr.1h1·\· dun't hi1\'t' h1 !'rl.lid11: 

tlil" IU'1°dl1• 111111 ~·our ~1n11 o.tt.,:ain. You h;,u·c..· plt:n1y of hloud !\O i
0

1 \\1u1"1 hurt ~·ou tu 

J,...,·;1Ji11lc•. 

.. "{,,,,,,am/ JJ,,.,;.·,, ,,,,, 

Jl/.,ud Int 

/',11111/ //,, '1/,"'"' '' t,·,/o/ tlll,/ • 1UI J1t t/1,,•:• 11 11;1 1/I . 

. I ll"lhr I /••Jlf /1 •11; rd/;,, u/J11' 11 1/1 oil f;,,.,.l, /i,J: r 11. 

\\"h~ du ~uu ho.a\T lu drill into our b1uu·"':· 
H.~uli.11&1111 ··an ta11.-..c· hluud di't·a~· anti \u11r hlnod 1 ... 1u.ult• iu.oidc "t \Ulll hon'°""· 

Thr clo...aur~ drill ~uur ho1u~ lo "'4.'t" if1h1•\· ~arc: lit·~dth~ 
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Wh~· do pt·upl•· di&· af1&·r 1ht•y ha\'r llH"ir '"''"' .. drill&-.!:' 
:\uhod\· l'.Ul '""'" fnun h.avln~ tlu:ir bo1u-" t.lr·lllnl. I l.-illiu~ into vuur hun1·:oi t ... nut 

d.U1L:t'ruus or hannful <.Uld do.,. au.a ,·.u1:iri4.' lka1h. 

/)rn/i•I drilli1~ lrrth 

/), 1111~1~ ·htll ,.,,,, ''''"· , •••. ''"'.~··" ,J,, ""' "''· 

( li1&· man h...-anw hi incl af1&·r lht· falluul •.• \\'ill I l><·•·omt· hliud ''"'~ 
'.'\11 t11u· IM't a11w bli11cl fr urn 1:dl11u1 .lud \"' llu11'1 t':\Pt"\"I ;l11~·n11r lu lac-.. u11w l1li11d 

Jrc •Ill it •1111~ l' tlu 1 t· \\ ·'·"" 11u1 l"H1 H1s,:li r;1di.11 iun tu l';t11'4.' blindrn"='"' or 1·~,. In ual dt•. 

\\"h~ du \\t' h~l\t' lu ht· t~ll~t.·n .1.\\.;.a.~· 10 lht· S1alt"!\ 10 ht· upt·r~uc.-tl:' 
To t.:i\l· ''"' dw hc· ... t 111t•tli,-~,1,·~lrt' )"""-~blr. ·nu· 1,.,, tlut'h.r'. lu"pi101f, .uul 1·q11ip·· 

rnt·111 .uT in tlu- St.11<"' "' yuu ;1n· ~·ut tlwn· fur 1n·;uuwu1. \\.h1·11 ''·L' 
.. j, k. lu· \\,t' 1.d .. 1·11 1u du- :\';11i1111;•l J11,1i1111t· ,,f I l1·;al1h J J,~pi1.al iu ~Lu yl.uul. l·,,1·11 

1h1· P11 .... ~dl'11I ufllw L'nill·d Si.ut·s ~'"' .. l11 thi .. Ji1,..pi1;1I \\lu-11 lu· i"' ''"L; l11tTa11 .... • llwy 
h.n1· llH" )>, ... , d1,.,1u1,.111d 1lu- l:.c"'t c·1p1ip111t·n1 i111lu· L'.S. It \\~l ... '.'.ul 1hal· '""' 
h\11 liw d1 .. 1ur' d11l 1·\1·1·~l11i1u.: 1h1·~ t•n1ld lu uvat lii1n. 
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RF.llVACY ACT MATERIAL RE1\10VED 

\\'h•· clu I nl'l·d lo 1ak" rm·clidne fur m•· 1h•'.ruid? 
11\·ou had a11 "Jl<"ra1iu11 and your 1l;)'r11i<l ~l;111<l \\'a' n·111m·ccl. lh<" llll'<lil'illl' will 

du 1lu· juh •hal your thyroid ust"<l lu d11. So. yuu rnus1 kt"l'J> talini,: your n1t•dil·inc·. 
Suuu: pt .. ·uph~ who dicl not h;t\'l' thl' upt:ra1iou ahu t.,,lt· lhl· 111e<lil·ine "'' 1hat tla·ir 
thyroid i,:tu,tJ.'\ du uul t:<'I ,ic.:k. 11 is \t·ry in1portan1 1ha1 you •~Le ~·our 1nt·diciot" if 
vuu ";uat tu !\l;.1\· lu·ahhv. 

\\"h;,1 kiml or r;,dia1iun rau ... ·d lh)·roid sicknus and leukt"mia? 
'rJ1y1oid !'lloit·kau·,, au llw R11111..:d~1p 1w:upl1: l'Xf:Mr-.t:d tu falloul \•t~S (':.Jll~·d by cLun~u:c: 

It• the: ll1~ruid i.:,L111d f11•111 ,1 .. th~ruid1•uliatiou poi"IHL .. 11tnoka1011~ 1i111t: li•r Ifie.; 
,j,·kru-,, tu .. ho\\ .-\ rl"\\ 1111t':\.Jlo41'f.'C.J J(u11i,:«l;.1p pt:ople as \\di a:ii. ~lllll' J:H.:opk· in 1hc.· 
.\1.u,Jiall hl~11uf, .ind .all o\t·r 1l1t: \Hllld dc.·\·dop rhyroid ~ickrws.<tri. hut ii i1t nul <.Jut.'''' 
1.uli,11 iun .. \II llw ··1ti\111id pui"m ·• un H.on~d<tp \\~li i.:une \\lien dll' 1~.:11plc.· ruo\·c."<.1 
h.H·k. l.n1Ln11ia j, ;1 tli,c-,1"'' uftlu· bl1H.U. So1uc.· Cl.'4.:!lo \H'rt' cau~c.:d hy radiation i11 

.J.1p.;111 .;11ul i1''1~'"il1l1· 1h.11 kuL.c:111i~1111;1\' Ji~\·{" hc:c.·11due:10 ra<li;llion. Ti111c.· 
i~ .il1u111 p,1,1 1ur .111\ 11101~· l1..'uL.c1ni~1 au Ix· c·'.\pt'\.:lt:<l fnun r;.idiJliun. 

\\ hal ''ill h.;1ppc·n lu the.· 1u·oplt" "ho \\t'rt' nut l'~po"t·d lo radi;.uiun hut .art· no'41 
Ii' inJ:, un Hun~..lap anc.J l '1irik:> 

'l"lu·\· d11u'1 h;nT tu \\111ry hc.·c.·;.1UM0 llu-n..· &, pr~H.:til~1lly nod1anu: 1ha1an\'1•flJU" 

1u-uph- ''ill L.:t·I ,j~ k lr11111 ratli.11iu11 'inn· 1la·n· i, "• \"c.·r~· little.· radi~1tio11 h-ft on the.· 
i .. l.11ul, 

Fras/ • l'rriplr 
//i, I ,u,· /~1,,11:,•1/11/• /'f'11/1/, Jhn 1Ur J11·1tftfir. /,.., 
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PRIVACY /1CT MP.TERIAL REMOVED 

\\·h,· du 1hr du.-1un frrl our nrdi.? 

Y;•ur 1hvruid i:l.u11L• an· in ,·mar nrdc Tiu· du·11.,.,. t< ... I n•11r i:"·k 111 li1ul u111 if''"' 
li~l\'l' ;.1 sii.:knl"S.."' in your 1h~ruid ~bud. :\11ollwr w.1~· lo du·1,:L,; ~-uur 1hyruid is \\·i1h ;.a 
~fkTi~1J 111;.1d1int•. 

'/~rrniJ na,,.innlio11 

I 
I 
I 
\ ,, 

·'/",Ml 11111. ""'' .J·t1 d1r·1·i.w.i.: JI~ 1 rioi,/_i,:,l.111./. 

\\hat i• 1hr 1h~Toid i:land? 

Your th~ ruid ~1.ual dnt-S ;1 l'l'rtain Lind of \\"OC"k ln ~·our hod~. Your 1·;.u'"' .din\\· \uu 
ln ht•,tr, yuur t·~·t·tt. 1n.d.;.t• \tHl M'T and you1 th~·ruid n1;.ah~ yu11 -.:ruw 1u1r111.allv .uM:I 
'lay hc:altli~-. lkt:~n1~· radio11iun affl'l'lt:d lhl'ir 1hyroid ~lauds, souu· of1l11· l)l,1~-~ in 
R<•n!otd~tp i;rt'\"' ,,,1u,,ly ;.1f1c..'r chc- fallout. In l~H).i. tlu:y wt·n· t..:in·n ~p1"t·ial 1111·dii.·in.-

a11d llu:y L:ruw lun 111ally. If ~uu h~~\"t" .a 
lh~ruid upt·1~uiou. ic is \Try i111pun~t111 
tl1at you 1.1L..r lht· nu'tlil·iut• tlia1 i!' L.:l,,·11 

tu yuu. "l"bt• 1ut·dil·i1n· will clu llu- '-lllU' 
\'\·ork as ~our 1h~·rui~I .tHd i1 ,,·ill kt't'P 
~uu lwald1y. 

nnd 
/ l1r1 •.• ...,, H• 1 h. J;.,, _ "/ /r,1 ,,,, J,,.,/tJn ,, ..... ·. 
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PRIVACY ACT MATERIAL REMOVED 

\\'hal i~ •·ann·r:> 

( :.•uurr i .... ~• cli~·.1...c· \\ l11t 11 J1~appn1" '' lu-11••tn1.ai11 1>.;u I uf ~our IJ11Mh l•Turut·,. '.\ick 
;uul cit•"' 11•11 1l1• i1' j11l1 ·111c· 'II .. 1 ......... I ,lll 'fH1·.11l 1 •• 1111..-r JMfl' 11f \IH&r 1..-·dy. ( :.11u ,.,. 

uf &lw l1lu..,J j, • .dlnl ln1L1 1111.1 .111d 1 !1.11 1' 1 IH· d1"·.1.,.· 1h..11 had .. '\011tt· 

Liud..;;uf.·.1nn·r 1·,111 I,.· t11111t11llnl 11\ 11w1l1111w .111d 111lw1' 11111 .. 1 )"· ''l•Jlp.-cl Ii~ up•·r· 

.11iu11 Su11w hp11"' ••t 1.1111c·r. "u 11 ,,, k11Lnu1.1. l;111110111111·1un·d. C:.a1u.1·r j, cb11-
a.:1·1uu~ h111 if the· d1• l111--. •. ,,111111..- \1111 .111d J111d i1 1·.a1h. ilu·\ h•nt· ~• l.t11·11t·r ch~a11· lit 

lwlp \UU, 

So far. ''h•tt an· du· l11.d1h l11ulinL:,:• .\rt· \H' lu:aJ1hic·r or ,j, L.t·r~ 
Tl..- ,, ... .i ... ti'"'"'""""'""' .1,.,., 11..11 ""'art· .1 lw;dth' ;111d ''"'"~ l'""l'i.. Tl•· 

u11h .. ii.::uili1 .11u dillt It 111 t"'" k1\ 1· hc..-n 1}u· 1·.u h tdluul df1·,·1, 1111 llw IJluo 11d .t11d .. ki11. 
1 lw l1ii.:lin u11111I "'' 111 1111~ ,1111.1L,:1· ... 1n J ~1 ·,; .uul I ~··1a .u1d 1 lw lln r11id 1roubl1· .. 

