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A RECONSTRUCTION’O?CNRONICDOW lIQUIVALENTSFOR ROUGt&AP

I

. ;!.:<
...”<i;

‘i &k
AND UTIRIK RESIDENTS - 1954 TO 1980 ,.=.

.
::?<,.-n,

.
E. T, kseard, N, A. Greenhouse, E, P, Milteub#rger

..
,~i;.,..,,,,.?,

ABSTSACT ‘-.?=

From June 1946 to Au~8t 19581 the U.S. Department of Defense ●nd Atomic ‘<~~+
; ,’

Energy Cmission conducted nuclear weapons teocs in the ?lorthem Marshall

Islands. BRAVO, an above~round test in the Caatle serieot resulted in

radioactive fallout contaminating Rongelap and Utirik Atolls, Onlfsrch 3,
●

1954, the inhabitants of these atolls were relocated until radiation e%poaure

rates declined to acceptable levels. Environmental and personnel radiological

monitoring programs were begun in the mid 1950’s by Brookhaveu Natior;al Labora-
..,,,

tory to ensure that dose equivalents received or conmitted remained wi~hin U*SO

Federal Radiation Council Guidelines for members of the general public. Budy

burden and dose equivalent histories along with activity iIWWtiOn pattern~ POS

return are presented. Doeimetric methods, resultst end internal dose equiv{ilenc “:;

distributions for subgroupe of the population ere also deecribed,
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INTRODUCTION
““Y“:+,,

1,1/ . .. ‘ ; p

“1 (11 ,lbr. v 1,’.”’ !,: il. f
,, ,, ~..,

o; March l~n’1954t ●t Bikini AtOil~ BRAVO: {hi(]firstof ~’&Pn6clear weapou$ ,~~~
,, ‘( ,J,:*q {j. , !. !}!1: ‘ lrll’ 1~~,.,,; I

...
,. 1’[ II ,,,(/,, ,,

tests in the Castle series? was deton~t~d~ ‘ha!BRAVOdevice caused oubotaotiul ‘$
, ,1 ‘}~g l;. :j,!l,:~!l ~‘.,11,[ ,.:,, .,,

!> Iii
.

!“:”*iIi’il’~ J1.lrlf”lrf.~11’:1
surface contamination on inhabited atolls withxn a 2$000 square mile ●rea. l%. .(;&$

,1, !I t),’, Jffli7[f ‘1/ ‘ill)
,.!.

l,r,,Ji I)II[l-fJIII, ,, ll;, ,,(lj I~jf,,,-, I., ~ ..

contaminated region was cigar shaped and Included Ailxngmaet Rongelapt
!,, .7

. ,,,;,
!..(: : .Oegy(l ,/,.., .l$lflj p~r:i:,urlolir,~ ,/(3 ~!;2/!l-,l!i> !I : ~

.:
:) [;!

Rongerik,’ and Utirik Atolls which lay esat of ground zero at distances from 60 v:v~
,, , lv,t~,11, ‘~! IW11,3 ni II,’ . II;r, ~;fl.Oj.iLIIJif WJ ]I;, i.,f 1: ;I,f I, ~ , , , ,(

co 300 milesO The fallout on Jlongelap, initially visible ●t U+6bhourst hnd
!.,,, II }!ll>up “1! III Ill ‘,{7 ; 1/1:-; ;Ji{(l JII(,’If~ 71 [

thinned’out to the extent that it waa no longer @een at li+10hou>/’{}G162). ; 2
., ‘ ,, “~‘ .+(13 -lJ2 1“ .(! l!i, .f .,pfl f! I t’,11 !IJ:)J, .r’’lfl ll.,j:l+ ~

On March 3, 1954, the 64 residents of tingelap Atoll ●nd’18 residents of
[1 t i, ,rfj ~()” , li, ~r. t%>!j ,,) v~,,l f.lyg~)l,:,>t{ .,, f: ~j,.~ ,; ~

Sifo Island$ Ailinginae.Atollt were evacuated, On March 3 ●nd 4, evacuation of
i,: ~!lE-11, ; ~ilii 1 ~“~,1) ‘Q,! /,:}/, ‘j, ‘!,J), ),)l : !

157 Utirik Atoll resideats also took place.
....

Wring the first few weeks and at,.
,., f II!:?ifr)l, s,(, II, ,! .f~; ,1(J ~r:

least once every year f&’1957 to the present? ● BroO~aven kational{Lab~~atO
)2 ?.1; ‘ I: ‘.. ?{:;* ,!: >::~,,, ~i:f! /1}qJ, -,’!

medical team~ organized by the Department of Defense and by the,Atomic Energy
I (4,,, ,; ‘11’ IJ1’::;,’i:i ,l’,<’,, ~r!? f,..

.,

Commission and its successor organizations? has prwlde~ -dsca,l exa=i’~tio~~s’
,4,,.~ ,!1 ,!:;

‘:. ).,.r ,,,,,>..’<. <’ii ,,,
monitor the health of the persons initially ●ffected by the faliout from rlie n

,.. ,,.,
clear testing program? plus a comparison population

“’jlj~~portsiof<~their;!fi~lding~ .~~.

-.>-,,
are given in Cr561 C0581 C059? C060? C062? C063V Co65~ Co671t’Co70j C075P and

~,,,,, ,,,: ‘$ !). !.,
C080*

.,( ,’.,

The Utirikese and Rongelapese returned to their ~=e at~lls in June 19
‘(g’

and in June 1957 respectively. The earlier repatriation of’lJtirik Atoll wtiu ~,.Ji:,.;$.
7+;bf

based”on the low level of external radiation exposure measured 8fter the i.~litial”;$
.<

3 ❑onth observationperiod (M8rch to June 1954).
?%.

The Utirik,population wn~ not. ,%1’i‘t:.:.=,
:&+

,-: ,,
● examined by a Drookhaven medical team until March? 1957J when 144’’peop”le re- ;:$$;

...
,,:a;@

ceivedcomprehensivephysicalexaminations. Following the 19571 medical ~~lney$f- , .....
..,:

two men, removed from Utirik for medical reasonst were whole body counted nt
~.+y;
j,~
~.

Argonne National Laboratory and provided urine samples for radiochemical nl~al- ~~
.:3”,(>

.,x:!

