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5 .1 Introduction 

FoLLC•\,·1:-:r. _\ Xrc1->:.uc detonation in the spring 
of lfl5·L a l:1rge gro11p of peoplt' Wl're contami­
nnte<l with fission protl11cts. Jn adclition to n 
snhleth:1J external g:1m1ua radiation exposure 
rrn.J hc>t:1 inadi:1tion of the !'kin, dt-lectal1le 
amount~ of mclionwl ides were clepo5ited in­
ternalh·. It has l1ee11 ass111ned thnt in nil situ­
ntious ;·esnlting from a contaminating Hent, the 
mtio of extt'l'llnl to internal dose would be ex­
ceedinp{Y high. HoweYer, a detailed 'study of 
the internal cont:1111ination in the exposed 
hulllnn population and in animals wns mnde to 
determine the kind n1Hl del!ree of internal 
deposit ion. Three genera I proule111s were in­
Yestig:irC'd: ( 1) ThP detern1in:1t ion of the <:Oil· 

trilrntion of the inten1nl contami11:.1tion to the 
arute r:1diation SYmlrollle obsern<l; (:2) The 
possibility of Jong term effeds, and (:3) ~he 
quali1atiYe nncl q11a11titati,·e nature of the rn­
ternal cont:1mi11:1!ion proclucecl by expo~Jll'(' of 
incli,·iclnal~ to mixed fis~ion proclucts. There 
was no nr(Yiou~ situaticrn in which human be­
ings ".e;·e exposed to an en,·ironment contami-
11:1tecl with n:ixed' fission products .. Concur-
rent stuclie:; were 11mlertake11 by the .Japanese, 
howeYer, on rndioactiYe m:1teri:ds to which :i 

s111all group of .Tnp;rnese fishern1e11, near Honge­
lap at the time of the detonntion, were expo;;ecl. 
The report of the extensiYe inYesti~nfions 
undertaken on the a~hes by the Japanese han 
.been jrn bl is heel ( 4) . 

EYaluntion of the internal contamination of 
the lrnman beings w:is matle by a st11<ly of the 
1·adioelemerit'; excretecL .·\s Yery little infor­
mation is presently aYailnble co11cerni11g .the 
l'atio of ex('rettcl 1"aclitwlernc11ts to the amount. 
deposited in the borly, it wns 11eees5ary to ba:::e 
the ernl11ation 011 data ulitai1ml from ~111imals 

which hacl Leen co11tami11ntecl in the !;ame 
eYent. Detailed sturlic>s of animal tissues and 
anii+rnl excreta then pro,·icled data 011 wl1ieh 
esti111:1te;; of the 1!11111:111 body burden were ba~c<l. 
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5.2 General Nature of Internal 
Radiation Toxicity 

Tm: x.\1Tln: OF the radiation hazanl from in­
tt'rnally clt·positecl fission pro<lul'ts t'a11 best .be 
ll!Hlerstood in terms of the uiophysiC'a] lJeha\"101' 
of the l'nclionudicles. 

Fis::.ion pl'oclud ~ entel'ill~ the hoc!~· t hro~1l!l~ 
inhalation 01· ing-estio11 concentrate 111 ,._111"1.011:: 
tis:me,; ;UH! ad as sour('es of intenrnl racliatlCJll. 
Tlie auilit,· of a rnt!io11ul"licle to t>11tel' the blood 
stream is ~lete1"111inetl by its i::olubility, d1e~nicnl 
properties nn<l physical state. Th_e racl1oel~-
11wnts forme<l in ti;;;;ion are pret!om111:111tly ox­
iclc•s which haYe a limitl!d solul>ilit~· in bn~ly 
Hnicl,;. On this ba~is, only a few of the ra<l10-
C'lt-mC'nt;.: C'an hel·omc aY;iiJ;ilile to the body. 
llownt'I". the nnHHlllt. \\"hich c:111 procln<·e i11-
j111:ic111s effe::t!:' when depositecl witl~i11_ the body 
i5 minute hec·am:e of the dose ))J"OXJillll.'" of rlw 
i,.;otope to the tissues it irradiatt':=, ancl ue.c:\ll~e. 
the i!'otope t•o1lfi1111es to irradi·•lle the~e 11;.::;11~;; 
until it is remo,·cd by l>iologifal turno,·er or 1;.: 
l"PJHlerecl harmless bv rndioacth·e ch•cay. The 
effects of radiation °from internally clepositctl 
emitters !\re the srune ns those fro111 extl!rnal 
rndintion. The disti11g11ishin~ frature of in­
ternal rndiation, howe,·er, is its long co11ti1111i11;; 
nature. 

Hadioactfre isotopes follow the snrne me­
tal1olit processes in the body 11!' the nn1m·ally-­
oc·cnrrin;r inn<·t ive isotopes of the same clcml'nt 
nm! of chemically similar elements. Thn;: 
strontium and barium, which are nnalogou;: 
c-hemic·alh· to talcium, are clepositt'.cl in the cal­
C'ifri1wt ;sue of the bone . ..\lthou;.!11 nearly two 
h11;1clr~cl rnclioi!'otopes nre procln~·etl in the n:­
sio;i process, only n fow are potentia~ c:hron1c 
internal radiation haz:irds. These fission prod­
ucts, which are listed in Tnblc ;i.l, constitnt: n 
high pt•rcen!a~P of the fi5sion yield, a~~d localr~e 
ch icily in hone. The "bone-seekers ha ,·e, 111 
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Table S.1.-Bio_logically Hazardous Internally Deposited Fission Products 

I I H.Ll'·Ltr;. I furttos Kr.•rnl\'C C•mrAL 
flS!;IC\S' I I o~r.4'.\ !J 

THE 1 or 
RADIO·ELU< tST Ji.At•IATIOS 

• .\.lH"SO.\'.\.Ct j 
PEl\Ct:ST I RAfllOL. I 

: 
B101 .. " I Bl" ISllALA· . JI\" lsr.uTtOS D.n·:' u."·~ 'TJOS I I 

--- - - ___ 1 ____ ; _____ I 

,-~.-:-Sr'' fj 4. 6 53 3. 9 x 10' . 25 
Y" fj 5. 9 5;- >500 2. 8 x 10-· I o. 1-! 
Zr'l {J. 'Y 6 . .j 65 >JOO . 35 
fiu 1tll {J. 'Y 3. i 42 20 . 0-1 

I Ru106 fJ 0. 5 365 20 • Q.j 

1111 {J, 1 2. 8 

I 
s ISO 0. 2 I o. 15 

Ba"·' i {J, 'Y 6. 0 12. s -200 . Oi . 2(1 
I I 

Lat•o 
I fj, 'Y 6. 0 I. j 35 I. 'l x JO-l 

i 
0. l 

Cl-111 fj' ..., 5. i 28 >too . 25 I 
Pr to I fJ 5. 4 13. s I 50 I. 3 x 10-l i . 063 
CP"' {J, 'Y 5. 3 2i5 ! 

500 2 x io-• I 0. 10 
1 I I 

I 

From: t Seabori: and P~rlm:111, HP\". \Iod. Phy~ic:0, fO: 585. I !l-IS. 
2 Hamilton, J. G. R!'v. l\lod. Phpics, 20:il8, l!.l-IS. 
'Handbook 52, U.S. D~pt. of Commert·C', :'\ation:i.1 B11rt·au of S1a11dard>. 

ge11eral, lo11g radiological ancl biological half­
liYes am! produce high-energ_,. Leta p:irticle::. 
Thus, they ca1t$e greater tlaniage to Lo11e and to 
the ratlio;::.e11siti,·e Lo11e H1:uTow than to other 
tissues. The da111age to the Lloocl forming tis;::.11e 
results in a reclur~ion of Lloocl cells, n11d thus 
atl"ec·ts the entire ~>orly. 

I11fonnnt ioH 011 the Liolngi(·al effetts of in­
fl•rnally depo;:.itetl istitope;,. i;; dHiYecl front the 
li111it(•cl st11ilie" of ac·C'itlc·11ral r:1dioi!'otopic pois­
oning in hu111:111~ .. 01· fro111 anin1al experin1e11-
tat i<Hl. Tlit' lie,;t <lot·umentecl data on the effects 
of ~111:111 :1111ou11t~ of i11ti::-rnally clepositecl emit­
tt'l"S in l111111an liei11!-!·~ aJ"e obt:1i11etl from st1tclie:; 
of rn<li11111 poi:-:011i11.l!. "\s a result of raclillln 
clq>0;;itio11 1 ternri11:1l n11e111i:1. bo11e necrosis and 
osteoµ·e11il" s01n·o111a appenrecl after a 1n1mbei· of 
)"!':ti':'. Tl1e re>-i<lual aetiYity i11 the bocly as­
sociated \\'itlt tlie:-:c• ctlert,; i~ 1 to 2 micrograms 
of racli11111. Hadi11111 i,:; a particulal'ly hazurcl-
011:; elc•111t'11t \\"]1e11 deposited internally Lernuse 
of it;; long liiolngil'al :111cl l':lcli(Jlogical half-life. 

\"ery fe"" claL1 al"e aYailable 011 the lonµ- ter111 
hiologica 1 efl"ed:; in li11111:111 bei11g:; of the shorter 
li,·ecl isotope;; :melt as ~r'", 1'"', P"' nu,cl ::\a:'. 
The l\leta ho! is111 1 ex<'ret ion an cl Liological effects 
of a nutnbPr of tissio11 products haH' bee11 
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st1Hlil•tl i11 :rnimals by Hiunilto11 (1), .. \Lram~ 
(:!),Bloom (a). HoweYer, most of these stHcliPs 
tlo not cowr tl1e proLlem of the 1011!! term etl"ed:.< 
i11 animals prncl11t·e1l by small amounts of in­
tern:dly clrpo;;ite1l isoto{>E'::i. 

Few data are :\\'nilable c·o11cernin!! the effec.:ts 
of i11ternal cont:1111i11atio11 with rnixe<l fi;;::ion 
prodncl$ from mil'lcar cl1't01latinn;;. Contn111't-
1rntil•ll i!-; not pl'Oclnced li:r en~ry deto11ation of. 
a nuclt':ir clevicl•. Fc•r ex;rn)1.>k, 110 i11tC'rn:1l 
1·ont:1minatio11 ""'" <lt'lt'C'tl·ll in i11cli,·id11ab ex­
po,etl to tl1c air li11r;:t at Xagas:1ki :incl llin•· 
shi111~1. 

In ti1•ld ((•,.:!,.: of the ro11tnmiHati11g typt• of 
ntomi" dt-to11:1tio11, animals that inhaled fo:;;ion 
protlncts clnri11g !;hort pe1·iod:-; of expo;;ure were 
fonml to han• insignificant nmount:; of i11tern:1l 
co11tam i nation. 

The 10111! term efl"t'ds (primarily malignn11t 
d1n11µ-e;;) re;;11 It ing from rncliu 111 deposit ion l1a \'C 

lii>eu \\Seel to !;et the limits fo1· maxim11111 per­
n1i;;sihlc hmly com·e11tratio11s of a few lione seek­
ing raclioi:.<oto1w;o; i11 thl' bmly (;i). ~Iaxi1nrn11 

pcrn1i,::,.ilih· body ('C>11lc11t of otlter rn<lioisotopes 
are cstimalecl 011 c111:1ntitit';; n';;ulti11g in a dose 
of II.:~ r<'m J>l'r wed' to tl1c ti~sue \)f hi~hest 

l'Olll'l'lll rat io11. 
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"' 5.3 Internal Contamination m 

Human Beings 

Tiu: JxTtRX . .\I. C'nxT.nr1x.,Tiox study wns be· 
nun 15 da\'S })OSt-deto1rntion with the l'ollection .,. . 1 
of poole<l :24 ho\11' nrille samples from t 1e 
:\!nrslrn lles<? :rncl .Amerit:m ~ro11ils. '.\Iaximum 
n('tidtv in the urine occnl'S c.lurinl! the fin:t few 
d:tH after internal contaminntion. By 1 week 
nn. npproximnte erp1ilil1rium !:itnte is reat"hed in 
which the c011tami11:rnts 1·emai11inl! in the body 
are firmh· 'fixed. c:hiefh in the skeletal tissues. 
The acti~itY in. the 1;rine then derives from 
rnclioelemen.ts which ha Ye been replaced in the 
nnt11ral proce;;s of biologi<'al turno,·er. Thus, 
the stndy made is essentially thnt of an equi­
librium condition. 

