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EFFECTS OF XOXIZIX-GR.4DI.4TIOX

Table 5.1 .—Biologically Hazardous Jnrerna]ly Deposited Fission Products

From: 1 Seabor~ and Prrlmall, Rev. \lod. Physics. M: 5S5, lCM.
~ Hnmilton, J. G. RCV. Mod. Plly.*its. 20: T1S, lt34S.
~ Handbook 52, U. S. Dept. of ~ommewe, Xationsl B(lrrau of S[awlarrk.

p?llel’ill, IOllg r;lcliologic:t] tlll(l hiologic:il llillf -

.

-.



-.

I

i

I

,

I

●

✍✍✍✍✍✍✍ ✎✝
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5.3 Internal Contamination in

Human Beings

5.31 Methods

.4S n comnlete rsdiochenlicn] ;ll)itlySiS of all

5.32 Findings and Inrerprerations

]. 13etn .ictivity of the 7_-ril~c. Intcrt]ni dep-
OSi~iOll Of r:ldi(J:\(’ti Ye e]elllell(S NfiS CVidelKCd
by the presc]lce of significnllt an~ounts of beta

actiYity in the urine. This activi(y clecrenseii
rapidly ns :Lfunction of time, aS it was cieriYmi-
chiefly from short -]ive(i raciioiso~opes. For
exilmplc, at 3 months i)ost (ietonatiol), the nwnn
nctivity of the urine of n(ill]ts from llongci;~i>
w:ls ?S i)crcet)t of the va]lle nlcnstlrc{i 45 c’i:lyS

l)ust (lelol):lljo)), :111~1 nt (i mnntl )$, the :~ctivi(y
i]) t])e 111’illC\~;lS”iJnlY2]~(iet CCt;lb]l} ill lllOSt Of tiM?
ili(iivi(itl:lls.

(~otll]xtrisotl of tllc n)c;tl)s of [iic urine s:lln -
plcs fol’ t])? :Idlt]ts fl’o:)l Roll:ei:lp nll(i
.iili)lgil}:le :in(i frmn .%llleric:ll~s frm]l llongerik
in{lic:ltctl Ill;lt ilt -15 (I:iys 1)os1 (le(on;ltioll (IIC

.
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70 EFFECTS OF IOXIZIXG R.\DI.\TIOX

Table 5.2.—Summary of Human Urine Analysis, Gross Beta Activity

Ronge13p

Age in yew
A (<5)
B (5-16)
C (>16J

Ailingi[ue
Age irl ycnr$
A (<5)
B.(5-16).
C (>16)

.Amerimn

1}+ Xfosllls I 2)2 \[rJsIlts 3 >10s1;1s I 4 M 0s1/1s I

i

7 16.5 404 . s’ 360, 12
11 43(1 ‘ 75s 12
31 5s1 ]Qo~ ; 10

510 5 “
g~~ 705 , 10 3::, 339 33 fi.1~ 0

i
1 150 217
2 275 1~~ 3

10 722
401J O

553 ]p 655 0

25 115s 3{l~J l—
All vulues corrected for dec:iy.

‘1’11,,Vi[li:ltioll of glt,ss :,ctilit) :1111011$ till,
‘.

ill~li!.i[lll;ll< ill :IIiv of tll~~ tllire :IYIIIIIS is qllit(,

. ... —-..

‘,



IX TERX.4L DEPOS1TIOX OF RADIO\WCLIDES

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

ITIJ,.,,VO,~M~~“ETA .\ CTIYITY ![ I

TotAI. \’OLr>IEl DE7A ACTIVITY

p:,,,24nRs l!
CA$E so. 24 liks (ML)

I

I,; M:?! IIRS

CASE so. 24 HRs (ML)
_ .—

I

—-—————l—— l~i~--~’— IAgc <

2
3
5

23
33
54
6[}

I ! ,
:————’:__!_—:.—— l;

i
;.
!:

20
24
2G
35
36
30
47
67
7’2
75
i6

Agc > 16

-t

i

9
10
11
13
14
IS
z?

