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A UCONSTIUCTIOll"Or CHlONIC DOSE IQUlVAl.ENTS FOil ROHOIWJ' 

AND UTillk &ESlDENTS - 1954 TO 1980 

E. T. Le11arcl, N. A. Greenhou11, i. P. Miltenbtraer 

ABSTBACT 

From June 1946 to Aupat 1958, the U. s. Department of De fen•• and Atomic 

Eneray Coaaission conducted nuclear weapon• te1t1 in the Morthern Mar1hall 

Islands, BRAVO, an abovearound teat in the Ca1tle aeries, re1ult1d in 

radioactive fallout contaminating Rongelap and Utirik Atoll1. ()n,March 3, 

1954, the inhab i tan ta of these atolls were re located until rad ht ion e~posure 

rates declined to acceptable levels. Environmental and personnel r.adiologicnl 

monitoring programs were beaun in the mid 1950' 1 by Brookhaveii Hatiot:al Lauora-

tory to ensure that dose equivalents received or C01111litted remained within U.S. 

Federal Radiation Council Guidelines for membel'S of the aeneral public. Body 

burden and dose equivalent histories along with activity inge1tion patterns post 

return are presented. Doaimetric methods, reeults, and internal doee equivalent 

distributions for subgroups of the population are also described, 
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tests in the Caatle seriH, was detonated. The BRAVO device caueed 1ubstn11tial '\. 
n . m 

:1, ~ , '"J i'}'J'"J [ i· !:1·q·';'r1~i ! ~:11:; hj;l t 1~1j1 L" i.,1~ J 1. 1n.'·rr.r~i·.·~; j i 

surface contamination on inhabited atolh within a 2,000 1quare aile area. 
'I ·•· ·!•I il1'1. '1fli"l1• l•1 'il1:11 l1.·,;,q·1tf·,,1Ji 1• l1q ,flj lill!\•'• '"" · 

contaminated region wa1 cigar shaped and included Ailinginae, longelap, 

to 300 milet. 
. , ' ) ' !II J ~ J :1 n .i n';. ~: "·; ,., ? Ji i . \)) ~' ~I ri ;.· i; rvn j J~ ... I .' • ( j { I fJ f l t;; i' I. ( • I ~ j ' ' L 

The fallo\at on Ron1elap, initially vhible at H+6 houn, hnd 

thinned out to ~he ~xJ~~;: ~hat 
1lt\1~~~ 1 ~o~ i'~itleri 1~~.~"-~s 1ti+\'or hou~tfo162>. 

On Ma~ch 3,··i'9~4','1 jtb~.i;64; res·~~~~~~" o'tlo~a~11~·p1 lt~:i11 ~~d· 1iai:~~s.idents ~"t. 
111·,. ,r(j 'lo' 

Sifo Island, Ailinginae.Atoll, were evacuated, On March 3 and 
. . . L ! - ->,;3~, 
! ·•: r,1r.11' ··.-j fji,' 1 ;·;H. )1~ 11 ,., .. ,_.,.J f,~)I{.; Jf· 11m..:,·rt)~ .· . 'I ":V;.; 

157 Utirik Atoll re1ident1 also took place. During the Urat few weeks and at .::!J.'· 

least once every year i;;. 'l957 to ;~~;"~~e'•~~t, ~ 0B~o~~ave~r'Na1i1i~~~l 1Labo1:at~ry~:}::" 
. ' :~ 

H.: f! E · i • ·, .. .: I : : ., ,. : .r " ~! nw ·., j . .' i '! , 1 • '";11 ~. . I 

medical team, organized by the Depart11ent of Defenae aud· by the.·Atamic Energy <·'<i 
' r , .•. , · 1 .! ,; ~, ),~ 111•: r·; 1 .• •.i l~ '•' !- n11~·1· · , I '.·.~-~~~ 

Co11111iss ion and its &UCC8HOr organizatiOnl, baa provided me'dicaJ examinations to·r~~ 
... './"! i ! ' i ! ' I I 1 "·· ~- f.~.: P: ·~ ( '; ~ ,• i' .. ,. ; ' ·:~;~~~: 

monitor the health of the persons initially affected by the ·fallout from t·he nu"!~!i~ 

clear. test ~lli program, P1 .. a comparioon p~pll'1aiio~; ''''i.ipo"~t~. 'O't 'chO ir''ti nd i11&1 '?fl; 
are g1ven in Cr56, Co58, Co59, Co60, Co62, Co63, Co6S, .. ~o~~' C~:~: Co75, ;md .'/f.:~.: 

Co80. · •. ~I 
,1,:, -.·~~~ 

. 'i~Vj 
The Utirikese and Rongelapese returned to their home atolh in June 1954 :·.).{I; 

; -'"!'~it-
and in June 1957 respectively. The earlier repatriation of

0

Utirik Atoll wna 
...,,,,, 

\;1~ 
based on the low level of external radiation exposure measured ~fter the initia1 /it; 

,'·I~ 
.·_tS.· 

3 month observation period (March to June 1954). U 
• • . ·.-~ 

The tink populat1on waa not ,\:\~~~<' 

examined by a Brookhaven medical team until March, 1957, when "144' people 
,:.'.~fr' 
Jf 

;~~ 

ceived comprehensive physical examinations. 
:.· ... ~~

Following the 1957, medical 'rnrvey, .·,:zL 

two men, removed from Utirik for medical reasons, were whole. b'ody· counted nt 

Argonne National Laboratory and provided urine samples for radiochemical n1111 l-

l 

... .,. ... _.,,.,. .... ~ , • .., r."l.J.ll''ill.I .. ·t.'!!.1111 t 
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~('v, .~)f'tt.:.:J;~ ... ,_:'! ~,. . . ' .-· .. ~~ ;,,~,~~~ .. ,,~, 
"~' ~ /"~/!";~' & ~.· ~-. •," ... ·~:-~,: ~ ~ ~ ~ ._ 

·; . h ·;, .. .·~· ·: ,, ,:, .. _;;.~}P~ /!:··~.\~~~~r:::. : ;~;~~:·t~:;· ;''., ·' . 
viii of 137c.. Four penm> . .1\viaited;AHonne1;''ftoa':iona•1.,·, ...... ~:Cio:·addition' 
# · ~~,: · · rionolffio;rnu :, · ~.-.' · . 