The 11rine snmples were sent to l11boratories 
in the rnited States for analysis, since tht:> high 
bnckgro11wl encounterecl in the field masked the 
relati,·eh· low lewi~ of ndivitv in the aliqnot 
;;nmplt:>s .mt:>cl. .\ fieltl laboratory is most de­
sirable fo1· a r:tpid Stll'Ye}', an-cl was shown to he 
feasible, if acleq11ate foeilities are 1n·0Yicled for 
the c·o1111ting of the s:11npl<'!'. 

The fir:::t urine s:1111pl<'s, ment ionecl :1 bon, 
were collet'fed for the Los .\lamfJ5 ~:<"ientific 
Lnho1·atory (L.\~L). Similnr snmple;; col­
ler.ted .. g day;; post detonation were al~o sent 
there. On the :23nl, 24th and 4ith days post 
detonation, :24-liour 1.1rine collections from eneh 
indi,·ichrnl from Rongelap 11nc1 Ailingin:ie were 
sent to the Xew York Operations Ofiic:e, .\tomic 
E11ergy Commission (XYOO-AEC'J. for an­
nlvsis. In addition, samples from represent:i­
ti~·e i11di,·idual~ in these groups were collected 
:211~' a nnd n months po!it tletonation :md sent 
to X YOO-. .\ EC. .. 

Tlw l "S>'.HDT; collected !'llmples from enc:h 
lllPlllber of the expo~<'d groups at 4:~ and 41i days 
po~t d!'to11:1t:nn. .Samplt•:< fron1 reprt:>senta· 
tins of tli~se g1·011p~ wt:>re :d!'o C'OllPtted nt ~1,~. 

3 anti<; mo11rhs bY th(• {":-:;>:nDL. In addition, 
samples from a re.prbr·ntal in: group o(t; ..\111e1i­
cans nncl :2CJ :'\Iar~hall<'~t· we1·c· collected for CT 

eo11!"ec11t i ,.e 
dl.'t on:i I ion. 
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clays po!"t 

5.31 Mechods 

• .\.s n complete rndioche111icnl analysis of nll 
the urine samples was not feasihle, samples wrre 
a11a)Yzecl for only Sr'', Ha"". the rare earth 
g:ron.p and fissile material. These analyses are 
tl1e.most u!'efnl for evaluat!n;.! the conccllt1·n· 
tion nncl icll•ntity of all the potrntially hazard· 
ons internally cl('posi t e<l ra<l ioartin isotope!:. 
:\Ieasuremrnt was also 111ade of the gross lit'ta 
ncti,·ity of all the samples. 

To fat"ilitnte the pro<'essing- of tht:> large num­
ber of urini.• !'.-unples sent from thr fil.'ld, a scnn­
nin" met hod for liet n meas111·rment consist i11g .,. 
of:\ basic oxalate precipitation with n lnntha­
n11111 canier was employed on an nliqnot of the 
24-hour urine samples. This method rapidly 
collcentrates the ra<lioacth·e clements into n 
smnll ,·olnme nnd eliminate;; the 11orm11l !\:''' 
l.iackground. A c·a1·uonnte prc>l'ipitation of the 
entire 24-hcur sample iJJ(')'t>aS(•d the sensitivity 

·of meastlr<'mt:>nt snftfriently for analysis of 
s:11nplt·s collec·tt-cl later than :ll,~ mollths po;;t 
detonntion. 

The beta nt'th·i1r \\':\S connte<l with a thin end 
window G€igl.'r-:'lf111ler c:ount!'r. Tie counter 
11·:1s e:1lilm1tC'Cl with a l",O, sta111lanl, and an. 
npp]'()priati> c·onr..rion for seH-ali~orprion W:\,"' 

111ade 11!:'ing a Sr''· st a 11tln nl. 

5.32 Findings and Interpretations 

l. Betn .\cti,·itv of the l"rine. Intrrnal dep­
osit ion of r:1<lioa;:t i "e elements wns e,·idem·cd 
by the pn!S<'nce of significant amounts of betn 
11ttivitv in the urine. This activity decrensed 
rapi<ll)· ns a function of time, ns it wns deri.,·ecl· 
d1iefly from short-li\'ed radioisotopes. For 
example, nt 3 months post cletonatioi1, the lllC'an 
activity of the urine of nclnlts from Ron~elap 
was 2S percent of the ,.n Jue me:isnred 45 days 
pust cleto11ation, and at G month~, the acti\'ity 
in the 11rinr was·IJ:irely dett:>ctabll' i11 most of th<' 
i11cli1·icl11als. 

Co111pari!"o11 of the means of the urine s:1111-
plt·s for the . :11i11lls from Hongelap nncl 
. .\ili11gi11:1e and from . .\111(.'ricarn; fro111 non:,rerik 
inclil'atrd th:tt at -:15 clays post cletonatio11 th<' 
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Table 5.2.-Summary of Human Urine Analysis, Gross Beca Activity 

Tll<E P0$T I ll;, ~I OSTU. 

I 
21': !>[O.STll• I 3 :'>[O.STllS i o ~I OSTll• 

DETO~'ATIOS 

l\"o. VOLl'><t 0.'~I I ~o. VOLl""t 

I (2l "">) z~ 11r.~ 12l HftSJ 
ML »IL 

I 

Rongel:ip I Age iu yE'ar~ 

I A (<5) i Hi5 40-l 
B (5-lfil II 43(1 75S I 
C C>l6J I 31 581 1205 l 10 824 

i 

I I 
Ailinginae I Age in yrnr~ 

A (<5) 

I 
1 150 217 

B.(5-16)· 2 2i5 126 
c (>16) JO 722 553 

I 

I I Amerirnn 25 115S 3(1U 

All vu.lues corrected for decay. 

highest :wt1nty was in the Rong-clap group 
(Table 5.~). The Aili11ginae group hacl less 
than half that of the Rongelnp group, nncl the 
.Americans line.I about our-quarter the ncti,·ity 
of the Honl-!"elap group. 

The mean gro~s lieta acti,·ity of the urine of 
tl1e three group;. ni.Jo,·r wa:- rouf!hly propor· 
tirm:d to the> external clo;;e each group recei,·ecl. 
Ho,,·e,·er. n l't>111pari;:o11 of tl1r 111ea11 beta ac· 
ti,·ity of tltc· 11ritH' of .\ili11ginat· a11cl ..\nieric·a11 
grn11p,.; i11diL·ated that the lattl•t' had a so111e\\'hat 
lowp1· a11101111r of i11ter11:1 l cont:11ni11atio11, e\'(.'11 
thongh borl1 ; .. :-roups ret·ei,·ecl about the sa111r ex­
tel'llal dose. Tl1i,- may lit> acL·oimrecl for by tht· 
fat·t tl1at tlw ,\ ili11gi11ne group drank rnnt:1111-
i11atecl watel' fro111 opr11 (·011tai11er,; and ate con· 
tarni11ated food up to till' ti111r of e,·ac·11ation, 
whc:re;1s the . .\111e>rll·a11,;: ingested 111twh le:;;; con­
ta111i11;1tt-d food a11d \\'ater, since both were 
lar;.!l'l .. '· storl'rl ,in c-losl•d <·ontaim·rs. I11doetri­
natio11 of tl1c: .. \;11Priea11s rm1cer11ing rnclintio11 
liazarrb iiroli:dily \\":ts abo a fodnr i11.n•d11ci11g 
tl1t' :t11w1111t of co11t:1111i;1:1ti•111 \\'hil'l1 they. re· 
(.;. i \'(•d. 

Tin· ,·ari:1tio11 of ,!!l'<>:'S adi,·ity a111011p- tlil' 
i11di,·idnal,.; i11 any of tin· tlin•e gro111's is qnitP 
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I I 

j 
I -

D/>t Ko. VOL\')f£ 0.')t I ?\o. \•C>Lt">lt D!M 
2l HU f (1l 11115) 24 H~! 

I 
(?l llR~J 2l HR• 

I ML >IL 
I i 

i 
I 

I 
I s· 360 12 

I 
12 510 5 

i05 I 10 37(1 33!1 33 G2.'i 0 

; I 

i 
I 

3 40L> 0 
12 655 0 

I I 

I I 

Jaq;l' (Tal1les ;,_:·! aml fl..!). Thi;; is chiefly tht> 
n·,.:1dt of xari:1tio11s i11 the> q11:111tity of wall'!' 
a11d l1otli tlte kiml :11111 quantity of fooll i11-
ge:::trc1. The clegree of exposure of thl' incli­
,·idua I to air-borne :wti,·ity is :d:;o a factor iu 
detenni11ing thP i11diYidnal de>gree of co11ta111i-
11:1t io11. "·1i ill· there wen· larf!e variat im1~ 
alllllli;..!' i11divid11al~. the> day-to-day Jeni::: of ac· 
ti,·ity for eal·l1 i11<1i,·id11al we>n· fairly l'Oll· 

i;i<:te11 t. 
Fnrthn i11fon11:1tio11 011 the !'Oun·c of i11-

di,·id11:1l rnri:1tio11,.. wa,.: ol>taitwcl Ly grnupi11;.; 
the i11rli,·id11;d~ fro111 tl1t· Holll!l'lap nntl .\il­
i11gi11at• grt>:q>~ ::~rnn!i11~ to :t;.!e (Table:;.~-. .. ;~ :111<! 

;"1..!). '\"hile> the activity exrretecl per unit vol-
11111e of 11ri11t· is :1ho11t thl' same for both c-hildre11 
and acl11lt:-;, tl1t• 111c•a11 activity of the urine ex­
rrt:tt•d in :!·l hours liy rhirdn•11 under 15 ~·t>:i1·s 
wa::o sil!11ilic-a11tly lo\\"!'!" than that exc-rrtctl by 
ndults. Tht• data arnilal>lr do not indirnte. 
dl•tinitl'ly \\'lwtlie1· thi: )o\\'c1· total exnetio11 
inclil:ale!< a s111allt>r total l1rnly li11nle11 in the 
d1ildn·11 1rs11lri11;.! fro111 lower i11lial:1tio11 an<l 
i11;_!1·:;t ion, or wltl'thH it n'(H"CSl'llt~ a hi:!l1er cle­
.~n·c of fixation of thc r:nlio·Ph'111e11ts by grow­
i "I! ho11l'. 

•.. 

.-. 

. . .. 
~---
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Table 5.3.-Gross Beta ActiYity in Urine of Rongelap People on 46th Day Post Detonation 

ii 
C'~'E1'0. jTouL Vntn1&I 

\~~· 
l\£TA .,C'TJ\"JT\. 'l 

P:~'/':?ol flR!' L 
I 

I: Age< S yrs 
I 

2 ! 12U il2 
,, 
.: 

3 I 150 S\l4 !; 
5 155 313 ;j 

23 -10 223 " p 
33 260 0 Ji 
54 80 I 385 I'. 

I ;· 6ll -155 301 

---'------
:'lkan I r W-1 

:. 

I lli5 ' •' 

I 
., 

i ;: 
I 

I I' 
! ;' 

' ' :: ! i 
i ! I' 
I ,. ---------·-----:------. 

" i 

' I 

I I I 

.-1.~t' &-15 ~·r;: I 
I 

20 ' '.!65 I 1, !JOO 
24 550 0 
2G : G.50. I l, 03'.! I 
3,; ' 25.5 0 i 
36 i !\JO 23G 
3fl ! 280 l, 100 
4i G50 I, i05 

i 6i ' 450 Gi-1 
' 7'2 ! 110 ! 5Ui 
! ' i5 -1-10 i 0 

iG ' %0 l, ISO ' I ; I 

i ~dean 43'J 758 
' ! 