30
34
37
40

455 634
Slo 1, 700

355 201
960 549

450 I ],5s3

3-1o

I

1, 677
7S0 2, -iGO

453 ~
1, 670

4: ii

glw ! -t3s

750 I
570

4s0 I 792

550 \ 1, ~yJ

330 495
~~~ I(J
7S0 I
3?0

1°
1, 0s0

700 \ 3, ‘J?()

550 i 1,095

750 2, 170
Slo ~ 5s0
~~(1 i 1, 9s5
633 ! 2, 260
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72 EFFECTS OF IOXIZING RADI.4TIOX

Table J 4<roS5 Beta AC~ivi~ in urine Of people From Ailinginae and the AmeriCan S. .

,,

[—. 5

I 150Mcsll . . . . . . ..-.. .l ~ , :
217 i

I i!

Age G-15 yrs i. !)

1so 16-! l! 1(1
-4s.

\;
11

53
61”: 370 m , 12

i——! 13i,
:.

XIWII. - . . . .. -. -.. . 275 ~
l~fi !, 14

15

.— ~
I ———,

I
16

,: .-

1, ’370 o
650 0

], 2?4 ; SZQ

440 ; 7S
735 i o
900 24.5

1, 340 o
1,41U : 1, ~~(1

. . . . . . . . . . . . ..-

.. ---- ., -. ..-. .-
1, 5s0 3s5

1, 460 0
1,s10 965
720 : 43s

1. 3s11 : s~l)
1, !K30 fJ

94.; .. ---- .-

. . . . . . .
I

], ]so
], 16(1

!
1, 3~fl

51(1

,5I i .:,

1,~~,1

. . . . . . --
0

~,il \

] s;
32:;

. . . . . . -.
(1

;——— _—— :. __ . ... . . --- .-—
>Ieh!l . . . . . . . . . . . . .

722 ,.,.
02.>

1 Jlmll . . . . . . . . . . . . 1, l.~< “ 381’.’

--

.

‘i,,
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,1
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:“,..

.’~.:. ;:J
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IXTERX.+L UEPOSITI@X OF R.4DIOXUCLIDES 73

TabIe 5.5.—Radiochemical Analysis of Urine From the Rongelap People (45 days post deconarion)

—.-. .—-— ..— l--–—--;-–-——;———! —--—
1. . . . . . . . . . . ------------------ ..+ 1370 ; 4!VI ! 1?() 1!);
9----- . . . . . . . . . . . . . . . . . . . . . . ] ?~() .51[) ! 13(I 24;
3 ... . . . . . . . . . . . . . . . . . . . . . . . . 1[)?0 4M) ]~() :24
4 . . . . . . . . . . . . . . . . . . . .. . . . . . . .’ ]~](-) li?lj ]y) 2,> ~

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l.lr,() 3?s 110 .174

6.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ] Q[,(J ;~~ I 1 7{) 3:,3

—“ ——

..~vvragr . . . . . . . . . . . . . . . . . . . . . . . . ~ 1253 : 52!3 134 312
Ptwcnl d total ha ac[i\ily . . . . . . . . ./ 1w 42 : 10.7 2.7 .5

Table 5.6.—Nfean Body Burden of the Rongelap Group

—— —.- .

~ -’u’l!tli” ~4C;’’N’T; .4c11\17y ,:

J(.~IIIOICmC, I,E
I 11, y

(Wtlm) (r:\~;i I! I.) ; (1.,r:l..
—— ..—. . . . —. —-- . . . . . . . . . . ——-. ,—— .-— .. -—-

Sir’’’ . . . . . . . . . . . . . . (1 1!) I.c 2.2
lh’’e. ..,. . 0. [I?l 2. 7. . . . . . . . (1. :$4

l?n:~iarlljgr{.llilj,. . . . . . . . . . . . . ().03 1.2 —
]l~l(lttl],frijlcj)....... . . . . . . . . . . . . . . . . ~ 6,4 11,2
]{,ll*l. +, .---, ,.. ..$. . . . . . . . — — () 013
(at, . . . . . . . . . . . . . . . 1) O : L).(Jl!l

Fi-. ill, tl]al, rind . . . . . . . . . . . . . .! II () [J. CJIG (pc)ll)

:+<1712 !l—; (; —,;

—

5002118



74 EFFECTS OF IOXIZIXG RADI.\TIOX

.<1) nttelnpt to measure lmne-fisecl rnclioactive
emit ters by nleans of sensit ive tilnY bridges tnpecl
below the knee, over the epipl]ysis of the tibin
011 n numbev of persolw, yieldecl no positive
yes~l]t~.

So correlntioll co{~lclbe obtained betw-een the

clegree of internfll conttmlination nncl tile clini -
cwl nn(l helnatologicn] finclin:s. In view of the
short hnlf-life of the most nbuncl;int fissiom
prcxl~lcts clcposited intetm~;lly in this situation,

the possibility tllnt chrunic irrnclii~tiou effects
will occur is qllite sn~nll. Thus: nl~ emluntioll ‘

of the clot:l on the iutetml contarninntion: in-
cludiiig tll:lt of Sr$9! lencls to the conclusion thnt
the intern:il haznr(l to tile contanlinnte(l inllnl]i-
t:~nts of tl~e Jlnlsl]nll Islands is miilimnl both
from the Ocllte nllcl the long l“ill)ge point of Yiew.

5.33 Source of In(ernai Contamination

“ Tl)e filllCJllt m:lterinl consiste(l lnrge]y of
c:lleillln oxide nll(l cnlcillnl cnrllomte. The