137 
~ooled urine HIDPlH frOIP -~o~h atoll• 'f•r• ·aUlfHd radiocheai.c1lly ·for C1 

! ) "i ' .'~. I Ii\ ~' I ~I "j i: I "' l l i 1 n l 'i ~ ll J t {) v Ml8 f Il ti 1 j, l n 1 ~u ii ., f\ I ,~ i' {J f , f. 1! :fu1 K 11 n 
and 90sr. Subsequent Brookhaven National Laboratory expeditiona by members of )!: 

/.:,11 >dt,,. b 11·"·" ·· 1 '!,hOVAflff ··r!J' .l>'Jjn11111f1b fll\\.J ,~r;f,c,c ! 1 i~i\l\~'tH11 ni 1 \::.~2· 

~be Me~~cal ,Depa.rtme~t .. and S~fe~Y. and Environaen~al Protect.ion ~ivhion utilized·::~~. 
'ii.I .f\'11 '.Jil!!J •Ji" 111 " ••UCi,"S a r1r1!\.f11 tdlt'1C b!»jJ<H~ririJ (llJ l'Ol:l~nlm11;jri(1:) ~ .. , ;• .. '.'f;':~ 

whole bodv. coun~ing and ra~io~h~m~ca~ analy1ia .of urine and blood=,.1aapl~1 to ·:. :~vj · 
,q1;J'Jilfl'. ,•1LC1l);11.Llll~ ,,..:,11;")fll hnfl f1-.qi;Hli' 11i~p·: fif\W 001;,!'11 t<;1~nl>'" ·;,,J,,~ 

identify and quantify the l'adionuclidea that were present in the body.· The re .. ~.:r 
,1,. r.;ci·o ::<i.111r . .J:1 i b 1r ( !~•': bnuo:1~ l·• ja.s9 xsJ tb!rlw rl fn';l/\ >fhi1U brir. , '>Ii·,, '.\ :,~~ 

sults of these radiological meaauremenu are given in tem• of body bui-den in :,.~,/~"' 
t-1\1' .;nurod ··ti H '1fdrerv yr!1;i1l:nr 1qrl!',<:ool1 no j11olis1 !idT".•~•fim t" , ·;~, 

Tablet. ~ .~pd. 2. , Thr~ug~out thil paper the un~t1 of quant.itiet al'• Sl derived. ; •. ;;1,~· 
·I 1 ... •'I; 111 -,r, •J) •f; O!Hi.· l ,•i,;iiJ (JO ~ll•' .IJ l1:d·i 'li~lj)(i) '11!-J t'\J ·1111, 1 · : ".•~!·> 

1 • ~. 

~,~dr- ~.~,ot~~ ~if~ t~.~,e ~r.~~fCc~~; ~~:~o:'~c w:1tr~'ll~~1~-1~~\lo,,~1jth1eMte~ f~rli~~.~~ i~ua both::r. 

the Curie and the Becquerel may be u11d H unit• for the quantit1· activity. . ,,-··~·, 
..... 11 ,, ,, .. ,.., •• f,,,, · .. iaM 11(1 • 11·11111'.)i;vo •1·i<,·.1 , llo!/1 t•r.r1i:11r:l{.il. 

1
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The aforementioned body burden tablet illu1trate adult;•an ·valuea for 
'1~· .,.,~ .. · ' .. ;" rt1·~n;1,,fl .~'.rnlq >/001 ntdr. P1n!ll:i?ft•· J'foJA >11·1i·· .·,:i.~ 

Rongelap and Utirik. ~ •dµlt, a1 clauified here, .wa1 • penoa over 16 year1'.>.H1f 1
. 

o
1

~ '.~~:· Th~ mear 'body"::~.e ~n ·t~
1

i~;')~~~ 'J:n
1

t:;,~;~a:0~~ ~:;~:=~; ~.;:~; observ;~~~ . 
. . .11.. ' .. '.. '•. 1.nr. 9tnn' ,if : r, ln.<jmJ'.1 l>IJ'""a 'Hf' vu o··;:I; int" .. 0 "'Ir. I ' ' , .. , ~ . , ;tt! .a. • ~'''"di , .·I· - ·.;.:1-\ 

boc!y maH versus •se distdbution ii 1~own in Figure l for Ronael•p r11ide11t1, .<";~'.: 
,. ) • • '

1 
• • • "n1vo·,,, · . -1.c•! Ji;:.1 n11,1p1) ,,,C\i'-bt'.>:.iue <:l i · hni& 11;11 ~ i .,-.::~~-

The. s~me. body man versuJ age distribution .wH obaerved, at Utirik·. ;. ,;.:~~ 
, . 'I h~1 . rt; .... 1fiil en~):_:.·;'1c1 .,,,.l 'l,, fit.~J~':JJ' -,,,.~A ·~.~.~· 

.. Because of the p~ucity of mea1urelU[!nt1 at Uttr~k·,:.i~fo~tlo~ ·~n ' 60co, ,::Y 
.,,. · ·;·•··' · ""' ., r '"' 4 ,r-lf;1~o·•rf ~ni 1: .,._. .. :.::.·i 

65 d 55 . . . d f h . f d ".i:·l. Zn, an Fe was in some instances denve rom t e ratio o a ult mean body. '.-,; 
•. '~.1 •J I ·,'·;"rf ,[; ~;,·,\, ~ .. ,\'{,~ 

burdens between Rongelap and Utirik. A mean ratio of 2.6 wH obaerved ill \Jody . ·:~:.;' 

burdens for 65zn., 90sr, and 137 Cs after they reached their maxillu• values. The::i:'_. 

standard deviation of thi1 ratio was 15%. 

In the following analysis, per1onal body burden hi1torie1 and re1idence in;;~ 
· • · 1 ·.·• I •• · t ·•· . ·~~ 

tervals, in conjunction with contemporary dosimetric modeh, are u1ed to Hsti-. ·::?· 
• I "' < ,.. '• ~ , :'":~:;'.~ 

mate internal dose. Dosi.metric distribution• were constructed from the r.~sult1 ·,~'%;# 
J, ... ··.·~ 

and a sunmary of the derived activity inge1tion rate1 and doae equivalents was 7~( 
, ... ,j .. "I"' -.lfil.i 

provided for various subJroups of the pop,ulation. .. . 
~-~:.~ Additionally, exposure re.te '1'•).• ... ~·· ·NI 

history curves were constructed for each atoll for the period following the .;m:i 

2 
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BIAVO teat. 'l'be11 data, 

pattern mode 11, provided an' ·~atimate of extenal dolt equivalent, 

METHODS 

Exponentially declinina activity concentration• have.be~n ob11rved in sur

face 1oil for 137cs, 1291, ..,.. 90sr from 1954 to the preeent on llonaelap 

and Utirik Atolls. Declinillf,;_,activity concentratio&11 hav.e~•l•o beea obeerved 

in vegetation at a rate greater than that predicted by radioactive·d9cay. 
i-1-·- ·1 - • r - 1 · r : -· T·-r· 1- T-·-r----r--r- -,- --, · 

Thus exponen;ial decline in dietary activity vu a11uaed •ncti the followina 

general equa~ions were derive~. -i 

f. 

or 

).Po • 

fl 

and 

D • fl).PO l:i 2L l Ki-KE 

where 

Ki-KE -().+Ki) e-(X+Kg)t + ().+Kg) e-(Ki+/.)t 

(KE+).) (Ki+).) ) 

+ q• I:· 
1 

6 

(l) 

(2) 

(3) 

:.'· . 