\':\luc~ cc•rre-cicd for rlccay. 

Xo correlation wn" found hetween body 
wei;:d1t of tht> peopk from Hon!!ehp nnd the 
tot:1! ncti\·ity per ~4 hom~ ext'reted in ih('il" 
nnne. 

Gro::;s_ ueta acti,·ity meaS\lrl!llH'll($ wne also 
111ade on the ~n111pi~s sent to :\YOO, . .\.EC.''.' 
Their results essentially C'Orrobor;1(e the fin(l-

•l'cr.•onnl com1111111i1·nti1•n fr"m l>r .. T. IL1rlt'~·. :'\Yfltl. 
AEC. ', 
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j; 

=i 

:1 ,: ,. 
i: 
I\ 
;. 
,. 
I 
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i; 
Ii 
i: 
i" 
I 
:: 

i 
' 

. I 

C •~E :"'O. ITOUI. \'(lll.>IEI D'Eu ACTl\"ITY 
24 II~~ (MLI I u;w:"'2t ttR~ 

! 

I Age> 16 yrs 

I 4 455 

I 
634 

i 810 l, iOO 
9 355 201 

10 ()80 I 54!1 
I 11 450 

I 
1, 583 

13 3-10 1,6ii 
14 ! iSO · 2, -!GO 
IS 

! 
455 

.. 
I 1, 670 ! 

2Z I -17 I ii 
i I 

30 . 9GU 435 I 

3-1 I i50 I 5i0 I 
37 .;so I 7!)2 
40 I 550 I l, 450 
46 I 330 I 4!J5 I i .HJ 4?" 0 j _;i 

I "? I i80 0 ;i_ 
I I 

55 i 320 ! l, 080 

i 56 iOO 
! 

3, :120 
Si 550 ! l, O!l5 
58 I i5U I 2, 170 
60 ! 810 i 580 
62 i 980 ! 1, !lS5 I 

63 i 635 I 2, 2f10 I I 
66 

l 
555 I, il.5 

I 
liS 300 1 2, 010 
il 2!10 ' I, -150' 

I ' 73 230 I 0 
I i 

iS i (l(,.) • '> ' 

i 
;J-

ifl ' -IG.J 2.03S i 
I ' Sll SHI I, 3.5'.5 

S2 i GiU l 2, 1-l(t 
I 
! 

l, 20S :'llc:in I 5SI 
' ! 

ing:s by the l~SXHDL, particnl:wly the r:nio 
oft he aC'ti\"it ies among the three µrou ps srntl ird. 
The absolute rnlues of the actiYity cletenni1wd 
bY XYOO-AEC', howe,·er, · wei·e lowei· thnn -
the l"SXRDL rnlues by a constant focto1·. 

:l. Racliothemirnl .\ n:tlysis of the 1 "rine: 
Estimate of Hotly Hunlen. Hadiochemic:ll 
nn:dysis of the Ro11;.relap urine s:rn1ple;; i11di­
n1ted that the alkaline earth :1ml rare e:1rth 
gronps together contribnted i5 percent of the 
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Table 5.4.--Gross Beta Activity in Urine of People From Ailinginae and the Americans 

All.l~r.ts.,t 
D.,\' .fiG l'U:O:T 1>1;TO;\:.\TlllS 11 

.... MF.P.1r \S~ 
D.\\' 44 J'<1n lJETC\'.\A11C•~ 

I . 

2-t Jll\:o' (!<II.) tl;.M '24 HP..' (" .\~£ ':'c1. JltT \ ,\(Tl' I~\· 
24 llP. . .i ()It.I . D,:,_1_;;!-t Hfil ... I TC>l.\l. \"e>Ln1c'. RlT.\ Artl\"11\" l11i 

1---------1 ~------ --~---~---:-

I Tor.11. \"nLna 

~Age<5 yrl~ 

-1-1 
1 
__ 1_5_0 _____ 2_-i-_, __ 

1 

;\Ic:iu __ . __ . ___ ._.I 150 2li 
I 

1--------~l------;-------, 
I :: 

4~f!.C (..-J
5 yrl;: ISO 16-1 !: 

53 i: 
81 ! 3i0 SS ,. 

: I 1-----·------'· 
'I I 2·,; I ''t'3ll ____________ : v ~ 12fi i .. I I 

----------: 1 ______ _ 

..\f.!r> Jf, ~-:;: I 
I !lOO 

16 ssu 
2~ ti Sii 
2!J iSO 
31 2f10 
·Ii 920 

i65 
821 

12(1:? 
0 

84f, 
62 

I. 
!· 

.. 
. !: 

401 I, 9i0 0 
2 650 0 
3 I, 224 820 
4 HO iS 
5 i35 0 
6 !.JOO 2-IS 
i I, 3-10 0 
8 I, -110 I, 2Gti 
!l -...... -...... 

J[I .. -... --.. --
II I, 580 3S5 
12 I, 4fi0 0 
13 I, 810 !l65 
I 4 i20 -13$ 
15 1. 3Stt 8311 
If. I, !130 0 
Ii !l-1.:; .............. 
IS I. 520 fl 
l!l I_ 30U -!Ci.; 
211 I. (1iO ti 
21 ,:;.:;1.1 3"" .1,J 

22 -----. - -
2:l • I. 1~11 (l 

-1'.l 610 i.)4 ,; . 21 I. Jf,11 ;,~I\ 

-15 850 u".''l 
51 -110 -IUIJ 
';'(t 4.10 [I 

!------.------.. 
>ltU.ll ................ '. ;22 5:,:) 1 

\':ilue.; corr1·ct1:cl fur dC'tay. 

11Ha :tc·t1nty at .1;1 days post ch•t11natirn1 (Talih· 
;,,;-1). Tltt· pn•do111i11:111t ra1lirn111·:li1\1• is ~r'", 

wl1i\·h c·Q11tribtttf'.-.; -t:2 pen·l.!11t uf the total l1eta 
:tdi,·ity :it tlti...; tillll'. 

.\s,.::1~·s of ti,.;,il1• 111:1tl'ri;il 111:1<1(' 1111 pooh·1l 
s:111q.Jc•,.; uf uri111· \\"l'J"P all lll';!:1ti1·l· ll"itl1i11 c:-:­
p1·1·i1111•11tal I i111it,.:. 

Tl11· l'arly 1iri11l' !<:1111ph·" :\11:1lyzl·d l1y tliP 
L.\:-;J, (1·oll1•dt'd !:"1 (\ay,.; post d1'!011:11i .. 11 \ r·1111-
tni11t'cl f;1ir a1111>1111ts of r:1dioiodi1H· i11 add it i1111 
to tl11· nlkali11c :111tl ran• l'Hrtl1s. 
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, , 

2.'"i 1. 3<:.11 J<:.7 
~I~ 5111 3'.?:·: 
2;'° .~fi1"1 ····-- --
~...; I. 2~11 ll 

----·--- --------
'.\le-nu. ____ ----· __ I. l:i'- 3•)'.1 

of till' u1·i111'. tlH· l11ul.I" l111r.\ .... 11 \ thr radioi,:11t11pit· 
rh·p11,-itin11 i11 tl11• ti~-=111'.,) wa~ £':'ti111:11\·d. Tli,• 
ratio lll't\\t't'll tl11• :11·ti1·iry of tlit· 11ri11r ancl tl11· 
:111101111t of i;;r1t.ifiFti.\t'<l-i11 tf11• IHnly j,.; -t't'fjt1in·•I 
for tlti,: call'1ilati1111. llc1\\t'\"CI'. ·ff'\\" ratio;; an• 

'n1·nibl1l1• for tl1\' dl'l"'"itiu11 of tl11· 1·a1-i1111,.: J';l­

clioPll'lll\'111s i11 1111111:111:', ~o 11i:11 it wa,.; 111•1·1•;;s:1ry 
lo 11tilizl' 1':1lio . .: ol1tai111•<1 from a11i1n:d !'!l11li1•;;. 

()f !lw a11i111:d,.; 1·oll .. l"l1·d 1111 !:1111;.:•·l:ip. tl11· pi;.: 
was srln·t1·d :.i,.: tltt• i:lc•'''"t tci d11· 1:11111:111 i11 $iZl' 
and 1111·l:ilioli"111. .\ dl'l:1ih·1l ;.111dy wa:-: tli\·n-­
fon· 111:1d1• 1111 tin· l'X<"l"l'I i1111 11 f t lit•.-t' :1 I\ i Illa I,.: a 1nl 
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j 
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IXTERXAL VEPOSITIOX OF R.~DIO:'\lTLIDES i3 

Table 5.5.-Radiochemical Analysis of Urine From the Rongelap People (45 days post detonation) 

1-----~--·-, - ----.------
j t:Mn:o:~ Hr.r., ~ ,, 11 I ll· 11 .. · R.-.~r. E\l'tTJI 
. _,rt1,·1n· · i ;,. .\ru; :n· 

-------/------:----'--;----! ___ _ 
I ! I 

J. .. --·-·--------------------------· J3i0 4!10 I 120 
2 .. - • . . . .. - - . - - - - - . - . - - - - I I 2(iQ .; I 0 ! 130 
3.· ......... ··-···---· ·- ·- 1020 4"0 1211 321 
4 .. - - - - - - .......... -· -,··--- .. 
.~ .... - .............. --·. - -----· -- "j 

fi ... ·---. ---· ·-·. ·---·- --- . --- ·-· - -

,\\"(•rage· ___ . _ ...... _ _ _ _ . ____ . _ .. __ 

P1·n·~111 uf total Bria arth·ity _ .. 

011 the radio:1l'fi\"f' c·ontent of ,·arirn's ti!;:-11e~. 
Dl•.tails of the :llli111:tl :-tu1ly :ire preH·nte<l in n 
:-;uh•t•<1t1l'nt !:'l't:I ion. , 

The e:;t i111:111• of thC' 111ea11 bcid}" liurdt•n nf t]1(• 
Ho11gp]:1p 11-ro11p :tt !'-:1 clays poH dC'ton:iliqn is 
pre,.r11ted in Taule :1.G. Tiil' bud~· lrnr<ll'll at Oll(' 
day was rnk11l:1tf'd in tl1C' following m:11111er. 
.\ furmula ,,·:1>: ol>t::i1wd frnlll 11ri11:11·y exL-ret'io11 
<lat:\ n•ported by ('ow;111, F:1r:1l>L'C' :11111 Loq~ (ti) 

i11 :1 rn,.e ni :nTident:il i11halatiu11 of :-::r~··. The 
l'X«n•tion «111·,·e w:11; lw~t n·p1·p;,1•11t<~d liy four 
l'XJHllll'1Jti:il trn11~. \ \"t·ry ;;i111il:1r n·,.:11lt~ were 
c1l1t:1i11E>.1 by :tpprcixi111:1t i11g ll1l' l>i11loµi.-:d dt'l':t_Y 
nf qro11ti11111 witl1 :1 po"·rr f11iwtio11,.lJ:1~~d 011 
hu111:111 exl'n·tion uf tilt· 111L·t:1holil·ally si111ila1· 
elP111e11t, r:1cli11111) (G: i, S). 

Estim:1te;:: wne lll:1dr uf otliH r:1dioeleme11ts 

1210 li:?tj 1511 2:.1 
14f,() 32S 110· ·t;; 
1200 -?-'-· Jill 3."1~ 

12.;3 52ii 134 31'.? 
100 42 10. ; 2.'1 s 

lll"l'i't•lll in ~jµ·11iffr:111l ;1111011111~ :ti Oil(' day. :\:'! 

,.hnw11 in T:1l1lt· :1.li. The•t• r,.:ti111att•;; WC'l"t' rn:1dl' 
on tlll' lia,.:i~ oft ltL' ]P\"t•I nf ~r'°' at 011C' cl:iy. tn· 
µrth,•r \\·itli tl1l' data "ll tlll' :1di,·icy of 1]1(' ,·:1ri­
<>Jl" fi,.,.j1111 prod11ds at rlii,.: !':111w ti111C' f~'J .rnd 
:i11i111:il j,.,,,.,l'l' al1~11rpti"11 :111d rl'le11ti•111 d:11:1 
( l. .-1). 