\\ h~u i<rri. uur ru1u1...- in r-n:.1rcl ..... our ht·ahh~ 
1>1 (~111.ud .a11d 1lw 1>11111 d•• lor' kd 1h.t11110 .. 1 ul \11u ~11t· lu-~1ltll\ .uul 111.&I \titl 

d11 11u1 1wnl l1t \\ttlf\ .d .. 1111 llw fu111n·. ThJ" j, ,aJ..u 1nu- l11r the· lllH''J~•-.c·ci pc·11pk· 

hl1111uu\nl 11111 .. I lit· 1 ... 1.111.! .d11·r tli•· 1.illuul .11HI 1 • .,- tlw t liild11·11 \'h" \\t·n· burn ~lht"f 
1•1·, I. S1111u· .. 1 \uu 111.1\ 1.·, 1•1111· '" ~ bu1 \uu ,,.11 lw i,,::i\t·11 tlw h.-. .. 1 1111·dh·,1I c.1n· 

ll•1 .. 1i11·\.1n111u-\,,11 .111dd \1111t11ll11\\1h1·ir.11hi11'. \1H1,l111uld hc·,abh·1uli\t',t 
11111111.11 l: ... dtJI\ 1111" t .,.1r11111.1l11•11 ... 11f d1tua....,,n<l!I> ul d1ildrn1 uf t':'\J>o1,.,..·d p,,rt·nt!lo in 
.J.1p.111 h,l\C' 1111t ,J.n,,11 .111, di~.,,~., 1111111 1~ul~11inu. i-:,~a111111.ui1111 ... 11f \uur d1ild1n1 
,,J..,., ... 1111\\ tl1.11 1111·\ .111· lw,dd., 
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24-hr 
output 

700 
700 
840 
740 
840 

1190 
1:?30 
1050 

780 

Sample 
meal So. 

l 

2 

3 

4 

5 

6 

7 

Appendix 9 

A. Urinary Iodine Excretion 

24-hr 
1, ug/ml I' uv,/'l.4 hr output I, ug/ml 

0.105 73 1380 0.090 
0.133 93 1160 0.022 
0.162 136 530 0.129 
0.145 107 840 0.112 
0.104 87 800 0.331 
0.121 144 580 0.275 
0.214 263 !40 0.136 
0.207 217 680 0.097 
o. 305 238 620 0.069 

B. Dietary Iodine (Recomzuended intake: 50 to ]) 11g/dav) 

Total wt., 
g 

443 

430 

300 

255 

294 

236 

610 

Content• 

Breadfruit 
Clam 
Rice 
Cocoanut 

Breadfruit 
Octopus 

Clam 
Pandanus 
Cocoanut 

Pandanus 
Octopu• 
Arrowroot 

Pandanu• 
Octopu• 
Arrowroot 

Pandanus 
Octopus 

Pandanus 
Arrowroot 

- 116 -

Total I, 
11g/meal 

60.9 

35.4 

41.8 

20.7 

23.5 

19.3 

36.l 

X•J4.0!l4.7 

I' llg/24 hr 

124 
25 
68 
94 

266 
160 

73 
66 
43 

X•126. 7!74.5 

Estimated 
intake, 
11g/day 

152 

88 

104 

52 

59 

48 

90 

84.7!36.6 
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Appendix 9 (continued) 

c. Data on ~rinciple Isotopes of Iodine Contributing to Thyroid Dose 

(From "Inhalation of Radioiodine from Fallout: 
Hazards and Countermeasures" by R. Colel37) 

Relative Range in 50%-Dose 
E , ~eV abundance, % tissue, llCI radiua,• \Om max 

lodine-131 Betas 

1).246 2.2 
o. 332 10.6 1,000 150 
0.606 86.4 2,100 310 
0.807 0.8 

Iodine-132 Be'tas 

0.681 l'J 2,500 375 
0.934 20 3,900 625 
1.150 22 5,400 920 
l.583 22 8,400 1,500 
2 .111 21 11, 900 2,400 

Iod ine-133 Betas 

0.49 7 
l. 34 93 6,800 1,200 

Iodine-134 Betas 

0.87 5 
1.55 65 8,100 1,460 
2.65 25 15 ,800 3,300 
3.51 5 

Iodine-135 Betas 

0.40 35 1,300 195 
l.00 40 4,300 690 
1.43 25 7,300 1,300 

*Th~ 50%-dose radius is defined, for a point scurce in tissue, as the distance 
within which 50% of the dose, for that energy, is distributed. 
••since this isotope with 53-min half-life is important only for about 6 hr, it 
was not considered in the Xarshallese thyroid dose calculations. 
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Appen.!lx 10 

ttosplt3l Recor.ls of Thyrol.! Cases, 1972-1974 

Rongelap H 
MOSl1f4l Of ,.,_ MIOICAl IUIAICH CINTEl -ttOOQtAVINi NAllON41 l.AtOIAIOlf 

08·42·33 I U'TOH. hliW YOll: 1197J 

Al-.. C .. )16 Y ... 11.ri <41·'20 ......... tr.IOJ 

Dl$CHAICl su.....ur 

~· 7 November 1972 DI SCAARCf:l>I ll Nuvember 1972 

Thia 29-year•old Harahalleae lady wa• 
ad~ltted to thl• Hoapltal £or evaluation 

0£ thyroid nodularlty anJ phy•lcal •tatu• £or thyroid aurgery. 

!!IS'rORY or PRESn'T ILLNESS: She waa brought to thla Ho•pital fr°'" 
th• Har1hall lalanda with another 

Rongelap girl who aho had thyroid nodularlty. loth had been upoaed to radlo• 
active £allout in 19S4. They were accompanied by a Harahallue interpreter. 
Thorough thyroid studies and evaluation of her 1eneral physical atatu• prior to 
aur&•ry were carried out. 

lefore the detectlCXl of her thyroid 
abnormality In September 1972, the 

thyroid examinations have alway• been negative and ahe had alway• appeared euthyroid 
with nor""-l thyroxln level•. Tile p.atlent waa exposed to a whole body dose of 
l7S rads of p .... radiation and the thyroid gland received an utlmated doH of 
SOO rad•, largely £r0ftl ab•orptlon of r•dloLodin•• in the fallout, 

Fe>llowing her expoaure to fallout, the 
patient expertenced 1light nau•e& and 

aocne itching and burning of the akin. She dev•loped auperlclal beta burn• over 
partl of her body ~hlch healed ~lthln a few raonth1. She alao had transitory 
platelet depre11ion and mild leukocyte depre1aion \lhlch returned to norm.al level a 
Within a year, Lntll the development of thyroid lesions, her paat history had 
been generally negative except for the occurrenc=e of vlru1 pneumonia a• a child. 
Her growth and development had been normal and •h• haa had aix normal dcllverie• 
anJ ont rai1c.arri•r.1. Her f.\.."{[LY .inJ SOCIAL HISTORY w'llra :'\1i>:1contrll>u:vry • 

.fl!..lll~J...U.\.~N,lTJ.ql!: ne pathnt lo a well·developed and 
vell•nouri1hed, alert and cooper•tlv• 

Individual, Except !or thyroid £lndlngs, th• phyalcal c""minatlon w&a c•aentlally 
negative. The thyroid examination revealed a 2·c• ina•• In the upper right lobe 
.,hlch wu non·tender and only moderately hard. The lower part of the rll!ht lobe 
was enlarged but the left lobe w•a barely palpable. No nodca were palpated 
except for a 1rnall one in th• posterior cervical chain. 

!.ABORA TORY t. X· RAY DA TA: Thyroid a can w. th gg,.Tc showed both 
functioning and non-functioning nodule1 

In tl•e right lobe of the gland, T!, level waa nor,..1 (8.) ui;7.) and showed good 
Increase after TSH atl11L1latlon, Before TSH •<'10in!1tratlon {10 units) the 12JI 
upt:,ke '-'•• 39. 9t and after the administration of the hormone the uptake wa1 S5i. S7-. 
Th)roxin level1 will be recorded later. BMa and cholesterol were nonnal. nie 
remainJer of the lAboratory and X·Ray lJorkup waa negatlve. except for the 
rre1enca o! crlchur!.!. trichuria and!.!£.!!.!...!. lumbrfco£dc5 in the 1Cool1. 

-I· 

-710A 
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HO~JfAl Of IHI MLDK:AL H~•ICH CINUl. 
llOOCKAVIN H.AllONAl LAIOU.IOU 

urtOH. N(W lOlC Ut1J 

A.tN c .. S16 Y~ •-6H2 

Rongehp 75 

08·42-JJ R 

HOSPITAL COURSE: B•r ho1pltal coura• h•r• waa un•v•ntful 
and lhv .... found to b• ln aood condltloa 

for 1urgery 0 Prior to dlacharg• th• patient wa1 elven 25 uCI IJII to en1ur• 
complet• r.,,.oval of thyroid ti .. u• In CIH complet• thyroldwctomy wu indicatd 
lo th• eventuality of aalignancy. Shew•• di•ch.aratid 13 Hov•mb•r and tr•naferred 
to Clev~lanJ Ketropolit&n General Hospital. 

At th• abov• ho1pl tel on 14 Jlov&mb•r 1972 
thyroid auraery wu performed by Dr. 

lrown Dobyno, Crouly both lobeo of the 1l•nd were found to be ''"ltlnodular. 
the right lobe exhlblte~ a l,5 • 2 cm. nodule in the upper part of the lob• and a 
•-Iler nodule in th• lower part. The left lob• waa fi lied with amaller noduha. 
loch lobes were rcmovod and a 1m11 ll nodule wa1 excised frt.:4 the lathmua and the 
remainder of th• lathaau w•• left intact. Microacopic examination revealed nutc• 
eroua benlgn, aden\Jm&to~• nodulea with 'Procntnent 91icrofollicul•r are•• in both 
lobe•. Recovery from surgery waa uneventful and the wound wa1 healing nicely 
when she wu discharged for uturn to the Harahall Island• on 19 Jlovember 1972. 
Details of her hospitalization In Cleveland, lncludln& surgical and patholo&ical 
report•, are att•ched. 

rll'W\L DlAG:>IOSTS: lentgn adenorn.tou• nodules of the 
thyroid gland. 

DISCHARGE ~!J:DTCAT!01': The patient wu advised to continue 
taking her thyroxlri •-edlcatlon 

(Synthrold) rlgorou•ly. A copy of the llcspital Swiomary and advice aboct post• 
111Urglcal treatment aa well •• trc.atrnent ol her inteatlnal para1it1a i• beln1 
forw.Jrd~d to the practitioner at the Majuro Hoapit•l in the Mar1hall l1land1. 
The patient will alao be c•refu.lly followed up on aubaequent medic.al 1urveya. 

cfh 
Rcc.:1 veJ: 
fyp~d: 

M.7JOA 

12/21172 
12/21/72 

/1?/_..~..,.~~ If,_.,..__ 
Robert A. Conard, II. D. 

Ptlge 2 of 2 
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M05"1TAL 01 IHI MIOICAl ll5"AICH ClNlll 
UQOCHA\'IN NAflONAl LAIOIAT00 

U'fOH. NtW YOH 1191 J 

..... , .. 11• ·~ •-110 

OISCHAlCI W-.UY 

~: 7 llovember 1972 

longelap I 

08-42·)4 • 
IUNll NOi 

otsrn.ucrn, ll ~ovember 1972 

n.11 19·year-old Harahallu• air! WU 

aJ~ltteJ to thl• Ho•plt•l for •valuation 
of thyroid nodularlty and phyalcal condition prior to thyroid surgery. 

l;U:DtCA~ HISTORY: Examination In S..pt1tmber uvuhd 
nodularlty In the r!l:fit upper lobe of the 

thyroid aland. One nodul• waa fairly fLr• and about I c11. In dlaMter and the 
other wa1 1maller .and •oft in con•i•tency. No lymph node• were p.alpateJ, and th• 
patient appeared to b• euthyroid. Previ°'-11 •:M.a~• over the p.a1t 18 year1 have not 
revealed any thyrvid abnor1Mlitle1 and •h• ha1 alway1 appeared euthyroid with 
thyroxin level1 in the nurmal r•n1e. D.&rln1 the September 1972 •MU1in.ition ahe 
w~• noted to be anemic, ~·~•• ~nKnown. 

She wu 17 montlwof age at th• time 
of expo1ur• to fallout and received 

an estimated whole·body doae of 69 rad1 of &&ITINI radl•t!on and a thyroid doae of 
about 500 rad1, largely from &b1orptlon of radioiodine1 in the food and w•t•r 
con1umed. Tili1 i1 the flrat ~•••of thyrold nodul•rity tn children of thi1 
lower Rongelap expooure group (Alllngnu 1roup). 

Innedlata effects of fallout were few: 
development of mild •uperfl<l•l beta 

burn• of the •kin and •light ep!latlon which healed within a few weok1, with normal 
regrowth of h•Lr; development of mlld pl1telet depre11Lon and leukopeni• which 
returned to normal levels by one year. Sine• 19S4 ahe haa been in good health 
with no algnlflcant !llnouu or lnjurlu and her arowth and develol'ftlent have 
been normal. Another 1L1ter 1 who wa1 •110 eKpo1ed to fallout, de\eloped benian 
thyrold adenomatou1 nodule• \lhlch were removed 1uraic•lly •everal year• •10. 

PHYSICAL EXAMINATION: lhla alender girl la well•developed 
and well•nourlahed. The thyroid 

ax&mlaat!on revealed th• upper part of the right lobe to be Irregular with a 
1oft, l.5·<m. nodule In th• upper part. The I.Ct lobe wa1 barely palpable. No 
cervical node1 were palp..ted aad 1he appeared to be euthyroid. Th• remainder 
of the Phy•lcal Ex.minaition waa ••••nti•lly ne1•tlve •~cept for a a"'81l 
papil loma In the perineum. 

U..80RATORY f. X-RAY [l,i..TA: Thyroid 1c•n1 u1lng 99mT< 1howed 
nodularity wlth reduced function ln 

the upper right lobe. r4 level waa nor ... l (9.) 1111'.l and ahowed good lnoreaae 
after TSH atlmulatlon, l'lloe 1231 uptake waa •lightly elevated and the reapon1e 
to TSH '-'•• falr. 'lll• Laboratory •nd X·ray data were ocher-wi1e normal except for 
the pre1ence of 1'rtchurl1 Trlchurta ln the atoola. 