J;;~, ;;'. •·,:_, · .:r .• ~.:,f ~;,~:~,~~;~?~/~i~;~ .. :~,., ... ,·Y .~:·::~1:·i:,-.-~ : ,._ 
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·or·.-in1virLb1' Jajjj"j 'l'o noll!>n\'1arf:J lo T-l aar.i:l ~mi :la nol:Jcrs:H#"'t "i:bM tt~oriw 

t _ time po1t onset·~f!~~ptake, day1, 
. ', ;~~ 

ri f I "'ff' t 1 ·: i- 1··; ! 
_ instantaneous fraction of atOllll decayina per unit time, day· 

P0 
- initial atom ina11c4on irat'e;~•tomt,,~Y.-1, 

I I 

Ki _ instantaneous fraction of atou removed from compartment. i by 
' I" i ;<;niv1r1I '·.• ;-, 111rn<t"'I :IF>rl 1 1-·1 •1mji .:11. VJi 11[1:;;; "1Jn!,;11.i11r.·i1111i ··r: • 

physiological mecqanis111, day· , 

Xi - compartment i depo1ition fraction, 

-;if 

X· - the number.ofi,atou>inAcdaip~J'.'tment(i"1 118la~i.'{•·1 to the number in all 
l I Xi~ J .,.. 

compartment• at~th• oneet of declinina continuou1 uptake, Ct•O), 

u - ins~~~ta~~~~. 1 
u;i:i ~c~ivi~; v ~~~~e~t~~n~~~· 1 Bq.i.1,~t~ u.iu ,~._.,' 1 

''' 

u - subject urine exci-etion nte, I. day·l, 
s 

;, i T ;,>11• 1·:,;t ,, 

f 1 - fraction from, GlJ Jl'f9t 1. ~o blood, ( ;.t ::1)1 i- T . , Oc .. 

L f fraction excreted by . ' pathway, ~· ' . l ;, 
- the un.ne I 

u •) 

KE - instantaneous fraction of atoms removed or added to the atom uptake 
I r. ·1 I ... ' I l . I . ' " 

per unit time, day-1, due to t~hof~Jl~ih~r 9 tharinradi~~bEive 1decay, 
""" t ' l ' " I 'I :n '' l" ~ r,'.J , j ,; (; j II i) '}fl f .. · t 

q - instantaneous body burden, Bq, 
oi I 

q0 _ body burden at the onset of uptake, Bq, 

D _ the number of disintegrations in all compartments occurring'during 

the uptake interval, Bq days. '' ( 

The development of Eqs. (1), (2), and (3) was based on the following convo-

lution integral. At some variable time, T, defined during a fixed.uptake 

interval, T, the daily activity ingest~on rate crossing the gastrointestinal 

tract to blood is given by 

7 
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'\ : SF:>;~'"?'.'> f'. '::,:n,; . >,'. •
1
4; ... ·F;;)i\f: ; %.::il<' . t;·'''.:f ;~~);~$ ~;·' .. t,f ~f: ' ;\~. 

'l'he· whole body retention ac.·~~ .. ltlO.· :.:c~.'t'!""f.f-;pf'\tbe~':fractiOlt,,f::ia,ti~_l~,~•4ioactj.vity,:~~· 
· . ;~.~~~~ · ~a'(ab;,:1~~::>qµ io· :1~1no :t~..:.q ~m~'.:f.? .. J ···:J 

input84_at ti.ma .'T h ·""·' . '· '-· 
\. Yilf; ,:9WI:l 111'>' 'l':>Cj gqJ'{b::J9h lllllO:J$ lO noJJ:Hnl RU\J:i(IUl.1£.Jatt¥.- f. 

l • 

, l )J:lXi*·~~i.t~~;'t iot JOI a~F'd nnJ11 l .t. i 1 J. ul ~ "'J 

yJ i Jn:'>rnJ·i·"~111··· 111o·ri ·b.svom!'n r:n;o:IA '10 nn1.1;ir,-r1 fllJC)~fll.\Jnh:t-inl ~ i:·1 ·:·?~ 
Thua, the in1tantaneou1 activj.ty at ~~ t-'T ~~~ ~-iu. foiloving input during </' 

, '{SL 1 illllc1n.,fJ;,;5r;, Ji..::JJ~\l]CJil'(rlq ·/1, 
• ! ,,. 

• 1 nuh:>1n1 n0i:1iaoqr.L1 .s Jn~iLJ~f·G•:m::> _ iX 

I f ;~ 11 t 1 '•1.lt!i11n !jfJ , ~xtil'•eirt~·~>-u,rixi•·crl.\~~t~<~;;~'34-tCJ,'l:cklUf' ~,1~ ;; J.'i 

· '( 1' i) ,··)h;1qu ?.1;•;11',j ;ur·'.:l 80..i'nil::i~,f, 1o :.sano Mi:I 1s PJn•;ml"lfHll!l(17' 

It follow• that tbe. i~'-tane.uoua. act~vitf 4~ time. t-'T that reuin~ '.~o~~owing 
, ·' 1 • tno,pr.:r1r.9:>tJu.:i '{J.-vJ:J:>t !l• . .t·w <-.~vS.(lL:lfl(l:J011q.:: I,.! 

input during T is ' · · 
•·· 1

1• -.:nb :, ,:)Jtn 110~'.l:J'J::J)la 0;1n1.1 J•mL<hia ~ U 
:1 

T 

J 
0 

1 ' l :1 I 
1 

( ; • , ~ 

~lgi').)tLol>ld ~(A+Jtt)(t~~us1·;a~jJ.:;~·x~ ;~ .. 
1

:. 

).f p•e · . t ·X e d't • ·· · 
l t'l(!\Wd i. 1

; 'ilr·iii tH~J yd UQjS:X:l~!:l ·f11,)j.;l'.'J~':d ,;., j 
ll 

10 liEJvom" .·,.v·1i' i .. , 11or:.1:;11"J1 P.1JfH•t1s.,.1r:;unr.i·::=·:,}. 

.. , 'Fh~'''~~~Ff~n of t~e ,!Atfffi~~ ,l~". lda
0

., a ·&•Df!•l.:·expr~••.~~ that. 4epend1 on lf:t.... 3wf) ( · y611 1 s,1111 l, :3,i nu . mg 

the uaer defining t. For ~le, if t ii the fixed uptake Uiterval, . T, plus an 
" ;•I! , ll'q··11rd vfw,fi :Hro~nio·Jnt,:J llnl' SC ,? 

additional fixed post uptake iJ,iterval, '' then the body b\arde~ at·t~.+ f b 
f P ! ' ' · , ~1' f:ii "fl~ 1 t: r;r,f·,1 idJ \~J(id ,.'"; ") )! 

s.iven J>y 

Aa previously stated, ~· (2) applied at Ronaelap and Vtirit, it vaa 
· ·: · • .• i• . f r: '.l ·1 I n ; ;'. ·: : 

for the situation that variable time t waa the uptake interval. Additionally, 
•r i. •i . ,. ' .. ' 

persons who returned to the atolls in June 1954 and June 1957 did 10 vi.th an ini• 
f,1 ,, f d ,, ' 

tial body burden, q0 • The behavior of thia contribution to body burden, 

q, was embodied in the q0 term of Eq. (2). A aimilar model waa uaed to relatf. 

8 

·1 

__ ._·· ___ ,_· _._,. __ ~_·:_ -~.:- · ., ·: :~~·l~:L~~-~-.~~~~~.:~!«i~;r~~~;~i\~;·:,~:~~h·:~~$;ri~:,~~ ... ~ .,. 



<' 
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ul'int activity concentrati~.~:~~o body b11rden. .lq11acion 3 vat .olUi•1n•d by 

inte1rati111 Eq. (2). 

Equations (1) and (2) were uaed to determine the in1tantaneou1 fraction of 

atoms removed or added to t1!• atoaa uptake pet" unit tU., ¥gt and tben- the ini

tial daily activity ing11tion rate required to pt"oduce the MHured.=.or derived 

body burden. Equation (3) vat used to determine the twmber of·dilinttgrations 

that occurnd in! thei body-:-dur-ins the rei1clenc1e"-i'ntenal 1c;·f-·•1i" .. ilndividual living 
-l 

on llongelap or Utirik Atoll,. ·i 
I 

If the mean residence· ti.lie i~ the diet is rrauch much· 1ona11: tban. the res i-

dence interval, then cons~-~C?nti~;1:~J!{a}!'"}facb-~ved. -~~~~on1 (1) 1ind 
,,.,.,--- \ ~· . ·- ....,. ~ l -1 . '• . 