1 ,;,..,$,



‘both ●toll. varoemely=od rsdiochemically ’for ‘J(CO ‘:~~$,+
:?%!?dfu~+!!r,,s!rn?l?’ $;%QIiJ ,i)~t,fl~ ,~jol~> ~fl~;ijfi ,~ ,#?P{ ,~’.ff~~~)~ ~()

●nd ‘0~8:Y,, ~beequent Brookhsven National Laboratory expedi&ion8 by me
!,:(, ,,,. ‘fYtlovAffc .t:lJ .bfJ~fJIIf17:}b*nw ~~~~i79e::i’an!l‘t?dlnj

~~e ll~d}~a ~:?epartment 8P Safety and Environmental Protection Division utili~ed~~
.,. ..~l.r<i,;{ t;rJ ,’S fj rf~(!l (I{ ~l[ll?fi bbj.fticrirjj J!/J f*C)i3tiili~85r102 :~.

,(,L):W ‘ .
whole bod counti~ ●vd ~a~iochemica! anal gis “of ~=ine and blOod”g*r,j;,(li:t)l~lxf)i,,.!,lli .)~i bnp J9qnri?yij~j:AHW mQI;iS3 h+lcnirl

+~e~t+fy and quantify the mdionuclides that were present io thebody~ Tlte.,, .;” ::~;a{rc,;;ibI!”fJ:IZbnu;Y#1,13aE9 ~6~ dzjdw LIJOIA #jrj’YU br:~ ~i;t,

sul~,~i,of these radiolo ical meaeure-nto ●re given in terms of body burden in
,+[!~r,~l , ,!( It C+?{\ieJvy[,tij2in; ,C/~, o~OOH,lOS,lc)J[ &tai!T ,Bklr

this paper the Unit@ of qu-citie$’+m $1Tab;~p {{:api,2,”,,ip?o?gh-?~aQ, ) ,’l, i;!! on 3nw jJ \ ,: ,?] ‘lifl YX5 ~i!~ nj ‘f!~f, ~

●nd those which are ac,cf W for use with the S2 for the time bein&, Thus b
t, P;,; (J, ,; ~;l It!i fIr ‘qF.t ,g:rftti It: el(lSl)li!9Y *J* 9413

~A?Qf [f, I’(Plit+ 11’!

the ~{:ie and the,Becque~’tl,~~y be used ● units for the qtmtity’aativity,
,, ../.,. ““ ,11 Iuilofivt}‘!’J5’J,Ilri\Aofirsl~qi(t}.,[);:l..fP!

Th~,,:fqrementioned body burden tables illustrate ●dult~aiwclueo for,,: !;,, dY 7/!;;111(.1 .72fil(\ ‘<00’I ~qic. P?n~[ ic+~ 1’~’o#A Xrvi-

I$ongelap and Utir\k~ Ano:~?t9 ●s classified beret waa a per.oo ovar 16 yea
:), ,, !1 ,;,)lq f)d”l 0; ‘\LkJ fvc-lf..’TiS3y V?9V.$J > (v:, t

of a~e. The,,meap body mess in this ●ge interval was 60 kilogrxme. The obae
1’ tI,’iri aerrcii ,IJ :CJ Jnwx~.taf/-ifJ 9d- yti ht~.xint;::yn ,,~f.fi I i.

, bo~ylrny Versus w distributionis show in Figure 1 for Eongelap rccidentOb~vQ.,r, , , ~/(,i3~.’.lf1E,l+lo liJ@,itM33111? i:3i f>~u ,,;,~,!

, me sam body mass versy~h~ge distribution W*S Ob.emmfat Utirik*’
‘ ~IL ?r ‘IL ~~l-/):-~W VW ?O fi.:41’lW!vii: I

,,Becauae of the paucity of measurements ●t Uti+cr! inforutiou on
.~i. ,:+ !,,.!,, , f

65
‘,tq ,r.zii~,yn-tqgrtt1:.!

:n? and ‘s~e was in somq instances derived from the :+io of,~dult w
,, ,1 ,/ ,/> ,:.,>

burdens between Rongelap and Utirik, A mean ratio of 2.6 waa obeerved

burdens for
65 90 137Zn,, Srt and C@after they reached their maximum VS1

,, i’;-l,\\i ,:.,.

standard deviation of this ratio was 1S%.
,..,,, L(t,,’ 1.,

.Xn the following analysis, personal body burden histo~ies &ti re,,,, . I *,.t.,

tervals, in conjunction with contemporary dosi=etric models~ -e ueed to (?fiti-. ,’,.
.,-,,

b-

mate internal dose, Dosimetric distributions were constructed from the results, :, , ,,.,

and a suusaaryof the derived activity ingestion rates and dose equivalents was

provided for various sub$roupsof the population.

history curves were constructed for each atoll for

2

Additionallyt exposure rece,.,7.

the period following the

,., .,,
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BRAVOtstto me- data,

pattern models, provided

....
.-’..T

an qotimate of exterrUl dosoequivslent,

METHODS

-il
general equa~ioua were deri=4*

-1

or

and

-(~+K@ + (~+KE) e-(Ki+A)t
Ki-K~ _(~+Ki) e

D “ fl~po & 4 ~
)

(KE+~) (Ki+A)
i K.-KLE

_,lL n-e
_(~+Ki)tj,

+ q“ xi ~+Ki

,

Exponentially declini~ ●ctivity concentrstiono have.been oboorved an ~~r-

%$ U@ 90Sr from 1954 to the present m Roogel*p137C5,
;.

face soil for ....

and Utirik Atolls-

!,,

Declini~~<8ctivity concentration have>aloo bem ob~erved

a rate greater thm that predicted by radioactive’decay”

,..-..

in vegetation at
: - ~~-’-~)~)- ‘–~”-r-”’,_, -.-..l - .,

{

●aumed and the following
Thus exponem~ial decline in gietary ●ctLvaty w- . .

(1)

..:,,. ,f.j

(2)

.:,,

. :}.

(3)

where

6



.

,,(,

A
/:({’

E instantaneous fraction of ●toms decaying per unit tiw~7d~:y -i’” ‘

P* E initial atom iWQ.tion;r~~et>d~~,,~Yi-l~
I ‘;

instantaneous frection of atoms removed from compartment.i by

‘1

..!+”
Ki Z xi::!,.*

,, (,(,;”lO( ,,, fl’, -~,x, v3Jv J7:,fi, 0 tffmql 3R(J 1 ;-’1 .iinj fJIl!)!2;lit Jt/\.,’lthtii .
‘f!’ c

physiologicalmectw’iicms?day
‘“%,..,,-

“!”;$
Z compartmenti deposition fraction?