·l· 
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HOSlllAl Of tHI MlDICAL 11$1AICH tlNUI. 

llOOCttAYIN NAJK)HAL LAIOIAIOU 

~ION. N(W YOU llt7J 

., .. , .. si• ·~ '-•2'2 

lon1elap I 

08·42·34 I 

HOSPITAL COURSE; lier Ho•pital cour•e va1 uneventful and 
lt wa• 1ratlfyln1 that in view of 

th• anemia noted In Sept-•er, her blood picture wu nov within no...,.l llmlta and 
no contraindic&tlona to aur¥ery w•r• aoted. Th• patient ~•• aiven 25 ~Ci llll 
prior to discharge to 11.onaur• complete removal of thyroid tl••u• at lt.ir&•ry in tha 
•ventuallty of malignancy, She waa dlacher11•d on 13 l!ovembor 1972 and trlin&Corred 
to Chveland lletropolitan G<:n•r•l Hoapltal, 

At Cleveland Metropolitan Ceneral 
on 14 November 1972, aur1ery vaa 

performed by Dr. Brown Dobyn1. At 1urgery the rl&ht lobe of the thyroid vaa 
quite nodular with one firm black nodule about 2 cm In diameter In the aup•rlor 
pole, and 1mAller one1 In t~• re1111lnder of the lobe, lhe loft lobe appeared 
relatively norm&!, Complete right lobectomy vu perfonned and a thorouah Harch 
revealed no lymph nod•• In the vicinity of the thyroid gland on either aide, 
Hlcro1coptc examination of the cxct1ed ti••~•• revealed 111111.ll area of papillary 
carcinoma*. The remainder of the lobe exhibited 111Jltlple bentan adeno.natou• l•1lori1. 
Recovery from auriery waa unavantfvl with no compllcation1. ly 19 November 1972, th• 
wound wa1 healing nicely anJ the patlent wa1 d£ach&r&•d to return to the Kar1hall 
bland• with the interpreter and the other thyroid patient, A au....ary of her 
Hoapltallzatlon, lnclu~ln11 aur1lcal and patholoalcal report•, at the Cleveland 
Metropolltaa General HoapLtal 11 attached. 

PINAL DlAGNOSl S: , PapLllary carcinoma of the thyroid. 

DISt'llARGE MEDICATION: 'n>e l"'tlent vu placed on thyroxin aedlca• 
tlon (Synthrold) 2.1 ms weekly. 

Follow•up advice and treatment lnatructton1 are bein1 forwarded to the practitioner 
In chargo of her cue at the Majuro Ho1plt•l in the Hauhall hland1, Careful 
follow·up euma viii be carried out on thb 1lrl at tho ti.,. of our annual 
inedical ut.ama and at 1lx month interv•l1. Sh• will a.lao have periodic exau 
at • ho1pltal for thorough thyroid 1tudie1 to rule out extension of her di1ea1e. 

* f\Jrther pa.thologlcal review of the 1ection1 t1 ln p.rogre11 • 

RcceiveJ: 
l'ypeJ: 
cfh 

12/20/72 
12/21/12 

~ r. hi' "°"'n~ i> ,...., '/•/n 
- 7JOA 

.. ·~c: ~..--"'-
Robert A. Conard, H. l>. 

Page 2 of 2 
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H0\11141. Of THI MID&:AL llUAICH ClNfll. 
llQOOu.VIN NAfi,,)N.f.4 1.AIOIAIOIY 

UllON. N(W 101( llt7 J 
.._ CNo S1' ,.._ •·•2U 

OISCHAlc;f 5UMMAIY 

~I J11ne 2, l97J 

longtt bp 40 

"""'"°I 

QISCl\l,RGlQ: Juno 10, 1973 

Thh 48•yur old Hu1h• l l"'• man 
who had bcten wxpo•'-•d to r .. Jioilcl lv• 

fallout 1n 19S4 wou admitted for iL>v•lu.atl1Jn u( thyruid noJu.larity and phy•ic.al 1t.atu.1 
!or p~••ibl~ thyroid 1u.r,ery • 

.l:l.lllW: A aull nodi.il• in tlur right lobv 1Jf thct 
thyroid \la1 flr1t Jetccted in 1':105'. Ht:>, 

alone wlth other people of Ron,elap who had been expo1ed ta radi.atlun had b4:~n pl.icctd on 
L·thyroxin tre.atment •nd the nodule diaappeared on lhl1 treat~nt. Huwev1~r,durinai th .. 
recent ex•~inatlon1 in March, he w•t •¥ain diacovered to h~v~ a hardcnwd area in thw 
ri&ht lobe with lndl~tlnct boundariea. No lymphadenopathy wa1 nuted. tte ha1 alw•y• 
appeared euthyroid and h11 thyroxln lC'vel1 h.i.ve &•mt rally been in th• nonnal ran1'-', "'1th 
only cm• readln& 1llahtly 1low. 

H• wu upo1ed to 17~ ud of &H1aa 
r•dhtl<>n (r.,.. occlJen•l•I hllout <>f 19~4 

•nd hi• thyroid &l•nd probably recolved about 130 r•d• p•rtly frua raJlo•ctlvo l"'11neo 
ab1orbed. H• had e•rly •cute effec.t1 with henulo1Lcal dcprt·••ii.>n •nd •ild .. kta .. bu.rn• 
of the 1kln which he recovctred fr1J1D within• ye.air. [xaminationl t.>vftr the pa1t 19 ycar1 
haYe revealed only • f('W !inding1: The h11tory of yaw1 in chilJhood, aea1let, occa1ion• 
ally bronchlti1, one possible attack of pneumonia, a fi1t"la·i.n•ano which \II.II 1urglc.ally 
corrected. Heh•• rcm.iincd Ln Vt!CY gol.>d health .and 11 a h.ard ""->rkl!r and lead.-r o{ h11 
people. He w.i1 m..'.lgi1trate of the village •t the time of the fallout. 1111 wife w.a1 
operated for cancer of th~ thyroid, thr~e 1on1 for benign thyroid le1lun1 1 and 1 1un 
died at 19 y1.ir1 -'f a"e w1.th •cute leukftli.a (p1J11ible from radh1ti~n c-xpv1ureo). 

PHYSICAL EXAHWilON: Thl1 well developed, muscular, alert S1.1n 
appeared quitf' htr.illthy and euthyrold. The 

thyroid findings noted were the 1ame aa were repDrteJ .ab1Jve for tht: MJrch ex.i.minathm. 
The only other finding• were bilateralf .. "•"· -.c , ai••lng teoeth and gingivitJ.1. 

U.BQRJ,IORX MJJ X·RAX D.UA: Thyr<>iJ 1cana 1h<>wed no diHlnct nodularit)' 
but 1llghtly tncre.ased tize o( the righL 

lobe. Radioactive iodine u.ptake wa1 normill and re1pon1e to TSH 1ttmul.:nlon waa fa1r. 
T-4. levir-h are not rcportcJ yt:t, Serum was n1Jnre.actlve for antithyroid ,1.:1bulJ.n anti· 
bodies. Chest X·R.-.y w.a1 nJrrr.al. Hcrnogr.11m wa• norm.ll. Syµh1li1 1er..Jli..·j.y w.u re.icti"·'· 
(tlter of l..) but thi1 low lt:vcl wa1 not con1idered 1lgnlficont in vlc1o1 o{ hu hlit..,ry 
of having ; ... d the yawa.. Tests of kidnti1y function oind liver function -were nurm.al. t:lec• 
trolyte1 norm.al, EKC nomu;l, µrot1:ina normal, electrolytt.:I 11nJ llpi<h n<>nnal. St..,vl1 
were pu1ltlve for whipwonn. 

HOS?IlAL COCRSE: During the 8 d•;-• of his ho1plta1 stay, 
the p.aticnt w.a1 a l)"mptomaliC until 

the 5th day when fat.lowing TSU inject ion (given the previoua day) he d&!'velopi.•d .an 
.acute thyroiditl1 wlth low grade ft:ver, n.iu1ea 1 anorexia. .anJ 11.i.ght ncutruphill.a. 5fo.:.ln 
showed 1ome enlargement uf the gland •. The thyroldlti1 r~duced rapiJly and •t the-

N 7l0A 
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t Lm. of d Lsch•r¥• un Jun• 10th, h• w.11 •Yl'Ptom frtte and hi1 thyroid of no,.....l 1iz•. The 
c•u1v of thla ~pl1odtt la unclc~r. 

At the Mt:tropulitan C•n•ral 
no1p1tal thyroid 1urKery wa1 performed by 

Dr. Brown Dubyna. 2S silcrocurl1.:1 of 131 Lodin• wer• 1lv11tn or.ally th• d.ay before for 
autora«JioKraphic 1tudic1 of n.:mii.Jv4td thyroid t111ue1. In 1ur1ery a fira .are.1 w.11 noted 
at the junction of the r1,ht loblt and l1thm.u whlch contained 1everal 1m.1ll nodules •md 
al•u 1t-v,·r•l ar .. aa of nodularlty \ilere not .. d in i1thmu1. The lower part of the 11thau 
and part of the riKht lob*' wer~ reinoved. The p.1tholo1i1t reported the le1ion1 beni&n 
wlth varyin1 deKree1 \Jf hyprrthr.3phy, hyperpl.a1ia and fibro1i1. The patient withatood 
the 1ur1ery w_.11 •nd h11 c.mv .. le1cence wa1 uneventfl.ll. He wa1 di1char1ed oft Jl.lne 18th 
to r4:turn to the Kar1h.ill I11.~nd1. Copie1 of the i101pital Swmury and Patholo1ical 
leporta fr"" Cleve l.and lncorpor.ued with thiw u;L r11cord1. 

FL'iAL pucunsrs1 Thyr<>ld lobular hyperpluil and hyperlrophy 
with 11i¥ht f1br"111. 

P!SCJIAllC}" :jtpICAI!\)S: Continued treatment "Ith L•thyrol<ln (3 MG• 
d•y) it reco>nmaended since he 11 part of 

th~ l'lllf4;' lh.·.:tvlly ~xp~1u~d RJn"t..·l.:1p group, all of whom h•ve been placed ..>n 1uch tre.atment 
•Inc~ l9o~. 

Rc-c~ iv.ood: 
T>·rcd: 
er 

IHI. fl'OA 

b·~H·l) 

6· ~9· 7) 

' ."!1.1.'• ; £ .. ,, __ _ 

R~bert A. Con.ard, H.O. 
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DISCllARCED: June 10, 1973 

Thi• Sl·year•old H~nhal lesw .,,.,.n waa 
br~uahc to thl1 Hoapital for •tudy cf 

pu••iblit thyroid nodulainty and c-valuatlon uf phyaic•l 1catu1 for thyroid •ur&"1'ry. 

1£DICA!. HISTORY; Th• examination In Harch re,ealod a 
1u1p.lclou1 ar-11t.a of flrmne11 about Z.S 

centi~t•r• in di&i•lf!'ter in the re:aton of the lower riPt thyroid p1.>lct. llwre waa 
uncert.ainty al to ~heth~r it ~a• in the thyrvid &land, but becauae uf her radlatioa 
hittory it waa thou,ht lurgical expl~ration waa indicated. There waa no lymph• 
ad~nopathy and 1he appear~d euthyruid. 

She wa1 expo1ed to fallout radiation ln 
195', recelvln1 about 69 rad• ..i.ole•budy 

11amma radlatloa and about ll' ud1 tu h•r thyr·>ld 1land {r.,. ab1orptl<>n of radlu• 
ludlnu fr~m th• fallout. Sh<' had 111ld radiation eCCect1 with •LIKht tran.olent 
hemat13logical depr~11ion and luperficlal beta burn• to the •ld.n. Stw recovered fro• 
thelt eff\!ct1 within the year and in 1ub1eqU4!nt year• only minor 1nedical finding• 
werit noted. Amon& these \olt>ft! pleural thickenln" of the ri&ht hl·mldiaphragm, chronic 
enducervlcLtL1 1 aonorrhea, pLn,~culae (left) and partial prolap1e of the vaginal 
wall. Sh• h1.1 alw•y• •ppearcd euthyroid and •ctver•l thyroxin le\·ela \rt."U' in theo 
normal ran&•, though the March Leve 1 wa1 1.ome•h• t 10111. 

Pl!YSIC.U. E~INATIOll: Thi• lady waa woll·nourloh•d and l<>mowhat 
overweiata. The thyroid examination 

revealed an .area of firmne11 as de1cribed above. in the lower right thyroid region 
near the clavicle. Again, it wa1 uncertain •• to 'Whether thla ~•• actually thyroid 
tl••u• beln1 ralpated. the patient appeared •vthyrvld and no 1)'111phadenvpethy was 
noted. The physical ex•mirwtion waa othen.iise 1~nerally ne-aative ~xc~pt for 1light 
cardLac enlar&~~~nt and rtyrt f Lnding1 noted above. 

UBORATORY AND X·RAY DATA: The thyrold acana ah~wed no evld.nce of 
thyroid nodularlty and the thytold &land 

appeared nonn.al. The L\I upt.ake "'•• nvrmal and the re,pon1e to TSH ltlmulaition was 
good. Her chest x•ray showed alight cardiac enl&riement and some t~ntln1 of the 
dl11phr&im on the rlliht from 1ca.rrina 1 probo1bly due tu an uld lnCl~t<1ry dl•-=.a•rt. 
The herno~r&nt waa nonnal except fur a hl&h aedlmrentatlun rate (which 11 frequently 
•e~n in the M•rth•lle1e. parti.cularly the woa..n). The bloud chemlstt)' flndin~• 
were generally normal. 