( 2) can be converted p~~: ~;$on1~~~~1 ;,ff>.f'ti~~ou.1 equan~t• by jpl~~ing lE w i l h 

-~. Single upta~e- expre11icm1 are obtained by aetting JP;9 equal ~t~no, In 

some cases only radioactive de~ay may reaaove the nuclidJ fra11~
1

~1~. items; for 
l «~ '. Qi 

these cases ~ would equal aero. ln the ca1e of the fot'~i,il!i'.re1idencs, 

the aaeturing of coconut tr•H during reaidence on Bikiuij,¥o'll)cauHd a con~· ,_11 

· i · · d · k t 137c tlnuous y increanng ietaf)' upta e o . 1, . -.. , 

• .. • - ,,, ,.1~ 

Tbu1, lg:~~ ~~~I .to have t1 nega->itl'' 
·' ·· 1. ;.. ·•p1 ;·\,"' 

ti ve value. In the case of Bonge lap and' ·Ut irik, Kg WH found to ·have a poi; it i ve :_;:~ ll 
137 65 60 90 

value for Cs, Zn, Co, and Sr. This indicated that in addition to 

radioactive decay, some other remova 1 mechanism dt!creas •. d .~he ra~pactivity in 

dietary items during the retidence interval. For the nuclide 55re, only 0111! mea-

surement was published by the BNL Medical Program (Be72); thus an eatiute of' ~ 

was not possible. 

KE was determined by u1in1 Eq. (l) or (2) and the population 1ubgroup mean 

body burden or urine activity concentration. Portions of these bioassay dotn 

are illustrated for adult males and females in Figures 2 to 6. Two consecutive 

urine or body burden data points were used to eliminate the unknown ingestion 
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rate from the equation. This method yields n-1 estimates of Kg where n waa 

the number of data points. An average value of ~ was asaigned for each nu

clide, and the results for the Rongelap and Utirik population• are given in 

Table 3. For the evaluation of ~ from Eq. 1 and 2, radiological and 

physio log ica 1 parameters were obtained from the open literature ( ICRP59, lCitP68, 

ICRP69, ICRP79, Ki78), A representative sample of these parameters is prer;rnted 

in Table 4. 

Table 3 

Sumnary of Dietary -1 
Rate Constants CK6, ·~ · ) 

60Co 90Sr 65Zn 137Cs 
I 

Rongelap Adults 

Males l.5xl0 -3 l .Sxl0-4 J.lxlo-3 l.4xl0 
-4 

Females l.6xl0 
-3 

4.lxlO 
-4 3.SxlO-J 1.4xl0 

-4 

Adults l.SxlO 
-3 

1.9x10 
-4 

3.lxlO 
-3 

l .4x!Q 
-4 

Utirik Adults 

Males N.D. 4.6xl0 
-4 

N.D. l.4xl0 
-4 

Females N.D. 4.0xlO 
-4 N.D. l.4xl0 

-4 

Adults N. D. 4.2xl0 
-4 

N. D. l.4xl0 
-4 

N.D. : No data sufficient for anal s1s. 

The values of KE were similar for males and females and for residents of 

Rongelap and Utirik. For 
90sr on Rongelap a factor of 2 difference becwe"n KE 

values was observed for males and females. The female parameter for Ronp,Pi~p 

Atoll comparer. with that obtainP.d from the Utirik data. A paired t-test 11f the 

Rongelap male .ind female data indicates that the male/female difference w;is 

highly probable and therefore not significant. This differencP. leads ton 
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. ~ . . -

bimodal activity ingeation rate distribution for 90sr in the Rongelap populn-

tion, 

Data for 
60

co and 
65zn w•r• not 1uffici.ent for analy1il for th• UtirH. 

Atoll residents. Valuea for KE observed at Rongelap were auigned· to Utirilt 

males and females and body burden histories for population subgroups were 

reconstructed using Eq. 1 or 12. Figures 7 and 8 illustrate' the derived mean 

adult body burdens for aU _!i_gnificant nuclides studied on ~ngelap and Utirik, 

Th is method provides a beat· fit of the dat1 sho~ in Figure• 2 through 6, and 

provides a body burden history during the early years post return at Utirik, n 

time when body burden measurements were not made. Actual data points are n!Ho 

plotted to demonstrate the fit, 

The curves shown for 55fe in Figures 7 and 8 were obtained by setting l<f. 

equal to zero. This undere1timated the initial body burdens and overestimiltf'd 

future ones. Since 55 Fe contributed leu than 1,0% to the tot~l do&e equiv.1 

lent, an arbitrary assignment of KE based on observed values for the other i\n ~ 

elides was not attempted. During 1974, another series of blood •ampl~s war. 

obtained from Rongelap and Utirik (Co75), Analysis for 55Fe has yet to be 

reported. A recalculation of 55 Fe body burden and its impact on early dosP 

equivalent rates will be conducted when the data is made available. A suhfll.:in-

tial change in dose equivalent is not to be expected. 

90 Figure 4 and Figure 6 illustrate the observed adult histories of S1 nnd 

137
cs mean urinr activity concentrations. Mean values for adult males or nil 

adults were plotted. Measured values for 
137

cs body burdens were also sho1rn i.n 

Figure 7. A much smoother curve was plotted in Figure 7 and it was determi 11ed 

. . ~: 
, ... 

.. 
·~J 
::! 

.. , 
''! 

'~ 

that the collection ancl analysis technique for urine samples introduced th(' ;irldi- 1 

rional v11rintionc;, On the basis of this observation for 137cs, a smooth b"d' 

17 

_,..,,..,.. 



tc:F 

u 
::L 
-z 

w 
0 

~ 10-1 
Cl) 

>-
0 
0 m 

)\. 

')fJ. 

-·· -.. ,. 
,"" ~\, ,, \ 

1-<. t \ 

----~Ft 
,,, Ct 
65zn 
'°Sr 
&oeo 

" -~ ·. ,'. ,.,-- ........... 
/'/ ,• ~ 

/ / .. -.. ~ .. , 
/,~ • b~· 
I/ \ \ , \ 

, , 

\ 

I 

". " I \ 

h \\ 
I •• \ \ 

•.--\-.. 6 I 

/'" I ........ 6 \ \ . \ :~~ •, \ . .... 

' ··. 
• • • . \ \\ \ 

~\ 
'\ \ 

\ I 

' \ 'o I 

I '1 \ 
I ' 

\ \\ I I . \ ' 

' ' ' I 

\ \ 
t I 

\ I\ \\ 
I I 

I 

~ f I , I \ • 1 ., ~ j :' 

10~'--~"-~~-"--'--I~---''--~--...._~~ ...... ~------.._ ..... 
102 103 104 

fig. 7 

DAYS POST Rf.TURN 

Composite Nuclide Body Burden History 
For Adults at Rongelap Atoll 

18 

•• ,.· ., 1;·~ . 