1,
Xi

$4’
x; ~ the number,o$~~t~)iuk+-pqq~n~ ~f’zdla;,iqe~l\o the number in all

, :.~?, ,.*.>;,Ii .,..:;~:=
compartments ●tkthe onset of declining continuous uptake$ (t=o)~

,,, I;Vi? )1; ,>ll[l’+lli. lli~l !f~ # ‘] JGJIJ r!+.,! i,;

in8tantaAeous )uJi#J8CtivitY conf-t~atlm % k ~~

ii T ,~)il”:i! I
subject urine excyetion rate, & day-lp , ,-/

fractionfrom[,~l~;~~gttto bloodT(},+:dx,- ‘r
;,Q{,

‘~ ifractionexcretedby the urd pathway? if ,, .,4 [
instantaneous fraction of ●toms removed or added to the ●tom uptake

....

“ IC-F 1, ! 11--JJJ’llli ‘. ‘;(([r) ‘
per unit time, day-it due t~Jf~ctors otker~~ha~’’rkdioactive ’decay,

..,” i’ *. L!q,,, c:yr T,j:j .3 ~~ijililrjft ,...I

instantaneous body burden? (Bq~ ...
,{ t

body burden at the onset of ’uptaket Bq$ ‘“ “
‘, ;,$,,. ; .> i’, j.

the number of disintegrationsin all compartmentsoccurring’durinfi

the uptake intemalr Bq days* ,{,

!

,..”:’2 “:’ , :.:q’;,.,.
‘l;g ‘:

The developmentof Eqs. (I)j (2), and (3) was baeed on the following col!vo- ~:~~
..,.

“.@
lution integral. At some variable time, T, defined during a fixed:’uptake ,::,4L

7
‘:%.,

, ..: y.-

interval,T} the daily activity ingestionrate crossing the gastrointestinal ;;;$
“%+
y{$

tract to blood is given by
.-’,

. ‘!#j

-(kE+~)T ;’;$
kflPoe * ,___

fg;
-+>.,>’
,;+{j,

‘::!J.JJ
,<*K,
il:,ti.,.*,.,’.:,::,,
:’.“,.*+.

,.r:. ,,.:

..,,
,,,.

!.”



Ui - Kg

As previously statedt ~p (Z) applied at

for the situationthat variable time t was the

persons who returned to the ●tolls in June 1954 and June 1957 did so vith an ini- ‘i.~
. I },,!,((!! .,,?,%‘4 >..

tial body burden, q“. 4
m ,*+

The behevior of this contribution to body burden?
~:i

*i
7<’4

~, was embodied in the q“ temof Eq. (2). 4
‘4”

A similar model was used to relat~ -: ?<?:. .

8



...
uriuo ●ctivity concentratio~,+~o body burd-” @u@tion 3 w ob$bi~~d W

,,
incegrcti~ Eq, (2)*

,,

Equations (1) and (2)uere used to determine the instantaneous fractiol~ of

●toms removed or added to the ●tom uptake per unit time? ~? ●nd then the ini-

tial daily activity ingestion rate required to produce the measured?.or derived

body burden. Equation (3) was used Co determine the numlw of’disintegrations

that occurred inthe’ body-d~r-~rig

on Ftongelap or Utirik Atoll,

If the mean reeidencetime

..—. .-

1
....

the ~e”a~$enckiritex%81;o-f--&n’’_&ndividualliving “;’.,,~-;,

]
.,-/,,:,,[<

,.,,

.; ‘;;? ‘

1
w :
,,

in the diet is rmich emch long~r than the resi- j~:~
:- ; lr,M !Qq :

dence interval, then con~~~ontimms–u$ttike=i-a~i vedo ‘~qi@ions (1) and ,’:$. . -- -, - ,-*~. .- .- - -. ,.. { -j ‘~ ,
(2) can be converted,.bo; ~~~nat~~~~,~?~tinuou$ ~~u:~~

1.
8by~pl?#n8KE’J”}’ ~

-A . Single uptake-expressions are obained by setting ~ ●qus’ ,C~erO, Itl

1
I1.., ,, -.,

some cases only radioactive decay may remove the nuclide from/~i$@y. items;
.-;

{ ({~ .m
these cases ~ wmld equal mro, In the caae of the fo

T.

/?f
r, $’h@’.re8idents,
,’, ,

the meturing of coconut tr.e~ during residence on Bikini :~’o’ll~cauoed a con-’

137
1,1.

tinuouslyincreasingdiet~~ uptake of Cs? ~ut~ ~~q f~’dito hsve n ““”..=
,.,. ,, >“-,r-- ,.’4fl~

tive value. In the case of) Rongelap and Utirikt KE was found to have a positive ‘}:

137C8 65zn 60 90
value for 7 ? Cor and Sr. This indicatedthat in ●ddition to

radioactivedecay, some ocher removalmechanismdpcreas~d,.theratipactivity

55” ‘
dietary itemsduring the residence interval. For the nuclide Fe, only olte mea-

;$$surementwas publishedby the BNL Medical Program (Be72)f thus an estimate of ~ ,~fi
-<s!

. I(Ewas determinedby using Eq* (1) or (2) and the populseion subgroup mean ,~iif
‘“:$

‘,.:.
body burden or urine activityCOnCt?IItrathI. Portion# of these bioaaeay data ‘“:?

-b,,.
are illustratedfor adult males and females in Figures 2 to 6, Two consec[ltive “~jj

,~,,.
urine or body burden data points were used to eliminate the unknown ingestion

...
‘~V‘!$
‘(.1,.,<*P

. -! ,,~- --

,’
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Fig, 2 Mean Adult
137Cs Body Burden History at

Rongelap Atoll , ., ,,
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rate from chlf equation. This method yields n-l estimates of KE mere n wan

the numberof data points. An averagevalue of 1$ was assigned for each n(l-

clidet and the results for the Bongelap and Utirik populations are given il}
.

Table 3. For the evaluation of ~ from Eq. I and 27 radiological and

physiologicalparameters~re obtained from the open literature(ICRP59f1(~1{1’68,

IcRP69,ICRP79,Ki78). A representativesample of these parametersis pre$jr(lted

in Table 4.

Table 3

Sunmary of Dietary Rate Constants (K_, d-l) -.

6Sz”’“
60co

qo~r 137C

RongelapAdults
—.