HOSPITAL COURSE j Durln& ht'r 8·day 1tay ht> re, ahrt rcn..,ined 
¥t-nt:orally Al)'11'1ptuG1.i.tlc excrtpt f".-r 1llght 

pain ln the right 1hould~r at ni~ht r~lieved by a•pirin, and na•ai conKc•tion on 
s~veral occasto~ •hlch w•• reli~v~d hy no•e drop•. Sh~ waa dischar&cd 
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on Jun• 10th, 1973 •nd tr1n1fcrred to the Cl•veland ll•tropolitan Cu.era! Ko1pltal, 

At the Cleveland Ke•rop~llt•n Ceneral 
Ku•pltal. on June 12ti., 1ur1lcal t>i;f)loraitlvn 

of the thyrold and uppt!'r cnedl••tlnum wal carrled out. Mo ma11 \ill found ln the right 
lower thyroid region •nd Lt wa1 thought that & 1omawhat thickened lower edge of the 
1ternocleldoma1told cnu•cle tnay have been deceivina. However. a •mall cyst wa1 

d11covered in the lu~er left pole of the gland which proved to be a degeneratln& 
cy1tic adenocna. Cun\ale•c~nce wa1 quit• un'!ventful. 4 1uamary of thtt hvl,>itallz.a• 
tlon including 1urglcal and pathologlc~l repurtl at Cleveland 11 included la her 
BllL record. 

~INAL DUCN(l; IS : AdenoDl.I wlth cy1tic degeneration. 

DISCKARG[ HEDICAT!C'N: On the bull cf her thyro1~ H~tu1, 
thyroxin treatment ta not indh·ated. 

H"'wever, a decision ii ~pndlng a1 to -.het.nc:r to givf" thyroxln tupplt:-nk!'n!:•l tre3t• 
ment in this gro'.Jp tC islar.der1 who ret"ived & IN11ller dose of radi1ttun. Sile 
will have pcrl::>dlc fol low•up ex01mlnatlon• lncludin& d~tennln~tion of serum •.h)'rl.lxln 
level• at slx·m~ntl\ lnt~rval1. 

RA:bwa 
Dlct: 6/27/73 
"Iyp~d:6/28/7l 

.... 7104 

-, ·-r ./ / . I~,,., .. ,'· c_ • ..,._.o-> -
Robert A, Conard, K.D. 
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Thl1 54 year old Kar1ball1ae v.,..a vho t..d 
bun expo1•d to e 1l11bc -•t of fallouc 

in 1954 val brought to the Unlted ltat11 and admitted co thi1 hospital for eval..atioe 
of th1roiJ nod.,larity and phyaical atat"a for pouible thyroid a11r1er1. 

Jl.1.ttl2lll lxamlnatlon, thll pa1t March revealed 2 
rather hard ...... la the riahc lobe of 

th• thyrold, Th••• h•d not beea noted Oii previou1 ex1minatlon1. Ko lyapb nod•• ver• 
palpated and 1h• baa alway1 1ppeared au thyroid, Her T•4 level ;,. l°'t"~" wao J.7 HS-1· 

Iha va1 accldentally exooo.od ln 1954 to 
abo..t 14 rad of S'd""- cadlatlon and an 

11tl .. ted do11 of 22 rad1 to the thyrold from fallout vhll• ane wao Uvina oo Utlrik 
la land, Sile ahowed no affecta to thh 1llght expoaura. · Followina her initial exar 
inatlt'Q 1he waa not again examined uncll 1969 at which time aha wa• found to have blood 
preaaure reading• of 200·220/100•110 and a ayatolic murmer waa noted. Al10 reported 
waa an 11111bilical hernia and a poaaible fibroid of the uterua. Her only c .. plainu hove 
been beadachea, chronic Joint paina, particularly of the riaht ar.. 

PllYljlCAJ, p1AHDL\Tl,QN1 Thia lntelllaent, alert, , ... what obe1• 
Karahalle1• lady appeared co be healthy 

and euthyroid, Th• thyroid findin11 were aa deacribed above f~r the Karch examination. 
Other finding• lncluded inveroion of the nipple of the riaht breaaci enlar11 .. nt of 
th• heart with • harah ayacolic ..,...,., beard beot over the aorta and PKI aruai bloo4 
pruoure 180/86 with no evidence of d1c1>111p1,.a.ationi UC waa within no ... 1 Uaiui 
tenderneu nol\nd the 111Dbllicu1 though the hernia vu not actually palpetedi hlvlc 
exam1"atioe. reveal~d l amall area• of byperplaaia of the cervi&, 

UDQ!!ATURX ANP );•MY DWa The thyrold acan ahoved a poody function• 
lng nodule in the lower half of the ri&h' 

lobe. The radioactlve lodln• uptake vii normal and the reaponu to TSH atimulation 
va• aood. T•4 report 11 not yet in. Serum w11 non-reactive for antithyroid alobuJ,.ia 
antibodiaa. X-Ray of the cheat shoved aodarata cardlomegaly and ert•rioacleroala. 
The lung1 were clear. ~'he hemo11ram vH normal except f~r an ESlt of 40 (hi&h valuu 
are noted in the Hiir•hallese). Serolo&'" w11 negative. Serum protein• negative, and 
electralyte1 aenerally normal. Urine wa1 neaativ• and liver and kidney f...nctlon teat• 
normal. 

HOSPITAL COURSE: During her 8-d~y hoapital atay, ahe 
remained senerally .._aympt-.tlc except 

!or """"' paln and otiffnesa in her rlght ana which waa r~lleved with aspirin. Her 
•rpatlta w•• aood end she waa completely ambulatory. Her blood preaaura remained 
normal after the alight elevation notad on ad111lulon. She waa dlacharaed on June lOtb 
for travel to Cleveland. 

IHL 7204 
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HOSPIIAL CQURSI CONIINl!ID1 At th• Cl•v•land tktropolitan C•neral 
Hospi)fl• suraery wu perfonud by Dr. 

Brown Dobyns. One d•y, prlor to surgery 2S., Cl 1 wu 1Lv1n orally ln order to 
do autoradlographlc studies of removed thyroid tissues, Suralcal exploration r1v1al1d 
a slnale IO&SS ln the mid•right lobe which waa removed alon1 wlth a part of the ri&ht 
lobe, The pathologlcal diagnosis wu thyroid adenoma with degeneration, Tho tumor 
w.11 ""cool" bated on radi.ation countina. the Ji.1tient "'ithatood tha 1ur1ery well and 
convalescence waa uneventful. She waa d11char1ed to travel back to the Kar1hall l1land1 
on June 18th. Th• Hospital Suimary and htholoaical lleport1 fr- the Cleveland lloopital 
are incorporated in theae records. 

FINAL QIA[jNOSIS1 Deaenerative cystic Lb,......adonoma. 

QISQj,\RC! !1[QICATIONS Nil) 11!'.COMMf'.NQAUONSs ln view of the fact that th• patient had 
adequate thyroid function and ao little of 

the thyroid was removed at surgery, no 1upplementary thyroxln treatment waa pre1cribed. 
The patient waa advised to h.1ve the le1ona of her cervix che~ked at lnte:vala. We will 
carry out regular followup ex.amination1 on this ca1e. 

Recelved: 
Typ•d: 
er 

IHl 1l04 

June 29, 197l 
July 2, 1973 

•I _(#.7 '-" ?r..6'·r4--­
lobert A. Con•rd, K.D. 
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DISCHARCl'.D1 June 10, 1973 

Thia 54-)·ear•old Mar•halleu IH>man, who 
had a all&ht exposure to fallout radlatloa 

In the Mar•hall I1landa In l9S4,waa admitted here for •tudle• of thyrold aodularlty 
and ev&lu&tloD of phyaical 1tatu1 for thyroid 1uraery. 

t£DICAL HISTORY1 Ia 1966, a 1 ... 11 0.5 ca nodule wa1 found 
la the rl11ht lot• of the thyroid, Subu• 

que.nc exaainatlona 1ho..,ed an 1ncreaae in Che number of aodulu of tht gland,and la 
March of thi• year throe dlatlncc a<'dulet were palpated, two la the left lobe and 
l near the ilthmua, the largeat being about 2 ca la the lower part of Che left lobe, 
Th• noduleo -•• 1 ll11htly tender to palpation. llo lymphadenopathy was aoud. She 
notlcod th• "lump•" oa awallowln&• She appeered outhyrold thou&b her T•4 level la 
March wu • llahely low (J. 7 14&1). 

She wa1 oxpoaed to 14 rad• of 11111111 
radlatloa and about 22 rad• to h~r thyroid 

aland ln 1954 fro• fallout exposure. llo effect• froa thi• exposure have been di1• 
cernible. Excainationa over th• 19 years aJ.ncf' the expo1ure have reve.&led the 
followi.na: oc:caaton•l cough, fr4tquent voru in •tool•, Joint pain• wLtR arthritic 
chan11e1, tonalllar hypertrophy, 11Ultiple llp<>mata. 

FAt!n.Y AND SOCIAL HISTORY: Mon•cuatributory. 

PHYSICAL !XAMINATIC!!1 Po1ltlve flndinga on phy1ical uamin.tions 
lncluded1 1li11\t obOlity, 01ultlple 

l!poeata (al)llllptoaatic). reduced h .. rin& loft ear and IP aenerally IWrmal, but 
1li&htly elevated at tlinea; alight cardi.,.,e11aly wlth no avid•nc• o( decompensation. 
Kor thyroid flnding• have not changed alnce cha.• outllned above (or the March ox• 
aalnatioa. She app .. u outhyroid. 

!.Al!ORATORY AND X·RAT DATA: Thyroid 1can ahowa a Iara• llOn•functlonln& 
nodule la tho lower left lobe. Radloactivo 

lodlne upt•k• and re1ponae to 'I'SH ltimu.latioa \ilert adequate. T•4 level 11 not 
1vailable yot, Her serum wa1 non•roactlve for antithyroid alobulla antlbodie•. 
Che•t X•ray •howd cardlomeaaly but the lu111• wore clear. El<C ahowd lncoooplete 
bundle branch block which waa not conaldored 1ignlficant. Tho hoaK>¥ra• 1howed 
alight lymphocyto1i1 (461) and eoalnophilla (147.) and lncruud ESl to 21 •• She wu 
found to be diabetic with fllS of 262 aigl and 1pillage of 1u11ar in the unne, Ker 
kidney function \il&I 1ocne""h•t reduced with BUN of 27 ... 11l 1 urine albucnin )0 1n&t 1 

creatinin• clear•nc• 40.51, urea clearance 30 mal. The At; ratio wa1 l.ll (not 
unu1ual la the Marahall'eae), choluterol 264 9117., triglycerideo 148 aigt, e lectrolytel 
and llver telt 1enerally nonnal. Th• ayphlll1 1erolo¥y w~• reactive (titer of 2) 
but wa1 not conaidend 1lgnlfLc.ant in view of p••t h11tory of Y•""• in ao &any of 
th••• p•opl1, Her 1toot1 were po1itiv1 for trlchuria trichura. 

HOSPITAL COU1\5!: She remained generally a•)'lllptomatlc during 
her 8·day ho•pital 1tay here excopt for a 

•llaht cough and aoa•apeclfic muaclo pain• at tlmu. With the flndln11 of diabetH, 

•h• w11 placed OD 1 1400 calorie (ADA) dlot. Slnco 1ho continued to 1pill 1o.e 1ugar 

IHI 1l0A 
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In th• urine, •he waa placed on IS unit• ~PH Inaulln dally which controlled her 
dlab«t••· With the dl&b•t .. controlled, the 1ll11ntly hnpalrerl kld""y function wu 
not con1id~r~d 1eriou1 enou~n tu preclude 1ur1ery And 1he wa1 d11char1ed June 10th 
f"r tranafer to Cleveland. 

At Cl~veland Metropolitan General Ho1pital, 
tnyrold aur11•ry Wfl perfor~ed ~y Dr. 

Bruwn Dobyn1. The day before 1urgery •he was 11lven 2S µCl lJlI In order to do 
autoradio&raphic 1tudit1 on the removed thyroid ti11ue1. At 1uraery 1 a l•ft 
lubectumy 1o1a1 performed removLng 1everal cyatlc nodule• frvm that lobe. A dia1no1l.1 
"f Hur th le ce 11 adenum.a t.1 on f r4JZ.?n aec t ion prompted the complete removal of th.at 
lobe. A further .1denom. 1o1a1 r-.:moved from the l1thmus •nd several tiny nodule• wre 
removed from the right lobe. th~ patient Withatood 1ur1ery well and her convale1cence 
.... , uneventful. She w.11 continued on iMulin and dietary treatment. 

