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J'ollowing our cUacuo•iom on the pl.am and 1n Honolulu t afP'eed to 
mb a quick @eek o~ the prediction.a o-r ex:poaurea tba\ mq be 
uaociated v1th tlae cliet on B1k.1n1. o.tafaoa'• ealcula't1ona 
which dnwlopa the long-range u:poallft pc>tential tar tbe 1'1lt1niana, 
'begin to produce the X.,. nnlt• "'1a be • ._. ~ contirib\Rion ot 
'YID"ioua itf!M of' the 41.R tor •••val. t.JQl"talR n41onuel14ee am 
-.a. cmpert.cms nth •taarlarda tat tu 1ali'ri411al u111 t01t t.M 
general public. S.. fable VI ot bia Mq 1968 repan. 

ID Attaclmnt 1 I lsaft gone through a piort1oa or Ude eDJ"aiae tar 
13Tca, with which I • ..-. faailiar, and then vit.h 90sr end 55:r.. 
b JOQ vill .... tM ftl.ma cheek vi.th OU'taf80ll'• -penintble 
intake JJ1Bbel"a tcr 137c. amt tor 90sz. (4a119nrlb!g on the calc1ua intake) 
'bat I pt a anch higher allowable ~ blt&ke tor 55J'e. A.n.o I 
obta1De4 a aomvhat lover 5 ,.ev 13Tc. dome tor ad.ult•, 230 nrad veraua 
536 mra4, and aboa:l't the .-. 5 19&1' 137ca toee tar the vorat ca•• tar 
children, 276 mrad venus 268 llr'a4. 

'l'bere ia one additional •\WJ'J revert tbat vu an appeadix to the 
material going to the Ccamaeion that J"* _,. not haft seen. See 
Attaclment 2. You will t1Dl tbat. Table 3 ot tbi• appmlix ia similar 
to Table VI emept certain ti... hoe bea amtted trca tbe table 
nela u Pandam&tt amt ctJ'SH. Thia ..-. a eipd.ts.caat ndllotion 1B 
the 90s.. aD4 137c. .l.eftla 1a tba diet 'bn ct .... the 55:r. 1Atak.e 
not at all. 'lbia ta vb1' I bad mare Concer1'1 tar 551'e pred1ot1ona 
einee I could aee no wrr ot reducing that. expoaure ehart ot ylacing 
reatrictiona on intake of ti.sh. 

'1he sample computat!ona in the Attaebment tar 137ca and 551"e 1nd1cste 
that Gwrtaf"aon'• predicted fi'ft ,ea- total vbole body doee mmber 
1M!f.7 be a 11ttl~ high. Fer example, the 5 7"2" contribution to vbole 
body dose trClla 55Pe ~ 27 llT'8d plua 230 mre4 t'ras 137 Ca plus 750 mrad 
external 1• about l ra4 iutead ~ 1.4 n4 u 1a Table VIII. As to 
the avleen dOH or 30 -.rd/"JT troa 551'e, I'll sq llDl°e later. 

There is one additional conaiderat.iOD. '!'he panda!IWI will 'be out or 
the diet vben -the nat1Tea rtrat return aince the •UJ'Ve7• have imicated 
no edible TIU"iety ot tbi• food 1a &Yailable auch lea• a IJUff1e1ent 
quantity or the edible type to l'Clfft the aeed9 o-r the returning native•. 
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1M M Boe ec-1\tee bu no: Dlle4 ..naia pree&utiam 1a Plaatinl 
pmaau, nwl.T rW>tal ot e<mtaa1MW ..U tzo. tM uea ot the 
plenU, whioh should aigll1t1ce.ntl.J' H4aM t.he radiomtcl.ide content. ~ 
the t'.ruit. ~, there !.BU$'t be toll.owu.p a'bld.iu vhen thoae locally 
pro4uce4 focxla 4o becme nail.able 11.nee the leYela vtll not be zero • 