Tl1t· I..\ :'L h:1,.: :iJ,_,; ,.,., i111:111·d tl1l' l1ndy 11111·· 
d1•11 :11 osw day, 01! tl1r l1:1;:i;; of r:icliod1C·111i,.:il 
a11:ily~i=- of 11111.!1•d 11ri1w •:1111ph'"' from a 1-.·pn·­
,.il'lllat iYt• 11111Jtli1•1· of tlil' H1111µt·l:1p and .\1,,C'ri· 
C":lll .!!T•>llf>.~ ( )11). TlH':-\•1·:il.-11l:i1io11;: Wl'l"l:'l1:1:-•: .. ] 
<111 tlw :111:ily,.:i;: of l: ' ·ill tht· l':trly ~:1111pll·'i L•f 
11rim· ( 1:1 1L1y,.: po:-;t dt•l1111:1t iot:) :1~ wp]J :1• 1l1l' 
:d1on• 111e11t iu11c>d ]ihysic:il :1 nd biolo;.!ic·:il d:1 l :1 
011 fj,.,.i1111 prod11t·b (I. :1. !I). Their ti111li1::.!:- an' 
Ji1·r~f'11tf'd i11 Tal•ll' ;·1.r.. 

Table 5.6.-l\fean Body Burden of the Rongelap Group 

~ ''~ . r ........ - .. 
H;:tH"' .... . 
Hn~v 1·ar1h l!rl.lllJl .•.• _ •. 

jl)I (ill lh.n>1id,I ........... . 

J { 11 1 ~ 1 • ~ . . • • . • . . • - •. "i -

Ca''· ... 
Fi«ilP 111nt•·rinl ..... . 

I ·" r11\·1n· .H 
~:? J>.u s 

' ~r 

I 
••• -! 

(\'!;:\ Jl I >I.) 

<I I ~l 
0. 021 

o. oa 
0 

() 

0 

.~fTl\'IT\' ,,T 
I lh Y ... 

( l"i''>: J; 111.) 

I. r. 
2. ; 
1. 2 
Ii 

() 

() 

."CTJ\"I':'\' '': 
I JI.,\' 
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"··"'I.. 

2. 2 
ll. :~; 

I I. '.? 
() 013 

U. 01!1 
ti. 01 r. (i<Clll) 



i4 EFFECTS OF 10::\IZIXG RADIATION 

011 the basis of nn nss11mecl uptake of 20 per­
cent per 24 hours, thf:'. integrntecl close to the 
thyrnicl from!':" nn<l other shorter-Ji,·ed iodine 
is"otopes W1lS cakulnted \>y the rs~RDL to be 
nuout 100 rep. The LA.SL hns estinrnted thnt 
this close was about 1;,o rep for Ronf!elnp group 
nncl .'10 rep for the Ame!"icnns. 

The diffHing npp1·oaches used by the 
l"SXRDL nncl the LA.SL for estimating the 
bocly burclen ga,·e reslllts whicl1, except for 
Ba 1•

0
, :ire very close. 

The mean bocly hunlf'11s of the individnnl 
nurlides presented in Tnble fdi were cnkulated 
for the Hongelap grollp. Vnlues for the 
Ailinginac grot1p were approximately hnlf 
those of the Hongelap group, and rnh1es for 
• ·\.111e1·ica11s, about one-fourth those of tl1e 
Ro11gelap group. 

The total amount of rndioacti,·e m:1tPrial 
pre!<ent in thP G. I. tract nt one clny post cletona· 
tion in tl1e 111ernbe1·s of Gruup I was e:;timatecl 
:is npprnxi111:1ft•ly :~ llll'. This ncti,·ity was eon­
trib11tc>cl c·hil:'fly by isotopes of short racliologieal 
:;11cl biolugie:tl half-life nncl li111itccl sol11bili1~-. 

Tl111s the Je,·el;; of actiYity in the tissues of tlie 
l1ocly wert- relati,·ely lo1r. The eo11ce11trntio11 
of radiui!<oto11t·~ :tt (, 111011tl1s po:-t dcto11atio11 
was han·ly drt!:'dal.Je i11 the 111i11e of llln;;t ex­
Jlf>"Pcl j nd i \"id ll:t b. 

Iodi11£•. "lii«l1 i;. q11itt· sol11l1lt·. is pr11l1al.1ly 
tl11> 111r1s1 l1:1z:1rdo11<; in!t•nt:tl 1·:1di11Plllitll'I in tlit: 
f':trly pHic,d foll<mi11µ· expos11re {Ill). Tl1c· 
d1he to I lie thyroid w:1~ :tp[>l'Cl'i:1lilL', but ]on· 

<'<•nq>arPd to tltt· pnr ti:tlly or tot:illy abl:1ti11;.:· 
dr1"c.>S of l 1" ll"l'cl i 11 t Ii era py of ltyprl't hyroicl i~rn 
or careinolll:1. .\tone clay post clrto11atio11 ~" ... 
wn;; cakulaU>cl to Ii!' near the 111axi1n11111 1wr-
111is~ilde le1·pJ (:t) fo1 tl1is 1111c·liclt'. .\t l:itC'l' 
ti111rs fol°lowi111! expc1,.:1m• 1 tltis lo11;!H-lincl fi:-"­
i-.i1m p1orl11d pr!:':-'l'llls tl1t• grrate::.t pote11tial i11-
tc·rnal l1azarcl. 

The· pn·:-e11t stt;d.1· co11lir111s tl1e ol>."l'rrntion 
111arh· i11 :t11i111nl expc·ri111r11ts tliat 111u.•t of tlir 
rnclioad i,·e l:'ll·111e11ts fc,.wrcl i11 tissi011 :1;; wt·ll 
as tlte fissile 1naleri:tl it!<c•lf, arr 1tr1t rraclil\· al>· 
SllJ'IJPcJ frorn tJ1e J1111gs illlcl tl1t• n. l. tract. 'tJ11Jy 
1, :-;I', Ha a11d a few of till' rnl'e e:1rtl1 ele11H·111,; 
wc•n• :tl1so1l1t·rl to a111· si,!!11ilit":t1it dt•;!rt'l'. 

An nttempt to measure bo11e-fixec1 rnclionctive 
emitters by nien11s of sensitin film· bnclg:es tnpetl 
ue]ow the knee, O\'el" the epiphysis of the tibin 
~11 n numuer of peri;o11s, yie1c!ed no positiYe 
results. 

X o conelation conlcl be obtninecl between the 
degree of intenrnl co11tnmination nncl the clini­
C'nl nncl hemntologienl findings. In Yie'' of the 
short half-life of the most nbundant fiss.ion: 
prncl11cts ckposited intel'll;:lly in this situntion: 
the possibility thnt chrunir irrndi.1tiou effects 
will occur i~ quite smnll. Thus, nn en1l11ntion 
of the c!ntn on the internal rontnminntion, in­
cluding tliat of Sr", lends to the conclusion thnt 
the internal hnznr<l to the contnminnted iuhnlii­
tants of the.> :\Inrshnll Islands is mininrnl both 
from the ncute n11cl the long range point of view . 

5.33 Source of Incernal Contamination 

The fallout material consisted brgely of 
c·aki11m oxidl:' nncl cnkium cnrlionate. The 
fis;;ion pmd1wts were :iclso1·lietl mainly on fairly 
largr pa1·tic-lc-". Tl1e material was ]11 percent 
solnble in watH, a11cl complf'tt>ly solublt- in acid. 

I11ternal deposition of fissio11 products re­
s11lt€'d front i11haL1tio11 a11<l in~estion of the f:tll-
0111 11iat<>rial. I11;,!e~ti011 app<>ars to bl:' tht' more .. 
important of thl' ci1«1 rnutc·s of f'11try into tht· 
l1ody. Tlil· acti,·ity i11 tlil' air settles oni fairly 
rapidl.1-, b11t c·o111a111i11ated food. watl'I" nntl 
11te11.~ib rl't:1i11 tltt-ir :1t'!i1·ity for long pHio<h of 
t ill H'. 

Tlie a11wu11t of fi;;;;ion prod11cts reachinl!' the> 
ltlood,,tr<>a111 tl1rn11~l1 tht> re5pimtury tract is n 
fo1wtio11 of partidP si7.e :incl solubility of the 
airl1c,rne co11ti1111ii1:111t~. The pnrtides with 
_whi(·h till• acti,·_ity was nsso1·iatNl were co11-
sicll:'r:tbly larl!'el' tlrn11 the optimum size for 
clepo;;itio11 i11 thl• all't·olar tissue of the lt1111!'· 
Th n~. the proba ui I it y oft he rch•nt ion of inhalecl 
airl10r11r to11t:1111i11:1tiu11 wns 11ot appreciable 
cluri11g- till• c>xpns11rc peri<Jd. 

Tl1e liypothe~is tl1at in~c~tion was the chief 
so111-ct• of i11ter11:tl c·<•11ta111i11atio11 is snpportecl 
by tl1r fi11cli11~ that thP ~astrn-i11tPsti11al tract, 
its c·crnll'11t;.;, a11tl tl1e li1·n of :111top.sil•cl rhicken5 
a 11d pi:.:,- s:ll'ri fie£·d :t t c•a rly i 11tc>n·:1 ls following 
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detonn t icm "·en• more al"! iYe t h:i n the a l\"C•ola r 
tissue. 

The i111pol't:11H'P of ingestion as n rontinning 
SOlll"Ce of contaminnf io11 is eYiclC'nC'ell by the 
lnel of internal co11ta111ination of the pigs from 
Rongelap. The!<e anin1als hacl about ten times 
th<' bo<l_,. bnnkn of tli_e h"umnn population in 
the sn111e locality. .'.s thr nir-borne nrtiYity 
hn<l.alre:1cly·dropped to a low Y11l11e nt the time 
of ernt·11ntio11 of the humans. the eontaminntion 
of the pigs during their prolonged stay on the 
isl:rnd nel"<.'S~arily cleri,·ecl from ingestion of 
nHlioactiYe foocl anrl ,,·ater. 

Harlio:111alysis of water nncl soil snmples from 
Rongelap inclicatecl high Je,·els of contnminn· 
tion from the fallout nt early time!:' followin~ 
cletonntion. 

It appears that. during the first month n 
limited :llnom,t of tis~ion prodn!'fs wns aYail­
able to plants growing on the cont:uni11;1t<'<l 
soil. Significnnt nmo1111ts of betn nrtiYity ns 
well ns small :11n0tmts of alphn nc:ti,·ity were 
present on th<' extrrnal surfore of plaiits at -:!:? 
days post detonation. Only ,·ery sma JI amounts 
of beta ll<'liYity :111.cl no alpha a('tiYity were de­
tertrcl in the edible portio11s of fruits snrh as 
pn 11clnnns, pa pay as :tl)(l coconuts. Howen?r, 
hi;:h leYe]s of act iYity \\"l'l'e founcl in the rocom1t 
tree snp, nn<l the isotopic conccmtration was 
wry similar to that of wnter. 