FINAL DIACNOS tS: Mixed follicular cell and Hurthl• cell 
ad•nomata of the thyroid. 

lorderllne h)·perten•lon ~Ith •ll11htly 
reduced kldney function. 
~~~ 

DtSCKAllQ: ~DICATJ0111 Under normal clrcumatancu "Ith a left 
thyroid lobec.tomy .and lubtotal on the 

right, somewhat d<pre•••d ""''•boll•m might be expected and O.l to 0.2 111g of L· 
thyruxln wuuld be glv~n daily. However, Ii.nee thia lady 11 older, ha• d1abete1 and 

a tendf:ncy to hypt!rtena lon, it wa1 deemed .1dvi1able to ob1ervc her for a f.tw month• 
before lllAkln& the flna! decision on treatment. She wa1 advised to attend the diabetic 
clinic at the Hajuru h~•pltal and ~lntala her diet. The practitioner accocr.panyina 
the p.1tient1 wa1 advised tu continue the insulin therapy. If the patifnt later was 
mt.1ved b•ck to her ilol•t~d home at Utlrlk l•l•nd, the treaunent would hav.i to lM 
re•e\'aluatll!'d. ) 

_,-,_L •• 7' <" c .... ,~~ 
llAC:bwa 
Diet: 6/27/73 
Typed:o/29/73 

{~bert A. Cgnard, H.D. 
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>£DlCAL HISTORY: Thh 7l•yur•old H•rohA!lue "'"""'" wao 
found to have a 1 .... 11 thyroid nudu le 

•t the tlme o! th~ rc5ular •nnu•l ex&Dlinatlon of th• Mar1halle1e ~xpu1ed tu r•diu• 
active f•lluut thu pa1t H.irch. th~ nodule was p11!a•1ized 1 freely movable, .and 1n 
th~ mi dpor t Lvn ..., f the r lKht 1 obe. Th1t re wet no Lymph•d""n~·path y not ll!d. She \loll 
brought to the U.S. •nd ai.knlttcd to thh Ho•pital for thyroid atudle• •nd e\'aluati,•n 
fur thyroid 1ur&ery. Her previou.1 thyroid h11tory h.ad been ne¥,ative and she had 
alway• appeared (''.Jthyrold 'With loiw·to•nurina1 thyroxin levelt. a~cau•~ uf her 
radl~tlon exposur~, •ur&1c•l cxplurati~n wa1 deemed advisable. 

Sbe wa1 expo1ed on Utlrlk l•land In 19S4 
to about 14 r•d• of ganma radlatlun fro• 

fallout with a thvrold dooe of about 22 rad• (partly from udl~ludlne ab1orptlon). 
Sh* 1howed no eff~ct1 of the ali&ht expo1ure 1 and the principal medlc•l findln11 
over th• 19-year plll?rlod •tr.cc expoaure have concerned the dev~lopment of e11enti•l 
hypertenalon wlth pv111bly alight kidney Involvement, Cumplalnt1 have lorgely 
clll?ntered around arthri.tic P•ln& .and 1tiffne11 of the knee• and lel'• and the develop• 
ment of poor vi•l~n. 

FAHnY AND SOCIAL H[STORY: Irr~lev.1nt. 

PHYSICAL EXAMINAT[ON; Thi• 1londer, elderly, alert lady appeared 
healthy, cuthyrold, and well·pre1erved for 

her age. The thyroid flndlng1 were 01 deoorlbed above and dur lng thlt Morch .,.... 
!nation. Other flndlng• Included •nearly cataract for111.>tlon of the loft eye and 
the pruence of hyp.rten1lon (BP 200/96), and a muderately l•""' ayotollc eouraur. 
the heart w&a not thought to be enlar&•d and there wa1 no evld~nce of cardiac tW• 
compen1ation. Pain and 1tlffne11 ~" .aovln& the kneel and leg• m.ay have been 
a11oclated wLth &rthrltic chan&e•. 

LABORATORY AND X·RAY DATA1 The thyroid 1can 1howed a "cold" nodule 
at the lateral border of the right lube, 

Radioactive iodine uptake wal low•norm1l, and TSH administration 1howed redyced 
thyroid reaervc. Her 1erYm wa1 nvn•re•Ctive to •ntlthyroid at~bulin antibod1e1. 
Cheat x·r.ay 1ho•ed c•rdlocne&aly and aortic 1clero1L1; •light tncrea1e in density 
near the card Lac •p~x "probably d...e to old inf 1arrmatory dl1e.a1e" 1 and • 1 l i&ht 
deviation of the trache•. X•ray cf the kneel W&I negative. tKC wa1 within nor .. l 
ll11lt1. The hemoar•m wa1 normal except for 81 eo1lnophll1 and an ESR of 38. 
Aldolterone level W•I normal. So• kidney dy1functlon wu evidenced by BUN of 27, 
urine albumin 50 ~i "11th 8·12 RBCIHPr. ure• clc•rance 551 •nd cre.-:tlnine cle•rance 
391. Other clinical chemistry te1t1 were gener.1lly negatl'Je, Lncludlna te1t1 for 
liver function. eleccrolyte1, lipld1, and serum prutein1. Stool1 were po1itlve 
for ••carl1 lumbrlcolde1 and trichurl• trlthura. Syphlll1 1erology woo 1llghtly 
po•ttlve (titer of 2) but thl1 low level l• not conoldered 1lgnifltant, partltularly 
ln view gf po11ible ya'wll LD the pa•t ~hich w•• prevalent in the1e people • 

... no.. 
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HC'EPITAL CO\.'RSEt Her 8•day &tay at this Ho&pltal was un• 
eventful and •he roNlined aeMrally 

,.,ymptt.e1atlc eXC4tpt for a fttw non•specific •~•cJv p<&ina. Her card~ovaacular/r*nal 
dl1case was nut cun1Ld~red •ufficlcntly advanc~d to preclude aureery and •h• ~a• 
dL&char~•d Ju"" lOth,1~73, and taken to Cl•v•land. Just prior to dl1charae, &he 
w~1 aivcn 2} ..Ci uf lJlI to ~nsure compl~t• remuval of the thyroid at suracry 
and f1,.1r 1tudy of actl'lity of thyroid tissue• removed. 

At the Cleveland Hetropolita11 C•neral 
Hospital, Dr. Brown Dobyns per!ormed 

thyroid 1urg•ry on Jun• 11th. A 1.S cm nodule was removed from the ri&ht lobe 
and a riiiht lubectomy waa pier!ormt!d. The patholo&lcal dlagno1L1 was "t'1yrold 
adenllmata".Sh• ..,itn1tuod surg*ry \ilell, with no c.cimplicatLona. Po•t·operatlve 
convale1cence was unev~ntful and 1he wa1 di1charaed June 18th !or return to the 
Ma.rahal l l1 land1. Tht! hosp1 tal lutm\olry and pathological repurt1 from the 
Clcv\!land H1..11pltal are inserted in her BNI. record. 

FINAL DIAGN~ IS: Thyroid adenomata. 

Hyp<'rten1 Lon. 

kcduced kldney functlon, 1econdary to 
hyper t• nl Lon. 

DtSCIV\k.J'. HEDICATH'+l• In view of her l~w thyrdd reaerve ind 
rlaht lobectomy perfonnod, &upplement1ry 

tilyroxin treatment was considered but, 1n vi•v of her h)·p•rtenalon and aae, it 
was con1Ldered better to observe her and ••• lf lupplemental therapy ~•• necessary. 
Sib.:- will, therefore, be observt!d at re1ular lntervala on her return home to check 
on her thyroid 1tatu1. 

RAC/bwa 
Diet: 6/27/73 
T)"pcd:6/28/73 

tHL 72DA 

1 

• f;../.,~7r.' e.,M ........ , --
lobi1trt A. C1Jnard, M.D. 
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Durln1 Che Marcb owdlc•l 1urvey ln the 
11.aroh•ll ls lands, thh l6 yur-olJ 

Marohallue w"""'n who lo part of the c<1111parllon population unexpooed to fallo>ut wu 
found to have a tnyroid nodule and wu brouaht to th• United Suc.1 and admitted to 
tnia hoapital for thyroid 1tudie1 and evaluation of phyaical 1tatu• for poooible thyroid 

"'~· ... 
tq:pICAJ. KISI?P.X Durln& tho II.arch examination a~no>Jule, 

a di1cret• apherical .... w•• dt!tected 
which wa1 moderately firm, llOV&ble and ollghtly tender to palpation. No lY'"phadono­
pathy "'•• noted. She appeared euthyrolcl and previoua ex&alination1 ahowed "" evidence 
of thyroid abnot"10o1lltlu. 

Alon& with tho population expoaed to 
fallout 1h• haa been exaained •• part of 

tho comparhon population for the put 16 yearo. Sh• lo th• mothor of 11 children 
and haa been healthy. Wlth only a few findlnao of any oianlflcanc• • alliht an.,..la 
a: one time. one miscarriage, cervical eroalon and occa1lonal fun1u1 infectlona of 
the akin. Her FAMllY and SOCUJ. HISTORY are non•contributory. 

M!XSICAL EW!N.HION: Thia olender, well nourished H.arohallue 
lady appoared alert and euthyroid. The 

thyroid flndlng1 were the aame as those reported above durin& the Harch examination~ 
The remainder of the phyaical examination wu uaentblly negative except for •ll&ht 
abdomin•l tendern111 and d11comf~rt which •h• axperience1 prior to Den1truatlon. 

l..Al!Ql\Al))BY Ali!) X·RAX DAIAI Thyroid 1cano ahoved a 2 ca, poorly 
functlonln1 nodule in the lover left lobe 

of the stand, ladioactlve lodlne uptak• v•1 nonaal and reaponse to TSH ati ... latlon 
vao aood. Serum wa1 nonreactive for antlthyrotd 1lobulin antlbodleo. Test• X•lay 
and EKC were normal. The hemograa ahowed •li&ht lY'"phocytosl• and an elevation of 
the ESI to 38 (which ii not unuoual in th• Harshatteae.) ln view of her prevlouo 
anemla lt was lnt•reatln& that her le and TillC ...,re within nol"lll.ll limlta. Teot• for 
liver and kidney function, electrolyte1 •nd lipid• were normal. Serum protein• were 
oomewhat high (9C) but the electrophretlc pattern was not unusual for the Marohalleso 
(hi&h ,..,,... &lobulln levela). The otoolo were neaativ• for 4Va and paraoites. 

HOSPIIU COURSE: Durina r.,.a euly part of her S·day stay, 
here, ahe had premenstrual 1bd0111inal 

dlscomfort and anorexia. Wlth onut of ownstruatlon theae oymptoms disappeared and 
ahe remained • oympt""""tlc for the rut of her hospital otay here. Juat prior to 
diocharge on June 10th, for travel to Cleveland for surgery she was glven 25 M Cl 131I 
orally in order to carry out autoradioaraphic procedurea on thyroid ti11ue1 to be 
removed at auraery . 

.... 1204 
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ltOSPITM COURSf'. CONT!Ntl[p: thyrold 1ur1ery vu carrhd out June 11th 
at th• Cleveland Mttropolltan General 

Ho1pital by Dr. lro.m Dobyns. A discrete 2 ca dlameter ... ,, was found ln the le{t lobe 
and re...,ved along with 1ubtot•I lobectomy. The remalnder of the thyroid appeared to 
be nonul and no lymph nodes were noted, A pathologlcal dlagnosls wu PAPll.1-U\' CYSTIC 
•denoiu and 2 1mall thyrold adenQID&.~wen ala-> found. She "lthstood the operuion well 
•nd her convale1cencc wa1 uneventf1.&l. Sh• was dLacha.racd June 18th and returned to 
the Korahall I1land1. Cuple1 of the H~1pltal Suam>ry and Pathologlcal loportl from 
the C Leve land Ho1p1 ta l are inc lLlded in our record a. 

FINAL QI>.CNOSIS: Papllbry cyltic adenoma and thyroid 
adenom.ata. 

DISQ!ARGE MEPIChTIOS; Slnce thyroid function "II good in thl1 
patlent and 10 little thyroid ti11ue 

remuved At 11.1.rgery nil 1upplemental thyroxin or other treatment wa1 pre1cribed. She wll 1 
be fulluwt?d in 1ub1equent examinatlona in the M.lr11hall Island . 

Recclv<'d: 
I)'pcJ: 
er 

June 29, 1913 
July 2. 1973 

. / ;L>.I '.? 0: ... ~~-· 
a~bert A. Conard 1 M.O. 
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ADKITTED: 27 Hiy 1974 DISC\IARCEO: 3 June 1974 

Thi• 20·ye•r·old H.lrshallese buy was 
admitted for thyruid 1tudiit1 .anJ 

con1lderatlon for po11lble 1urgery ln Cleveland. 

i'IED!C\L HISTORY: ln S..ptember 1973, a 1n10l1 noJule wa1 
notvd In the left lobe of the thyroid, 

DJrln1 the rQcent M.Jrch 1974 survey, an addltlon.l alight enlargemvnt o! th~ 
right lobe was palp.ated. He h•1 alway1 appeared euthyroid anJ the Tl.. lti!vel1 
hav• been within norm.al lbnit1. Thia boy waa one of 4 Rongel.ap chll<.Jreon 
e:1tpo1ed in utero. He waa expo1 ... j near the end of the 1econd trimester to 17) 
rad1 whol; ~&aimi radiation from accident.al fallout, and the thyrold also 
received an lndetermlnatt dote !roaa radlolodlne1 which had been ab1orbed by 
the mother. lr.l\en ft~1t lttn, l monthl after blrth. the only po1•ible inJici1tlon 
of radiation expo1ure w•1 a tran1itory depre11ion of hl1 blood platel~t•. He 
ha1 been examined regularly hy 01.Jr nedtcal team and no 1erlou1 UnJlngs have 
been noted. He has had the u•ual childhood infections, and on one occasion 
he ?'-ad a brief ho1pltallzatlon for .acute URI. Hi1 gr"'th and developnwnt have 
been nor:wal. 

Pl!YSIC\L EXAM ON ADX!SSJD~: This Harllihall~se boy is '"'-~11 .. J~v~loped 