'!':.'ti) ... 

i 

10 

10 2 
10 

/! l 

-···- ... ,"' 
--- '+ '"c• 
-··- • tOto 
•....••. • eo1, 

-- 0 .. ,. 

Fig. 8 Composite Nuclid~ Body Burden History For 
Adults at Utirik Atoll 

19 

•.. . . t 

', ! 



burden curve for 90sr, reconttructed from raw data and Eq. 1, WH · contiderec! u 

more accurate history. A detailed presentation of the greater variation in 

radiochemical analysis of urine versus direct body burden mea1ur .. ents can be 

found in Mi81 • 

Figure 9 illustrate• th- vari~tion exhib~ted in the body burden of 5 

randomly chosen subjects ovt~; the 25 year monitoring period. Theae individua I 
f .-:-.• 

variations may have had a dr~,.-tic impact on the· mean ~ata. In Figure 2, which 
ol 

illustrates the adult male, adult female, and adult population mean 137cs body 

burden for the 25 year expo1ure pniod, a decraaH followed by an increaae wni:i 

seen during the years 1958 through 1963. Althouah the: Caatle BRAVO teat ini-

tially contaminated Rongelap in March 1954, it had been proposed that the 
'. 

Hardtack Phase I series added to this an amount of co"ta111ination equal to that 

responsible for the Figure 2 body burden pattern (Co63). ·i Figure 9 suggests that 

most individuals counted in those years had body burdens .which remained the s11me 

or declined; however, one individual's burden (#881 M) rose and fell quite 

differently from the others. Several factors could have contributed to this 

variation from the mean such as departure and return to the atoll, sickness, the 

dietary contribution of imported foods, etc. Since the mean values are basnl 

on sma 11 numbers of persons who were chosen at random, it i1 conceivable th<1 t in-

dividuals like 881 M influenced the mean body burden• to a greater degree than 

recontamination of the inhabited atolls. 'llle iapact of the individual body 

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

uals were not monitored consistently throughout their residence intervals exc~pt 

in the few cases exhibited in Figure 9. 
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IESULTS AND DISCUSSION .. fi 
.,-

Daily Activity Ingestion Rate• 

Daily activity ingestion rates were calculated for do1imetrically sign if i- ''. 

cant nuclidea post return. An exponential decline was propoa~d for the ingev

tion rate within a population 1ubgroup and initial reference values are given in 

Figures 10 through 14 (June l, 1957, was assigned a1 a return date to Rongel~p). 

Figure 10 demonstrates the difference• in in111tion of 
137

c1 for various popula

tion subgroups. Thia undulatina pattern waa exhibited by 
137ca, 90sr, and 65 zn, 

nuclide& for'which sufficient data existed for 1naly1i1. 

Differences in ingestion rat11 of the stable element at the aame 110-

graph ic location have been 1bown to occur among memben of a l'op~lation ( ICRI' .. 
23). Age dependent diet studies for inaeation of Cs for urb.P"'Ji~an have va I 111.>R 

~ ' 
-1 -1 : i ,, 

varying from 11 µg d for adult• to 8.6 µg d .,,. f~r child~ .. ·q_~: St, in a western 
-1 .. ··;.1 l• 

type diet rose from 600 µg d~ ,,.-for infants to 690 µg d· fo~ S year olds to 
-1 · .. t. ~1. 

3,600 µg d for 13 year olCS. and fell to a mean of 1,900 µa,~d ,':'for adults. Z11 

-1 in the United Kingdom rose from 2 to 40 mg d , the higher v~lue of Zn being 

observed in adult tea drinkers. Fe ingestion in a western type diet has a mini-

lllllm at age 3 and maxima at agH 1 and 20 years. Co is inauted at a rate of 1.0 

µg d-l for Japanese adults and half this amount for chil~ren. The Marahalle~~ 

population also exhibits dietary changes as a function of age. The authors of 

the Mar•hall Islands Diet and Living Pattern Study (Na80) observed coconut Rnp 

being used as a mnjor food supplement for infants, and later in adult life er. .i 

major source of dnily fluid intake, Since coconuts and coconut tree sap pro· 

vid~d the major source of 137cs on Bikini Atoll (LeSO, Hi80), the shape of Fig· 

ure 10 was in agreement with the observed diet pattern. 
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Figure 11 shows the in~ividual data calculated for 137 Ce fof all Ronge lap 

residents and ia referenced to June 1, 1957, The individual maximum 
137c1 daily 

activity ingestion rate was approximately 4 time• the population ... n value. 

The standard deviation observed for the adult activity inge1tion rate di1tribu

t ion was 41% of the mean value, 39% of the mean value for young adult1, 48% for 
... T : .i l" . ·1 , : , 

adolescents, 38% for children, and 54% for infants. Adolqscente and infants 
I 

exhibited a broader distribution th~~:,a~f.H>~'r.')~~f~~'!chil~~en ·~.r'ed a fractionnl 

variation in )activity ingestion rate similar to that of a1ulu,_, Breast feeding 

vt>rsus coconut sap supplementl would have contributed to ti\• ar,eater variation 
,''. 'I , 

ob.,erved in infants. Adoleacentl and young adult• were ftJe poPulation subgroups 
.1 ~. , . 

wh \ch have been observed to move frequently between ato\l~. Th~• mobility would 

lt•1d to greater variations in the dai~;y. activity ingestion ratt.• relative to ·. 
those observed in the more atation~ey population 1ubgroup,. 

Figure 12 also exhibited t wave pattern; however, a distinct difference he-,, 

twt.''.:!n males and females '-'a& indicated. Thia difference a~ose froa the use -,f 

va iues for KE listed in Tabl•e 3 which were derived from urine 4ata for male and 

fe:::ale residents at Rongelap Atoll. Its major impact was on t'he doH equivalP.11t 

r~te, not on the total dose equivalent; and its effect wae to cau1e the dose 

eq1Jivalent rate for males to rise and decline more rapidly than for females. 

Figures 13a and lJb suamarize the individual data for 90sr for all 

Rongelap residents and were referenced to June 1, 1957. A bi.modal shape was 

obi;erved for the c!i!ltributiona which contained both Hxea, aaain reflectina tlw 

difference in the 
90

sr dietary rate constants. Data from urine bioa11ay 

indicated that the observed difference between the male and female values fo1 l'E 

was not s igni f i.can t. A t-tes t was per fot'1D8d for consecutive urine •aeuremen t 

data during the 23 ye11r residence interval. The results indicate that becauae 
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of urine' act 1

ivity' concentrad~H~vari1~bility; I ther~\.; ''a''6o% 1 pro~ab'iUfy >:that 

the male' value for ~· would 11be'<lHffetent''ftom 1 the)fema~J!"value by'· tlie~'~actol" 

obsel"Ved. Thus differences in' 1~he derived activity ingestion rates and dose 

equivalents were not significant. 
Ir•· 

Figure 14 shows a semi-log plot of the 
65

zn and 137ce activfty'1 ingestion 

rate histories for adults on. 'aongelap. 'A curve was "drawn be'twee'n': points, and 

the appearance of an increas'ing'' 137 Cs ingeetion r'at'e 
1 

during" the 11 196011 i'' 'indicatrd 

the possibility of another contaminating event. The Hardtack Phase I 'series wrrn 

conducted just prior to the ob1erved increa1e in the curve and fallout from thP 

Cactu1, Yellow Wood, and Hickory experiment• detonated at Bikini and Enewctak 

would have reached Rongelap. However, Hveral obaervation1 fail to 1upport the~ 

cone lusion that recontamination was significant. These are 'ae ft:>llow1t 1) th11 

increase in 137 cs ingestion rate was not in conjunction with'ari'inc~~ase of 

65z h · 65 z · · · d · h b d n; owever, since n 1s an act1vat1on pro uct it may ave not· een pro urr.d 