Males 1.5X10-3 1.8%10+ 3.1X1O -3
1 .4X1O

-4

-3 -4 -3Fema1es 1,6x1O 401%10 3.5X1O 1C4X10-4

1.5X1O
-3 -4

Adults 1.9X1O 3.1X10-3 1.4X104 ,,
Utirik Adults

Males 4,6x1O
-4 -4

N.D. N,D. 1.4X1O

-4 -4
Females N.D. 4.OX1O N.D. 1.4X1O

Adults
-4

i*4X1O
4

N.D. 4.2x1O N.D. . .

N.D. Z No data sufficientfor analysis. . .

The VtllUf?R Of KE were similar for males and femalesand for residentsnf

RongelapfindUtirik. For 90Sr on Rongelapa factor of 2 differencebetwe!’1~KE
.

values was observed for males and femalea. The female parameter for fton~f’iap

Atoll compareswith that obtained from the Utirik data. A paired t-test (1 the

Rongelapmale ond femaledata

highly probableand therefore

indicates that the male/femaledifferencew;~s

not significant. This difference leads to ;!

15
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bimodalactiv+zyingeetionrate distributionfor 90Sr in the Ron8elappopuln-

tion.

Date for 60 Co and 65
Zn wore not aufficiontfor analysis for the Utirih

Atoll residents. Values for KE observed at Rongelapwere aasigned” to Utirik

males and females and body burden histories for populationsubgroupswere

reconstructedusing Eq. 1 or’2. Figures 7 and 8 illustratethe derivedmeal]

adult body burdens for

This method provides a

providesa body burden

a~l -~ignificant nuclides studied on ~ngelap and Utirik~

best’fit of the dat? show in Figures 2 through6, ai)d

history during the early years post return at Utirik, o

time when body burdenmeasurements were not made. Actual data points are al~o

plotted to demonstratethe fit,
.

The curves shown for 55~e in Figures 7 and 8 were obtained by setting 1(E

equal CO zero. This underestimatedthe initialbody burdens and overestimated

futureones, Since 55Fe contributed less than 1.0% to the total dose equiv~

lent,an arbitraryasaignmsmtof KE based on observedvalues for the other :tl-

clides was not attempted.

obtained from Rongelapand

reported. A recalculation

During 1974? another series of blood samples wafi

Utirik (C075). Analysis for
55

Fe has yet to be

of ‘5 Fe body burden and its impact on early dose

equivalentrates will be conducted when the data is made available. A SUhf7(.:!?l-

tial change in dose equivalent is not to be expected.

90
Figure4 and Figure 6 illustrate the observedadult historiesof St and

L37
Cs mean urin~ activityconcentrations. Mean

. 137C6
adults were plotted. Measured values for

Figtlre7. A mucl) smoother curve was plotted in

valuea for adult males or ,711

body burdens were also show!~in

Figure 7 and it was determi~l~(l

that the collectionand analysis technique for urine $amplea introducedthe :!ddi-

C)n the basis of this observationfor
137

rional variation<. Cs, a smooth iJfIdj

,.
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For Adults at RongelapAtoll
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burden curve for 9oSrf recon~tructed fr~ raw date and Eq. lt was considered {I

more accuratehistory, A detailed presentation of the greater variation in

radiochemical analysis of urine versus direct body burden meacuraments can be

found in Mi81.
..

Figure 9 illustrates thp variationexhibited in the body burden of 5
. . . .

randomly chosen subjectsOVSF(the 2S year monitoring period. These individual
-,.,,..

variation may have had a d:$patic impactOn the’ maan data, In Fi@we 2, which

illustrates the adult male? ●dult fe~le~ ●nd ●dult population mean
137 Cs b(ldy

burden for the 25 year expoourc pariod? ● decrease followed by ●n increaoa wan

seen during the years 1958 through 1963, Although the, Castle BRAVOteet ini-

tially contaminated Rongelap in March 1954s it had been proposed that the

Hardtack Phase I seriesadded to this an’amountof contaminationequal to that

responsiblefor the Figure 2 body burden pattern (C063).~ Figure 9 suggests that
.

most individualscounted in those years had body burdeno which remained the snrne

or declined;however~one individual’sburden

differentlyfrom the others, Several factors

variation from the mean such as departureand

dietary contributionof importedfoods, etc.

(#881 M) rose and fell quite

could have contributedto thic

return to the ato119 sickness, {he

Since the mean values ●re based

on small numbers of personswho were chosen at randaa, it is conceivable thiit in-

dividuals like 881 M influencedthe mean body burdens to a grester degree than

recontaminationof the inhabitedatolls. The impact of the individualbody

burden pattern on the true mean value is moot since body burdene of all individ-

uals were not monitoredconsistentlythroughouttheir residence intervalsexcrpt

in the few cases exhibitedin Figure 9.
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lWULTS AND DISCUSSION

Daily ActivityIngestionRates

Daily activity ingestionrates were calculated for doaimetrically signifi-

cant nuclidea post return. An exponential decline was proposed for the inges=

tion rate within a population subgroup and initial referencevalue. are given in

Figures 10 through14 (June 1$ 1957? was assigned as a return date to Rongelap).

Figure 10 demonstrate the d~fferencesin ingestion of
137

Cs for varioue popula-

tion subgroups, This undulatingpattern wao exhibited by
137 90

C8, Sr~ and
65
z]],

nuclidea for ‘whichsufficient data existed for ●nalysis,

Difference in ingestion ratee of the stable clement ●tthe same geo-

graphic location have been chown to occur ●mong members of ● ~opvlation (ICRI’.’
‘ )., “,,

231. Age dependentdiet studies for ingestion of Cs for urbap’~ipan have valol?n
7,.

‘1 for adulta to 8.6Ugd -1varying from 11 Ug d ~for childr~q< S~~in ● weste])l
. . . ):

type diet rose from 600 pg d~~.-for infantsto 690”pg dO1 fo#5 year olds to
!’

3,600Ugd-l for 13 year olda ●nd fell to a mean of 1$900 @~d*i!’;for adults. Zn

in the United Kingdm rose from 2 to 40 mg d-l) the higher ~lue of Zn being

observed in adult tea drinkers. Fe ingestionin a western type diet has a minim-

um at age 3 and rnaxha at age. 1 and 20 yeare. Co is ingestedat ● rate of 20

-1
pg d for Japanese adults and half this amount for children, The tfarohalle~o

population also exhibits dietary changes aa a function of ●ge. The authors of

che Marshall Islandsdiet and Living Pattern Study (Na80) obeervedcoconut ~fil)

being used as a mojor food supplement for infantatand later in adult life efi.1

major sourceof daily fluid intake. Since coconutsand coconut tree sap pro-

137
vidcd the major source of Cs on Bikini Atoll (Le80, Hi80)t the shape of Fig

ure 10 was n agreement with the observeddiet pattern.