and \iel l .. nourlsh~J. lie •?P'-'.irs 

euthyroid. Phy,lcal ex.am ts generally neg•tlv• except !or tht thyrolJ ClnJlngs. 
A sm.all, l nn, freely moveable nodule w.aa noted t.n the left loli~ .lnJ a bump)· 
irregularity in th~ upper rl&ht lobe. No til!nderne11 o! the ~l.rnJ or l)·rnph• 
adenopathy was noted. 

LABORATORY 6. X·RAY MTA: 

mlddle portion o! the left lobe. 
in March. ~. hemogram and blood 

n-tyroid .1can1 showed a dl1cr~t11t area 
of decrea•ed radlo.ctlvlty ln the 

123
1 uptake wu 24,6t, T4 levol wu 6,7 JIKt 

chemlatry data w~r• wilhln normal limits. 

HOSPITAL COl!RSE: The hoaplta l course wa1 uncvent fu I, 
He •te And slept well anJ \ia1 Cl'fn .. 

pletely uymptomotlc. The patient was &lven 20 uCI !lit jult befor. disd1ar~e 
to Cleveland for .autoradlo~raphlc analyaia of ~•ci1eJ le~iun1. 

At the Cleveland Metropolitan Ct>n~raJ 
Hospital on 4 June 1974, thyroid 

surgery \ilaa performed by B. M. Dobyns, H.D. TI1ere was a )•4 rrm m.JS$ Jn the 
l~ft lobe near the l1th!Ml1, • l cm 1oft ma.as in the superior pole ~nd the 
right lobe contained a 1 c~ 1oft ma11. Tileae '"'ere removed •nd the hlstologtc3! 
dlagno1e1 were benign adenonwi1, one of i.hi<;h '"'.as trabecular in pattern. Hts 
recovery from surgery w.a1 uneventful \illth no compl tc.ations. By 9 June the 
wound was healin1 nicely and the patient ~•• dischar~cd for travel back to the 
Marshall I1land1. A surrrnary of hl• hosplt•llz•tion including surgical .aind 

·l· 
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pathological roporu from th• Cleveland Ho1pltal •re boln& incorporated Into 
the chart of Chia ho1plul. 

DISCHARGE MEDICATION i!o !NSTRL'CT!ONS: 'Die patient wu ruu-d on thyroaln 
-dlcatl:>n (Syntnrold 0 ) 2.1 •a/weekly. 

Dr. Knud1en. the re1tdent phy1tct•n in th• Harahall ltbnd1, will carry ouc 
careful followup ex.am.in.at lon1 on thi1 patient. 

DISCHARGE DlAQ.IOSIS: 

cfh 
Received: f>/25/74 
Typed: f>/27/74 

Cl to· c..~~ en. 'f,/1v 

Pago 2 of 2 

lenlgn thyroid adenomo, 1urglc•lly 
re•oved. 

lobe rt A. Conard, H. D. 

- !JS -



llO!.M AL Cl llC MIOICAL IUlAIOI CINTll. 
llOOCHA'WlN NATIONAL LAIOIAIOlf 

UPTON. HIW YOU 11'7J 

- c.. , .. ,, ........ •-4261 

ADMIT'l'tp: 27 Hay 1974 

08·50·53 I 

CUC 63 

pJSC!IARCEDI 3 June 1974 

lhl• 41-year-old Har1h.al lc1• \lomAR wa• 
admitted to thl1 ho1pt1al for thyroid 

atudle1 due to nodularity in the 1l•nd 1 and evaluation for po»1lbl• lKyrold 
1ur1ery. 

MEDICAL HISTORY: ln !larch 1974, durtn1 routtn• phy1tcal 
uc.amlMtlori, the patient waa found 

to hav• a firm nodule In th• lgw•r left pol• of the thyroid &land and po11lbly 
another tlny nodule in the upper rlal1t lobe. lhe nodules were non•tender and 
no lymphad•no~thy wa1 noted. Sho appeared to be euthyrold. ?he patient I• on• 
of th• unexpo1ed people in the lon1elap cCllllparlo1n population. Since ex.a .. 
be1an ln 1957 on thl1 1roup, her health ha1 been generally &ood, but with an 
lncr•••lna tendency to obe1ity •nd a recent development of hyperten1lon. H~r 

wel&ht lncreas•d froe 145 lb In 1957 to 170 lb at present. 'the past few years 
ahe haa had frequent he1dache1 1 and the IP h•• Uecoaw elevated to around 
170·180/100•115, She hu had about annual pregna11clu, r•ultln& In 9 healthy 
children, 2 •lscarrlages, and I child dyln& at th• ai• of l year, Except for 
occaalonal Jolnt p..ain1 and pre1ence of wor .. ln her 1tool1, her history 11 
otherwlae ne1atlve ricner•lly. She has had no l)'mptoma refer•ble to kidney 

dl•••••· 
PHYSICAL EXAKUIATION: 'the patlent 11 1ome..hat obcae and le 

20·22 week• pregnant. 9le app.ear1 
euthyrold and &•nerally In good health, £""•of tbe thyroid revule a l c• 
nodule ln the lower loft lobe with a c0111panloa nodule al10 ln the «1ld right 
lobe. nie nodule1 were non•tvnder and no ly~phadcnoplhy waa noted. Her IP 
wae 150·180/I05·ll5, ?he hHrt and lun11s appeared nonw1l, u well as lh• 
peripheral va1cular 1y1ter.-. F\lndu1coplc CXlll• waa generally neaiatlve except for 
lli&ht inert.all ln light reflex. nte physical ¥Uat \ii&I Oth~r.'111 nea~t(VI 
except for the pre1ence of a cy1toc1l1 and rectocele. 

L'IBORATORY & X·R.AY °"-TA: llo 1can1 or thyroid uptake 1tudles 
were performed becauae of her 

preanancy. X ray of the cheat showed the heart to be top·normal ln al&e, but 
othen.1111 neptive. EKC was normal, 01.oleaterol w•• )JO mg't, .1nd tr,glyceride• 
were 182 mgl. Cre•tinin• cl~•~•nce wa1 •lightly low. Aldoster~ne ~•• SO mg/ 
24 br, \/MA WAI normal. llle Urlne showed 20 mg albumin, but Wal Othcrwlse 
negatlve. Stool ex.am1Ntiona revealed the presence of whip worm1 •nd 
trlchlru1 ~· 

HOSPITAL COORSF: D.i.rlng her hospit•llz..ation, the 
p.atlent recn.1ined •symptomatic, and ate 

and slept well. Sh• wu coa:pletely ambulatory. H•r BP varl•d froni l)0/90 
to 160/110, From the l~b flndln11 a dlagnoe•S of mild essential hyp•rtenalon 
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1eeiu appropriate and ah~lJ not preclude 1ur1ery. 

At th• Cleveland Ml'tropollt•n General 
Hospital an 4 June 1974, thyroid 

surtitery w•• p.-rforawd by I. H. Dobyns, M.O. Th.• M;l.and wa1 found to b• l•l ti .. 1 

norn•l &izt:, soft and "*'ry \l••c1..1lar (preaun.-bly rel.atwd to .pre1nancy). '°n'lere 
\.lt:U.? 2 adt=nomaa, one in the ri~t lobe and on• ln the le!t; one filhid \ilith 
collold and the other with necrotic liquid. ni.e p.atholoaical dia1no1t1 were 
thyroid adt-nocnil•, one \l'lth cy•tlc de,ener&tlon and the other •·a re1en•rflltlna• 
deg~ner41t ln& alcruadenom.a'.' R.covery froa 1ur1•ry w•1 u.n•ventf\ll and the wound 
he• led nlc~ly, nare "Were no com.pl teat lon1 related either to hyper tent ion or 
pr~ji;nanc)'. Th.~ ,,wtlent ...,,., dl•ch•r&ed for travel to the Mar•hall 11land1 on 
~June 1974. The ho1opital surrsMry and• 1ur1ical •nd pAtholoalc•l rep ... rt 
are b~ln, LncluJ~d ln the chart of thf.1 hospital. 

D!SOV.RGE '.'IEDtr.i.no:>:: Dt-, Knudsen, tho resident phrslclan 
ln the K.lrshall tsland1. ~•• 

advised that the ~bstetrlclan on thl1 case 1u&&••ted that if hypertension 
p~rsi1t1 after preanancy t*'rmin.a.Cion, IOlftll form of medical 1Mn.acement should 
be instituted. It •.11 not con1idot"rt'd nec~11ary t.:o 1tart thl1 patient on 
supplementary hormone thcr.apy. 

DI 50\.o\RGE D!AG:'>OSES: 

ctn 
R..·"civcJ: 2S June 1974 
Typ<d: 27 June 197• 

(·<· "(c--J,in. y: 

I. "'Dlift thyroid adonomas, sur11lcally 
removed. 

2, Enentlal hyperten1lon (G>l ld), 

/?.; L.,.;1' ''. .k--'~ 
lobert A, Conard, It. D. 
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Thi• 45·y•U•<>ld llaroh• I lcu Ce.,. le 
•~• admLtt~J for ev~lu~tlon of h~r 

thyroid atatu1 in antlC'~p.atlon of po•tible aur,~ry. 

KIDlCAl HISTORY: ln Septembor 1973, a .... 11 nodule 
o.~ cm in dlamet~r was n~t~J in the 

region of th• lo.;er I.Ct ·lobe of the thyroid. By March 1914, th• nodule 
app~ared to h.1ve gr"°'n tllghtly ln "lze. Shtr had alwaya app~.ared ~-.;:'iyrold and 
her T4 level• were ln the norJMl r&ngtt, The p.atlent w.11 .acclJent.1lJy ~xp<'•ed 
to fallout radiation in 1954 at aa• 24, She re~elv•J an e1ti.,.tod 69 rado oC 
whole body &•nnA radiation which. ca.used alld Jepre11lon of her blood ttlemcnta 
durln1 th• (lr1t f~w w~eka &!ter exposure. F.all\X.lt conta~ln~tlon of the skin 
cau1ed mild, transitory, beta burn• ~f the •kln durln& the fir1t f~ ~eek1 al10. 
Sh• al10 absorbed interMlly some r•dloauclldes, the most sertou• Clf ~hlch were 
radioiodln~•. She rcmalneJ ~~nerally h~alrhy until about 1970, exc~pt th.at she 
w•t s~h.at und~n.·tlght And had an e_.rly awno~use (aKe 42). after ~vlnii had 
one 11.l1carrlage .and one chlld. Since 1971 sh~ h.11 ('Omplaln~d I)( fr~qut.·nt bouts 
of cou.ghlng. dyspnea, nlght l\Jeatlnj at times, and chest pain. Sht: ha1 had 
white•to•y11tll01idsh sputum, but Jenles hemopty•i~. She cl.alms to bi.!Ce>rn.e dyspr.i.!tc 
on exertion, anJ during the bou.t1 of C'1U~Lna 1l~ep1 propped up on pillow•. 

LABORATORY 6. ~·RAY ~TA: Thyroid oun u1ln~ 123 1 1hNo a (ncal 
•r~a of decrea1eJ ra~io.ictivtty in 

the •lddh and lower I/) of the !•ft lobe of the thyroid laterally, Her RAl 
uptake was 15.81. Oiest a ray ahowed lncreased lwn& DWrklngs, possible due to 
chronic bronchi.11 dis~•••· Numerous wx.ilm1 !or AFI of the sputum were negative. 
both on 1mear and by culture. No other conslst~nt pathogenic org~nism• were 
found ln the sputum. Th.e EKC ahcwed soa.t r ..... :ave abnormalitle1. which were not 
n•c••••rily con1idercd 1ignlftcant. Her h~~gram ~•• neg.1tlv~ C'XCCPt for 
increased eotlnophtls ~hich 'ftly have been rcl~teJ tQ the finJlng of ~hlp·worm and 
trtchurls trlchura ln her stools. She had slightly lncrca1"d blood protein•. 
particul.ar~llns, which i1 not an unusual ftnJlng in the Ka:r1halle1e 
peopl•. She had a positive 1yphlll1 serolo~y. reacti1Je 1 titt:r II. (ln the 
Xilrsh&lle1e, infection with y.aw1, which wa1 ~ndeomic )·cars ago. not infrequently 
resul ta ln po1ltive 1erolo1y.) 

HOSPITAL COL'RSE: !A.ring the first few days of hospltol· 
lzation, the p.atlcnt r~mainetl ln bed 

a good deal of the t lme. She coughed frequently and h.ad 11 le;,ht increase in 
resplratlun, bringing up a whltlsh•yellowlsh sputum. g1e b~came d)·spnelc on 
exertion. She had a low·grade fever in the evenings. Her appetite wa1 poor. 
In view of J>061ible TB infectlon, isolation procedures were instituted. thouiil 
1ub1equent tests and sputum !indlngs dld not 1ubstanttiattsuch a Jl~~no1l1. 
Considering the possibility o( bronchlal lnfectlon, she wa1 1!1,h'.in tetracyclines 
and Tedral !or couK,h. She ll"lproved ln the last fe-w d.ays o( hospitallz.atlon 

-1-
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and was able to get up and \i&lk around, with an increasa 1n appetite. 91• 
wa1 con1ider~d flt to travel to Cleveland on 3 June 1974. 

lolhen th• patient arrived at the 
ClevelAnd Hetropolltan ~neral Hospital 

she was lmprcvcd. Her chest x :ra;,•• weraa reviewed by • ct.eat 1peciall1t and 
th• t:KC by a c.ardi0Jogi1t. Their opir.1.Jn• were that thtt ? hllar 1hadow1 were 
not 1uKg~1tive of tub~rculo~l• but of bronchitis, and the T·wave chances in 
the EKG w~re not con~lJ~rcd slgnlflcant. n.e1r conclu1lon1 were that tht11 
conJitior11 did not preclude surgery. Po11.tlve pressure ventllatlotl and other 
pulmonary exercises \iere instituted and resulted ln removal of lar&• amounts 
of bronchial r.'AlC~~ with marked improvement ln the patlent 1

1 1t&tu1 prior to 
1urgery. 

On 5 June 1974, thyroid auraery v•r 
carried out. The aland \laa found to 

be srrall, thin, and broiwnish in color and quite friable. A l•c111 u11 \l&I 

rcmuved from the mid left lobe ~hlch was filled \llth necrotic fluid and a 
srr.aller S ftr.'.I tongue o! a.Jenomatou1 tls1ue removed from near the isthnu. 'Dle 
n.athological diagnoses for both masses wer• ".atfen~•"• 

lhe plltlent•a po1topcratlve con• 
valescence wa1 uneventful with no 

pulmonary problems. J+. positive 1..:roloa,ic;•l t1111t for S/pldll1 was r.:porttd. 
