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5.1 Introduction 

de(on:\tion in tlie spi'ing 
of 1954, ;I 1:irge groiip of people were contnini- 
iinted n i t l i  fission products. 111 ndditioii to R 

sublet1i:~l cstei.ii:il p:i~iiiii:i rndiation esposurc 
~ n t l  hctn irixdi:it ion of tile skin, de1ect:ilile 
amouiits of rndioiiiirlides we1.e deposited in-  
teri~ally.  It liiis Iieeii assiiinetl that  i n  a l l  s i t u -  
atioiis resulting fi<oni ;I co~it:~ii i i i i : i t i~ig eveiit, the 
nit io of esteiwnl to iiiteimal dose ivould be e s -  
ceetlinpl? high. However, :I cletniled 'study of 
the iiiterii:\l coi~t:iminat ion i n  the esposed 
Iiumaii popiiliitioii and i n  i\11i111:11~ \VAS mnde to 
determise the kind and degree of iuterniil 
deposit i 011. TI, ree geiiei.:i 1 p r ( ~ b l  e 111s were i 11 - 
\.estig:ited: ( 1 )  Tlie tleteriniiiiitioii of tlie con- 
tribrition of the i i ~ t e i w ~ l  coi i tnm~i~: i t io~i  to the 
acute ~ n d i i l t i o ~ ~  syidtxmie observed ; ( 2 )  The 
possibility of loiig teini effects, 2nd ( : 3 )  The 
qualirntive and qwii t i tnt ive natore of t h e  in- 
ternal coiit:i~iiin:itioii p rodwed by espo~rii~e of 
i ~ ~ l i ~ i d i i i i l a  to wised fission protliicts. There 
\viis 110 ! ) ~ E V ~ O U S  situatioii in u-hirh huiiiaii be- 
ings were exposed to  ni l  enviroiunent contami- 
iinted with  iiiised fission products. Concur- 
rent studies were undertaken by the Japanese, 
IloneYer, on radioactive m:iteriaIs to which a 
s1na11 gronp of Jap:iiiese fislierineii, near Ronge- 
l i ~ p  a t  tlie tiiiie of the tletoiintion, were esposed. 
Tlie report of the  estensive iiivestigntions 
uiidertnken on the aches by the Japanese have 
been publislied (4). 

Evaluation of tlie iiitcrnnl contnminatioii of 
tlie I ~ i i m n i i  beings was made by n study of the 
~ i ~ d i o e l e ~ ~ ~ e l ~ t ~  excreted. -4s very little infor- 
inntion js pesently aviiilnble concerning the 
rat io  of ewreted rnc1ioeleiiieiits to tlie nmount 
deposited in  tlie bod!*, i t  was ~iecessnry to base 
the  e n l a a t i o n  oil &ita obtniiietl from ;7iiiinals 
wliich Iml been coiitiiiniiiated in t M  snine 
event. Detiiiletl stiidies of aninial tissiies and 
aniinnl excreta then provitletl d:it a 011 w11ich 
esti imtes of the 1iiini:iii body biii.tlen were based. 

5.2 General Nature of Internal 
Radiation Toxicity 

TIIE S . 1 3 . r . n ~  01- tlie r:itli:ition 11iizn1-d fl.om in-  
tei~iinlly deposited fission piwliicts c a n  best be 
iiiitlerstood i i i  terms of the Liopli\-sical behavior 
of tlie rntlionurlitles. 

Fission protluc.tc eiiteriiig the body tlirougll 
ii11l:llatioii 01. iiigestiori coiicentixte in various 
tissues ; i i i d  :\(.t as soiirces of in te iml  riidi;ition. 
Tile ability of :I i.ntliniiuulide to elite]. the blood 
sti.e;iiii is deteriiiiiietl 1)). i ts  solubility, clieiiiicr~l 
p i ' o ~ ~ e r t  ies ni i t l  pliysiciil stnte. The  rndioele- 
iiiriits foixietl i i i  fission lire ~~re~lo in ina i i t ly  OS- 
itlrs which Iiiive a liiiiitrd solubility in  body 
fluicls. 011 tliis biisis, only n few of the ixdio- 
elenieiitz can becoiiie ~v:iiliibIe to  the bod\.. 
Ho\vever, t lie n inonl i t  \vIiich C A I I  protliice in- 
jitrioiis efl'ects \\'lien deposited w i t h i i i  the body 
is iniiiiite becniise of the close prosiiiiity of t h e  
isntnpo to the tissues i t  irriidiiites, i i i i t l  because 
tlie isotope coiit iiuies to iiwtli;\te tlieve t i sues  
i i i i t i l  i t  is removed by bio1ogic;il tiiriiover or is 
iwdered  harmless by radioactive tlecny. Tlie 
effects of r ) ~  di :it i on f i.om i 11 teri i :~ 11y deposit et1 
einitfers nre the milie ;IS tliose froin estei.n:\l 
rndintioii. The  dist iii,niiishinp feiitiire of in-  
ternal radi:ition, however, is its long continuing 
112 tiire. 

lindioactive isotopes follow the sniiie me- 
t i i l ~ o l i ~  processes i n  tlie body HS the n n t u r i ~ l l ~  
orciirriiig infictive isotopes of the siinie eleineiit 
niid of clieinically similnr eleinciits. Tlii1s 

strontium and bnriuin, \vliich :ire aiinlogou.; 
cliemically to riilciiini, are  deposited i n  the cnl- 
cifyinp t issue of tlic bone. Xltliouph ne:irIy two 
liiiiidretl ixdioisotopes nre prodiicetl in tlie t i s -  
sie;i 11rocess, oiily i l  few are  pote1itiill clironic 
intcriial ixtliation I iax~rds .  These fission prod- 
ucts, \vhicli a re  listed i n  Table 5.1, constitute n 
high pci.reii tnp of tlie fission yield, wet1 localize 
chiefly iii bone. The  "boiie-seekcI.s" linve, i n  