. h . 2) Th 137 • • ' ' in t e same proportions. e peak Cs body burden at Ut1r1k occurred 

nearly three years after the initiating event, Castle BRAVO, whUe the peRk bo:lv ,. 
I 

burden at Rongelap followed six years after the potentially contaminating expf'ri--

111ents of the Hardtack series in 1958. 3) The activity ingestion rate at Utiril' 

demonstrated a continuously declining pattern versus the humped ·pattern observ8d 

at Rongelap. This occurred even though there was an equal external exposure 

rate history fol lowing the Hardtack series as measured by the U.S. Public Heal L11 

Service on both Rongelap and Utirik (Un59). 4) The peak exposure rate on 

Rongelap fol lowing the Hardtack series was 10,000 times less than the peak expo"· 

sure rnte followinp, BRAVO. These Cacts suggest that the Hardtack series was t1oi 

a mnjor factor influencing the Rongelap body burden patterns. Thus it is 

postulated thnt body burden variations were caused by travel away !rom the atr•l l 
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or • ic~~~,~· ~D~. ~~he~ • f·~~.of.•anwa,,~~f,~l~~! i ~~ 0f.ll'1 l\ia~';, ,9~: ~p.4~Y,~d~•1v~H.te.~.
ences froio tbe aaean, a J,..OO~~.l\~~fC.J;iPt.~oi;i 1 o~ the 1 }?Q~y burdt?n ·~ ~c.~i,~}ty i.nge11-

t ion rate ~or the population-i~~u.l~ be adop,~ed~ On 11 ~hie bads a d~.cl~~1~pg contir1~ 

uous uptake model was used. . i ·•'/ 

Internal Dose Eguivalent Jtates1 r
1
• 

1 JI. 111 I· I I·; ~I I 

The apprpxiute ~niita~~~e;~~ dose e11uiva.le.1,l.f rates for the t.ot~~. body 

wen de t~r11ined, from the bod~b b1¥f~~n data q lus ~rated. in Fi.uru 71 a~d 8 and 

from the following equation .. Ii ·" 

where 

• H • ql, (4) 
f1• '. 

!'. \' 

it:: the total body dose ,~~uivalent rate., "~ y-1, 

I :: equilibrium dose equ;ivalent rate to the total body per uu,it body 

burden, mRem y-1 UCi,~l, 

q _ instanteous body burden, µCi. 

The approximate nature of the estimate was due to the auumption that the 

radioactive atoms were distributed among the body ti11ues as they.would be fol~ 

lowing constant continuous uptake for periods of time much greater than the mPn11 

90 residence time for the total body. In the case of Sr, 86% of equilibrium wns 

assumed. Tilese as~umptions were not used in the estimate of the total dose 

equivalent. In addition, since mean adult body burdens were computed, a factot· 

of l .2 was needed to adjust for differences in body ma88 telative to a 70 kilo·· 

grnm adult. TAble 5 lists values of I which were detennioed from information 

given in ICRP59 and corrected for body mass differences. 
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Table S 

Total Body Equilibrium Do1e Equivalent Rate 
per Unit Body Burden 

t, 
mRem y-1 µci-1 

l x 102 

3 x 102 

2 x 102 

Figure 15 illustrates the relative contribution to the fOlll~_osite dnAr 
' 

equivalent rate for each dosiqetrically 1jgnificant internally d~posited nu-

c lide. For the average Rongelap adult, the residence interv•J. begins Ju11r l, 

1957; however, many adults were reported to have resettled during the 

6 mnths ( Co80b). The compoflite dose equivalent rate indicat~d that a b11•11d 

sium dominatPrl over the entire post return period and would ba of pdme r'l•ncern 

for populations returnin& to a contaminated environment yean after a fi niiion 

type initiating event. 

Figure 16 illustrates two possibilities for the Utirik doae equivnli,nt 

rnte resulting from the 65zn body burden history during the first three yr>nrs 

post-return. 65 The higher body burden resulted from use of the two meas1npd Zn 
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body burden means for adul~~;;_on Utirik and the obaerved Kz rate '.coiittant frolll 

' 65 
Rongelap. It was observed OQ Rongelap that .031% of Zn WH removed from the 

diet pathway each day in add.it ion to radioactive decay. Add it iona Uy, reduc Lion 

_;1137 90 60 
in dietary radioactivity on longelap had been ob1erved for C1, Sr, and Co 

! • 

to be greater than that predicted by radioactive decay a~one. ln•tantaneous i·e

duct ion fractions very .. ~Jln'~fji ;~~; 1~~ ... ~··~~\'°qtl~pT~erejobHrv•d at Utirik for 

the 90sr, and 137 ca nuclid••· '11le lower curve.pn Fi1urejl61 reflect• the doP.c 
' 

equivalent, dose equivalent rat,, .and body burden which yould have occurred had 
I 

f 
65z: f h u · 'k · o n ram t e tir1 env 1 -

' 
radioactive decay alone acculU1'tedllfo'C''dle r_.oval . ; 
ronment. Since additiona11.achanhu -could be measured fp:t other nuclides at 

fiA3Y\~~ 1.1 J i: t,,; .' · ·: ',\I 

Ut irik and for the ~~5.zn. n~~~i1~~-·~~ .•. near~y at~U,•the ~rper0curve was chosen as 
- '1 t· 

th~ most likely body burden history for adult• post return to Utirik Atoll. 
• ! ~ ~ 

Figure 17 indicates the Utirik adult mea~ total body d;~te equivalent ra tc 
I(· • 

' I ... 

for each nuclide. An obvious difference relative to the lo~elap history 

exists; 
65

zn not 
137

cs wa1 the major n~clide contributing to the dose equivnlent 

rate. This was due to the Utirik population returning 3 to 4 month• after thfl 

initial contaminnting event, and the Ron1el1p population returnin1 after 3 

years. The age of thtt fallout had a dramatic influence on the importance of 

each nuclide contributing to the internal dose equivalent. ln fact 60co and 

65
zn played major roles during the first 3 year•, a time interval that 

corresponded to the period during which field whole body counting faciliti~H 

were being developed at Brookhaven National Laboratory and when medical e>e111ui na-

tions for people on Utirik Atoll were not done. Additionally, pooled and/or in-

dividual radiochemical analysis of urine was not performed during this period, 

65 60 The impact of Zn and Co was such that even if the least conservative r11tP 
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constant CK1•0) was used for Za, the dose equivalent rate for the average 

adult was in excess of Federal Radiation Council Guidelines for the first 2 

years following the return to Utirik. 

lnternal Dose Eguivalents 

Disintegrations occurring' in the 'total·-body1 of :an individual during res i~· 

dence following repatriatiou..v,re determined by teve~al methods. Equation (3), 

together with personal body-Ourden hi1torie1 and-atoll specific K1 rate con-
. . . ~ ' 

stants from Table 3, provided··an initial e1timate of! disintegration1 between con-

secutive body burden measur-ats. The 1e9ond method used was a los•lo1 plot of 

the subject's body burden hiltory and an ,-1gebnic d~t.ermination of area betwepn 
j'. 

t· o consecutive measured point1. The third method ueed;a linear plot of the 
/ ' "4' , 

$\ID i·~~t 's body burden history. The area under the curve wa1 cut and wei1hed and 

cou1nared to a standard weight of known area. Quality ·c.~ntrol procedures 

re<iuired that all three method• agree within UO% befor'e a subject was a11ig11efi 
,.1_i 

his or her total body disintegrations during reside'1ce post return. In general, ·;.: · 
;~¥ 

the methods compared to with~n ±5%. 