This waa confirmeJ on rc·check. 

DISCHARGE MEDIC.\T!ON & 1:-:ST'Rt'CTIONS: Dr. Knudsen, the nstd~nt phyalclan 
tn the Harahall 11lan~1. ~•• notlfled 

of the return of thl1 patient and advioed about the positive serological tot 
and the deslr3blllty for continued postural drai~•ge procedures. She was 
resuftK'd on thyroid hormone treatment (Synthrold") and &lver. & supply :o take 
back to the l1land5 with her. She \Olll be gi.\'en careful followup ex.&m1. 

O!SCllARGt DIAGl\:OSES: 

t:ih 
RecelveJ: 6/25/74 
Typed: 6/2;/74 

cc. _,c, <.<~J',,,-.. "(; 

..... 710A 

1. Benign thyroid adenocu1 1 1urgtcally 
r~move-d. 

2. Olronlc brol<cnlti1, 

..,f~::r c7 .k ~·-
Robert A. Co~~rd, M.D, 
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Appendiz 11. ·· ·.'.-»:.;:::_¥, 
Hospital Swamary of Leukemia Case 

AJmitted oa 10·2·72 to National Cancer Inatitut•. Hematology and Supportiv• Car• lranch 

·Th• patient 11 a 19-year-old Sl&n frDll the Mar1hall I1land1 1 vho tran1fer1 fro• 
the ho1p1tal of th• lrookhaven National Laboratory with a tentative dia&noaia of acute 
leukelllia. 

Pl!SENT ILLNESS! 

Thia patient ha1 bePn followed vith yearly phyaicala and blood count• by the 
Medical lleaearch Center uf the Brookhaven N&tional Laboratory since age one, at which 
ti11111 h• suffered an accidental radiation exposure of 175 total body rada. He had a 
tranaient leukopenia on~ month following expoaure but since then has had nonnal blood 
count• at hia yearly examinatlon1. At the tline of a routine evaluation in August 1972, 
hl• partpheral blood vh1te count wa1 1,200, platelet count 119,000, and red blood cell 
count 4.4 million. ~ttempt at a bone marr°"' aspiration at that ti11111 waa un1ucce11ful, 
and on September 29, 197l, the patient waa flown to the Brookhaven Medical 11.1>1earch 
Center f~r further evaluation. He had not complained of aaay fatigabllity, 1pontaneoua 
or unuaual bruiaing or bleeding, joint or 111Uacl• achea, or an increased number of infec• 
tion1, At th• ti.me of u!mission on September 29. th• hemoglobin vua 12.S, ~'hit• blood 
cell count 700 vith 26t poly1, 2St lymphocytea, and the remainder abnonnal 110nocytic 
pre~ur1ora. Urinalyaia, liver function te1t1, and prothrobin ti11111 vere all wfthin 
nonnal limit1. A bone marrow aspirate ill the left posterior Uiac cre1t was performed 
al\J revealed a predominance of early myeloid precursor• vith 1ome dissociation of cyto· 
plasmic and nuclear maturation and presence of Auer roda in the cytopla1m of '!'Yeloblaata. 
On September 30, the patient had an asymptomatic temperature elevation to 10l°F. Phy•· 
ical examination then revealed alight injection of the pharynx and a chronically scar• 
red left tympanic inembrane. Chest x-ray vaa nonnal. Culture• were taken, and the 
patient waa begun ac that time on treatment with kefl1n and gentamicin. He va1 placed 
on iaolation. On October 1, the patient vaa &febrile, ~nd arrangements were made to 
tranafer hllll h~re. 

PAST HISTOlllC I 

Operationa1 

Accic!ent11 

_/ 

FAMT'.'t HISTORY: 

Subtotal thyroidectomy. 

Ilona 

Occasional "AnacinN tablet; aynthroid, 0.3 ire. dally froll 1968 until 
May 1972. 

Mother, father, aix brothers, and three aiat~r• are all living and in good health 
in the Marshall Ialanda. 
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SOCIAL HISTOltt: 

Th• patient wa• born and ha1 lived all hi.a life in the Marshall Isl•nds except for 
one visit to Boston, where he wa1 ho1pitalized for a thyroidectomy in 1967. He aradwated 
from hiah school laat yea~. He ha1 workina knowledge of Enalish, althouah he is not 
fl~nt. 

U:V!E\I OF SYST~: 

Head: The patient gets a rare fronto•occipital headache, which is relieved by 
Anacin. lbe frequency of the1e headache• ha1 not changed recently. He haa no knOWll 
seh.ire disorder, no history of ayncope. Ears • No complaint1. Eye• • Vision 11ood. 
The 1>atient doe1 not wear glasse1, No•• and Hauth • Neaativ•. 

Pulmonary: No chronic cough, no shortneaa of breath. 

Cardiovascular: Nezative. 

C4strointestinal: Negative. 

Skin: 11>• patic.~~. has had multiple skin infection• on the legs, often resultina 
from cuu and 1cratchr.». In addition, he haa had boils on the buttock• ever the lalt 
few months and a mildly prutltic, deplgacnting ra1h over the thorax for the laat •ix 
month•. 

Endocrine: Subtotal thyroide,tomy 5 yr1 prior to aclmisslon for Dlltiple benign 
adencmas, On synthyroid since. 

PllYSICAL EXAflINATlON: 

Vital Signs: Blood pressure 110/60; pulse 90; respiration• 16. 

Ceneral Appearance: n111 ia a well-developed, muacular, youna man in no diatress. 

llead, Eyu, Ears, Nose and Throat: The head i111Y111"9tric. There is no bony or 
1calp tenderness. Pupil• are equal, round, and reactive to light arul to accoamodation. 
n1e extraocular move1TCnts are intact. Visual field1 are intact to confrontation test• 
lng, There ls no nyatagmus. The Cundi are normal, lbe Weber test docs not late~alize. 
The right tympanic mcsnbrane is slightly scarred and retract.,d; the left tympanic aem• 
brane is distorted, dull, particularly in the po1tcro•inferior quadrant, with a slight 
t3n exudate at the b3sc. The pharynx is normal. Thera is alight inflamnation surround• 
ing the right mandibular third molar, which ia partially covered by a aoft tiasue flap. 

Neck: Supple. n1crc is no venoua distention. Two well·heGlod horizon•al aur• 
gical scars are preacnt anteriorly over the neck. No palpable thyroid tisaue i• preaent. 

Chest: nie chest expands •}'llllletrically. lbe lung fields are clear to percuaaion 
and auscultation. The lungs bases move to percuaaion. 
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Cardiac: The point of 111&xi.m.ma intensity 
intercoatal apace in the midclavicular line, 
Crade II/VI aoft ayatolic DJnaur head beat at 
toward the left aternAl border but not toward 
ap lit• nonnally. 

of t~e cardiac 1.mpulae i• in the fifth 
Cardiac rhytha la regular, n.ere ia a 
the aortic area, radiating slightly 
the neck, The second heart aound 

Bones, Muscles, and Joint•: The bone• are not tender, '11lare la no co1toverte• 
bral angle tnederne••· 

Abdomen: The abJomcn ls ao!t, nontender, Bowel aounda are nonml, Jlep4tic 
apan to per;;~nion h 10 cm. Liver 1pleen, and kidneys are not palpable, and there 
are no abnormal abdominal 1114aaea or bruits. 

Genitalia: Nonnal 111&le, 

Rectal: Examination ia normal. 

Extremities: The extremitie• are normal, with multiple healed acara over the 
leg•. 

Skin: There is a depigmented geographic raah over the thorax and upper ex• 
tremities, which ia slightly scaling in places, 

Neurological: Examination i• entirely within normal limit•. 

IMPRESSION: 

1. Acute granulocytic leukemia, 
2. History of resection of thyroid nodule, clinically euthyroid now. 
l. Tinea versicolor. 
4, Mild cutaneou1 furunculoaia, 
S. Chronic left otiti1 media. 
6. P3rtially erupted right lover third molar with periodontitis. 

PROCllOSIS: 

Fifty percent chance of achieving remiaaion of hia leukemia; median survival 
about one year in other patient• with a similar di•eaae. 

James Mabry, M.D./C/10-4·72 
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Admitted OQ 10·2·72 

Expired on 11-15-72 

HOSPITAL COURSE: 

to Nation.al Cancer Inatituta, 
Hematology and Supportive Cara Branch 

from National Cancer In1tituta, 
Hematology and Supportive Cara Branch 

Problem No. l • Acute Proganulocytic Leukemia: 

On the morning of the 1econd hospital day the patient had a posterior iliac crest 
bone marrow aspirate revealing decreased normal marrow element& and infiltratioa by 
cells vith prominent eoainophilic cytoplasmic granule• and promineat nucleoli. Soma 
of che1e cell• had Auer rcxls in the cytoplaam. Th• impression wa1 that the marrow • 
ahowed changes of acute promyelocytic leukemia. A bone marrow biopsy ah~wed hyper• 
cellularity and infiltration by abnormal cella. Despite extensive marrow involvement, 
however, the patient did not have 1evere anemia or circulating abnormal cell• when he 
first presented here. On October 12 he was di1charged, feeling well, to be followed 
closely in the Special Ambulatory care Clinic. The plan wa1 co tre&t hlJa for bleeding 
epi1odes, the appearance of blast cells in the peripheral blood, 1plenomegaly, or 
deterioration of coagulation parameter•. 

Unfortun.ately, after only t'WO days in the Outpatient Clinic, tha patient'• platelet 
count fell co 7,000, and he developed an earache and ahd a low-grade fever. He vaa 
therefore readmitted and on October 15 begun oa therapy with cyto1ine arabinoaide, 100 lllC• 
per meter 1quared intravenously every 12 houri, and 6-thioguanine, 90 lllC• per meter 
squared orally every 12 hours. The patient's base•line prothrobia time, partial thrombo­
plastin time, thrombin time, fibrinogen, fibrin aplit products, and factor VIII vere 
within the normal range; nevertheless, because of the associatioa of intravascular coagula• 
tion with acute progranulocytic leukemia, he vas treated prophylactically vith heparin, 
0.5 mg. per kg. intravenously every 6 houri for the first five days of chemotherapeutic 
drugs. On the first day of treatment the white blood count wa1 l,700 with 2lt neutrophil1, 
567. lymphocytes and 207. abnormal precursors; platelets were 32,000 (after transfusion) 
and hemoglobin 10.3. His white count remained low throughout the remainder of his hos• 
ital course; abnormal forms disappeared from the peripheral blood on the ninth day of 
treatment; platelet transfusions were administered every two or three days in an effort 
to keep the platelet count above 20,000. Serial bone marrow examinations revealed: oa 
day five, hypercellular marrow with 807. abnormal cells; on day seven, hypercellular 
marrow with 907. progranulocytcs; on day twelve, hypercellular marrow with 957. progranulo• 
cytes; on day fourteen, hypcrcellular marrow with 827. progranulocyte1; on day nineteen, 
normocellular marrow with ao·4 progranulocytes; on the day prior to death, after twenty-two 
days of treatment, a hypocellular marrow with per1i1ting foci of abnormal promyelocytes. 
On the day prior to death the patient'• hemoglobin was 8.3, white cell count, 2,100 with 
1007. lymphocytes, and platelet count 11,000. He had r~ceived 10 unit• of packed red 
blood cells and had received platelet transfusions on 18 days of his hospital stay. 
During tho last two weeks of life he had very poor increment• in pl~tele: count after 
platelet transfusions, probably because Ill.A identical platelet• were not available for 
tran1fu1ion. 
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Laboratory Value• on Admiaalon: BUii 13. creatlnln. 1.3, augar 98. amylaaa 46. 
cholesterol 116, electrolyte• normal, calcium ... gneaiua and phoaphate normal, alkallna 
phoaphataae 50. total protein 8.5, albumin 4.1. total bllirubin 0.1, SCPT, SCOT and l.Dli 
all normal, uric acid 5.8. While being treated with cytoaine arabinoside the SCPT and 