GT 
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Table 5.l.-Biologically Hazardous hternal ly  Deposited Fission Producrs 

-_--- 
8 4. 6 
B 5. 9 

8.  Y 6. 1 
8. Y 3. 5 

8 0. 5 
8 ,  5 2. 8 
8, -f 6. 0 
8 ,  'I 6 0  
8, 7 5. i 

B 5. 4 
8, Y 5. 3 

HA: F.LICE 

42 
365 1 20 
S 180 

1. i i 35 
28 I >lo0 
13. S 50 

12. s ; -200 

2 i 5  1 500 

nu Isc,csrlos 

. 2 5  

.35 

.04 

.04 

. OS 

. 25 

2. 8 x lo-' 

0. 2 

1. 2 x IO-' 

I .  3 s lo-' 
2 s 10-4 

3u ISIIALA. 
110s 

.-- 

0. 22 
0. 1 4  

0. 15 
. 2 0  
0. 1 

. 063 
0. 10 

From: 1 Seaborg and Perlman, Rev. 'XIod. Physics, f0:5S& 194s. 
f Hamilton. J .  G. Rev. Mod. Piiyiics, 20.716, 1048 
3 Handbook 52, U. S. Dept. of Cominerce, Satlorial Burrail of Stniidnrdr. 
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5.3 Internal Contamination in 
Human Beings 

T I ~ E  1 s ~ ~ ~ s . i ~  CC,STA~IIS.\TIOS study ~ n s  be- 
p i 1 1  15 diiys post-letooilat ion wit11 the collection 
of pooled 24 hour iirilie samples from the 
Jlnrsliallese nnd .\ineric:iii groii1)s. 3Iasimum 
activity i i i  the urine OCCIII'S during the first few 
dnyi iifter ilitei.nnl coiitarnination. R y  1 week 
a11 npprosiinate eqiiiliIwii1111 state is i.e:iclied in  
which the contnniinants ~ e i i i a i ~ i i ~ ~ ; ~  i n  tlie bod? 
:Ire firmly fised, chiefly i n  the skeletal tissues. 
Tlie activity i n  the iiriiie then derives from 
rntlioelements which h i v e  been replaced i n  the 
iiatiiral process of biologicnl turnover. TlIIis, 
the sttitly m:ide is essentially that of : in equi- 
I i bri 11111 condition. 

The  iirine samples were sent to  laboi.:itories 
in the 1-nited States f o r  niinlysis, since the high 
b ~ ~ l i p ~ ~ u i i l  encounte~~ed in the field mashed tlie 
relatively lo\\- levels of activity in  the nliqllot 
saniples used. -i field litborntory is most de- 
sirable for  :I rapid siirrey, iind ~ n s  slio\vi~ to be 
feasible, i f  adeqiiate fxcilities :ire provided for 
the counting of the s:iiiiplvs. 

The first urine s:iiiiplcs, mentioned Zihve. 
were collected for  tlie J,os - i lnn?os Scientific 
J,nboratoiy (LIST,). Sioiilnr snniples col- 
lected 44 diiys post t1etoii:ition were al+o sent 
there. 0 1 1  the 23ri1, 24tli and 47th days post 
detoii;ition, Wliour iii-ine collections from each 
i rid i vid niil f roin Ron gel ;i p a ntl -4 il  ingi 11 ae \re re 
sent to tlie S e w  1-01.k Operations Office, .\tomic 
Energy Commicsio~l (SY'OO--A.EC) for  an-  
alysis. I11 addition, siiinples fi.om representn- 
t i re  indivicluiils in these g i ~ u p s  were collected 
21,'2, 3 nnd 6 months post detonntioii and sent 
to s TOO-.A EC. 

Thc I-SSHI)r, collected samples froni each 
ineniber of the esprrsed groiips :it 48 alii1 days 
1 )oSt (let on:i t ion. S i  111 I )1  f 1 ~ n i i  i,eprese 11 t n ~ 

tives of these gi*oiil)s ncre also c~ol l t~tet l  ;it 21(:. 
3 and f; mo~rtlis b~ tLc l-SSRl)I,. In ntlditiorl, 
samples from ii repres~nt : i t  ive p o i i p  of% .\ineri- 
c:iiis nrid 20 JI~rcl inl lesc  \\-ere collectetl for  C, 

coiiseciit ive t h y s  Iwgiiini1ig 3 . 3  dnys post 
c1eroii:it ion. 

5.32 Findings and Interpretations 

1. Uetn ,%ctivity of the L-riiie. I i i ter~ial  deli- 
ositioii of mdionctive eleinents was evidenced 
b~ the presi ice  of significnnt nniounts of bet R 

activity i n  the urine. This  activity decreased 
ixpidly ns :L function of time, RS it was derived 
chiefly from short-lived radioisotopes. For 
esnmple, a t  8 montlis post detoi1ntio11, the mcnn 
nctiyity of tlie urine of ndiilts froin Roligel:lp 
~ v n s  28 percent of tlie v:ilue measured 45 d:i!s 
1wst tletoii:i1 ion, :iiid :it 6 iiionths, the : ictivity 
i n  the iiriiie \v;ls'bn~*el? detectable iii most of tllc 

i l i d  i t-i du:ils. 
Conipnrison of the nieaiis of tlie urine sam- 

ples for  the :idults fi.o:n Itoiigel:~p nnd 
-\ i I iiigiiiibe ; i i id  froin .\nieric:ills froin Eoitgerik 
inctic:rtccl t l ~ i ~ t  i i t  45 (lay: 1)oSt tletonittioll tlie 
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Table 5.2.-Surnmary of Human Urine Analysis, Gross Beta Activity 

i Ailinginue I 
Age i n  years 1 

1 150 217 
B (5-16) 2 2i5 126 

10 722 553 
- 

C 

All values corrected for decay. 