fiS$iCJll l)l”f)(]ll~t~ W’CI? ~.Ck)Ib?ll ]Wl illl~ 01) f~il”]~
l;ll”gc Imrticles. Tile ]l)iIteri:ll WNS I(I percent

sol(ll}le ill \Ult Pi”, illlfl COlnplet?ly soluble in aci(l.
Itlterll:ll (lepositiol~ of fissioli procltlcts re-

stllfe~l frolll il]ll:llilti(lll :~litl ingestion of the f;\ll -
mit ti;:ltcrinl. Il~,uestiml :lpl~euts to be the more -
itll]~oll;tlll of tlw [i\(J rolltc.~ of entry into tilt ,
l~o(ly. ‘1’llc :Ictil”ily ill tllc :lir settles c)ll[ f:lirly
riil)i(ll~., bllt (’c)tll:lllli)l:t(c[l fOO{l. lYiltt’V and
Iltell.+ils rct;l ii} tl]eir ;I{tivit! for long lwricxls of
tillle.

‘l”llc :Ill)oul)t of fis.~io)t ]Jl”o(lllt’ts l“PilCltin~ tllc

l)] C)O(]>tl.C’illll tlllollglt tlie rcsl)ir:~toyy [rilct is n

flltlvti{)ll of lx~rti~lc size :11)(1solllbility of tile.,
ilil”ll(~l’lle COlltil llllllilll t.<. ‘1’lle pnrticles witl)

\vllivll tlli, :lCti VjtJ’ \r:ls nsso~’i:ltc(l \vere CO1l- —

si(lel:ll)l~” l;trgel tll;(li tile oplimum size for

del)ositi(jil ill tilt’ illv~~)l;ll” tiwlc of tile lung.
Tll(ls. tile prol):tbility of tile retl’llt ion of illll:lle(l

:tirlmllle collt:llt~i]l;ltiotl \~m IIot ;ll}l~reci:lble

(lll!”ill~ tl]l’ ~xl)~sll]”(’ ll~l”io(l.

l“lle )Iy]mtllt+is tll:lt ill,ccstiutl tv;ts the cllicf

Sollrtc of ilttetll:ll C(lllt:l lllilliltioll is Slll)porte(l

by tlIe till(litlg tildt tl][’ g:lstl(~-it]tfstill;~l trnct,

its (x}]}tt~llt<. :\IItl tlli, livcl. of :lllto~)siwl clliCkens

:111(1 I)igs s:li’rifiur[l ill r;irly illterv:lls followill:
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INTERX.4L DEPOSITIOX OF Ii.4DIOWCLl DES 75

(o increfise the rate of tlwir excretion hns pre-
vious]y been demonstrated (11-13). lt ismcm

effective with the mire enrt]l :roup, M hs
noeffect on strontium (13). Tl)esesttl(lies ll:~vc
SIIOWI1that most of tile hiologicnlly ll~ZilrdOllS
m;ltwi:ll renln;uing in the body is firmly fixed
in belle within a sI101I tilne$ so that effective
q-wj~~ic dccot~tnlllil~:~tioll by cl~emicn] n~rellrs
con ocmlr only in a short period follo\ving ex -
l)osllle. Ncvertlleless, fin :~tlcnll)t 10 eflect in-
tern;ll (Iec{]lltjltllill;ltioll \vns m:i:le 7 weeks post
(Ieton:lt ion, since it \voul(l mobilize nn(l lllilke
detect ion of isotopes e:lsicr: cve]l t hou:ll it \VM
renlizd tllot the procednre wmlld lmve limited
vnllle fit tl~is time.

.1 represent ilt ivc :1.011]} of sewn imlivi(lllnls
fl”olll l{ongcl;tp \wrc selected for tliis stN(ly.
I)llri)~g n CO)]I rol period of 5 [lays, ?A-hour urine
samldes were collected (l:lily for l’;~dioanalysi:
in order (0 est:lblisll :1 IMsal excrcition rate.
I)llring the next 3 clnys, c:llcillm ~I>T.( \Y:IS :Id-

ministerwl Ornlly, I gm per % lbs of bu(ly
~\-eiglit d:jily insfen{l of tl)e prefernb]c intrn -
vet)ous drip bec:ll}se l)}l~elltpl”ill therapy \VnS llOt

pr;lclic;ll ul)der (Ile circum=t; ll)ces.

Twenty-four hcNlr Ilri}le s:im])]es were col-
lected daily (luril~g IIle trc;ltnwnt peri(!tl ;lI,(I
for 5 (I:lys fo]lo~ving tl+;tt]nt”nt to (Imermine llw
etirctiveness of l;I)”~.\ in :Iccelcr:ltil)g tlw rx -
r:retiol] rate of the r:l(lioelcl llellts.

>-0 side etiects fro])) t]lc IIW of Rl)l.-l \verc

observed. 13100(l coul]ts al~cl blood pressure rc-
m:]inecl unclI:Inged tl)I.olI:l)c)ut t lIe trent mc])[.

The mea]) :Ictivity of the urine ciuri]): tl)c

EDT.+ trent mcnt period MS ?.5 times the pre-

t~~ilt)lle])t activity. The probilbi}ity (l]at the
(lit~erel)ces observed rtre d~le (o cl)ancc is less

tl~an 0.01. Tl~I]s the ornl :l,rbl~it~istl:ltiol~ of

~IIT..\ for n l)erio(l of 3 (lnys beginning ~? days

post c]etona( io]l incrc:tse(] tlIC excretion r;lt r Of
.

internally delxwi[ed fissiol] prodlcts, bllt (llC

o~er-:111 effect OII decl’e:lsing t IIC b(lv bIIIllcll

W:I,S sligl]t, ns the cxcre(iol~ rates were Yery lo~~

:~t this time.

,S’ummcry. TI)c first inst:l]lce of ittterl~:ll (~C-