22
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The standard

tion was 41X

adolescents~

deviation observed for the adult activity inge#&ion rete diatribu-
.

of the mean valueP 39% of the mean value for young ●dultav 48% for

““T ,.

38% for childrenp and 54% ‘forT’infanta. ) Adolescents ●nd infanta

exi)ibiteda b~oaderdistribution th~u~,a+~l~~’;<”!w~iie[ichildrea ahqwed ● fractional
f!)ii’jj ,;’ r,T

variation in :activity ingestion rate ●imilar to that of a ults~! ~re~St feedi1~8
1

versus coconut sap supplements would have contributed to the g?qater variation
., ‘1 ,

ob$erved in infants. Adoleacenta and young ●dults were the po~lation subgroul)s
:,<?

which have been observed to move frequently between ●eo~ls. This mobility would
.. \

le?d co greatervariationsin the daily. a;tivity ingestio~ rat@e relative to
,

those observed in the more @tation8ry population 8ubgrOupqs

Figure 12 also exhibited ~ wave pattern; however, a distinct difference l}e-
,.

Rongelap~esidentsand were referencedto June

observed for the riistribucionawhich contained

differencein &he
90
Sr dietary rate constants,

illdicntedthat the observeddifferencebetween

1, 1957. A biraodal #hape wae

both sexes, ●gain reflecting f}!{!

Data from uri,ne bioassay

the male and femmle valuee fol I’E

Figure 1. shows the individual data calculated for 137CS for ●ll buplai~

residentsand is referencedto June 1? 1957. The individualmexk 137Csdaily

activityingestionrate was ●pproximately 4 times the population ~an value.

twcenroles and females was iadicated. Zhis difference arose from the use ~f
I

veiues for KE listed in Tabl’e3 which were derived from urine data for aule and

fenule residentsat RongelapAtoll. Its major impact was on the dooe equival~l!t

r~re, not on the total dose equivalent;and its effect wa# to cauae the dose

eq!livalent rete for males to rise and decline more rapidly than for finales,

Figures 13a and 13b su~arize the individual data for ‘OSr for all

was not significant. A t-test was performed for consecutiveurine measurement

dato during the 23 year residenceinterval. ‘I%eresults indicatethat becau~e

28
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of urine activi~Y{concent;it~d#EVa;/~bi\ity~’the~.Wai”’i’’dO%iproddb i\!ty ’:thac

the rnalervalue for ~’wald;’~ey~iffeidnt”from’ the:~feti~e’’value b~’’fhe:;iictor

observed. Thus differencesin’’thederivedactivity ingeetionrates’and dose
.

equivalents were not significant,
or

Figure 14 shows a semi-log plot of the
65

Zn and
137Caactivity’;i ngeatiOn

rate historiesfor adultson ‘Rongelap. k curve was’’drawn be’tween’’pointep and

1’,137’
the appearanceof an increaa~ng Ca ingestion rate’during’’the’’1960s”indicatedtcd

the possibilityof anothercontaminatingevent,
,,

The HardtackPhase Z serieswas

conductedjust prior to the observed increase@ the curve and falloutfrom the

cactus,YellowWoodt and Hickoryexperimentsdetonatedat Bikini and Enevutak

would have reached $tongelap. However, oevsral observation fail to eupport thv

conclusion that recontamination was aignificantt ‘fheee aretas foliowet 1) tll[~

increase in 137Cs ingestionrate waa not in conjunctionwith ah’inc’rkaseof

65
Zn; however,since

65Zn is an activationproduct it may have not been produrcl

in the same proportions. 2) The peak 137
Cs body burden at Utirik occurred

nearly threeyears after the initiatingevent?Caetle BWVO, while the peflk bo:lv

burden at hngelap followedsix years after the potentiallycontaminatingexp~ri-

ments of the Hardtackseries in 1958. 3) The activity ingeetionrate at Utirih

demonstrateda continuously declining pattern vereue the humped patternobserved

at Rongelap, This occurredeven though there wae an equal externalexposure
.-

rate history followingthe Hardtackseries as measured by the U.S. Public Heal(l)

Service on both Rongelapand Utirik (Un59). 4) The peak expoeure rate on

Rongelop followingthe Hardtackseries was 10,000 times less than the peak ex~Ju-

sure rate followirlgBRAVO. These facts suggest that the Hardtackseries was Tloi

a m<ljorfactor influencingthe Rongelapbody burden patterns. Thus it is

postu]atcd that b~dy burden variationswere caused by travel away from the at”ll

29
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uous uptake model was used. .:~!,.

InternalDose Ewivalent ~te~n~, II!I !,(I ,’~

The approximate@$ta?@&*,p! d08* *pUiva,l*J%r@t*@ for the ‘et?!body

were dete~ined, fr~ the bof~bbf@n data !llu?~rated in Fi@Jres 7, ‘qd 8 and

from the following equation, ,1{ ,,,, ,C ,,

,jc,, iI = qx, (4)

t,,‘$

where ~.,.,,,
●

h% the total body dose,,sqyivalentrate~ m~ Y-l* .:,

15 equilibriumdose equivalentrate to the total body per unit body

burden,rJJRemy‘i MCi,91)

q E instanteousbody burden,pCi.

The approximatenature of the estimatewa& due to the ●ssumption that the

radioactiveatoms were distributedamong the body tissuesas they would be fol-=

lowing constantcontinuousuptake for periodsof time much greater than the m~at]

residencetime for the total body. In the case of 90Sr, 86%

assumed . These assumptionswere not used in the estimate of
.-

equivalent. In adclition,since mean adult body burdens were

of equilibriumwns

the totaldose

computed,a factov

of 1.2 was needed to adjust for difference in body mass relative to a 70 ki~ff’-

grnm adult. Table 5 lists values of I which were determinedfrom information

given in ICRP59anticorrected for body masa differences.

e“-:
*;’”...

●

“,,,,..,.