6 360 12 
12 510 5 
33 625 0 

3 400 0 
12 655 0 

r- IO 1 2 8 0 - 0  . .  . . . . .. - - -. . . 
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Table 5 . 4 . 4 r o s s  Beta Anivir). in Urine-of People From Ailinginae and the Americans 

hIcnll. 

. \ge<j  
6 
8 

44  

I i I 

40 1 
2 
3 
4 
5 
6 

8 
, 

17 
1s 
1!1 
20 
21 
22 
23 
?-I 
25 
2'; 
2; 
2.; 

Values currc*ctrct for  decay. 

1 0 1 2 8 0 2  



. I1 I9 1 .  F 2. 2 . . . . . . . . . . . . . . . . . . . .  
0. 34 

i Sr?-- . .  

' Jfsw c,arth group  . . . . . . . . . . . . . . .  .! 0. 03 : 1. 2 
, I3R"'. . . . . . . . . . .  . . . . . . . .  . '  0. 1\21 2. i 

- 
11'1 (in thyroid). . . . . . . . . . . . . . . . . . .  . ;  0 6. 4 I 1  2 

. I  - - ~ 0.1113 I~lll". . . . . . . . . . . . .  9 .  ' 
C'a". . '  0 0 
F i - G i l t .  i i i s l ~ * r i a l .  . . . . . . . . . . . . . . .  ! 0 ( I  ( I .  O I G  Irqrn) 

. . . . . . . . .  
0. O l ! l  . . . . . . . . . . . . . . . . . . . . . .  
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Table 5.5.--Radiochemical Analysis of Urine From rhe Rongelap People (45 days post detonation) 

1 ....................... _ _  ....... - '  1370 m I 120 ~ 19; 
510 130 1 244 
4 so 121) 321 

1210 (;?ti 150 254 
4 7 1  

i 2 . - -  . . . . . . . . . . . . . . . . . . .  . . . . - I  1260 
3 . .  . . . . . . . . . . . . . . . . . . . . . . .  ' I(J20 
4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  325 1 1 0  .5 14fi1I 
6 . .  .............................. ~, 1201) 

.Avc.rapr.. ....................... i 12.53 520 ; 134 . 312 

. . . . . . . . . . . . . . . . . . . . . . . . .  

7 2 ;  j 1;u 3:13 
8 -  1 - I -  

~+rreiit uf total ~ ( v a  activiiy ........ . i  100 42 ' 1 0 . 7  2.5 5 
! 

Table 5.6.--hIean Body Burden of t h e  Rongelap Group 
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on tll An ntteinpt to mensure Lone-fised rd ionc t ive  
eiiiitters by nieniis of sensitive film badges tnped 
below the knee, over the epipliysis of the tibin 
on a iiuniLer of persoiis, yielded no positive 
resul t s. 

So cori.eliition conlcl be obtained betn-een the 
degree of iliternnl coiitnniinntion nncl the clini- 
ciil and heinntologicnl findings. I n  rielr  of the 
short half-life of tlie niost nbunrliint fission 
products tlvposited interiially in this  situntion, 
the possibility t lint cliron ic irrncli iit joii effects 
will O C C ~ I I .  1: quite small. TIIIIS, nil evnluntioii 
of tlie dnt: i  011 the interiial contamination, in-  
cludiiig t l i ; \ t  of Srq9, le:ids to the conclusion tlint 
t h e  intermil haz;ir(l to the coiitnminnted iiiliahi- 
t:ints of the Mai~slinll Islniids is minimal both 
fi+om the acute n i l d  the long r m g e  point of vieiv. 

I O  I 2 8 0 4  
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: 
I 

detoiintion 1vei.e 1iioi.e actire t1i:iii tlie 111veol:ir 
t jssu e. 

The inipoi.t:iiice of inpestioii :IS a contiiiiliiig 
soiirce of cont:iiiiiiintioii is evitlrnced by t h e  
level of iiitei~ii:iI co~ititiiii~i:ttion of tlie pigs from 
Roiige1:ip. Tliece iininiiils 1i:id itboiit ten times 
the body bitrtleii of the Iiiinian lqmla t io i i  i n  
the snnie locii l i t~.  -4s tlie a i r - h i ~ i e  activity 
Iind ; 1 1 i ~ e : i c l ~ . d i ~ o ~ ~ ~ ~ e t l  to  :i low value a t  the tiine 
of evncuntioii of tlie I i i i i ~ i i i ~ i s .  the cont;iniination 
of tlie pigs (liiriiig their  prolonged stay on the 
isIaii(1 ~iec.css:ri~ily derived from iiigestioii of 
rat1io:ictive foot1 iiwl water. 

Radioiiii:~lysis of water ant1 soil samples f rom 
Roiigelap iiidiciiied Iiigli lcvcls of contnmina- 
tioii froni the fiilloiit at eni.I\- times following 
cl et oiin t ion. 