Positio)l of mixed iis<ioll l)rodllcts itl IJIIJII:IIJ$

Occllrre(l ~S :1 l“Cslllt Of f;lllullt follolvin: il 1111’1”-

5002180



76 EFFECTS OF 10XIZIXG RSDI.4TIOX

molluc!r’lr explosion. ‘1’Iiis intrrn:tl colitnnli-

nnticw resulted from botl] inlmli~tion :II)L1 il)gw

tion of fnllout ]Niltel’inl.

High levels of nctivity were found ill lrilte~
mMl 0]) tile external surf;~ces of plol~ts. Tlle

CO]lt~lllil)ilt iOll of tile interntll portions of fruits

ad vegetables was smll. Of the il~dirirlunl

radim)uclicles, St-S9,becnllse of its IIigl) solul)il -
ity OIK1relntirely loNg rnclio;lctiw l]:llf-life W:IS
probably tl]e isotope of gyeilte~t potential lliIZ-

nrd in the environment.
Few of the fission proclllcts l)resent i]] the

enviro]tmellt were readily absorbed fro])) the

lungs rtd tile ~. I. tract. ll:l(liocllel)lici~l :Illnl.

ysis of the ‘urine S:lmples from tile ROIlgeli\ll
people indicntes tllnt Sr, Bil illl(l tile l“ill”e enrtl)
groIIp together constituted ~ii pereellt of tl]e
totill betti i~~tivit~ of tl~e ~lrille itt 45 di\~s post
(Ietontttion. S1” ~~ilS tile ])reclominnl)t radio-
nllcli(le :lt this tilne, contribcti]]g 42 percent of
the tot:ll bet:l nctivity. .$mys for fissile mn-
teri:l] ill the lmole(l llrine siIII)ples }vere ]}ejmtiw.

Tile IIilmilll body bur(lell of il)clivi(l(l:ll r:l(lio-
nuc]ides \Yil S estil]l:ltecl froll] radiocl)e]l]ical

fillill~!51S Of tll(,” I) II II I; III ill’llle illl(l CJf tll(’ tlS511V5

m)(l (Iritle of onin)nls from Ron~elnp. The
IIlcall lJoily lmr(l(’11~ of tlie I“illli 011(1 Cli(lPS ill tllv

.iilil)gil):le gmlll, \rere ill)[)l’OSil)l: (tCl~ ol]e-ll:\lf

dir)+ of Rrmy’l;l[), :111(1(11? 111(’;lll body hll l’-

({ell$ (Jf t]le .\lll CI”i C:lllS ilkll( ol)C1-folll~h”Of []IC
T{(~l)gelil[) gI.0111). Il”llile tl)e ilCti Vit~ excrete(i

I)er u))it voltllt)e of Illitle \v;ts tl)e sillne for o(lults

:lt I(l cllil(ll’eti frfllll ~ol Iyl; Ii). tlie toti~l ~ctiviry

exclvrc(l itl tile Ilrille ill 2-} lifIllI”s b)” cllil(l~i~ll
Illl(lr} 13 ye:lrs of :igc \v;ts sigllilicillltl:. lotvet

tllilll [I)tlt eSC1’Cle(l I)J” tilt, il(llllli.

~llc to(nl :Illlollllt of l“;l[li(Jilu/i\”e }ll:ltvli;~l ill
tile (;. 1. tr:lrt nt Ollc (1;()” Imst (Ietoi}:ltiotl w:ls
cstinl:lte(l to Iji, :; )llc ill I)v()])I(, fl.ntl) ll(IIIKCl:I]I.

‘1’lii.~ il(’tiVitJ” lvn. col)ttil)li[v(l (llicfly lIy is(,tolws
0{ sllf)l,t r;l(liol{~gi(.hl :111(1I)if)logicill ll;tlf-life
illlll Iilllite(l s~~llll)ility, :111(1II IIIS tlll~ Ielcls of dr-

tivit\” ill tlte t Ssiles of tllc Imtly JUQWI,el:llivelt
]()\r. ”” ‘1’11(!COllCellt l’ilti(lll Of [.;l(li(}i~(jt{~l)v.+:It ti’
1110111]15 l)(JSt (lFt Oll:ltioll \VilS l):ll’l-tl~ [lI?t(’Ct:l])ll, fil

tile Itrilte {~f III(M of tile e}:lmse(l ilt(liri(lll:lls.
‘1’1,6estilll:ltt,[{ (1(,+ to tlIe (I)yroi(l front 1)””

:111(1 11111[*1, }ll(,tt-li\.(.(1 io(lilli, isolol)(.s” \v; Is 11111

5002181
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Table 5.7.— Nlorw+li[v and Ex[ernal Radialion Dose of Animals From The
Li;”ing Areas of Rohgelap and Uririk

.=KF.lE: .l I ,$EV,!E: n SISIICS r I ~ _.;___SIRlr.s r) TOT ,.

~\J,E,R: *L ,-----— .——— .-. .. - — —-. —-— — - —-— —. .—— -

(..114} or :
?>or(]). y.) 330 r(@.4Y 2’.) ;

I__._ . . . W01(DAYJ31 _ -.___.—.— ‘
3:{1 ,,I)AY m.:.?, t

CLILI EC71<,>) :--------- ‘--: —---—-: .:, ,rAL
.4s1\f., L$

,T#H,L~ : TOY.<L “1),,,,,1 ~,,,,, ; ~~’: : D,.,,, ~ s.,,,,
1-,,,,, ~,,,” ‘ ~,c,,, 1,[,”,, J“’” “’””

: Rr.rg, : r3E.4[! ~ .?.4r’11 , Rtr’11 I{rc’1,
I—— -- ——,-—— ‘____ <-— _,-_ ———— . .. ___ .— .-— ——— —— .—— - — ——-

1 !. ’,.

Iit. m ... . ...’ rL 1; ) ‘ . . . . . : 3, ~!?.. 11 , :: . :?J.. .

113:. 23 l“IJy ?.? ; I)JY 42 “ 1).,y 4+ ‘
!.: I ~ I l..y 43 ; I ; ‘;:.:(.,

I
I

;4 r:i+
,

#
i! i~~

I : ‘+~ ‘J:, :
I

, y< 1;

/’ ~I ii
II ~ ; ,,(, *?J “__! ___

—-. — —----- —- —.- ..— — .—.’ __; —— ,——. _— . —--——