\
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. Tabie 5

Total Body EquilibriumDose EquivalentRat.
per Unit Body Burden

I

$ mRem y-l’pCi-l “

,2% 10°
.,,,.,

6 X 102
!,’

1XA021

Figure 15 illustratesthe relativecontributionto the Gmpaite dr)sc

.,

.

equivalentrate for each dosimetricellysignificantinternallyd~posited nu-

elide. For the averageRongelap adult? the residence interval be8in$ JUTW 1)

1957;however,many adultswere reportedto have resettledduring the ne(! 3 to :

6 nmnths (Co80b). The compositedose equivalent rate indicatqd that a h~t~~)d

maximum of approximatelyseveralhundredmillirem per year persisted for several;

Most of the dose race is attributableto the
137hundreddays. CD cunponf:!lr Ce-

,1.,

sium-dmuinacofl over the entire post return period and would be of prime ~’~ll]cern:!
.:
,..

for population returning to a contaminatedenvironmentye~rs after a fil;:;ion .“’,;
..’”

type initiatingevent. ‘..,,
,‘.:

Figure 16 illustratestwo possibilitiesfor the Utirik dose equivalent ‘
.,

65rnte res(l~tingfrom the Zn body burden history during the first three :y<’ars

65Zn ;post-return. me higherbody burden resulted from uSe Of the two mea61J?r~l
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body burdenSang

Rongelap. It was

diet pathwayeach

for adulg$%n Utirik●nd the observed KE rate’GOU$tant fro~l

65obse~ed &’ Rongelap that 9031%Of Zn vas removedfrom the

day in addition to radioactive decay. Additionally, redu~~i~n
..-

in dietary radioactivityon R&gelap had been oboerved for
-U37C,, 90Sr, and

(loco
.

to be greater than that predicted by radioactive decay a+oue. Instantaneous re-

ducsion fractions very”b.8u.@; ~Q~;~~9~~’~t~,~tie~d~]+ere ~oboerved &t Utirik for+

the 90Srt and
137 Cs nuclides~ The lower curve$n’’Figure/l6lreflects the dom

I

equivalent! dose equivalentratej and body burden which ~ould have occurredIi{]d
,’,,

65
radioactivedecay alone auemmted~lforj~’r~val of Z? from the Utirikel!vi-

1

ronment. Since additionaljSCban$sM CWld be meaaured.f~:~ other nuclidesat
fh13Y\?4~.i 1 )f,..

65Utirikand for the ,,,,@ n~$$id::~:?,anearby●toll?”the upper~cune wag choscllag,!* .,, ,,

the most likelybody burden hi6tOry for adultspost return to UtirikAtoll.
(>

Figure 17 indicatesthe Utirik adult mean total body &ae equivalentra[-e
‘(,,

fur each nuclide. An obviass difference relative’ to the Ron#elap history

65
exists; Zn not

137
Cs was the major nqclide contributing to the dose equivalent

race. This was due to the Utirik populationreturning3 to 4 mmths after thp

initialcontaminating event, and the Rongelap population returning after 3

years, The age of the fallat had a dramatic influenceon the importanceot’

60
each nuclidecontributingto the internaldose equivalent. In fact co anll

65
Zn playedmajor roles during the first 3 yearst a timo intervsl that

correspondedto the period during which fieldwhole body counting facilitie~

were being developedat Brookhaven NatioMl Laboratoryand when medical exai~~ila-

tions for people on Utirik Atoll were not done, Additionally,pooledandfo~’in-

dividual radiochemicalanalysis of urine was not performedduring this perio[i.

The impactof 65Zn and 60Co was such that even if the l.eaatconservativeratv

34
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conetant (RE=O$ wag used for Znf the dose equivalent rata for the ●verage

adult was in excess of FederalRadiation Council Guidelines for the first2
,.

years following the return to Utirik.

Internal Doee Equivalents

Disintegrations occurtin8; in the ’totslbody’of:an individual during resi--

dence following repatriatio~wsre determined by seve~almethods, Equation (3),
.,

togetherwith personalbody-burdenhistories and.ato~l specific Kg rate con-
. .

stants fromTable 3t provided--aninitialestimateofjdiaintegrationobetween con- ‘
;

secutivebody burdenmeasurmnts, ‘the se~ond method used was ● log-log plot of ~.~

the subject’s body burden history and an clgebraic determination of ●rea betwern .:”
;“. ‘ .:

t o consecutivemeasured points. The thirdmethod u~ed~a linear plot of the .I
●

? .,.:
suR~,’ctls body burden history, The area under the curve wac cut ●nd weighed and ‘,

coui”’ared to a standard weight of known area?

ret;u:ri?dthat all threemethodc ●gree within

his or her total body disintegrationsduring

the methodscompared to within t5%.

,;

Quality ’control procedures +

z1O%before a subjectwas assigfled ‘~”

residence post return. In general, {
::

,..,..

After the total number of disintegrationsoccurring in a subject’sbody
.,

was at38igned7they were apportionedamong the body organs according to the fol-

lowing equation
.,1
,.

.“

.- f’ X,A. B. (XiCiDi + ln2/A)~=21Lt

2iCiDi(&iAiBi + 1~2/A) ‘

‘,.

where ,!

F s the fractionof total body disintegrationsoccurring in the orgnn of
●

▼

interest, .,,

I

organ compartmentdepositionfractionfor the element,
Y

hi z
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Bi S organ compar~nt biologicalhalf time for the ●lementj

Ci 5 total body ccaapartmentdepositionfraction for the element,

Di Z totalbody compartment biological half time for the element!

f; E fractionof-the element from blood to organ of ~eferencet r,;;1,
,

Equation(5):appliedwhere significantdecay occurredlatthe deposition ,i,:
$.I

aitet and not duriqg transit or re-transit to the orgm of ~ntereet.

I

compartmentdepositiong&k’ions’and compa&ment half times~wereobtained from ::?
.. 1, ~,

Valuea for Che re#fning- qum@ities were from ICRP59J ~
.,

Ki78.
..,,

The dose equivale~c to a specificorgan or the totalPody+ere determined‘~,:,...
~,,

by using the source to target doee equivalent per unit cumulztad~activityparma-~$!,
i! .,.

ters fromKi78, The total,.targetdose equivalentwasqobtain}dbyeumti~~rl of “;?’
● 1

the dosimetriccontributi~o from all source organs.
,,IJ

Several important mo(lifica-
XJ

tions to the general procedure werg made in order to compute~indiw~dual
1,.

dosimetricresults. FOV,~ch person, the source to targetd~se’tdquivalenlper
%

unit cumulatedactivitywac weightedby the ratio of a standqrdman’s body mass
,,;

relativeto the actual omen body mesa duri~ the intery~lfor which the doul’

137equivalentwas determined, In the caee of Csr the l~ng term biologicalre-

moval rate confitantfor the 14arahallesepopulationwas highly dependentupoIl

body mass (Mi81). Appropriatemodif

to reflectthis dependence. Finally

source.totargetdose equivalentper

cancellouqbone and 72% from cortica

cations to Eq. (2), (3)?’and (S) wem mode

for 90 Sr depositionin bone, 28% of llIr?

unit cumulatedactivitywas assumed ft.(~m

bone.