I t  appeiirs t1i:it during the first ~ n o n t l t  a 
limited :iinoiiiit of fission products wns avai l -  
able to plants gi*oiviiig on the contamin:iterl 
soil. S ip i f icnnt  nmoiints of beta nctiyity as 
well ns sin;ill :iinouiits of alpha nctivity \yere 
present 011 tlic esteriiiil surface of plnilts i r t  4.3 
dags post tletoimtioii. Only very siiinll iiiiiounts 
of beta iictivity niid 110 nl l ) l i : i  activity were de- 
tected i i i  tlie edible portions of fiwits swli ;IS 

pniidninis, p1):iyas niid cocont~tr. Hotrever, 
high levels of iictivity wei’e foillid i n  the rocoiiiit 
tree sap, and  tlie isotopic concci~tr:~tion was 
,very siiiii1:ir to thtit of water. 

High levels of activity were foiind i n  fish 
taken from Rongelnp lagoon. I t  appenrs th;it 
tlie ingestion of roiitaiiiiiiated water and fish 
were the pi-iiicipal sources of iiiternal contnmi- 
nntion of ~ U J ~ I I I  beings. Of  the i i id iv idu~l  
rndionuclides, SP, because of its high solu- 
bil i ty and relnt i vely long radioiict ive half -1i f e 
K‘IIS p1~01)ablg the isotope of greiitest potential 
ha za rcl j 1) t lie wivi ro111ii en t . 

lnternul Rw?ioactii*e neconfoniiiiffljo)L TAes- 
,tipy. Since there is 110 nicthotl of coiinternct- 
ing the effects of r:tdiittion froiji iiiter~iirllg de- 
posited emitters, tre:itineiit con4sts  of remov- 
ing tlie iiucli(les from tlie body a s  rapitlly a s  
possible. The ability of etli?.leiie-diniiiii~e- 
tetix-acetic :\ci(1 (EIjT.4) to iiiobilize certain 
of the fis$ion pi.o(lricti: from the skeleton n n c l  

to increase the rate  of their crcretioii lins pre- 
\-ioiislF been deinonstrntetl (11-13). It is iiiost 
effective with the  mre  earth group, but lins 
no effect on sti~ontiriin ( 1 3 ) .  These studies Iinve 
sliowii t h t .  most of the biologically linzi~rdo~is 
materi:il remaining in the body is firiiily fixed 
i n  bone w i t l i i n  :I short time, so that  effective 
s>.$~eiii ic decont n i n  i n n  t io11 by cliemic:il ageii t s 
caii occur onlj  i n  n short pei*iotl folloiviiig es -  
1)osiire. Xevertlieless, a n  :ittciiipt to eflect in-  
ternal decont;imin;itioi~ \vas m;i:le i weeks post 
tletonrttion, since it would mobilize a n d  niiike 
tletection of isotopes aqsier, cveii tliough it \vas 
realized that the procediire would Iiave limited 
~ a l i i e  a t  this time. 

-4 i ~ l ~ - e s e ~ i t i i t i r c  group of se\-eti individiialc 
f i q n i  13011,nel:ip were selected for tliis study. 
Ihiri i ig ii conti.oI p e r i d  of 5 (lays, 24-liorir ui-ine 
sn 111 1)les were c.01 1cc.t ed 11 :I i 1y for i.;i (lion ii  :I l j ~ i  s 
i i i  order to estiiblidi n biisul escretion riite. 
I)iii.ing tlie iiest 3 days, ciilcinm E’DT-1 w:is ad-  
iiiiiiistei~ed ornll?, 1 gin per 25 Ibs of butl!. 
weiglit daily instentl of tlie prefeixblc iiitix- 
venous drip because pareiiter;il tlieixpy \vas not 
1,r:ic.t icnl uiidei. tlie cii~cuinxt;iiices. 

Tiventy-foui* Iiorir urine s;iniples were col- 
lected daily during the tre:ltineiit period i t i i t l  

for 5 tl:iys following tretitinent to detei,iiiiiic tlic 
etl’ectiveiiess of EDTA in :iccelcixt in: tire es- 
cretion rate  of the i*:idioelen~eiits. 

So side eft’ects from tlic iise of EI1T.i were 
ob=ei.ved. Blood counts niid blood pressure re- 
i n : ~  ined unclianged througliont t lie t~*entrneii t .  

The mean activity of the urine dtiring the 
EIYl”l’1 treatment period was 2.5 times the pre- 
treittiiient nctirity. The  probiibility thnt the 
tliil’ereiices observed nre due  to cliance is less 
than  0.01. Tliiis tlie 01x1 :i&iiinistixtion of 
EDT.4 for  n pei.iotl of 3 days beginning 52 d:i?c 

post detonation iiicreiised die excretion rate of 
iiitei~iinllj deposited fission products, Lilt t h e  
ovei*-:ill effect on tleci.ensiiig the h t l y  bu ide i~  
ivns sliKlit, a s  the escretioii rates \yere very lo\\ 
:it this time. 

$ u n i u i m y .  The first inst:tnce of iiiteim:il de- 
poFition of mised fission pmtliicts i i i  I i u n ~ t i ~ ~ : :  

occii i~etl  as n i.esult of f;tIloitt follo\ving 21 tllcl‘- 
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5.4 Internal  Contamination of 
Anima Is 



I S T E R S A L  DEPOSITIOS OF 1I.4DIOSCCLIDES 77 

Table j.?.-hlortaliry and Enrernal Radiation Dose of Animals From the  
Liv ing  Areas of Rongelap and Utirik 

-- _ -__ ___ 
Chicks ...... ~ .... 1 . . . . . . . . . .  