I?mslm:.. . . 1 : : ..,,. f -- i . . i 2’/ I I . . . . 1; . . . . . : . . . 4 1 .

I
,

I ~ 1).?49 (
——. ___’ ___ —.,—— —-:.—— —

C!mks.,..,. i . . . . . . . . . . . . i. ~.~-- I ~T–::ZZL____
————q.... i ... :-i-, g:_:’---—--—_‘_..-I——__.—,—.—,___:-——-,—,—Dul’ks,.....l.... !.... { ... !..,.I ,.]...... [I 1, ‘~““1,,.,.::,1““~““””,‘--; 4;‘“‘=-

il-—-—_ ____ -—— .-— ,—- ___. — ,— -.— .-— —— -— —- ---
r,:! . . . . ...1 , ~---i---– / ,,J, ,: I ‘; ~~ ‘i,ov ‘; . . . .

; . . . . . . . i ,0, . . . . ,11 ! . . :.

I
3s sow t

1 ! [ $, ,!-, !/

H /?4 :
1’;

1
I .4’3f?s ‘ ~::’

+.—— ,—-—. -.—— —..-— ,—— — --’ .—--— — —-!-—— — ------ ‘------- .-.. —- ———— —-

C31,. . . . . . .. I 1 !....,
, ““”” I “’-’_“ ~““””’! ““””~‘“”i ““”””~‘“””~““’””““i ‘ “ ““.——-:____:_____._.._ —,_ _ ——- ,.—-———--— —--—-1I I !I I I !
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ilCti\”ity lV:l~ r3bt:iille(l ill tOtill il.’lll, ~11(1 \Vil S ens !vere collectd fiI\(l i\slIe(l coll)bil]ed, lXIt were

co]lvertecl to PC “(’’0’4 eqliiv:ilent. CO] Iecre(l illicl aslml Sel)iil’:\tely for tile pigs.

Snml)les v’ere nllnlyzc(l rilCliOL’;lellliCillly for Ilrgil)l)il)g 3 week l)ost (Ie((mlltiolj, t]le exc~etil

sl-’”, ])i\””, tl)e rilre e:tltli gl.OUl), 1’3’ illl(l fissile of i] rel)reselltiltive gIOOIIl) of cljicke]ls was col -

nli~teri;ll. lecte(l ~t Wf?~lily il)tervn]s for SI period of 9/~

For excretio)) studies, the nnimnls were caged mol]tlls. ~ollwtion of pig exc~eti~ \\i~s begun

il)(liridllnlly, old their excretn collected at 24- rtt 6 weeks post cletml;lti(m, flnll tile collection

hollr il)terv;lls. ‘1’lle feces :ln(l uri)le of chick- \vas nli~(le nt weekly interwtls for a 6-=rreek pe-

Table j. S.—Radi~hemical Analysis of Tissues and Urine of pigs From Rongelap on
S2nd Day Posr-Deronacion

“ 1

1
J
1

SICIA Amwr-D; M1707AL S,l>l rLr
—. -.. — _—— — — ———_. —

Gcoss i ~r!, ~a,,!. T07AL
s4MYLt AC71V17Y —.- SARC LARII!

i m-l
~-~1 1 10+

x 10+
—- —. —--. -— —-.. ,—— — _-, .— _ .- —-, — — —-—-

1
Pig *24 (?5. S kgnl) I

Skeleton (totul J------------ ~sqo
i 5660 ! fifirl i 1010

Li\,er .. . . . . . . . . . . . . . . . . . --- 31 0.-10 !

I

0.33 6. -t
Colon &’ Colllr’llts ..- . . . . ..-i 12 5. 0 2..1 3.2
l,u!:~ (.\l\,eol:Ir) .- . . -....-.-’ 1.5 i 0.22 ; o. 2(1

I
o. s

Siornxch . . . . . . . . . . . . . . . . . . . 1,2 : i). 22 ;
Inle:tillc (Sl,,:ill) . . . ..-.. -.. ~ 2.3 i 0.62 : :;0 / i:,
Kicll\cv 33! (-),21 f 0. .1?. ..-. . . . . . . . . . . . . . ., 0. i-l
J?cr,,ai,ling Ti+,l,+.-... .--..1 600 I .- .-. . . . . . . . .

l–i-–.;–-!—
-. . . . . .

l—
Tot:tl.. - . . . . . . . . . ..-l 7 ~~r-,;

Urine Sa:nplr. 2! hr. -.....1 13 & 7 1’ ‘G; 2 ~ 102~ ~I
———-——— ,——-. —— !——— —-—— —:—. ——__

I-’i~*2,5(?2,7 kgl:l\ I I I

~~’:jpt(,l] ((rJ(:ll!. . . . . . . . . . . . lm)u ; 51[1(1 53(I ~ (iio

I,iv~7 . . . . . . . . . . . . - ...-....1 27 u. 53 ~ 0. 21.1 ! 5.5.
16 ! .5. (J \ 3,2 / .4. !lCo!ol, ,< crJ!)tc!ll.. . . . . . . . . . .

1.111!s(..ilrc(ll:l rj . . . . . . . ----- 1,1 : 0. ’21i I ~ 23 ‘ o. 3s
Slol:,;lch.. . : . . . . . - . . . . . ...’ 2, (1 ; (J, %] 0.13 0.30
Ill(r.til}r (SIn;ill). . . . . . . ...! 2.6 i 0. S3 t 0, Ss o. N
l(i~l,v}.. . . . . . . . . . . . . . . . . . . 31! 0. 14 ~ o. l!} 0, 52
llcl,,:,i(,i,)~ liwl,c:. . . . . . . . . . . ?2(1 ~ . . . . . . . i . . . . . . . . . ---- .

I —— ———
I —–

To{al . . . . . . . . . . . . ..-i s~;o : 5}0: ! 53 I 702
[.”ril,c SuInpl(, 2.{hrs . . . . . ..l 6, 2 I 4.-I : (). 41) 0. 5-1

-— ..’ . . ..———. —-— —— ——— .- —-—--- —!-———

su\r\t,4ri}.
--— . . ..— .— ...- .— --- —..-—.-———— ------ -—— —.. —

13RW 14r.7.~ .4CHV17Y 5KC:. C1OX , TOTAL Ilor.r ! VP. ISC (2{ Hrrs:
--—--—— .. —-. -.- ——— —— ..- —-— — .-— — .-- —--— .---- —-- .--— --- ——

$r,l I
. . . . . .. ---- . . . . . . . . . . . . . . 62. (1 ,jS, (J , @l ()

~la,,;,,. . . . . . . .