After the total number of disintegrations occurring in a subject's body 

was assigned, they were apportioned among the body organs according to the fol-

lowing equation 

where 

f2' t.A.B. (tic.Di + ln2/A) 
F • 1 1 1 1 

t,C,D.(t.AiBi ~ ln2/A} 
1 l l. 1 

F _ the fraction of total body disintegrations occurring in the orgt1n of 

interest, 

A. _ organ compartment deposit ion fraction for the element, 
l 
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' ' 

B. - organ compartment biological half time for the tl9Mnt, 
l 

C. _ total body compartment depo1ition fraction for the element, 
1 

D. 
1 

- total body compartment biological half time for the element, 

- fraction of ·the element from blood to organ of reference. 
i 

Equation (5) applied where significant decay occurred\at the deposition 
! 

site, and not duri~g tran1it or re-transit to the orgtVl of ~nterest. Value~ for 
I 

compartment deposition ~Uc:1t'ion1' and compartMnt half times iwere obtained from 
. . i' . .. ~ I ! 

Ki78. Values for the r~ninl quenfitiu were from 1CRP59.~ 
i '.:' 

The dose equivale*• to a specific or1an or the total ~ody :~ere detPnnined ·ij{)· 

by using the source to tar1et doae equivalent per unit cumul
1

ated ~~ctivity p;11·4me-/ff,\ 
..... i 

ters from Ki78. The total:·-target dose equivalent waa obtainFd by·sulllll8tio11 of 
I 

the dosimetric contributiqp1 from all souree organs. 
flt 

l ''·~' Several imi>0rtant modi fica- ·•·.·;1 
.,' ~ 

. ··" .. ~~ 
t ions to the general procedure were ude in order to compute;, indiv.idual .-A 

l ' ~ i ~..:. 

I :~ 
dosimetric results. For .. ff~h person, the source to target d~se'~quivalent per .. ·11 

unit cumulated activity Val weighted by the ratio of a 1tand.rd un's body mass 
I '.i 

relative to the actual meat1 body mass dudna the intery,-1 fo~ which the do1111 

equivalent was determined. In the case of 137ca, the l~ng term biological re-

moval rate conntant for the Harshalleee population was hi1hly dependent upon 
; 

body mass (Hi81). Appropriate modification• to Eq. (2), (3),: and (5) wen 11;nde 

f 1 h . d d F. l l f 90s d . . ' b 28% f to re ect t is epen ence. ma y, or r epos1t1on 1n one, o tl1f? 

source to targf't dose equivalent per unit cumulated activity was assumed from 

ca nee l louR bonr and 72% from cortical bone. 

Figure 18 dpmonstrates the mean dose equivalent from 137cs for varfouH age 

and sex groupings. The residence interval was from 1957 to 1980 for this pr,pula-

tion. The adolescents and persons above 50 years of age in 1957 maintained the 

lowest dose equivalent. Persons who died during this period were not includf?d 
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in the figure nor were they included~in any doli•tdc di1tribution1 for any of 

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

experienced a 23 year expoaure interval. 

Figure 19 shows doae equivalent distributions according to age and til'Jr for 

137
cs among the Rongelape,e. 'lbe sh~pe or the population distribution war. 

~ ,. f' ~ I : 
skewed with a mean of l.71Re• and a·maximum of 9.0 Rem. Th~s t~~ maximum was 

;.,,. , 

5.3 times the inean value~or 137 
Cs on: Rongelap. 

i ' 
An examf~at~p I.~( the sul.Jgroup 

distributions reveals thfat :persons who were infants at .th-. timelof rehabiLnt.ion 

at Rongelap also were tlie.irecipiente .of the hi5htJ" doae,1. Tbit lwae due t:1) the 

combined effects of lower average body mau, a higher average iNest ion r11 tfl, 
... , it 

:.'i 
1, 

. ;:o 

and more rapid turnover of- 137 Cs than that for adults or even children. ll1£> pa- X 

rameter having the greate•t impact on the infant dose ~qu~valent 'was boriy mass. 

The standard deviation f~r .. the adult male distribution ·wa1 49i ~f the mean <lose 
~ . ... . 

equivalent, for adult feules 43% of the mean dose equivalent, and for adol~s-

cents 47%. Within a subgroup, the maximum observed dose equivahnt was r.pproxi-

mately twice the mean value for all distributions considered here. 

Figure 20 shows mean dose equivalents as a function of .rt1turning ag11 

65 
groups for Zn on Rongelap. Adolescents, young adults, and •dults 50 and up 

were the groups receiving lower total dose equivalents, while children a11d mid-

dle aged persons received higher dose equivalents during the residence intPrval. 

65 
Measured Zn clata for persons who were infants at the retul"n date were not 

reported in thr> publications by Conard et al. 

Figure 21 shows the dosi111etric distributions observed for members of the 

Rongelap populf!tion for 
65

zn. Again the population overall exhibited a sl(PWed 

distribution of dose with a maximum value nearly three times the mean. C.lii ldren 

demonstrated higher doses than persons who were adults during the entire ?') 
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year period. The standard ·deviation WH in 1eneral 30% of the Man value for all 

and sex subgroup distributions. Thie le11 pronounced variation may be due t:o 

the fact that 65zn measurements took place over a 3 year interval while 
90

sr 

and 137cs occurred over a 23 year interval and thus was contained in a more 

homogeneous population than were the longer lived nuclide&. , 

Figures 22 and 23a an~1 
lJb sumarize the· 90sr dose 

1equival~
1

nt results for 

individuals at Rongelap. 

In this analysis, only the inge1tion pathway was considered ~portent. 

Some radioactivity would enter the body via the resu1pen1ion and ditect inhn l n-

t ion pa th ways, It is known that for a aiven soil concentration of('t:he stablt> 
:. f 

naturally occurring analogs _to ti\~ radio9uelidO con1idered here, the ration 
, ~ ~ ~ I 

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

ns follows: 

Co > 3000 Zn > 130 

Fe > 550 Sr > 10,000 

Cs > 400 

Thus, dietary intake of radioactive material ii the principal pathway leadi11g to 

internal deposition, This applies to most nuclides in the environment, how11ver, 

there are notable exceptions including 1 1 U, and Pu. 