I ___ 
Ducks. ..... ~ .... 1 ..... , / ..... 

- __ 
Pips .......I I j ..... 1 I 

i j I h ?  4 5  

I 

I 
~ 

! 
I-- 

_-- 
c31 ......... i , . . . . . . . . . .  --- -- 

i 1 1  ! 

~ -- 
I 
I--- ' - _ - -  

. . . . . . . . . . .  _____. _ _ _ j  1 1 . .  ... 

! 66 I S  (r -1 ~ 
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. 

iictivitj w i s  oltniiied i i i  total d!iii, and W:IS 

coiiverted to pc "CoM equivalent." 
for 

Si-5", I ~ I ' ~ " ,  tlie nire  e:irtli group, and fissile 
niiit erial. 

For escret ion studies, the nniinds were caged 
iirtlivitlunlly, niirl their. escretn collected at 24- 
hoiir i i i t e iu l s .  l'lie feces nnt l  uriiie of chick- 

SI m 1) 1 es were a 11 n l  y zed ri\ (1 iodiel i I i cii 1 1 

eiis \\.ere collected niitl nshecl coinbined, but were 
collected n i i d  nslied sepiiwtely for tlie pip.  
hgiii i i i  tig 3 weeks post detonution, the escretii 
of n represeiitiitive proup of cliickens was col- 
lected nt weekly ilrtervnls for II period of 2$!2 
Inontlis. Collection of pig escretn w:is begiiii 
at 6 weeks post (letoilation, and the collectioii 
was made a t  n-eekly intervnls for a 6- reek  pe- 

Table 5.8.-Radiochemical Analysis of Tissues and Urine of Pigs From Rongelap on 
62nd Day Post-Detonation 

I 

ssa0 1 
31 1 
12 

1. 5 
1 2  
2 3  
3 3  ~ 

600 ~ 

i 
YG30 I 

13 I 

5660 
0. 10 
5 .  0 
0. 22 
0. 22 
0. c2  
0. 21 

. - - - . . . 
__- 

jfjr,; 
6. i 

102u 
1. 6 

690 
5. 5 
4 9  
0. 33 
0. 30 
0. 6s 
0. 5? 

- - - - - - - 

700 
0. 54 

All vnlites r0rrc.ctt.d for dew! 
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4 1 17 
0 93 - 
0 4 3  5 0  

o m  1 0 0  

1 6  4 0  
0 IG - 

- - 

5.42 Findings and Inrerpretacion 

Gror.s O l ~ e r r t i t i u ) ~ ~ .  Tlie ntiiiii:ils had been 
free on tlie isliiiide. Altlioiigh ~naliiou~kliecl ,  
they slto\vetl 1 1 0  other evitleiice of disease. 
..liitopsy of two clii(.keiis which died diiring 
eliipii~eiit ieve:iletl 110 ~~atlio10gic:il fintliiip t l i n t  
could be nssociiiterl with radintion. 

0 1 1  the  h i s  of ;in iissiiiiiecl 12-Iioiir effective 
filllout time, the :i11in1;11s froin Hoiigelitp re- 
ceived iin iritegixtetl estei.iin1 dose of ?SO to 
360 r, depending 011 tlie diirc of their  collection 
(see Table 5.7). TIie pig.: r'roin I-t ir ik received 
a calciilated dose of 92 r at the time of their 
evaciiiition. Tlie :iiiiiii;ils ~ l l  sho\ved estensive 
estei.iin1 cotiti~~iii~i:itioii, i.:iii,niiig froin 0.5 to  
5 iiir per Iioiii. at  30 d a y s  pwt detoii;itioii. This  
activity \viis retlucetl :iboiit i 5  pei,cetit b? R 

wiisliiiig iv i t l i  water alone. 
The 

gross betn nctivit!. of the pigs n t  62  d i i x s  po>t 
Rudiorrc.tirity o f  Ti.v.cii6.v u d  E.rct.ctn. 

i o  

2 0  

3 0  

3 0  

1 0  

- 

- 

r1ctoii;itioii \viis nhoiit 4 i ic. 'I'lie distri1)iition 
of nrti\.ity i i i  !lie indivitlu:il tissiics is slio\vn i n  
'riible Over 90 percent of tlic beta irctiyit! 
W:IS 1nc;ilized i i i  the skeleton. The  highest nc- 
tivity i n  ;i soft tissiir \vas  foiiiid i i i  the liver, 
vliicli liiid, 11o\vevei-, less tli:iii 0.;) perceiit of the 
total botlx biirtleir. The colon coiitetits 1i:itl the 
sec*olitl liigliest ;ietivity for tlie soft tissries. irhoirt 
0.24 l ~ r i ~ e t i t  of tlie totiil. Tlie alveoliir t is i ie  
of tlie 1111ig 1i:itl ;in activity less t1i;in 0.02 ])el- 
cent of the totnl :ictivity i n  the body. 

C r i . 0 ~ ~  het:i ai i t l  g:iiniii:i activity of tlie chick-  
ens iit i 4  tl;iys post (1etnn:itioii \v:is ;i1)pi.osi- 
ntntely (1.2 cLc. 'The gross iictivity 1 x 1 .  body 
weight of tlle cliickeii is:ii)lii.osiiliirtcly t l ie  siiiiie 
;is t h a t  of tlie pig. l'lie disti.ilJiitiori o f  activity 
i t i  tlie tissiies of  the cliickrii (T:ible 5.9) Wiis 

very siiiii1;ir to that  in the pig. Most i*espii':itury 
Ixtfio :ictivity \vas 1oc;ilizecl in the tiii%iii;ites? 
;is n result of enti.npmetit of t h e  1;ii'ge pirticles, 
x1iic.h cwiltl i i o t  peiietl*;ite to tlre :ilveol:rr tissue. 