6. S t-l.5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :, !)

~arcklnr[l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1 9.7 , !), (1 I(I, 5

1-—, —, .—
,

, I 7fI. .5 ~ 73. .’) , S7. -i

y“ .
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Table 5.7.—Beta and Gamma Acciviq’ of Chickens From Ilongelap (/lc s lo’)

5002184

● ,2 / HE% ,,9 I IiEs W / S3LX 4?5 ~ Hc~~_~– I{c* =~~,
—-——— ——— ~:-, — -—— !— ----- .

])AV or ]> E.*TH. . . . .. I‘—-i3AT7~- I)*V ~-f I DAY 74 [ I)AY Y; I 13AY 127/ ;,. 1“!5 , I).,* 1!?
—.-— _—— __— ,—— — ,

])AY ASALI’ZE1 ~..,.,..! ~AY ,, I ,,AY 24 l)AY ;Y DA v Ill:
I ~A1’ 12? 1=~—[ ~A’” l:T:

——— ,—— ,——. ,
TISSr E ,~ BETA OAMNA ! BLTA OAMXA BLIA

l—
(;~,,K, f ~~y., G.t MMA BZ!A GAMM\Cl,\*lb!* ~ DLT.< OAMNA [ S4:*A ,

— —l-—— .— —-— —---——
I

Tibia . . . . . . . . . . . . . . . . :(40 3W3 SI.W 41il11 1.33 693

Skele ton . . . . . . . . . . . . . 11030 w-ml I 1$&) 6W41 19343 K<i) :. ~ ;:’ :;. ;“3 :: ~ ,:2 ,,:’;.

I.ivcr . . . . . . . . . . . . . ...’
Gizzard. . . . . . .
Gizzsrd~cO;icn;).:::~ ::;;;:::::;; ::::::::! ‘h :

:0 ~ 3;:::’ :::: ‘::! ~ ‘:: ;:

Crop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.43 5.0 28 7.9 - 12.2 9,3 4.3. 0

IIIICSIIIM (L) and

cxmlrnls . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . 0. (a 10.0 3.0 6.3 — 14.0 10.7 ~ s.; 0.?6
]“,c~,l,lc (s) a,,d

conh~nts . . . . . . . . . . ..l . . . . . . . . . . . . . . . . . . . . . . . . ).6 4.0 30

P3nm3: . . . . . . . . . . . ..~ . . . . . . . . . . . . . . . . . . . . . . . . 0.16 – : ‘1 ~’ “ I ““o::~”””~””
.splwrn . . . . . . . . . . . . ..[ . . . . . . . . . . . . . . . . . . —- l.o ----

1 :x
Kldnr)’ . . . . . . . . . . . . ..l 1$s 45 -,.. ,,,. ,...

LUfi FS (.{lveol I!.. ..1

Trncl)va . . . . . . . . . . . . . .

mrbi~,,,, . . . . . . . . . ..i “;; s

0 % I i’; ]:!
‘ :: I y ‘;! ~ ‘:~’ ‘{:! ;: :Q

1.0. . . . . . . . . .

. . . . . . . . . . . . . ...i. . . . . . 3.h: 19 ; ?1 133 ;,~~____

.Calculalrd u$inp rslio of gamma nctlvi!y .kclc(on;!ilm

.“3)s)’ IR%I d?16nU[10n.

.
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of the 24 d:ty vnlue. These dntn indicate that The residl}::l total b’et:i nctivity found in the

most of the activity is nssocintecl with shost - two l:uger fish at ~ months l)ost deton;~tion av-

lived isotopes. ‘TI}e il~itinl drol) in nctivity is erngecl M ~c (Tai)le 5.10). The[e was, at the

~ery rnpicl, and nfter 43 dii~s the decny curve Siunetilne,about t\vice;ls l~l~lcll gillt~ll)i\ nctivity.
is e5selltinl]} t])nt of srko, the most ~btll~di~llt ‘1’lle lkll were collected 36 [lily\ l)OSt cletonn-

of the lollgcr-livwl elements deposited. tioll, and tile drop ill ac[i\-ity betlvectl tll:lt tillle

Table 5.10.—Beta and Gamma Activiq of Fish From Rongelap Three Months Post Detonation

.

~ls.H #l (S0? GM)

h. ~r / RAIWJC14CS11CALASAL)SM (PC?.
OROSS AmtwTY, AXD RARI t IXS1) lx W SK

Pc y;:
AsLl R*

PRACTIOS

ACTIYIT)’ , RARE
BETA OAMXA (PEKXS7) ! ~r!$ B~l,! ~AF.711

Head. -.-. - . . . . ..----- . ...i 0.56S
I (j ~~1) ;::

9.9 / 3&3 9.6 52. 1
Scales +Fim+Tail. -------- ; 17.4

I 0.900 2.36 4:: ~ 1.4
g, g 72. 7

Viscorn-. . . . . . . . . . . . . . . . . . .
-... -1 0.160 0.43 7.s ~ 13.9

0. G 9s. o
Gills . . . . . . . . . . . . . . . . . 6.7 79.4
Remainder of Body . . . . . . . . . O. 596 1.78 S.3 I 45.2 11.2 43. c1

—.

Total . . . . . . . . . . . . . . . I 2.724 6.41

.— —.. —_____ -
FISH#z (w GM) F:SU#J [I f.. 6>11

—. —.. ——-. —-—-—

——— —–——j–— —— —-— ,-.——— ———_,

Hwl. . . ..-.. -------------~ 0.101 0.23 , 0.013 0.017
Scales +Fins+Tail . . . . . . . ..~ 0.067 0.23 ~ 0. os~ O.osi
\“i:ckrn I. . . . . . . . . . . . . . . . . . . . . 1.620 2. 1I 0. 11.5 0 20;
G\lls . . ..-- ..- . . . . ...-..-.+ 0.043 0.09 0. 0?3 0.011
Skeleloll . . . . . . . . . . . . . . . . . . . ! 0. 1!)7 035 I 0.030 0. 071}