High Je,·els of act iYity ·were found in fish 
taken from Rong:elap lngoon. It nppenrs that 
the ingestion of co11t;1111inated water and fish 
were the princ:ipnl sources of internal contnmi­
nntion of ltum:111 being~. Of the indiyidual 
rndionuclides, SrS9, beea11se of its high solu­
bility nncl reli\ti,·ely Jong rndio:1ctiYe half-life 
''as probably the isotope of greatest potentinl 
hazad in the t>11Yirn11111ent. 

lnter;1(Jl Rarlioactii·r: Dcco11fami1111tion 7'1ie1·· 
apy. Since there is no method of co1111ternrt­
ing the effects of radiation from internally de· 
posited emitter!:, treatment co1;sists of re;noY· 
ing: tlie nuclide~ from the bo<ly as rnpicll,r ns 
possible. The ability of ethykn<'·clian1ine-
1etra-ncetic acid (EDT . .\.) to 111obilize eertnin 
of the lis~ion prncl11rt• from the skrleton nnd 
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to innense the rnte of thc>.ir excretion hns pre· 
Yionsly ~l'n demonstrated (11-l~). It is most 
etfectiw with the Mire enrtli group, but hns 
no effec-t on st1·ont inm (1 :~). The~e stmlics ha,·c 
shown that. m<?st of the hiolog-il'ally haznrdons 
1m1terial remnining: in the body is firmly fixe1l 
in bone within a sho11 time, so thnt etfecth·e 
syH<.>mic <leeontnmination by ch<.>mical n~ems 
cnn oc:c·111· only in a short p<.>rioll following- ex· 
posilre. ~c,·ertheless, nn i1tt<.>lllpt to effect in· 
ternal clecontamination wns ma.lei w<.>ek:; po:'t 
detonation, since it would mobilize nnd make 
lletect ion of isotopes easiel', <!\"ell though it wns 
1·enlizE-cl thnt the pl'oceclnre would h:l\·e limited 
Ynlne nt this time. 

.\. represent nt i\"e l!l"OllJl of ~e\"en in<lh·iclunl5 
fr<im Hongelap wc>l'e sele<"tecl for this study. 
During a co11IJ"O! period of 5 1lays, :?4-hour urine 
snmples were coll<'ded daily for nHlioannly;:is 
in order to establish a ba!;a} exnction rat£>. 
D111·ing the ne.xt 3 dnys, ca lei nm EDT.\ was acl­
minister<'cl orally, 1 gm per 25 lbs of bo1ly 
w<.>ight daily i11sten1l of the pr<.>fernulr. intn\­
\"e11ous clrip because parenteral therapy wn:; not 
prntt ical under the rirrnm;:tance.s. 

Twenty-four honr urine .samples were l'OI· 

lec·tccl dnily cluring the treat111<.'nt p<.>ric1d ;111.J 

for:) clays following tn·;1t11wnt to determine th<' 
etl"ectiveness of EDT.\ in arcelerntiug tlw <'X· 

<:retion 1·ate of the raclioele111e11ts. 
::\n si<le etl'ec·ts from th<' u;:e of EDT.-\ were 

ob;:e1·,·ed. 13loocl t·oimts nml blood pre!::sur<' re­
mained unchanged thro11gl1011t the trent111e11t. 

The mem1 activity of the urin<.> dnring th<' 
EDT.-\. trentment period wns 2.5 times the pr<.>· 
treatment ncth·ity. The probability that the 
<liffereuces obs<.>n·ed nre due to chnnce is less. 
than 0.01. Thus the orn'l a.clministration of 
EDT.·\ for n periocl of 3 clnys beginning 5:2 da;·!' 
post detonntion incr<.>a!"ed the excretion rate of 
intel'n:\ lly clepo;.;i teJ tis,;io1; proclr ct~, uut the 
QYer-all effort 011 1leel'e:isin~ the bo1ly b11nl1•11 
was slight, ns the exc1·e1 io11 rat es were Yery low 
at this time. 

Summary. The first instance of internal ch·· 
po;:ition of mixecl lission products in h11111:111:' 
occurrecl ns a 1·es11lt of fallout follo\\·ing a thl'r-
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monu<' h"1 r explosion. This in tern al co11tami· 
nntio1: n~sultecl from both inhalation anll i11ge!i· 
tio11 of fallout materinl. 

Hi1:d1 len!·ls of nctivity \\'ere found in watel' 
nml 011 the externn l surface!' of pl;rnts. The 
contn111ination of the internal portions of fruits 
nnd ngetnbles \\'OS small. Of the incli,·idnnl 
rnclionuclicles. Sr~~. because of it~ high solubil­
ity nncl relnth·ely Jong !'nclioadin• half-life was 
probnbly the isotope of greatest potentinl hnz.­
nnl in the em·il'onment. 

Fe\\' of the fission prod11Ct$ present in the 
enviro1\ment were readily nbsorbNl from the 
lung:; nnd the G. ~. trnct. Racliot11e111ical anal· 
ysis of the· Ul'ine samples from the Hong-elap 
people indicntes that Sr, Ba and the rnl'e earth 
group togdher constituted j";i percent of the 
total beta nl'ti,·ity of the \ll'ine at -!ii days post 
cletonntion. SI'·~ was the preclomin:rnt radio­
nuclide at this time, contriln:ting 42 percent of 
the total beta actiYity. Assays for fissile mn­
terial in the pooled urine sample:; \\'ere neg-;1tin. 

The human body bul'<le11 of i11cli,·i<l11al rnclio­
nuclides was estinrntetl from· racliod1emic:1l 
analysis of tin; h1111ia11 urine ancl of tht· tis;;1w~ 

nncl urine of animals from Rongelap. The 
111r:111 body ll\lrdt•11~ of the r;ttlionueliclt-;; in tht• 
.\ ilinginae g-rn11p \\'He approxin1:1tely 011!:'-half 
tlt<M' of Ho11g<.'lap, a11d tliC' 111c·:1n bocly bur­
<len~ of the .\111t·rit'a1i;,; about 011t•-fcrn11h of tl11: 
H<>tl;.!elap gronp. 1\'hile the aC'li,·ity excrett>cl 
per unit '·olu1ne of urine \\'as tht- same for :ulults 
n11cl d1ildre11 fnJJll llo11;!elap. the total arti,·ity 
extTC'lC'd iu the 11ri11t• in :.!-! hrnm; In· rltihlrl'tt 
mult-r ];-, \'ears of H"l' \\'as sin-nilica;1th· lower 
than that -extrt>tt-d h~· tlic· ad1~t:::. . 

Tl1e total :111101111t of radioat'liH· n1atE:'rial i11 
tl1e G. 1. traC't nt 01w clay pnst cll'to11ation was 
esti111arecl to hl• :: 111c in 1woplc· fro111 110111!rlap. 
Thi.' al'ti,·ity w:h c·ontrili11tt•d d1ipffy l1y isotop1•,; 
of sl1ort radiol11gir·:il and liiolo;!ital half-lift· 
and li111itl'd solubility, ancl th11~ tltl• IHl'ls of a<"· 
ri,·it.~· in the t s~urs of tlit· lmdy wl'n' rl'latin·l.' 
II)\\·. The ('Ollt't'tlt rat io11 of rad ioi,;ritopt',; at (i. 

111onth,; post detonation was lian·ly defl·c·tabh· i"11 
tl1r 11ri11e of 111ost of tl1e expnsl'd indi,·ic111als. 

Tl1t' estin1at1·d do,.,e to tin· tlivrnid fron1 1,.,, 
a11cl 1Jrl11•1· ~l1<irt-li1·1·cl iodi111· is;itllp1·~ \\'a<; 11111 
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to HiO rep for Ho11gelap. Iodine is probably 
the most haz.anlous intl'rnal raclioernitter nt 
early time:; after exposure. The clo:<e to the 
thyrnicl, altl1011p:h g-reat<•r thnn tolernnce, was 
low compared to the partially or tot:tlly nb­
latill:,! doses of !' 31 u5ecl i11 the treatment of 
l1yperthyroiclism or carei11omn. 

At 011e clay pQst cleto11ation, the concentrn­
tioi1 of Sr''' \\'as calculnte<l to be 11ea1: the mnxi· 
11111111 perrni~sihle le,·el fo1· thi;; nuclide. ..\.t 
Inter time;; following exposure, this long-er-lived 
fission procluC't presents the greatest pote11ti:1l 
intemal hazarcl. 

Oral aclministration of calcium EDT..\. Le· 
ginning i \\"eeks post detonation to a represent­
atiYe group of indi,·iclual:, from Rongelnp iu­
crca5ecl the rnte of exc1·etio11 of acti\·it,· :!.;·i 
times. Jlowe1·ei-, the cle1 .. 1·l':1St.' of the hoch~ liur· 
clen wns sli;!ht, a.s the C'X<'retio11 rnte wa~ n•n· 
low at tliis ti11w. · 

..\.11aly~i~ of tl1e intPrnal contamination in· 
cl ica t e::. that the <lo;:e Io i ht' t i~Slll' of r he liocl" 
was near. ln1t, with l'xt·rption of tliC' clo:::e to tl;l. 
thyroid, clid 1101 ex1·eecl the· n1i1xin11lm pcr111i:-· 
siblt>clo"t' lt·n·l•. Tlit- a<:li\·it,· fixerl in thl' ho~h· 
r.knea!'l'cl rapiclly a!' a fu111·tio1f of timC'. Tl;C' 
co11trili11tio11 of tht• l'ffl•tt~ of i11tt•l'11:1l l·onta111i-
11ntio11 to tl1C' total racliati"n re,,po11;;e ob;.('n'l'd 
appear" to bl' >'111:dl 011 !lie li:1,;i;: of thc·.r:;timated 
body ln1nle11 of tl1l' radi11l'il'n1t.>11t.•. In ,.il.'w of 
the :;horl half-lift. of tl11; 111o~t ali1111cla111 ti;:sici11 
proclucts in tl1r !'it11atin11, the po.-~iliiliry that 
chronil' inacli:1tio11 efftds will OCC'llr i!' !'mall. 

5.4 Internal Conr:lminarion of 
Animals 

Tu1: 1:0.-T1:1:x.\1. (\•XT.\)11:\.\Tfl.IX of a 11111Hher of 
a11i111al,; cr1lll'dt·cl 1111 lton.~t·lap wa:; :-.t11cli('tl. Th\• 
adi,·ity i11 tl1l'ir 11ri11\• ,~·as st11clicd,.nncl l'•Hlio­
d1e111il'al :111:dy:-l':-i wen· 111:1dt• of ,·arious ti;;:::ue~. 
Tl1est• dnta pro,·ided tlil' liasi;; for estirnatill;! 
the body l11mh·11 of tht· n1clioi:::i.>topt>:; i11 h11ma.11 
lit•inµ·!<. 111 acldiri1111, ln·111atolo;.!ical and patho­
log-it·;tl <;tudie:-; w1•re 111:1dt', and a11torndio~rapli,; 
of !:'t•h•l'l1·d t i,;,.;111•,; Wt·1·1· pn·pan•11. .\ lrnmlii•r 

of tl1t• :111i111:d" :!IT al:-11 l1t'i11.~ ,;twlil·d fo1· tlH• 

lj 

. I 
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:1ppt>:1r:1:•.:'l' l•f po",.:jl,lt• )011;!: t<'l"lll effl'rt;; of 
radi:tt ion . 

• \ :-;1wrial !-I 11dy w:1" •·:1rrit•1l .011t lo cletermi11e 
the etred of rlil• 1·:1tli:11 ioll 011 thP fprtility of 
d1i\'ke11s a111l the li:n«li:1liili1y of tlll'ir e;.rg,.:. 

The :1ni111:1l~ rolll'dl'cl from Hongelap a111l 
l"iil'ik indudt•d ·11 c·lii<·kell;:, !I baby ehieks, 11 
:-:wim•, 4 <111ck,.; a11d 1 cat. The!:'e wc•re ~hippe<l 
:llin• 10 thl' l-:-;~rnn,. Thrr<' til-h au1l one 
lar;_!·l' dam Wl'rl' t akl'll from the Hollµ-c•lap la­
g•11>11. ('ollP«ti"11 dare·~ a111l murtalit\' clata for 
the,:e allinial:- an• prt';,:entt>d in Taliie ti.i. In 
addi1i1111, a l10:1r, a cat :inti two d1il'k<'ns wen· 
n111c.tt1,.:ie<I in th<' fil•ld, ancl repre::ent•1ti,·e tissul'£ 
wPrt' l'olle('teil. 

5Al Methods 

Ti,.;;ne sn111p]('~ "·erl' fakf'n from all :mi111:1l;; 
whid1 died i-po11ta11l'011<:ly or were !'arrifkecl. 