'The het;r ;ictivity i n  the sl<eletoii of cliicketis 
; i t  1 6 0  days dropped to 4 peiwttt of tlic n l i i e  :it 
24 tl:iys post detonation, while i i i  tlic S I I I I P  pe -  
riod tlre g:iniina iictivity tli~opped to 0.2 perccllt 

Crop ............................. 
Inmclne (L) and 

cont,.nis 

Table 5.9.--Beta and Gamma Activity of Chickens From Rongelap ( p c  x I O ' )  

........................ 

])AS 24 

............ 

............ 

............ 

............ 
0 . 2 6  

............ 

............ 
I /  

3ETA o A M x ! A  -- 
215.5 SY 

3120 8.W' 
32 33 
8. 5 7. 6 
1. 4 - 
7.9 - 
6.3 - 

- 
- -  
- -  
14.2 IO 0 
1.4 4 3  
10.; 3.7 
15.3 i. 6 

41.3 31.3 

I; i 13.5 
10.3 7. 9 

i . 5  1.2 
12. 2 0.3 

14.0 I O .  i 

8 4 6.4 

6LO 454. 

- -  
- -  
I4 9 12 4 
5 . 6  4 3 

I.)*.' 1:.9 

BEIA G A > I V \  

332 8 1  
43; 11; 5' 

1 0 ;  1 6  
3 . 6  0 6 
0 0 3  
4 5  0 

6 9  0 %  

. . . . . . . . . . . .  
0 7 5  0 
0 ?i - 
0:s 033 

iR .5  n a 
0 9  0.2 1 - - - - 1 -  - 

I 

*Calculated urinf rallo of gamma ~ r t i v ~ t y  skclclonllilm 
**Day {'os1 drlonalion. 
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of the 24 cliig viilue. These dntn indicnte that 
most of tlie activity is nssociated with short- 
lived isotopes. The initial drop in activity is 
very rnpid, and nfter 45 days the decny curve 
is essentinlly tliat of SP, the most abiiiidilllt 

of the longer-lived elements deposited. 

The residwil totnl beta nctirity found in the 
two larger fish at 4 montlis post detonation av- 
eraged 2.5 p r  (Tahle 5.10). There was, at the 
same tiine, about twice 11s miich giili11tlil activity. 
The tis11 were collected 56 (lays post detoiin- 
tioii, and the drop i i i  activity betweii  t l i n t  time 

Table 5.10.-Beta and Gamma Activity of Fish From Rongelap Three Months Post Detonation 

OR033 ACTIVITY, 
#f 

BITA GAMMA 

Ba, Sr 

TOTAL 
ACTIVITY 

ASD R A R E  
E A R l H  

(PERCEST) 
-- 

0. 56s I .  26 9. 9 
0. 500 0. 5 s  9. 5 
0. 900 2. 36 4s. 0 
0. 160 0. 43 7 .  S 
0. 596 1. 78 8. 3 

2. 721 6. 4 1  
- -  

38. 3 9. 6 52. 1 
1;. 4 9. 9 72. 5 

1. 4 0. 6 98. 0 
13. 9 6. 7 59. 4 
45. 2 11. 2 43. 6 

0. 0-15 0.01; 
0. 0.5s 0. os4 
0. 11.5 0. 205 
0. 023 0.011 
0. 03(J 0. 070 
0. 03s 0. 0Y-l 

RAWOCI~EHICAL ASALYSIY 

1 0 1 2 8 1 0  
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and the nnalysis a t  4 moritlis represeiits only 
ratliological decn?. Tlius, tlie resiilts are not 
directly compar:iLle to tliose obt:iined from : \ t i i -  

mals which were I:etiiimetl tilive, and  in  wliicli 
biological turilover a s  well ns i~:i(liologir:il c1ec:iy 
were opeixting. 

Tlie largest fixctioii o f  the p o s s  bet:\ ;ictivity 
in the fish nns coiitribiited by tlie coiice~itrntion 
of rndioactive in:iteri:il i n  the viscern. In t w o  
of the fish in ~ I i i c l i  boiies ;ind n111scle were sep- 
arated nnd aiinlysetl, eqii;il :iiiioiiiits of activity 
\\-ere foiind i i i  encli fixctioii. how eve^*, tlie 
storage of tliese tisli i i i  fortii:iltlcli~-de for 3 
~nonths m i y  have  peimitted tlie tlifl'iision of 
the  radioelenieiits froni bone t o  ii~iiscle to take 
place. Further studies 011 fresli fisli \vi11 cl;~i,ify 
this  point. 

Tlie contaiiiin:itioii of tlie f i sh  i n  the liigooii 
\vas considerably giwtei .  tliaii tli:it of tlie 1;iiid 

aniin:~ls sttitlied. As fish form n 1 a r . p  staple 
iteiii in the diet of tlie M:~~~slinIlese. t l ~ e  liigli 
level of contniiii i i : i t  io11 is iii~pot~t:iiit. 

d t  the  end of a 2 ~ - 1 i i o n t l i  esperii1ient:il 
period, the eacretioii 1)y tlie cliickeiis of both 
bet;\ m)c\ p11111i:i lictivity per  24 1ioiii.s w:is 5 
percent of the  valiie ineasiired n t  the st i i r t  a t  3 i  
d:iys post t1eton;ition (Fig. 5.1). 