\lusclt . . . . . . . - . . . . . . . ...-..’ 0.151 0.53 ! 0. 03s O.Oil

I__

Total - . ..- . . . . . . . ...! 2. li!l 3. Ss ~ 0301 0.461
I

1
—-.—-——-—— .—z—

C1.. {x#l

TOTAL6ETAACTIVITY+ 4X1(Y D:>!
—— ——_— —._

RAntOOIEbtlCAL ASALVS[S

SJC*CI:X1

]{ ALIIOXLI:)!LS’T

or l(JTAI.

.Wl!t’llv
ZrVS. . . . . . . . . . . . . . . . . . . . . . . . . . 2].4
]{,,193,10*. . . . . . . . . . . . . . . . . . . . . . . 32, -i
other.. . . . . . . . . . . -- . . . . . . . . . . 11,4
~pz . . . . . . . . . . . . . . . . . . . . . . . --- 0, 7
~,,ltn . . . . . . . . . . . . . . . . . . . . . . . . . 0.7
Rare Ear! n+. . . . . . . . . . . . . . . . . . . 33.4

.
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IXTERXAL DEPOSITIOX OF RAI)lOX-UCLIDES ‘s1
I nnd t])e finnlysis nt 4 months represents only
f
\ radiological decny, Thus, tl~e rcs\llts nre not

directly col~~l)nr;lblet otl\osco bt":lil~cclf l"on~:\tli-1
mrils which were ~:et~ll’lle(l :llive, :In({ in which

i

i
biologic:~l turIjosm. :1s well :IS ri[(li(tlogir:ll rlwwy
were operating.

t The]nrgest f).;~ctio}l f]ftl~eglossb et:l; ~ctivity
in the fish l~il~ conlribufed by tile COllL’Cllt YiltiOll

of rndionctive m:~teri:il ill the ~ikem. In two

Of the fiSll in wllicll IKnles ill)[l IllllsClc were sc.p-
Niitd ;11)(1 nmlysed: eq]l;ll :llll~lll~ts Of nctivity
were follnd in e:lcl) froctim}. l{owever, tile
stornge of tl~ew fisl} in fmm:lldehyle for 3
JNOllthS 111:1~ ]ln Ye ]Y?l’llli(te(] the C~iflllsiOll of

tllexficlioele] ]lel)ts fronl hwle to ]NtlsclL*to trike
plnce. Further studies on fresl,l fish will clilrifyI
this point.

Tl~ecol]t:l[~lill;\tiol~ of tile M) in tl~e l:igoon
\Vfls CO]lSidel’illJl~ :].p:lt(?l’ tllflll tll;lt Of tll(! lilll(l

nllill)ill~ slll(lieci. .1s fislI foml n lnr:e stnplc.

ite]]] in the diet of tile lf:lrshfillese. tile high
level of Collfnt))il):ltio)l is in)]) olt:ll)l.

.At the cnrl of a 21/2-mon(h esperiment:il
period: the excretion I)y tl)c cllicke]ls of both

b~tii il]](l g:IIIII));I ilCti~it~ per 24 lIOII~S \v:ls 5

])ercent of tl)c Y:lllle llleilSlll’e(l nt tllc ~t:lrt at 37
ci:~ys post deton;ition ( Fig. 5.1).

.innlysjs of pig exclct:l illdicnfed n sin}ililr
(Iecvensc of ilCti Vit V witl~ tilllr. In :L G-week
]Jeriod$ t.llc gmIIII):I ;lcti~ily cxcl”e[ed per 24

Ilollrs (Ieclc:lsed to fibr,llt 2.,5 lmrcent of tile nc-
t i~-ity excrelwl ;It 44 (l:Iys Imst clc[on:{t ion.

“l%e excretn of tile l)igs from Utirik contninecl
less tll;ltl 10 perce]~t of the gross bet:i nctivity
found in tl~e excretn of the pip frm] llo]~gel:lp
at the sa}~~etiti~e. Tl~is ratio of 10 \rns :I])p]’ox-
imntely tile, Silll)C rntio fcm]ld bet!veen the flC-

tivity of tile food, w;~ter rtI)(l soil s:l]nl)les of the

two locntions.

27adiochen77’cuZ .4 nulysis of Ti.s.suc.~ und Ex -

(Yet(f. RHdiocl]enlic;ll :In;i]ysis of pig I iwlles
il~(lic:ltc{l tl):lt (j? percent of the Aeletnl bet:l
:Ictivity \VilS (Ierive(l frolll ,S1”’:’,‘i pelcel)t from
ljn””, nnd 10 l)ercel~[ fronl tllc rale enrll~ :Iwup
:It 82 (l;l~S I)(JM (Ietol)atiol) (’~ilbl(? .5+$). TIIC

radioisotol)ic conl]~ositioli of tlIe ~lli}l’e :It this
time was simil:ll to th;lt of tllc ~lil’l~toll. ‘I’ll C

(Iis(ribllt ion of nrtivity ;)! tl]e lw(ly of tllc pi:

Tl); iil;~ol~lte :in~oul)t of iutert}:~l contnmimtion
ill tile ItrJI)jxIl:Ip l)col)lc w:tsj however, only :1
tenth of th:lt fou)l(l in the nnimnIs.

.\t 4 nwit]ls post detonntirm: the nlkalill~

e:lrths comprised less tlml] 2 percent of the total
ilcti~it~ in the cliim (T:~ble 5.10). The MIT
eill”t”ll gl”OlllJ co]tst it I]tP(I 33 percent of tl]e tot :11
IM1:I :wtivity. The bnl:lnce of tile xctivity wits

wnt ribllted chiefly by 2]”: (21 pwcellt ) :IN(l
]{tlln$.~i+ (:)? ~,erceIlt ). -$bollt 50 1)(’J’CCl}t of (I)e

IIl:ltel”iill ffJlllld ill t]l C Yi%!eY:l of tile fiSl) Wii$
of tile rnre e:illll gIwIp. I-l?ry will] :}nlollllts