SCOT roae out of the normal range and in the o.,. week prior to death he had bilirubin 
elevation• to al high aa 6 ea well. There wal never any evidence of di11eainate4 intra• 
vaacular coaiiulation on twice weekly coagulation acreening test•. 

Problem No, 2 • Thyroid Statua: 

Clinically, the patient was euthyroid. Thyroxine level was 3.7. Throughout his 
hoapital atay he waa continued on L-thyroxine, 0.3 mg. daily. 

Problem No. S • Otith Media: 

The patient waa treated with oxacillin and gentamicin followed by ampicillin for 
a total of aeven daya with resolution of hia left otitia. 

Problem No. 6 • Periodontiti1: 

The dental consultant recOlllll8nded managing hia 1DOlar periodontitia with frequent 
local lavage, which was done under his aupervision. 11\e initial inflaanation resolved 
after several daya, but during the la1t threa weeks of his hospitalization ha had aevere 
peridontal inflaanation, worse on the right. In addition, a right 1ubauricular awelling 
appe&red late in the 1econd hospital week and persisted until the time of death. Ear, 
nose and throat consultant thought this represented parotiti1, but reactive sdenopathy 
frOlll the periodontitis could not be excluded. During the last three week• of hospital­
ization he waa on nearly continual antibiotic treata>ent with oxacillin and gentamicin 
or keflin and gentamicin. On November 8 Proteua mirabilia and Pa1teurella 1111Jlticida 
were cultured fram the blood. 'nlese organisma had previously been c~ltured from the 
D>Outh as well, and a likely source of sepsia waa hia periodontitia. He continued to 
be febrile throughout the rest of the hospital course, but aubsequent blood culture• 
were sterile. 

Problem No. 7 - Pneumonitia: 

On November 7 the patient had gram-negativa 1ep1i1; on November 8 he complained 
of a braasy cough; on November 9 he waa generally tachypneic and quite anxiou1, with 
cyanotic nail beda. Phy•ical eltalllination revealed right axillary ralea and cheat 
x•ray ahowed a patchy alveolar infiltrate in the right upper, middle and lower lobea. 
Arterial oxygen saturation was 45 lllD. of mercury on roOlll air and pco2 and 20 ..... of 
mercury. Cultures of the scanty blood-tinged 1putum grew only a few colonie• of 
Klebaiella. Over the next two daya he had increaaingly aevere re•piratory distress 
with gradual opacification of both hemithoracea on cheat x-ray. Hi• sputum became 
frankly bloody. On November 12 he waa intubated by the nasotracheal route and placed 
on a volume cycled respirator. H• was begun on treatment empirically with pyrimethamine 
and aulfadiazine for the possibility of Pneumocyati1 carinii pneumonitia. Manage111enc 
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during the last two days waa cosnplicated by the patient'• agitation and 
cooperate with the respirator. ao that he waa eventually given curare, 
event at 2:40 a.m. on November 15, 1972, seemed to be an intrapulmonary 
followed by hypoxemia and hypotension. 

inability to 
The terminal 
hemorrhaae 

FINAL DIAGNOSES: 

l. Acute progranulocytlc leukemia 
2, lleaected thyroid nodule. 
3, Tinea veraicolor. 
4, Mild cutaneoua furunculosls. 
5. Chronic left otitia media. 
6. Periodontitis with subsequent sepals, 
7. Pneum11nitia with terminal intrapulmonary hemorrhage 

Jamea Mabry, M.D./C/12·5·72 
JM:nht K·I 12·11·72 

Attachment: Admission History and Physical Examination 

1t.on1elap (54) 09-44-40 3 

- 6 -
fMf (UHICAl COUii 

....,hOH.AL Woillltll.ITU Of lttA.UM 

- 1~5 -

CUNtCM ucon 
D .._, _, .._....,.. ,__....._ 

'jil. ..._. llarrative 
oc-
0 ...... _ 

oc-
......... ,a-.uo 



Appe.Wh 12 

Pttr•onn•l !1onltorl111 
--------- -

A. L'rlsw. 1970-1974 

S.&bjei.:t Ca, 90Sr • 111 c •• 
'i~-ar So. V!Jl., al .,1ut~r pCl/llt.r 11CL/11ter 

~ 
1970 noo 180 2 .2 l. s 

9 26d0 u 1.0 O.tiU 
11 1 LOO 91 1.4 l.O 
J:. 270 no •.2 J.1 
4tl 9~0 l• I.• J.1 
ll 980 17U 7. J 2. I 
67 411 H •• 4 1.2 
70 1]) 12 .L4 1.1 
7J ~2 s 97 2.) 4.1 
80 I 140 200 2.0 1.1 

805 2:1 110 1.4 4.4 
811 20! 600 6.1 J. 9 
IU llO 110 1.7 4.1 
881 140 14 l. 7 2.i 
882 11~0 ,. 1.0 0.17 
9l4 920 uo 2. I J. I 
948 800 uo 2.0 o. 71 

1010 b20 120 1.6 2.1 
I 120 JI! 220 J.) 4.o 
I 12J 1120 220 J.4 2.6 

x • J.I x • 2.1 

1971 J• 621 !JO J. 7 I. 9 
41 HO 110 2 .1 1.2 
61 l200 " 2 .6 0.41 ... 160 160 2 ·" i. 7 
67 260 870 8. J 4.6 
ll 8)0' 210 2.6 2.1 
17 100 81 J. l 2. 7 

802 210 160 9. 7 J. 7 
825 470 110 6.l 2. I 
817 lJO 200 2.1 2 .o 
8}i. 120 280 J.) 2.2 
864 8 JO 140 2.6 '' 9J2 l!.!O SS I.) 1.4 
948 440 ll 0.90 a. J4 

15:?0 470 240 J. 7 2. I 

x. J. 61 i. 2.4 

1912 I 180 100 2. J 1.2 
14 %0 91 2 .6 2.• 
17 6ti0 21 2.2 I. 9 
J4 81 84 . 1.0 6.1 
48 210 29 I.) 1.0 
ll 980 86 1.:. 4. i 

1•1 181 l60 2. J 2. 9 
811 2~0 60 2 .2 LO 
802 :.10 110 l. I I. J 
896 JJO 190 6,4 2 .1 

1010 no 1 IO I. J 2 .9 
1117 110 40 I. j 1.0 
2228 240 190 2 .4 0.8 
2211 lJO 110 1.6 J. 2 
2116 625 200 0.9 I. I 
21 IZ ••o 66 0.6 0.6 
219J 120 160 •O.ti o. 7 
2195 410 16 1.0 0.1 

x. 2.4 i . 2.11 



A1•p .. nd1a 12 (cunttnU«d) 
----------

A. t:rln.-, 1970-1914 (cunt tnull!d) 

Sub j-.·rt C:41. 
90

sr. 131 c •• 2H,240P•, 

y., . .,r Su. Vul ., ml •Kl l il.-r pCl/ I lt~r nCi/lHer pC:i/lit•r 

------
tc.onit~ lap 

1911 I 417 200 8.0 I.II 0.02 

I 2 l•O 210 7.1 2. 7 0.01 

17 200 1'o 8.) 7. 7 0.09 

411 1.10 12 2 .II 1.9 0.02 

04 170 4 )0 12. I 1.11 0.05 .. :, J' 190 2.• 2. I 0.05 

7l 440 2)0 J.• ).1 o.v2 

110 215 020 I. I I. l Q.(16 

II I' )1 I JO 4. l 0.2 1.7 

II I> 120 7l 4 •• b.O 0.11 

11:, J us .:»O 10.9 ii. I Ci.II 

x • b.41 x • 4. lb o.n 

1974 I I lbO 110 0.9 o. 7 

41 840 lbO 2 .o o. 7 

bb 1100 1010 1.4 0. 7 

110 110 1100 I.II 4 .0 

1111 lbO l 70 J .11 •.9 

•o~ 0110 140 4.2 ll.O 

1001 t:!O 210 I.) 1.11 
l S2~ 220 140 2. l II. 9 
IUlO 4b0 1120 2.) I.~ 

7 5}0 7b0 l.9 lg•t 
7J 440 1 lbO :,.1 Lb 

b "}i,, l•O 2000 b .9 2.4 
tlil:s 140 295 2. l 2 .6 
~ l2 170 460 J. l l. 8 

x • 706.11 x • J.I x • 1.1 

Ct lr tk 

1974 2212 )1 220 o.:. 0. 7 
2164 1140 1104 2 .2 l. 7 
210~ 700 910 l.O l. l 
llbO 400 :.•o 0.) l.o 
: l~'f 11:.0 o40 0.6 1.1 
2102 l~O i.:.o o. 7 o. 9 
2111 200 705 1.1 2 .8 
H24 700 ll05 1.0 0.9 

'172 1190 1020 0.6 0 .9 
21H l lO 440 

2 ·" 
1.11 

2110 71.0 1120 0.9 1.4 

x • 7)4.9 x • 1.4 i . l.4 



PRIVACY ACT MATERIAL REMOVED 

A.f'IPt"nd la 12 (..:one lnu .. J) 

.. l:rln .. , 1910-1'1)4 (cont lnu..-J) 

'ilOSr. 1 Jl. SubJ._•.,·t l..i. C•' .:n,.u :J"il , .... ..,r ~.,. Vol., •1 •rJ../ l ltrr pC I/ 11 t•r nLl/ lltu t'u -- --- ----- --~- ---- -----
lllc. lnl 

1970 Pool .. J )b'"O l 10.0 J. l O. IUO o.oo~ u.oo..: 
l'ti>Ol•iJ J Joi 1 lU .0 I.) U. l"JU U.UOJ U.00 I 
urtn .. " 1100 ; .l U.OlJ u.o,u 
urlnl" ~ 'I JO I. 9 0.01 I u.o.:.:. j HASL• .. · .. mtrl•I lOuU 100.u 1.0 U.Ull o.uo I u.uo I .1 
H..\>L cunt r...i l IOUU I.• u.01:. u.u.:: ~ 

3'1.!0 14.0 O.lib u . .: 11 u.uu.:. ~ l~ 71 p..,..,1 .. ·J 
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Appendix 13 

Report of The Ad Hoc Co11111ttee to Evalu:tte 
The Radiological Hazards of Resmlement of The Bikini Atoll, ~Lay 1968 

11ic Committee was convened to conside::- the question of whether 

the Bikini Atoll is safe for hllm.'.ln habitation with respect to the radio• 

logical hazard. The detailed history of Lhe various relocations of the 

Bikini natives is described in the appended lllilterial provided by Hr, Tobin 

(Appendix I). 

We have examined the docwncnts llsted in Appendix II. In 

addition, we ~~enc one and one-half days in detailed discussions with 

mcmb~rs of the 1967 Bikini Survey Team and other experts as shown in 

Appendix III. On the basis of the inforlll'1tion ?rovided, we have reached 

the following conclusions and recocrnendationa: 

l. 11ie exposures to radiation that would result from the 

repatriation of the Bikini people do not offer a 

significant threat to their health and safety. 

2. Such exposure may and should be funher reduced by 

the following simple me.isures: 

a, Restrict rch.ibilitation for the present to 

the islands of the Bikini-£neu complex, (See App. IV) 

b, Establish a village and illlllediate food crops 

on Eneu. No radiological precautions will be 

needed on Eneu because of its very low con-

tamination level. (Sec App. V) 

c. Any village construction on Bikini Island should 

involve the covering of the site with coral rock 

as i~ the local custom. 

d, Radioactive scrap metal should be removed from 

the islands adjacent to form~r shot sites. 
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e. TI1e population of land crabs should be sharply 

reduce·' because of their high content of sr
90

• 

f. lf p:i11danus trees are planted on Bikini Island, 

two inches of topsoil should be removed from the 

planting sitcc. The area of removal from each 

site should be equal to the area cover1id by the 

crown of 111Ature tr1ies. 

J. Dctcnr.inations should b1i made of body burd1ins of cs137 and 

sr90 at the end of the first year of r1isidence on the Atoll 

and a~ appropriat1i thereafter. Baseline surveys prior to 

relocation would be desirable. Resurveys of environmental 

f'"liati.on levels o;· t -·~ Bikini Atoll and estiir.ates or radio-

nucli.ues in food should be made periodically. 

4. Special efforts should be made t,o ensure a balanced and 

aucquately nutritious diet. A dietary supplement of 

powucred milk would Clo'lteri~lly reduce sr90 uptake by 

relieving the calciWll deficiency usuall>· associato.d with 

their uiet. 
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Shields Warren 
John c. Bugher 
Robert A. Conard 
John B. Storer 
Paul Tompkins 
John H. Harley 
Charles L. Dunham 
s. All:in Lough 
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Appendix 14 

GaLiia Radiation Measurement• on Bikini Island, 1974 

External gamma exposure rate measurement• were made by N. A. Greenhouse 
and V. A. Nelson in the village area on Bikini Island during ~ecember 1974. 
The measurements were made with a Reuter-Stoke• environmental radiation moni­
tor, model RSS-111, which uses a pressurized ion chamber as a detector. The 
response or this instru~nt i~ relatively independent or gamma-ray energy 
{!5X) for incident photons Crom about 0,2 to 4 HeV. (The largest contribu­
tor to the gamma background at Bikini is 137cs with a gamma energ1 of 0.667 
MeV,) The r"sul ts, which include cosmic-ray background (•.4 i.R/hr; ·.JS mR/ yr), 
are given in the t.abl• below, 

Measurem.,nts made through the interior of Bikini Island along the "center 
baseline" road indicated ganuna exposure races from 3 to 6 times as high as 
the village averages, A detailed survey of the interior is planned !or early 
1975. 

Ganuna exposure rate ~1 m above 
floor or ground, i.R/hr Annual gar:rna exposure, mR 

J.ocat ion Inside Back yard ln!lide Back yard 

House 114 7.8 13.2 68 116 

House 1120 8.0 7.7 70 67 

House #28 9.3 15.5 81 136 

House jt4(, 9.J 15. 5 g~ ! 16 

Average i5 114 
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