-4nalysis of pig escre t ;~  indicated ;I simi1;ir 
clecrense of iictivity wi t11  tiirie. In :I ti-week 
period, tdie p i i i i i i a  nctivity excreted per  24 
h011rs decre:isetl to nboiit 2.5 1)erceiit of tlle nc- 
t i i i t y  excreted :it 44 tl:iys post deton:ition. 

The  escretii of the pigs from Utirik contained 
less tlii111 IO perceiit of the gross be t i  activity 
found i n  the escretn of the pigs froin Roiige1:ip 
a t  the  saiiie time. Tliis ratio of 10 was npprox- 
imately the wnie ratio found between the ac- 
tivity of tlie food, water  and soil sainples of the 
two 1oc:itioiis. 

Radiochemical dnulyrjis of Ti.s.rites mrd Ex- 
w e t t r .  Radioc1ieinic;il :\niilYSis of pig tissues 
iiitlic:rtetl that  8.2 percent of the skeletal betti 
:ictivity \ u s  derived froin SI.'!'. 7 p e ~ ~ ~ i t  f~.orn 
Ih'"', and 10 perceiit fro111 the ixre  earth , y o u p  
a t  82 days post tletotii~tioii (Titble j$). The 
radioisotopic com~~osi t ion  of tlie i ir i ie :it this 
t ime w a s  similar to t l i : ~ t  of tlw skeletoli. TIie 
(listriblition of nctiyity j i i  t h e  I)otI> of tlie pir 

m:iy represent the distribution in Iii~man beings. 
The a i i~o lu te  :iniouiit of i i i te~*~i: i l  contamination 
in  tlie 12oiipl:ip I'eople IVS) Iio\wvei~, only :I 
tenth of tliiit found i n  the nnimals. 

- i t  4 i i i o i i t l i s  post tletonntioii, the alkaline 
e:ii,tlis c.oini)rised less tlinii 2 pelrent of the total 
act ivi ty  in  the cliim (T:ible 5.10). The  rare 
eiirtli go i i l )  coiistitiitml 33 pei.t-ent of the totti1 
h t : i  :ictivitx. The  bn1:iiice of the :ictivitT \viis 

colitribritetl chiefly by %I.": (21 p e ~ ~ e n t )  ant1 
l<ii1n3,J's (:E percent). .ibout 50 percent of tlie 
ni:iteri;il foillid i i i  tlie viccerri of tlie fish was 
of tlie rnre e;~i-tli p'oiip. \ ' e ~ y  sni:ill :iiiioiint= 

of strontiuni and bni*iurii were fouiid. In tlie 
tissues of tlie fish, sti.ontium, 1):iriiiiii ;1nd tlic 
ixre e:irtlic: coi i t~~i l~utet l  only :iLoirt 10 1)erceiit (if 
tlie t o t d  n c t i v i t x .  

5.4 3 A u tor ad iog rap hs 

-1 ~iu i i ibe i~  of n u ~ o i ~ ~ t l i o , r r i ~ ; ~ ~ ~ l i s  of the tibiae 
i i i i t l  feniiirs of 1 chick, 4 pigs. I i ~ o s t e r  and 1! 
cliickeiis \\'ere 1)relxired both ;it tlie r-SSRDI, 
i i n c l  a t  tlie A~yoi i i ie  Satioii:il Laboi.fitor5 
(-4SJ,) to tletei.iiiiiie tlie pi t tern of deposition 
of tission products. Coiltact priiiting 011 S-rny 
)io-sci'ecii film \vas fbiintl t o  be tlir most eatis-  
f:ictory iiietlio(1 of pwpariiip t h e  autorntlio- 
cixl)lx Tlie discucsioii ant1 coiicliisions pw- 
.e11 t et1 be I O\Y FU 111 I I  I ;I ri ze t I i e ti nd i 11;s report et1 
ti!. Sor r i s  ( 1 5 ) .  

chicken 
s;icrificed nt 45 t l : i~s  post deton;itioii (Fig. 3 . 2 )  
iiiclicnted a relnti\-ely uniform distribution of 
tlie activity tlirougliont ntost of the bone, wit11 
the liighest concentrntion of activity i n  tlie a rea  
ndjacent to  the  epiphysis. This  nrea of higli 
;ictivity corresponds to a n  :ilea of dense t r n k -  
c1i1 ;I r bone. 

The t ibiii :ind femur of ;I baby chick, \rliicli 
died ~ p o ~ i t i i ~ i e o ~ ~ ~ l ~  47 days post tleton;it iuii. 

slio\vetl tlie heaviest coliceiittxtioii of ixc1io;ic- 
tiw inaterial i n  tlie diiipliysis (F ig .  5 . 3 ) .  ?'lie 
eiitl wgioii5 of tlie h i i e ,  wliicli \\-ere 1:iid dowi  
: i f t r i .  tlie :iiiiiii:tls were iwiiovcd fi.oni the con- 
ti~ii~iii;ited ei~vii~oiiineii t~ w i ' e  relatively 1;icking 
i i i  : i r t iv i tT .  l l i e  regioii of p e n t e s t  activity \viis 
i i i  tlie diiiphj~sis, wliicli nl)l)e;iivtl to  be ab- 