:-;peci111p11:: w<>n• ol1t11i1w<l fr11111 th<' lung. Ji,·<>r, 
(i. J. t rar·t a 11il tlw ,-ke lPt oil. Tlit• :;ampl<'s were 
:isl.Pd a I i"1i"111' C. i 11 a 11111ffit• fl\"<'11, 1111d the n;;h 
made· 11p to ,·01111111· with:.!:'."\ JI('). .\11 ali'111ot 
w:t:" 1!1<'11 dri<·d for lirta 111Paflll"1·11w11t. Thl' hrta 
:1r1i,·i1y "·:is clrtermille1l l1y 111l•a11s of :t 1lii11 
c>ll<l-wi11clow (il'iµ-n-~Iuller ro1111l<'I'. ~r···. \\";lS: 

11,.:c·d a;; thl' Lasis for the ma;;,. :1li,.orptio11 ··or­
r<'d ioll for tl1e. ~amplr;;, n,; it was tlit- 111:1jor 
r:idi1Jell'1nrnt dc>p11:;i1t•d. Thl' eonh·t i'1ll t·al­
tlll:itrd i~ au approxi1i1:11io11. a,; Illa:;, alJ;;orp­
t in11 i;; a foJH·t ion of cl1t- a n·ra~l' c•1wr;..ry of tl1l' 
~ample>. B<>ta a<"I iYity wa~ 11ic•:1•11rt>d in t<it;tl 
;1_ 1 111, and tl1il' ,·:dllt' \\·:1<: ("t.JJIH•rt•:cl to·"'" ··;Sr·~· 
t'fjll i \':111:111 :· 

Tlw µ-anlll1a :u·t j,·i1y of tl:t' ti:-:-lll' S:lllll'h•,.: wa;; 
llll':t:-:11red i11 a wt•ll·tYI'<' ;.;ocli11m i(l(licl\:' ~d11til­
l:i1ion c·o1111ter wJij.,]i l1a:- :111 c·fiil-i<>111·y of :d•olll 

-!<1 prn·ent for :i Co"" ;;1:rndarcl. Tlll' ~:imma 

Table ;.7.-Morralicy and Excernal Radiation Do~c of Animals From the 
Living Areas of Rohgelap and Utirik 

Fr.rat~ .\ !'.=lY.?ES. D SE"NII.~ C'"' I ~ERIE.!- D i TOT 'i 

~X~~:~~~~ ,--·-- ~,o,;~~-:,--·- ·
1 
~~~~~--, Jior(DHJ1, -,-~ .. "nth'"~.-_-;:--!-:------·-

r~\l~;~~-!'~~~> :-------_· ------.-----1 ·----·:-·--
1
----: --,---i---

1

.--·---:-·---,-- ;\·~~~r~ JJt•.i• .:.'.u··: 
,Trt'Ht' ! .... 1Tor.'tl c:. Tt"1T\L D ·c:. Tr11\l D <. 
: Hr.c .. P ~ DE.H• ! :--0.\f fl j Hcr'11 >E.\)li ... Hu : HEC.0 11; [.' 1' I .... ~("fl Hcc·u [.Hl i ... \(' 1' 

------,--.--- ---- ·--- --i--- -- --~ -----!·---- --- -- --- - - ---
H M"IS .••.•••• : r. 1 • J ~ :?z • . '2 . • 2 ! u 1 :.i . :r: 

: JJj:• ~J P:.iy 23 i T~ay .c~: P.ty H ; /Ja11 
: J J •• :; 4J , . (.'; C~(·, 

. I 

1

. I ;4 r:;~ 
j : i ~ I : ! I "" tJ!~ ; i 
I I ' I I I I I ~-- •• • 

_____ . i ______ ! ____ . ___ i ___ _! _ _! ___ l __ ! ___ I ______ ~~ ___ '._. ______ _ 
Rc·~;I''"·· .. : l i ..... j ..... Ii ... i .. i ...... i 2'! Day 4~ i ..... I I l ..... ; ... f. I 

------- . _______ . __ i __ . ____ . __ : __ , ___ , __ ---·-- --- __ . __ _ 

C"h1Ck> ...... : . • • • : . • . • • • • . . . I . .. . : . . i . ..... I ~ : y i . . .. . I . .. . ,' ".... ! . . . : 9 : ~ ..• 
· I . · . I I 1 · • 

-~~~~~:-=··-,-=-,-~--~r~·.·:-:-(-~r~.~-1--· ,-.-.. -.. -1~.)" ~~r~,-.-.. -.... -.------:·--. :-:~ ----
-~-.---,--;-i-=·-,1~:~~'1·--.--1 i;~~·fo"~;-~:-:-1:-.-.. -.. -1:-.-.. -.. -1,---;:- ---- -- --ll !-- - -~· 

f ~; ;.-, 

: I I .. , 124 i I i 
---- ____ ! ____ = _____ ! ______ !·~-~: ____ i ___ I ___ ·---·-·--·-··- -··----·-- __ 

-~=:.:/---~:-...:. . .:._r~:.::..:_/~-:-··-j:-··_··_··-:1'-~!-.. _··_· -!-··_··_·_,j_ .. _··-:-·~~-- ~-:- «: ;~; -~-
' I : I . I I ' . 

•.\n1m:als Cra:n l"tir1k: :,JI e,,1l1c-r~ /;c,.:11 Hont't'l:•J• ({";rc,up J\" ar1·;? ~:iirn:.il" rrt'd J:! r t"Jt.lt·rn:il du!>f.i .. 
• • Jllit.y I'm I J>~"I OIUI I 1t1n 
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aeti,·it.y wa::; obt.1i11rc1 i11 total d.'111, nncl was 
con,·ertecl to 1-'r "C'o"' equiralent. · 

ens were colleete>cl nn1l ashed combined, but were 
collected n11Cl nshf'cl separately for the pig:-. 
Bt>gi1111i11g- .",week$ post cletonution, the exdeta 
of a repre:-entatin group of (•hickens was col­
lectecl nt weekly interrn):; for n period of 2% 
months. Collection of pig excreta was be;!un 
nt 6 wepk;; po::;t detonation, nml thl' ('Ollection 
was made nt wel.'kly interrnls for o. 6-'\\eek pe-

Sam1>les were nnnlyzt·cl radiol'he111ically for 
S1·'", Ha"", tlie rare earth g-roup, 113

' and nssilt:' 
matrria J. 

For exnetion stmlies, the nnimals were cngecl 
i1uli,·ichrnlly, :rnd their excretn c.ollected at 2-l­
honr interrnls. The feces and urine of chick-

Table 5.8.-Radiochemical Analysis of Tissues and Urine of Pigs From Rongelap on 
82nd Day Posr-Deronarion 

8£TA AC'il\"11'"-Di)l/TOTAt. !.nlPLC 

------~M~~[ ________ I_ A~T:~:r _ _I__ .;~';~ __ _! ~:~ ~¥~e--
Pig #2i (25.S kg:m) I 
S~elHon (total) .•. ---:-----, ssr10 5660 (lfj(I 1010 
L"·cr .. _. _ •....... _ - __ . _.. 31 0. -10 0. 33 6 . .J 
Colo11&Contc·nt:; •.••.•.••• i 12 5.0 2.·I 3.2 
Lur:µ (AlveolarJ .•..••...•.• 

1
1 I. 5 0. 22 0. 20 0. 8 

Stomach .•.•.. ____ .•.•.. _., I. 2 0. 22 I. l I. 3 
Inte•li11c (S111:dlJ •••••••.•.• : 2.3 O.G2 0 . .50 0.51 

J..:idn''Y---········-·····---! 3.3 0.21 0.-12 O.i-! 

Hcm:i.inin!' Ti,,u .. ~---·······J -~!lo_ _ __ 

Tot:d ..•...........• 1 \Hi30 5(.ir.7 ! .. · ftf.;i 102U 
l"rineS:i.'.nplt·.2·1hr .•....• 1 13 8.i 1.2 1.6 

!-----·--·-------·---.. ---'------ -------'.-------
! ' ' Pi~ ~~3 (2'.::.7 k~1n) ! j l ; . 

Sk•:Hc111 (tul:il 1 .••••••••••• : 8GUU 51!111 ' 530 j 690 
LiH·r ...••.......•.•. _ .... I 27 U. 53 0. 211 ! 5. 5 
Co!o11.'i:Cu11t(·11t" .......... : Iii .4.!l 
Luni: (A1'«:<11"rJ .....•...•.• i l. I 0. 33 

5. 0 3. 2 
0. 21i 0 23 

Stor11:1d1 ... : .....•........ 1 2.(J 0.30 0. 2~1 0. 13 
l11tbti11r(S111:dl) ........... i 2.6 0.8S 
I\ iu m·y ~. _ .• _- .....•....... -j 3 I 0. 14 0. I ~I ! 0. 52 
Ht•111:1111111~ t1:'~t1t·:< ••..•....• , 22ll i .•••. --· 

i I 
Tot:il ............... j SS70 . 510'..J 53

0
1.·lll I i02 

l."ri11t· Sampl<-. 2·1 h"- ...... I 6. 2 -. 0. 5·1 
I 

0. 83 0. SS 

-·----------------------------------------
Sl".~·I ~!.~HY 

----··----·-·~:~,,Ji~.~: AMl\ITY ·---··1-~:::T,,:··-~ 1:0TA:-;::-~~=q (2~ HH•~ 
·--------·--·-·------·----------, ------·-- -----·--- ------

~~~'.·,".,:.:.: ~::::::::::::::::::::::::::::::: :! 62. (I 5S. n w () 

6. s (i. fl i. !l 
Har<- Eartlt ..........•.....•...•...•...••. I 9. 7 !J. (J ICI. 5 

ift .. ~ 73. ;, Si . .J 

All vnlu•::' rorrntt-d for rlC'r:i.1·. 
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l'iod. Hadio:rnn ly,-is of the excreta wn:; per· 
forllleu in thl' :-:t111e 111an11er at: that of the tissue 
samples, de,:l'J'iLecl :ilJo,·e. 

5.42 Findings and Imerpretation 

Gro-'8 Ol1.,er1·11tio11.-. The :lllimals had been 
frt>e on the islands. .·\lthonl!h malnourished, 
they showed 110 ot hel' e,·idence of disen!'e. 
.·\11top;:y of two d1i1·kell:; whid1 died <l11l'i11g 
sltipn1e11t 1-e,·enlt>d 110 pathological findings thnt 
c·otil<l be :1S!'O(·ia t e<l with rad int ion. · 

On the Lnsis of an a~!'Hmed 1:2-hour effecti,·e 
· follollt time, the a11i111als from Honl!elap re­
. ceived an integrated external dose of ::?SO to 

3(il1 r, depending on the elate of their collection 
(!"ee Table :'i.i). The pi:r,. from l"tirik ret·eive1I 
n cnknlated dose of ~:.? r at the time of their 
evncnation. The :rnimal;; all showed extensi,·e 
e:\lel'llal eonta111i11:1tion, rnnginl! from 0.5 to 
5 1111" per hour :~t :rn dnys po!'t cletc111;1t ion. This 
nctivity was ;-e<luce<l about .Iii pt•1Tent by n 
wn~hin:; with wate1· alone. 

Radio11,.fi1·ity o.; Tix.~11<-.~ anrl E.1'«rcta. The 
l!l'O!iS beta ncti,·ity of 1he pigs nt S:.? (l:1y:; po:;t 

<letonntion wns nhont -! uc. The distrihntion 
of adiYity in ~he indiriclual tis~tH'!' is shown in 
Table I'1.1'. O,·er uo pen·ent of the bct:i iH·th·ity 
w-as Joralizt-d in the !::kcleton. The highe;;t l\C· 

tiYity in a soft tii:s11e was found in the ]i,·er, 
whid1 hacl, howe,·er, less than OJ1 perre11t cJf the 
total bo1ly b11nle11. The color.1 ('ontents hacl the 
Sf.'(·oncl lii;.!11Pst nrti\-ity fort he soft tissues. n hont 
0.24 )lt>r<·ent of tl1e total. Thr aln•olar ti;;~ne 
of the 111111! had an :H·ti,·ity lf'sS than 0.C•:! per· 
t·ent of thr total arti,·ity in the body. 