External Exposure 

A value of • 73 rad1 in tiuue of interut per rontgen, meuuud in air 11t 

one meter above the surface, waa used to convert exposure in air to absorbed do11e 

in tissue. The 11ource was anumed to be an exponential distribution of 137 1:,, ac-

tivity with depth in soil, typical of aged fallout (5e70). Because of the 

multidirectional nature of the source, variation of absorbed dose with depth of 

org11n was minim11l. Additionally, external doses were adjusted for living p.1t -
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~ ~~ ! 
tern va~i11;tion~•;t1ince the atoll• present a rate envirou-

ment (Gr77>. :. ;: 
., 

External' exposure calculation• an ba11d; o" Fiaurea 24 to 26 which were 
•• t ' • \ 

derived·trom da~ lifted in CrS6, Sh57, UnS9, ·~ Gr77, The area under etraight 
(.;;; 

line poTtions of the curve wa1-~determine~ ·by · 
.,. -, > 1 ~ .. 

(6) 

where '' 

x - external exposure during straight li~~ interval, mll, 

. -1 exposure rate at the end of the inte~al, mlh , 

exposure rate a~ t~e beginni;zia of 'tll' intefV.ai, ~~~1 . .. 
Ip ,· ' I' 

• ~ f' ~~ ~ ·• \,1 

time post detonation at the end of interval, houri, 

time post detonation at the beginning of interval, houri, 

n 1lope of a strai&ht line. 

Data frOlll 11 detonations during May, June, and July of 1958 (SbS1) indicated a 

mean fallout deposition exponent of 18.8. Thia mean value was obeerved at 

Utirik, Rongelap, Parry, and Wotho and was applied to early time po1t detonation 

of BRAVO to ob'tain the initial increasing exposure rate history shown on 

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

hours on Rongelap and 12 hours on Utirik. Thie time comparee well with the 

original observations reported by the Marshalle1e and by U.S. Navy peraonne1 

stationed in the area (Sh57), Initial dose equivalents on "acute doses" 

are developed in greater detail in another report. 
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Figure 25 demonatratea<"~be external expoaure following the 1958 testing SH-

Tiu. Since return to lonaelap followed 3 yens after the BRAVO contaminatio11, 

this aeries contributed in large part to the external expoaure po1t return. 

SUMHAIY 

Th~ Cattle BRAVO shot of March 1954 caused the contamina~ion of the 

inhabited atolls Rongelap and Utirik. Evacuation from Rorgelap commenced 50 
: ' 

hours after detonation and fr~ Utifik 55 hours aftei· detonatipn, During Jum• 

1954 and June 1957 the return of the Utirikeae and Rongelfpeee, occurred resp~c-
~ ' ~ . 

' 
tively. Body burden data for doeimetrically eianificant qucli~ea Vere obtaimH.I 

throughout the residence interval post return primarily by direct ~1' vivo gamm11 

spectroscopy and by indirect ndiochemical analysis of uri~e a~d b'iood. 

The dosimet<ic models f aed in this analyaia were repreHntat.ive of a 

declining continuous uptake tegime. Dietary decline of ra1ioactivity include(! 

radioactive decay of the sou,rce and a conglomerate of other factori! which mighl 

h3ve included increased use 9f imported foods and weatheri"g of the source. Di. -
' 

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

were comparable for both atolls. 

Variation in body burden hietory data for a particular nuclide on a pa1 ~ ic-

u lar atoll was obRerved in whole body counting data and urine bioaasay result ii, 

This was attributed principally to the statistical variation encountered when 

sma 11 groups art> sampled from a heterogeneous group of body burdens in peop lt>, 

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

laboratory analysis of samples. 

Daily activity ingestion rates were determined for all measured 

radionuclides. In general, infants, children, and adults between 20 and 40 
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• 

.-

yean o~ age.ingested more a_ctivity. e_ach day _tl!@n......4iudoht~..lnJ;t.-.llld.:.llln.on1 
i 'I 'j 

greater than 40 years of age. Maximum deviation from the average value of the 

daily activity ingestion rate tft>Ji,,11e111beo Q{ an ag&H~ubgroup w~s. ~~-~l!e~_ter _than 

a factor of 3. "owever, the population dis.c;ributi·ions illustrated a maximum fac-

tor of~- times the mean activity inge1ttion· -r.ate value.·,,. 11; 

' ; • t I. . 'I 

Dose equivalent rates post return were determined for members ·from both 

atolls, For Rongelap Atoll, the residenta received approgimately 100 to 200 
.. 

mRem per year during the Cirat SOOO day1·po1t return fram internal emitteita.': 

. . 'b . ' 1. d 1370 Tile pr1nc1pal contri ut1ng nuc ' e was s, For Utirik Atoll, the reaidenta 
' I' 

received up to 15 Rem per year during the first 400 days post return. The maj(fr 

'b · i ·d 65z d 60c contri ut1ng nuc i e& were n an o. 

Utirikese from internal emitters-fell below 500 mRem per ye4r. at approximately 
· .. ' l il • 

1200 days post return. 
I 

The dose equivalent for.1population subgroups and for iqdividuals was deto•r· 

mined. Table 6 su111Darizes th~ .results for the total body, thyroid, red· GM1rrow, 

testes, ovaries, lower large intestine wall, and liver. The catenary compare-

ment model of Bernard and Hayes (Ber70) was used to determine doses to various 

segments of the gantrointestinal trRct. The Utirikese received significantly 

m:>re radiation dosr from 65 zn, 60co, and 55 Fe than did the Rongelapeee becaus~ 

of short mean residcrnce times of these nuclide& in the envil:onment. 90sr do•an 

137 
to the RongelapesE> were 2.5 time greater and Cs doses 1.5 times areater than 

doses received by persons at Utirik. This occ:Jrred even though Utirik residerit:i-: 

returned to their atoll J years earlier and somewhat reflects the degree 

to which Utirik was less contaminated than Rongelap. 
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Nuclide 

90sr 
.. SSFe 

l37c 8 
, 60co 

6'izn 
Internal 
External 
Total 

90fit' 
55 fe 

137,;5 
61 ~o 
6:.. 'n 

Inc ·nal 
Extet"nal 
Tot:: 1 

90sr 
55re 
137c5 
60co 
65zn 

Interns 1 
External 
Total 

:r.~1· . . , ·~, 

• i • i. f, i fi \/I ,! 0 ', , '' il " 'I 11 '.' ' J ' ,/' r 

Table 6 
mo1 1 "' 

Chronic Phase 
1J>o19, Equivalent• Su•aa:, Rea 

'Total Body 

Utirik I i 

Adults 

.012 

.033 
1.1 

.Sl 
13. 
14. 
3.2 

17. 

I! !Ii•' 

Ronael'ap · 
Adult! 

.027 

.023 
1. 7 

.014 

.076 
1.9 
2.0 
3.9 

Utirik 
Adults 

.00075 

.059 
1.6 

.36 
11. 
13. 
3,2 

16. 

.,. 

Thrroid 

"11longe lap 
Adults 

'•', 

.0017 

.042 
2.4 

.010 

.067 
2.5 
2.0 
4.5 

Red Marrow Tes tea-ovaries · 

.054 

.060 
1.7 

.63 
17. 
20. 

3.2 
23. 

Lower 

.12 

.042 
2.6 

.018 
• 10 

2.9 
2.0 
4.9 

Large 
Intestine Wall 

• 23 . 57 
.067 .047 
• 59 .90 

4. 7 .13 
15. .091 
21. l. 7 
3.2 2.0 

24. J.8 

52 

.00075-.00075 
.058-.062 
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. 

r,;:~· '· • . -' '• ,,.,. .1:~.!..i'-1·- ! t . · ~ '\ • " ~· t1 1.'I 

.0017•.0017 
.074-.043 
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 
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