Tlie aiitoi,:idio,ni.;iiJli of n tibi;i from 
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niiirrwv cat-ity in this tibin contained dense 
twbewli i r  bone ;\long its mt i r e  leiigtli, n forma- 
tioii not ~ i o ~ m n l l ~  foiiiid i n  n i n i i ~ n ~ i i l i a ~ ~  bones. 
'11iei.e ;ire ~ ~ I s o  t lro dictiiict iil'eiis of iiicrensed 
density ii i  the tixliecrili~r regioir, \vhicli nppe:ir 
its two lines of radio;ictivjty in  tlie :iiitoixtlio- 
g~i11)li. The center of tlie tliiiyhysis was ab- 
noi.~n;tlly thick, possibly because of :L fnilure of 
the I I O I . I I I : I ~  resorptive process. 
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EFFECTS OF IONIZING RADIATIOS 

fei-tiic?, 3 feibtile ones were ol)ened preiniiturely, 
11 develolwcl coiiii)lete eiiibryos but failed to  
Iiiitcti., :ind ?:+ live chicks were Iiatclietl, oiie of 
wliic-li hiid coiipiiitiil perosis. The latter, chick 
niid sis ~ioi*iiiiil oiies \\.ere sacrificed iiiid tlieii. 
tissues i,~i(lioiiiinl~.~e(l. : \ p i n ,  only barely de- 
t ec t ii l 11r ii i i ioi i i i  t s of iiiteimiil Is deposited iic- 
t i r i ty  were foiiiid. Tlie reiii:iiiiiiig baby chicks 
:ire Ii~ii ig ixisetl i i i i t l  obsei.\-ed for possible long 
t r im ett'ects. .It tlie i)i'eseiit tiiiie all tlie c h i c k  
; i i v  p o i v i i y  iioimiilly iiiitl ai'e i n  good health. 
('oiiilxiiisoii of tlie fertility nnd Iintclinbility 
cliitii of I ~ o i i ~ e l i i ~ ~  lieiis w i t l i  tliose from domestic 
lieiis does iiot cleiiioristixte n i i j  PHect of radiii- 
tioii oil there ~~lieiio~iieiiit.  

5.47 Internal Radioactive Decontamination 
Studies in Chickens 

excretioii of gnninin nctivity was noted. The  
excretion rnte of fission products at this long 
period post contnmi~iiition wns less tiinii 0.1 per- 
.retit per 24 Iiouis. Thus, tlie enlituicenrent. of 
the escretioii l'iite by the coinbinntioii of zir- 
coiiiriiii ritriite iiiitl sodium EDTLI did not sig- 
iiifiriiiitly decrwise tlie totiil body burden. 

5.48 Summary 

Studies of nnimals provided diita on the 
iintiire niid distribution of the rndioisotopes in 
the tissues iind the excreta. Over 00 percent of 
the zictivitj i i i  tlie body of nii ininls w s  locnlized 
ii i  the skeleton. The patterii of deposition of 
tlie fissioii pi-odiicts in tile skeleton seen in auto- 
rndiogriiplis resembles that  of the nlkaliiie 
enrtlis. 3IorplioIogic:ti changes which were ob- 
served i n  sniiie of the bones may be the result of 
tlie esposiii-e of the niiiiii:il to esternnl mdintioii, 
tiltlioiigli tlie eHects of severe dietiiry clianges 
i i i i t l  otlier cliseiise caniiot be ruled ont. 

Tlie iiII~i1iiie ear ths  S P  aiicl Bii"" and the 
rxw eiirtli pi.oup togetlier coiistituted i 5  percent 
of tlie g1.055 h t i i  i\cti\ity i n  the pig a t  8.2 days 
1)ost c1etoti;itioii. Tlir fish i i i i d  cli1111 had n niiicli 
loner  coiiceiitixtioii of the iilknliiie iiiid rare  
eiii.tlis, i i I icI  i t  body h i d e i i  coiisidernbl\ higher 

Tlie intei iial (1isti.ibtitioii of fission prodiivts 
i i i  the pig is proixibly represeiitiitive of the ctis- 
ti-ilnitioii i i i  I i ~ i ~ i i i i i i  beiiigs. An estinxite of the 
Iiuninn bodj  biirdeii \Viis derived from the dntn 

Sttitlies niiide on egg production of contami- 
iiatetl lieiis p v e  110 evidence of tiny eflect of 
i~iidiiitioii. Tlie rate of pi.otluctioii a i i d  the. eggs  
pwliicetl \\ere both ~ioi~i i : i l .  The  estrnoi-di- 
i i i i i y  itbility o f  fowl to  niobilize cnlciiiiii i i i  shell 
foimntioii resiiltetl i i i  the preseiice of very high 
itctivitj i i i  the sliells of tlie first few eggs. The 
iict ivity \tits :issoc.iiitetl wit11 tlie fission products 
of the iilhliiie e;ii.tli gi.oiip. -1 sipificiiiit 
n n i o i i i ) t  of iic.ti\rity \viis foiiiid i n  the jolk, and 
lessel. iiiiioiiiits in the nlbunien. The reniovnl 
ef activity froiii the body of cliickeiis by egg 
pro(1iictioii I)i'ovides aii eflective nnturnl de- 
coli ti i i i i i i i : i  t ioti 1)wceSs. 

f I l i l l l  tIlilt O f  tile l i l l l t l  :illilTlil~S. 

0 1 1  pigs. 
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ENCLOSURE IV 

The total person-years  of o b s e r v a t i o n  i n  t h e  4 s tudy  groups  
(Rongelap exposed ,  A i l i n g n a e  exposed,  U t i r i k  exposed,  and 
c u r r e n t  unexposed group is 8280. 

Rongelap exposed A i l i n g n a e  exposed U t i r i k  exposed Unexposed 

25 y e a r s  x 60 peop le  
(800-1500 s e r i e s )  

2 5  y e a r s  x 1 6  people  25 y e a r s  x ,132  peop le  2 2  y r s  x 140  peop! 
= 1500 = 400 = 3300 = 3080 