Grm:,: hl'ta :me! gnmnia artiYity of the ("hiek­
ens at 14 days post detonation was app1,oxi· 
nrntely O.:.? ,...e. The g-ros:> itdivity per liocly 
weiid1t of tlic chit"ke11 is :1pprnxi11wtely tlw s1rn1e 
as that of tlie pil!. The disrrilrntion of :\C'th·ity 
in lhr tis.c;11l•S of the rhit·kt•11 (Table 5.!•) w11s 
wry similar to that in the pig. :\Io:;t respiratory 
raclio :u:ti,•ity was localizeJ in the turbinates, 
as n J't>!'tilt of entrnpment of the laq!e p:wticle:;, 
whid1 !'0111<1 not pcnetrnte to the alnolar tis;;ue. 

The liet:1 aC'ti,·ity in the !:d.:(•IPton of d1ic·keus 
at ]till clays dropped to 4 per('l'lll of the Yalt1e at 
2-1 clays post detonation, while in the ;;:rn1r pc· 
riod the gamma actfrity clropJMl to O.::! per._-ent 

Table 5.9.-Beta and Gamma Activity of Chickens From Rongelap (,,, x 10') 

• ' l!Es •I ! 11£S ,2 . I Ht" ,J9 i lit,; rJG : n~:< "" i. HE'< •: Hes ·~l 
---===--== ::::=::::::-----=--=-=·=-=-=----=:.~·---=--== =-=---::.= ==--====--- -
_!.!.~-'"or l>EATH·· .... 1 U.1.' :?3 !_ D"'" ::__j __ ~_l __ u~_;_I u ... ,. 121 J n.,r n:.. ; u_,, 1·~ 

ll•r '"ALntt>"" ..... : DAY 21 ! l>•" 24 I l>Al ;~ ,_12::~! DA,. 122 j__::~Q-i u.,. 1:.!1 
_ 

- . T"'l"E !~ETA GA~1·_::m 0A><~~1~~T~-~~,~~~~:~~~i~~I~~~'... 
TibiJ .....••..•.•.•. ·I 7(JJ(J 3S!<Q ~l!-0 1filll 13J 6~5 2.'>3 i 215 5 5~ I 41 3 31 3 33 2 s l 
Sk•l<lOn ...•••••••••. 11030 5!>!-00 llY.>:• &.!#.() 19JU 6(/(1 3G;u· I JIXI 6."<l" (.00 ·~· (J; 11; 5' 
J.inr ..........•..... / 11g 21 3~2 2;1 12 72 31 I 32 33 11;.; 13 ~ 10; l.S 
Giiurd ...........•.. 

1 
............ ............ 1.1 1; ;.o I 6.5 ;.6 10.3 7.P 3.f• o.G 

Giu31d(c~nlrn1l.... ..•.....•... ............ o.g3 1.4 ;.5 1.2 O 0.3 
Crop ....••..•••.••••. , •••.•.•••.•• •.•....•..•. 0.43 5.0 2.G 7.9 12.2 9.3 1.5 0 

ln~~~~~·ts. '.~~ .. ~.0.~., . .•••••. •• . . •. •. • • .••.•• O. CJ 10. 0 3. 0 &. 3 I H. 0 10.; U 0. ~ 
lnltrnnr (S) a11d ·j I 

con.onB ............ i ............ ............ l.G 1.0 3.0 .

1

1 S.4 &.4 ...••...•.•..• 
Panrrr•!. ............ ; . . .. . . . . . . . . . ... • . . . .. . . 0. IG 0. ;~ (• 
Splt·rn ............ ~.! ............ ............ 1.0 I o~·. 
J.:i<lnrr ........•..... I 1~s 1G •.•......... 1.17 g.o 9.0 H.2 1n.o l4 9 12.« o.:~ ~-~ 
Lur.~s (.\lH~l•i .... 1 H 2S o 2f, o.s; 4.0 2 o 1.4 1.5 5.f. 1 3 Iii.~ n.t.J 
Trach1» .............. 1 • • • • • • • • • • • • • . •• • • • • • • • • 0. 21 2. 0 I. 0 10.; 3. 7 , 0. 9 O. 2 
Turbin•lh ......•... ·I . . ... .. . . .. . ····;;-... .. 3. ~; 19 2"2 15. 3 ;. G ! 

•CalcuJartd u~in~ r:i1io c.d ~1mm3 :1t-th·i1y ~l.:tkton/til11a . 
.. n. )" 1.0Sl dt:lClnlt lion. 
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of .the 2-l clay Yalue. These clntn inclicnte that 
most of the acti,·ity is nssocintecl with short­
Ji,·ed isotopes. The initial <lrop in acth·ity is 
nry rnpicl, and nfter 45 days the decay cur\'e 
is essentinlly thnt of Sr~", the most nbuncl.rnt 
of the lo11gcr-li\'ecl elements deposited. 

The residual total beta ncti\'ity found in the 
two larger fi.:;h at 4 months post detonation nv­
eraged 2.5 ,..~ (Table 5.10). The~e was, at the 
s:une time, nbout twice as much gamma ncti\·ity. 
The tisli were collectNI ;,(; clay!' post detonn­
tio11, and the drop in ncti,·ity be1wer11 thnt time 

Table 5.10.-Beta and Gamma Activity of Fish From Rongelap Three Months Pose Deronacion 

FISH II (80Z G~I) 

I i 

I 

Ba. Sr I RAl>IOCHEMIC•L A"•L' SI~ (l'EP.· 
011095 AC'Tl\'ITY, ""o RARE •

1 

r1:sn '" Ha, !ir •S~ R•· 
,,.c EARTll fllACTIOS 

TOTAL 
AC'Tl\'IH , R.<ll• 

BETA Oullu (PEP.C.tsT) ! Sr" Ba"'" F..r.rn -1----------1 
Hearl._ -----·····---------I 9. 9 i 38. 3 !l. 6 52. I 
S~al<':<+Fius+Tail. .•...... 

1 
!l. s 

0. 565 I. 26 
0. 500 0. 58 li. 4 !l. n 72. i 

~:~~'c:r_n_-~~:::::::::::::::::i 4~: ~ 0. 900 2. 36 
0. 160 0. 43 

l. 4 0. Ci OS. 0 
13. \") 6. i iO. -1 

Remaindt-r of Bod~-.. __ .• __ · [ 8. 3 

Total. ____ .... ___ ... i 
0. 596 I. 78 

2. i2~ 6. -11 

-15. 2 11. 2 43. fj 

·-----------------·-------- -·--------------

Gll.O!!' .~CTl\'IT\", .. c 
Btt.1,, GA~nl.\ 

CiMO~:' ACTl\'ITl'. 1-lC 
8t~A GAM~A 

---
H cad ... _ .•.... _ .. _ . ____ . _ ! 0. IOI 0. 23 0. 01.'j 0. Ull 
Scales+ Fins+TaiL ........ ; 0. OGI 0. 23 0. 058 0. OS I 
\"i~c~ra. _ ..... _ .• · ....... ... i I. 6'.?ll 2. II 0 . 1 !.) 0. 20.'i 
Gilt~ -----·-----··· .••..•. ; o. O·D o. o~· 0. 023 o. 011 
Skelt-1011 .. -- __ ..........•.. I 0. !!II 0. 3,~ u. 031.l 0. Olli 
:'I! USCI<'. •.••••••••••••••••• : 0. 151 0. 53 0. 03S 0. Qj.f 

I 
I 

Total. .............. ' 2. 11!1 3. 5,<;. 0. 301 0. -161 

---------------------------------·--------
---------------------------------·-----·------

TOTH Be TA ACTl\"ln-6IX10: o: .. 

--·---------·-------

l'un:"T 
or TOTAi. 
.... CTl\'IT\' 

Zr" ... _ .... __ ............. 21. -1 
Jl1110l. 10• •••••• - ••.•••••• - • - . • • • 32. -I 

01h1·r........................ 11. -I 
Sr'' ............ _ .. _ . _ . . . . . . . . . 0. 7 
811 110 

••••••••• "/. - • ·- ··--·.... 0. 7 
Har~ Earl h,; .... ~ _............. 33. -I 

- S111npl(·.< coll~ctC'cl. t"·u 11io11ths po.<t c1"to11a1io11. 
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1md the nnnlysis nt -! months reprc>sents only 
r:-tdiologicnl decny._ Thus, the 1·es11lts nre not 
di_rectly compnrnul~ to thm:(' oof:tinccl from a11i­
m1ds which were 1:etu1·11c>d nli\'e, ancl in whith 
biolog-ical turnon>1· ns well as 1·;uliologil'al clecay 
were opcrnting:. 

The largest fradio11 of the gross beta ac·ti,·ity 
in the fish was contributed by the conl'entrat.ion 
of rnclionc:th·e 111atcri:1l in the viscera. In two 
of the fish in which ho11c>s an1l mus1·le were !'('.p· 
nrated and :rnnl,\·!'ed, eqn:d an1011nts of aetiYity 
were found in C'ach frnrtio11. Hnwcnr, the 
storage of thes1• fo•h in for111a l<lehycle for 3 
months may haw p~nniltecl the cli ffui-;ion of 
the ;·:ulioelements from bo11e to 11111sdl' to tnke 
plnce. Fllliher studies on fresl,1 tish will c·la1·ify 
this point. 

The confamin:1tio11 of the fish in the lagoon 
wns considernbly grt>atcr than that of the land 
nnimals studied. As fish form n large staph? 
item i11 the diet of the :\fnr!'halle~(', the high 
le,·el of contnmin:1tio11 is important. 

At the encl of a 2Vr111011th experimental 
period, the e~cT('tio11 by the chickens of both 
beta nnd gamma aC"ti,·ity per 2-! hours was ;i 

percent of the ,·al11e mensnred at the start at 37 
days post detonation (Fig. ii.1). 

.\nnlysis of pig excTeta i11tliC"ated a !';imilar 
clecren$e of acti,·ity with ti-111e. In r, li·Wl'ek 
J>!?l"iod, !-he g:lllllll:I actiYity eXC:l'eteil per 24 
honl's cletTeasNl to nbnut :2 .• 'i percent of the nc­
ti,;ty eXlTele1l at H days post cl£·!011ation. 

The excreta of the pigs from Ctirik contained 
less than 10 pel'cent of the g-rnss ~t;\ nctiYity 
found in thP exnetn of the pigs from Rongelap 
at the same ti1i)e. This ratio of 10 wns apprnx­
imntely the. i:amc rntio found between the nc­
tiYity of the foocl, water and soil samples of the 
f\'l"o locations. 

Ra.diochemiral A11alyJJi$ of Tis.me-~ and E.1·­
Neta. Hacliochemical analysis of pig: 1 issues 
i11<licated that 6:2 prrrent of the skeletal beta 
al'ti\'ity was c1eri"ecl from Sr'". 7 petTl'nt from 
Bn"0

, nncl 10 pel'cent from the rare eal'th grnup 
at 8:2 days post detonation (Table 5,.S). The 
raciioisotopic composition of the nri11'c at this 
time 'IYas simil:u· to that of tlie sk1·lrto11. Tl1c 
clistriu11tion of neti,·ity in tl1e body of 1l1c pig 

500218b 

may represent the cli:-:.trihution in human beings. 
Th(' nl11;ol11tl' amount of internnl contnminiltio11 

-in tlie lfongc>lap pcopll' was, howe,·er, only a 
tenth of that founcl in the animnls. 