of st wmt iun~ nnd b:trilln] were fo~llld. Ill tltc

tiSs,les of I]le fi=]), stl.ontibm, Ixll.illnl :1)1(1 tll~

I“;IIY?f?:l~th~ Co])(l”ihllte(] ol)]~ :Ik)llt ]() l)e~Ce)lt (Jf
the tOtill ndi~ity.

5.43 Autoradiographs

!N0218b
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fertii.~,3 fer[i]e ones ~vereol]ene(l pl”ellliltllrel~,

11 d~f:elolml coIIIl)lete emtiryos tint fniled ~ti

IIntci,. iIn(l 2+ live (Olliclis !we IIiltclld,olle of

w]li:.11 ]~tid coll:el]it;ll l~er(Jsis. Tl~e liltterchicli

nlld six llorltl:il nllm Ivere siwl”ificed ntld their
tissues l’il(liOilll:ll} ’Ze(l. ;igmil~, only Lmrely cle-
tectitl)lt’ IIltlntltlts of i]lterllnlly deposited :\c-
ririty\velef (~\tll(l. Tlte]”e]tt:lil} i]lgbilbycllicks
ill.(>Iwill: l.;tise(l ;111(1ohserve(l for possible 10llg

tel”lll ettwts. ~it tllel~resellt tinlenll tile chicka,
i\l”~ glm\villg IIol”ll}ally ;lll(l.fiYe in good healtl~.
(’f~l)ll):lliswl of tl)e fertility flncl l]atclmbility
(I:lt:lof liOllgelil ])l)ell\\Vitll tllrsse fromclornestic
IIells (Ioesllot (len]ol~strilte nt)!” etl’ect of rxdi\l-
ti(]ll 0]1 [Ilese l~llellol}leli;l.

5,47 In[ernal Radioactive Decontamination

Srudies in Chickens

excretion of ytmmn nctivity was noted,, The
excretim] rate of fission prodllcts at this long
period post cont:\mil\:\t ion \rns less than 0.1 per-

. “cent per W ]Iouis. Thus, the enhancement of
tile escretiml rilte i)y tile combini~tio]] of zir-
col]illn} citr~ite und sodium E13T~i did not sig-
]iifi(.illltl~ decre;lse tile tot;ll body burden.

5.4S Summary

Studies of ~[]imills provided (littt 011 “the
nntllre :IIKI distribution of the radioisotopes in
the tisstles nn(l tl]e f2XCI&ti~. Over gO percent of
the activity ill tile body of nllimals wns localized

i]~ the skeleton. The p~tterll of deposition of
the fissiotl I)rorlucts in the skeleton seen in autO-
r~diOgri~plls resembles tht{t of the nlk;tline
enrths. Norphologi(w] chnnges which were ob-
serve(l in some of tile bones may be the result of
tile eslmsure of tile I]lljltlill to extern:ll rsdintio)l,
Illtllollgll tile etfec’ts of se~ere Clietilry changes
:tlld oti)er (?iseuse cnl~llot be ruled o~lt.

‘1’lle illlii\li]le eilrths SI-VI nll(l B: I”” aII(l the

ml? ~ill”tll grou]) togrtl)er co;lstituted 75 pcrceilt
of tl!e glwss l~tii i~cti~ity il) tl]e pig”nt &2 d~~s
1)(M detoll;ttioll. Tlw fish ;~Nd chtm hnd:1 much
lo\rer colwelltr;ltioll of tile IIlknlille nnd rnre
e:lrtlw, ill]d :! body {JIi I”IleII colisicler:tbly higher
th:lll tlmt of t]le l:illd nllinl:lls.

‘rhcintelll;ll (list riljlltioll of fissi(nl pro(lllcts,
in the pig is ])rOl~i\b,l}”re[)reselltittive of the (lis-
triln[timl in h(ltlldll lFil}gs. .-fll estish;lte of the
llum:ln IN(1Y b~lrdctl \r:Is dcrive(l from tl)e data
on Iligs,

Stll(lies n~:lcle on egg prodllctioli of contnmi-
IIilte(i IIells gvre 110 evidence of iln~ efle.ct Of
l“il(liiitioll. Tile l“ilte Of production :llld tile eggs
prodlwe(l lverc botli llUl”Illill. TI)e extr:~ordi-

n:Iry ttbility of fuwl to nlobilize cnlciuln ill silell
formation reslllte(l ill the presenee of Ycry high
nctivity in tile slmlls of tile first fe\v eggs. ‘Nw
nctiyity WS iWWCit\tC(l with the Iissioll products
of tile :Ill::llille e;lrtl~ :roll]). .i significatlt
nn](~llttt of :trtivity \v:ls folill(l i]] the yolk, nn(l
lesst’r ililioi]tlts in the nlbumen. The renmvil
of ilrti~it~ frolll tllc body Of chickens by egg
pro(lucti(u~ l]ruridcs {Ill effective nntural de-
Colltillllill:ltioll” I)rocess.
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V-D

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

Rongelap exposed Ailingnae exposed Utirik exposed Unexposed
(800-1500 serie

25 years x 60 people ?S years x 16 people 25 years x.132 people 22 yrs x 140
= 1500 “= 400 = 3300 = 3080
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