Figure 10 demonstrates the mean dose equivalentfrom 137Cs for vario{l[lage

~nd sex groupings. The residenceintervalwas from 1957 to 1980 for this l~(,l>ula-::;
;;)?

!,

The adolescentsand persons above 50 years of age in 19S7 maintaine~lr.he
‘,7.

tion. ,..,,
,,,(

“,.?;

lowestdose eq~livalent.
.1,?

Personswho died during this period were not inclllt!ccl ‘!
,,.~,
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‘
in the figure nor were thy included-in any dosimatric distributions for an~’ of ,:::

the nuclides. Thus all persons considered, regardleea of initial age in 1957,
,,

.;,.
experienceda 23 year exposure interval.

,..
‘,‘!

Figure 19 showsdose equivalentdistribution according to age and !,P!(for “;
:,,

137Cs among the Rongelape~i. The sh,apeor the populationdistributionwas ,,
-!;..

t’

i

$4
skewedwith a mean of 1.71Rem and a’maximum of 900 Rem. Th9 t~~ maximum was I;.,.,,

137 ‘
:.. ,>:

5.3 times the mean value,~or
,.

Cs on:Rongelap. An exam~natiop~~f,the subgroup \:
( ,,

1

‘ j

.’,
distributionsreveals thpt ~pereons who were infanta at the timelofrehabil.!lt.ion;“

, .,

at Rongelapalso were tb&ecipi@nt@ ~f the hi$he?’doee~~ Ilis;wasdue tO the ,:,:~
;::::

combinedeffectsof lower sverage body masal a higher average i~estion rflt?t ~.!:?
~$

137and umre rapid turnover of- Cs than that for adults or even children. ‘llle pa- :J
● ,i!,

rameter having the greatest impact on the infantdose qqu~valen’twas body mass, ,..;#-
‘“4,*

The standarddeviationfezfltheadult male distribution,wa$49X qf the meal)dose >$
w

“j

:,.;.

equivalent,for adult females43X of the mean dose equivalent and for adoles- :,:
;,

,,-.,,
cents 47X. Within a subgroup, the maximum observeddose equivalentwas iif>proxi-‘.x}

,...,.I
mately twice the mean value for all distributionsconsideredhere.

i

,$

Figure 20 showsmean dose equivalentsas a functionof returning agt]
.~.
!,..,!,,~:<

65 f;~groups for Zn on Rongelap. Adolescentstyoung adults, and ?dults 50 ar[il ~Ip ,
, .’(;lj

;;;!
were the groups receivinglower totaldose equivalents while children slid mid- ,.~,,

.$+!!

dle aged persons receivedhigher dose equivalentsduring the residence iul.[irval,~;;
..;,,,.

65
,:

Measuzed Zn data for persons who were infantsat the return date were no[
.,.,-c:
;.

reported in the publicationsby Conard et al,

Figure 21 shows the dosimetricdistributionsobserved for

652n
Rongelap pop~llation for . Again the populationoverall exh

distributionof dose with a maximum value nearly three

drmonstrnteclhigher doses than personswho were adulte

39

times th
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year pariod. - The standard. deviation was in general 30% of the man value for all ag~},
.,,,

\

,-)
and sex subgroupdistributions. ‘Iltisless pronouncedvariation may be due tu .1

65 9ogr
. .,,

the fact that Zn measur~nt8 took place over a 3 year interval while >..

.
and 137 CS occurred over a 23 Vear interval and thus was contained in a more

.,,,.

homogeneouspopulationthan were the longer lived nuclides.

Figures 22 and 23a and123b suamarize the 90Sr dose ’equivalent results for

individuals at Rmgelap.

In this analyais,only the ingestion pathway was considered important,

Some radioactivitywould enter the body via Che resuspension and ditect inholn-

tion pathways. It is known that for a given soil concentration of(”the stab!~
%,$’,

naturally occurring analogs ,ZO the radio~ue$ide’sconsideredhere? the ratio(~
f ●* :

of food and fluid intake to blood relativeto airborne intake to blood, are

0s follows:

co > 3000 Zn> 130 ,,

Fe > 55(3 Sr > 10,000 ‘

Cs > 400

Thus, dietary intakeof radioactivematerial is the principalpathway

internaldeposition, This applies to most nuclidesin the environment

there are notableexceptionsincluding If U, and Pu,

ExternalExposure

A-value of .73rads in tia8ue of interest per rontgenfmeasured in ail nt

one meter above the surface,was used to convert exposure in air to absorbell(lose

137,.,~c-in tissue. The sourcewas asaumed to be an exponentialdistributionof :

tivitywith depth in soil, typical of aged fallout (Be70)t Because Of the

multidirectionalnature of the source,variationof absorbeddose with depth of

organ was minimnlo Additionally,externaldoses were adjusted for livingp:~t-

43
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ment (Gr77), -’”
I.:,

External ~xposure calculstiono are based’oi Figures 24 to 26 which were,,:

derived from data listed in Cr56, Sh57r Un59}
c.

line portionsof the curve uar~eteminedby
-T-,. ,..,

f
~ - “t:;:’ ‘1

where

Xz external exposure during straight

,:
,. .,...

.’, , . ?~,

*.: , .,. ,.

(6)

line intervalr mlt,

-1
R, E exposure rate at tha end of the inte~al ~ mRh ,
& .,

‘1 = expoeute rate q the beginntig of” ‘~? intev,al? ~ZII
‘*’. . . ...’.

time post detone’tti~on at the end of interval, hours?
,:! .*

‘2 5

c1 z
tinx post detonation at the beginning of interval? hours?

n: elope of a straight line.