At 4 11101ith!:' post cletonntion, thl' allrnlinc> 
earths l'OlllJ>l'i!:'etl Jess thn11 :2 percent of the totnl 
al·tiYity in the clam (Table 5.10). The rnre 
eart·h group co11stit11te1l ~;l petTC'nt of the total 
~!a arti,·it\'. The bnlance of the :t('tiYitY wa;; 

c·o11fribute1i' chietty by Zr'·:· (iH pl'rrent) and 
Hu10u•.,; (;t? percent). About iiO 1w1wnt of the 
mate1·ia) found in the viSCE'ra of the nsh wa:; 
of the rnre ea11h group. Yc>ry !:'lllall amount;; 
of sfro11ti11lll nnd bariulll wen~ fo1111d. In the 
ti5sues of the fish, strontium, ha1·i11m an<l th(' 
1·are earths coi1trilrnt('(l only auo11t 10 pel'ce11t uf 
the total nC'liYity. 

5.43 Autoradiographs 

.\. 1rnmber of nu!o1·acliog1·aphs of the tibiae 
am! femurs of 1 dtick, 4 pigs, 1 rooster nnd :.! 
C"hi,·ken!'i \\'l!l'e prepared both at the l"S:\RDL 
and at the Argonne :'\afional Lnburntory 
(.\~L) to cletc>rmi11e the pattern of deposition 
of tission produc:t:>. Contad printing on X-rny 
110-screl.'11 film "·as fC11111tl to be the most satis­
factory 111rt ho1l of prPpa ri11µ-. t hC' nut orallio­
!!nt ph;:. The clisu1r-:;,:io11 and ronclu;;ions pn·· · 
~ented below !:'Um111:1riZl' the lindin;.:,.; reporte1l 
by ::\orris (H•). 

The nutoradingraph of a tibi'a from a <"hicken 
sac:rinred at -!fl days post cietonation (Fig. ;"i.:2) 

inclirnted a relati\'ely u11iform dist1·ibutio11 of 
the actiYity thl'Oughout lllOSt of the bone, with 
the highest concentration of ac:tivity in the aren 
ndjacent to the epiphysis. This nren of hi~h 
acti,·ity corresponds to nn area of d·ense~trnbe­
c·1ila r bone. 

The tibia ;rncl femur of a baby cliirk, which 
died spo11ta11eom:ly -!i days po:>t detonation, 
showecl the hea\'ie::t ronc·entraf ion of mdioac­
tin• 111ate1·ial in the cliaph~·sis (Fj;.r. 5.3). The 
C'11cl rrgio11,.: of the boi.e, whieh were 1:1 icl down 
aft1•r thl.' :111imal!' wc>re r('lllO\'ed from the con· 
t:\ll1i11ated ('ll\'ironment, were relati,·ely larking 
in adiYi!y. Tlie r~l!ion of grcatei;t ndidty was 
in the diaphysi!-i, which appc>arl'cl to be nb-
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FJr;l'l:f: :;,1.-Bcta 1111d !!""""'' 111·/irilu 111dri,.kc11 rrcrt'111. 

11111·;11:1lly ro11stridt•d, pos!<ildy Ut'!':tll~L' of a th:­
!"l"l!as1•d ratt' of endosleal re.~orptio11. : 

A t iliia frm11 a pig ::;aeri lil'ecl -!;i d:iy!' post clrto-
11:11 irn1 liad a11 n1·t'a 1111cll'!' tlie gro\\'ill;!' f'pipliysis 

frl•c• of :1t·t1nty (Fi;!. ri.-1). "\s in the chick 
desnil1ecl nhon~, thi;: art'a t·o1Tcsp011ds to the 
growth whic:h took plal'l' after th£' nnimal was 
1't'l1101·1·d frorl\ tlic art'a of to11ta111i11atio11. The 
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Flct'HE t..2.-.41llo1·udiog1·u111t of Ii Ilia of clti('/;('11 iucri/icf'cf H dcqr~ 1•<-sl-

dc:tc.11t'a_Ufj11 (J.\"L). -- -r---·· 

marrow c:n·itv in this tibia contained dense 
trnlu>•·11!ar IHm

0

e along its l'lltire len<Tth, n formn-. . e 
t io11 not no1·m:l]h· fo1111d in mn111malinn bones. 
There.- ;:rl' abo t~vo cli!;ti11ct areas of incrensccl 
de11:-:ity in the tralicrnJ;u· regio11 1 which nppear 
as two lint';; of radioadiYity i11 the :111toradio­
graph. The <'enter of.the diat1hysis was nb­
nonnally thiek, po!:isihly bec::111sc of a fnilm·e of 
the 110n11;tl resorp( iYC~ process. 

5002188 

Xo othrl' e,·ide1we of a double line <Jf .radio­
nc-tiYe dl'po:;it appearl'd in tl1e animal>= !;t111lie'1! 
except pos~ibly in a SO\\' snnificecl :iS clays po~t 
expo;;111'e (Fig. ;Li). Hl're a faint deposit of 
aC'fi\·itr in the trabel·11lar bo11e is noted, sep:l· 
rate f1:om the highrr lcn~l in the epiphysis. 

Looney ( 8) has !-'hown that a typical o:::s~m~s 
tis~ue i11 traher11l:tr space is n characler1st1c 
h i:;l opa t lwloginil ti nd i 11g following r~lcl ioact i\"e 
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ferti1.;, 3 fertilP 0111>s ,,·ere openecl prematurely, 
11 clfl'l•lopecl t•o111plete embryos lmt failed to 
hat,i;, ancl 2:{ Jin 1·hicks were hatched, 011e of 
whiC'h harl. co11ge11ital pernsis. The latter chick 
n11cl six Hormal OllPS \\'ere sat"rifi<·ed and their 
ti!':sues rnclioa11nlyzNl. ...\~ain, only bnrely cle­
fe<'tahh· 11111on11ts o( i11ternally deposited ac­
ti 1·ity \\'ere fo1111d. Tl1e 1·e111aini11g baby chicks 
an• lwi11/.!' raisl'cl a11cl obsenecl for possible long 
tl'rm l'tt°ec:ts. .-\t the present time nll the chicks 
a1·p g1·011·i111! 1101·111iilly ancl .are in good health.' 
('0111parisn11 of the fertility nncl hntchability 
clnta of Hongelap he11s \\'ith those from domestic 
he11:; dt>E'S nut <len1onstrate n11y i>tfeC't of radia­
tion ou t he~e pl1eno111e11;1. 

5A7 Internal Radioactive Decontamination 
Srudies in Chickens 

.\ study \\'ns 1111clertake11 to determine the 
ability of both sodium EDT...\ nncl zin·oni11111 
t·itratP ( 1.·,) to i11C'l'ease tlw excrdion rate of 
i11t1>1·11ally <l<'p<>sitecl tissio11 products in the con­
ta111i11:1 ted ch irke11~. 011 the has is of pre\'io11s 
t-xperiet1l'e, it wa!:' 11ot expe<'t<'CI thnt nny appre­
,_.ialilt• clern11ta111i11:1tio11 C'011lcl be effected at the 
t i111e of th i!:' expPl'i 111P11t (-l months follo\\'ing 
i11ternal raclio:1t'tin~ depnsitiu11). 

The exl'retio11 1·atPs of 1-i l'hicke11s \\'ith large 
l1otly li11l'dL•11s of i11tt•n1:tl co11ta111ina11ts were 
detrn11i11t•d for a period of -l days as the base 
line for the study. Follo11·i111! this, two l'hiekellS 
11·t·re i11jPded tlaily I. P. with i:j mg. sodium 
EDT.\ fol' four day!'i: two reC'e.il'ed injections 
of i'O 111g. of zin·o11i11111 citrate .(l;i), and t\\'o 
l\'t'l'f:' i11jp1·tl'd with both zin·o11i11111 c:itrate ancl 
socli11111 El J'L\. ·J\ru ehil'kP11s \\'ere kept n~ 

1·011trnk Tl1<' 111ea11 beta a11d ga111111a acti,·ity 
t'X<'l'l'll'd ·1>y tlH·se chickl•11s was cletel'll1i11ecl i11-
di1·icl11ally for eat·li_of the treat111e11t days ancl 
for I clay follo\\'ill;£ n•ssatio11 of treatment. 
X1·itl1er tl1e zirrn11i11111 l·itn1te 11or the sodium 
El>T.\ alo11e was f'fl'L•C'ti,·e i11 i11creasi11g the 
t'X<Tt't io11 rate as n•flected by the beta aC'ti\"ity 
1111.-as111·t•111e11 ts 111adc. ·The eon ii 1i 11ed acl.m in is­
l 1·:1tir111 of zi rc:o11 i urn c: it rate a 11cl sod i 11111 E DTA, 
lu111·t·1·er, <io11hlt·c! tlir exnetio11 rnte of Mic beta 
al'fi1·ity. Xo cletec·tahl€:' cha11ge in the rate of 

excretion of ~amnrn nctiYity was noted.. The 
excretion rnte of fission products at this long 
peri(){I post .contnminat ion '~ns less thnn 0.1 per· 
·l'ellt per :U hotfrs. Thus, the enlumcement of 
thP exnetio11 rate by the combiirntiou of zir· 
('011i11111 c-itrnte uncl sodium EDT.A did not si~­
nitkantly decrease the total body burden. 

5AS Summary 

Studies of nnimals proYicled cliltn on "the 
1111t111·e n11cl clistributio11 of the rnclioisotopes in 
the tissues ancl the E!XCl'eta. 0\·er 90 percent of 
the ncti,·ity in the body of nnimnls wns locnlized 
in the skek·ton. Thr pattel'll of deposition of 
the fis~io11 proclucts in the skeleton seen in auto· 
rncliogmphs resembles that of the nlkn line 
earths. Morphologi1·al changes which were oh­
sen·ecl in snme of the bones may be the result of 
the exposm·c of the 1111i111al to external radiation, 
11ltho11gh tl1e effects of seYere clietal'y changes 
a11cl other disease cannot be rnlecl 011t. 

The alkali11P earths Sr", n11c1 Ba"'' ancl thr 
rnre earth g1·oup tog<'thH roi1stituted ii> percent 
of the:> gro,;s lieta aC'li\'ity in the pig- at 82 dnys 
po~t deto11atio11. Till' fish anti dam hiHI n much 
)o\\'e1· ('OllCl'ntrntion of the 11lkali11e and rare 
earths, a11d a body l111nle11 consiclernbly higlaer 
tha11 thnt of the laud :111i111:1ls. 

The:> in tern a 1 dist ri bu I ion of fission prod 111:ts, 
in the pig i,; prohab.ly represe11tatin of the cli!:'· 
t1·il111tio11 in h11111a11 bei11g!:'. ...\11 esti1i1ate of the 
human body burden was cleri,·ecl from the dntn 
011 p1g!". 

Studies made 011 egg procl11ctio11 of contnmi-
11atl'cl hens g:l\"e 110 e\·iclell(·e of any effr<'t- of 
1'acliatio11. The rate of procluC'tion :rncl the eg~s 
proclm·ecl \rerc:> Loth 11or11ial. The extraordi­
nary ability of fowl to Jllobifo:e t·nkium in shell 
format iou rcs11 ltecl in the p1·e~enre of nry hi~h 
utti\·ity in the shells of the first few eg~s .. The 
nC'tiYity was assm·i:ile<I with the fission products 
of tlie all:ali11e earth g-roup. .\ si~11iflcnnt 
anio1111t of adi\'ity was found in the yolk, nncl 
lesst'I' a11101111ts in the albumen. The removnl 
of adi,·ity from the body of C'hickens by egg 
pro<l11dio11 111·0,·icles un effectin natural de­
co11ta111i11atio11 process. 

' I ;• 

'
~l 
1 

rj 
t i 
• j 
I• 
! l 
; . . . 
1 • i 
I 1, 
i 
~ 

i 

j 
1 

I 
1 
t 
~ 

I 

I 



ENCLOSUI'..E IV 

V-D 

The total person-years of observation in the 4 study groups 
(Rongel~p exposed, Ailingnae exposed, Utirik exposed, and 
current unexposed group is 8280. 

Rongelap exposed 

25 years x 60 people 
= 1500 

50021G4 

Ailingnae exposed 

25 years x 16 people 
400 

Utirik exposed Unexposed 
(800-1500 series) 

25 years ~ 132 people 22 yrs x 140 peo1 
= 3300 = 3080 