Data from 11 detonationsduring May? June, and July of 1958 (Sh57.) indicated a

mean fallout deposition exponent of 18.8. This mean value was observed at

Utirikt Rongelap, Parry, and %lotho and was appliad to early time post detonation

of BRAVOto ob’tain the initial increasingexposurerate history shown on

Figures 24 and 26. This method yielded a fallout deposition period of 5.S

hours on Rongelapand 12 houre on Utirik, This time compare. well with the
.-

original observationsreportedby the Marshallesaand by U,S, Navy personnel

stationedin the area (Sh57). Initialdose equivalentson “acutedosa~”

are developed in greater deteil in another report.
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Fi@ure 25 demonstratet.gbe external exposure following the 1958 testing ee-.:..

rieuv Since return to ltongelap followed 3 year. ●fter the B~VO contaminatioll~

this series contributed in large part to the external ●xposure post return.

SUMMARY

The Caatle BRAVOshot of March 1954 caused the contamination of the

inhabitedatolls Rongelapand Utirik. Evacuation from Ro gelap commenced 50
r’

hours after detonationand frm Utirik S5 hour. ●fter detgnatitm. During Juno
.

1954 and June 1957 the return of the Utirikese apd ttongel~pese: occurred resp~c-
a’

tively. Body burdendata for dosimetrically $lUnificant quclifies dere obtained
4

chro~lghoutthe residenceintervalpost return primarily by direct ip vivo gmm
..

spectroscopy and by indirect radiochemical analysis of urine apd blood.
1 ,.i

The dosimetricmodels
J

!’
sed in this analy@is were representative of a

decliningcontinuousuptake
f
‘egime. Dietarydeclineof ra~ioaccivityincluded

I ,.

radioactivedecay of the sou”ce and a conglomerateof other factorq which might
i b

hsve includedincreaseduse qf imported foods and weathering of the source. 11~-

etary loss rate constants were estimated from sequential body burden data and

were comparablefor both atolls.

Variation iu body burdenhietory data for a particularnuclideon a palLiC-

ular atoll was obRerved in whole body countingdata and urine bioassay resul[:1,

This was attributedprincipallyto the statistical variation encountered when.-

small groups are sampled from a heterogeneousgroup of body burdens in peopl~’,

and in the case of urine bioassay additional variation was introduced during Llle

laboratoryanalysis of samples.

Daily activity ingestionrateswere detencined for all measured

radionuclides. IN general, infants, children, and adults between 20 and 40

so

.,
,,.,~,5

.,,

.*.

. .

*.?

.?+

,.

,.

.Yi;

‘-

... ...,. ,., .,. ,, r,.. vat, ..,,,., ..’.—. .



years of age,in&ested more activityegch day. -t~g%d~~dolesg~ ~?..~~r~~ns
,.!, ,,(

greater then 40 years of age, HSXimUaIdeviation from the average value of the
.’

daily activity ingestionrate $~~,,metabezs of an a8al(pubgroup wq,s, n,o&;e~.terthall
●

✎ a factorof 3. However,the populationdistiribukiatsillustrateda
.
. tor of 5 times the mean activityingeetion;*te value. ,,,:[~

s;:,{,
Dose equivalentratespost returnwere determinedfor members

‘,(

maximum fac-

.,,
“from both

atolls, For RongelapAtoll, the reaidentareceivedapproximately100 to 200 ,,,:
mRem per year during the [irat 5000 dayspost return from internal emitters:;

137Ga
The principalcontributingnuclidewan . For UtirikA~oll, the residents

receivedup to 15 Rem per year during the first

65 60C0
contributingnuclide6were Zn and . Dose

Utirikese from internal emittersfell belo~ 50Q
;.

12(30days post return. f

,, ,,
400 days poet return. The maj(~r

equivaleqtrr~tssto the..-

mRe.mper ye~r. at approximately
jll,
.,;

The dose equivalentfo~!populationSubgrqupsand for individual waa det~’r

mined. Table 6 summarizesthe,resultsfor the total body, thyroid,red marrow,

testes,ovaries,lower large intestinewant and liver. The cacenarycompart-

ment mdel of Bernardand Hayes (Ber70)was used to determinedoses to various

segments of the gastrointestinal tract, The Utirikeaereceivedsignificantly

65 60C0 and 55
nwre radiationdose from Zn, ? Fe than did the Rongelapesebecause

of shortmean residencetimesof these nuclides in the envixonmant, 908r408e,,

137
to the Rongelapesewere 2.5 time greaterand Cs doses 1.5 times greater thnn

.-
. doses receivedby persons at Utirik. This occ~rredeven thoughUtirik resident!:

. returnedto their atoll 3 years earlier and somewhatreflectsthe degree

to which Utirik was less contaminatedthan Rongelap.

.,.,. ● ✌
✎✎✌☛✌✌ ✎✌✎ m,. . p. 4.. ; .+, ...,- -1,:. . . * t. -... -,
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::,, t)[!}ll”” ‘“: ‘{’:” “’’” ‘ ‘ “ !
,,....
.!

,, ;,, Table 6

J

,, ,.,
mcblI Ill ‘“

, ‘i

tironic phase
hseEauivalentSu ream:. Rem

. ...

Total Body lllY@’

Utirik ‘1 lio~olap ‘ Utirik Illongelap

Adults Adults Adults .....
NUC lide Adults ,,..,,,.,4

60c0
‘ 65zn
Internal
External
Total

Inc -nal
External
Tot:. .

I 90s=

I
60c0
65zn

Internal
External

,012
,033 $

101
.51

13.
14. ‘“

3.2
17.

Red Marrow

,054
.060

1.7
.63

17.
20.
3.2
23,

.12
,042

2.6
.018
,10

2.9
2.0
4.9

,027
,023

1,7
.014
.076

1 ●9
2.0
3.9

.00075

.059
1.6

,36
11.
13.

3.2
A6.

Lower Large
Intestine Wall

.23

.067
,59

4.7
150
21?
3.2
24.

*57
.047
.90
.13
,091
1.7
2*O
3,8

Teste94variea.

,0007s-.00075
.058-.O62

1.5-1.7
.44-1.8
11,-16.
13.-20.
3.2

17,-23,

.00067

.12
1.8

● 79
17.
19●

3.2
22.

,0017
,042

2.4
,010
.067

2.5
2.0
4.5

.0017-.0017
.074-.943
2,3-2.6

0.12-.050
.069-,099
2.5-2.8

2.0
4,5-4.8

Liver

.0015
.080

2.7
.022
,14

3.0
2.0
5.0

..I Total —.
‘u
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