.la to doae to cb114nn, I blrre takea vb&' a:, lae a vcrtrt cue eituation 
tor 13Tca to eee bow tbe aoae c~ Yitla ~ ftl• tor adulta .. I 
lune ue4 u a nte:Nan, "'Die Ball'•'!De ~ C.tua-137 1Ja llu" (Attach
Milt 3) aDll haft COQ914eft4 tbe 1Jlprobaltle caM v!lin"• 't!le da1q 137 Ca 
1ntab or tbe 2 ,.... ol4 1a u MP u ts tbe •l:\. '1'M renitant -
5 7flllr 40ff at zr6 .. .a 'tor tbe eb114 1a aot aipificaat:q ditterent 
trca tbe 230 .-ad 5 year cl.OM obta1m4 'tor 81hlte. I 414 not eon ect 
tha chU4' • 5 ~sr 4oae tor cbalWff in l>iol.ag1al bal.f-tme or bol!7 
ve:lght that occur Oft1" that perlo4 •blee tlle cnJ!'ft ta "8m'e i. ~ tb.e 
ceaiwa reference 1.mlicates tha\ far a giftll 1Jltake ~ dQM rate does 
not ehuge much OYer thi• ~ ~ ...... lJaUI this want a.• 
u.-ption, I pt a tot.al 5 JMZ" 40M (~ plm laterml.) ~about 
1 rad for the cb.114 which agna vitJa the ftlue in TUle VIII. 

One ec:a ent on tbe general subJect Gt vbQ1e bcd7 and arpn do9e de· 
tenllrlationa (nc:h aa spleen) a4 ci•,.,.hona vith •ta.naaria tor 
small grou-pa auch as thia Bild.Jll popalat1oa. '1'tse pr01JV ataudard 
tar un u a caaperu011 1• the wlue tor the 1n41T1clual. in tbe Bikini 
population. 'Die f'ollowup atudie• b,y Camr4 an4 otbe1"ll vill ntablish 
a buia far dete.rm!ning tb8 n.ns- ~ 1m11T14ml. upo11wea eo tbat. there 
should not be UST auri,rtaea. 'ftniua o.tataoa' • ".Aeee»table IJltata 'fer 
Ixldirld.uala .. 1n Table VI ta the prO'fll' oolumt. ~ar eQIAJC1,80ll Yith 41et 
level.a and the dOM •t.•ara tor ~ ~ tar vbol• bod,., 
blood form.ins org8ll8 1 etc. vould be 500 ll?"ad per yeu-. 

'RhUe I don't. expect ve v1l.l learn a.Q7tb.1Dg dw:ing the cl.eanu.-r opera
tions that vill change Quatahon'• predictions regarding external. ex
-posures, it my be worthwhile to again rev1ev thit intfl'Dlll expoaure 
que.ation at the enti of cleanup operation, pct.icularly ii' additional 
BfBPl.ea o'f items o"f the diet are taken ancl ~ and baae-lla. body 
burden data beccme available. I reecwnd that reviev ot such data 
be a conaideration in the AJ!£ deterllimltion tllat the cleazmp \1l'OJect 
1• caapletecl am that the atol.l 1• "847 f'or return o'f the 'POP'll&t1on. 

-
The conclua ton to be tbawn b'ca tbi• exereiae a.lld. t'rOll. vorkil!S vi th 
available data 1.a that the ea~imatea ~ i.11tenial expoSUl'ea I lune '181• 
&r~ not aigniftcantly ditferellt f'rcn. Dr. Gutaf"aon's. It a87'thins, 
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hia eftlllatn an al.tghtq )a:lgMr tbaD ST own. M41t10Ml17, 
it ta higbl.J' 4Htrable to naia .... tatoamt.toa on tM leftla ot n4to
act1Tit7 1n tooda through the 1'841olagical. ISUPpol"t aetiTI.t1H tt:rl.' 
the eicam.ip proJ11:et jus't •tarting at Bik1n1. Also, ·oas.e-line de
teraiZl&tions ot internal em.1.ttv• ud ~icma ot biological 
h&U'-ttmea 1111at be made in arda to conttra the eatlllatea or tuture 
long U1"S expoeuJ'e9 tar tbt ft'turn11311 Bikini people • 
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Attachment l 

r l 1y Radionuc l lde Intake Associated With The Maximum Permissible 
Body Burden* 

M~x. permissible burden, occupational exposure, 30 µCi (5 rad/yr) 
" " 

11 individuals in pop., 3 µCi (.5 rad/yr) 
11 11 11 suitable sample, 1 µCi ( .17 rad/yr) 

Rffective half-life is 100 days (See FRC Report No. 7, page 25). 

'F'ryr conditions of continuous intake, the daily intake associated witlr a 
12:1 · »n equilibrium organ burden can be determined fr cm the following: 

where ~ = Equilibrium organ burden 

R = Daily intake 
0 

T = Mean time in reference organ 
m 

= 1.44 x Teff 

If = Fraction of intake reaching reference organ through ingest 1• 1n 

*References are, (1) Report of ICRP Camnittee II as published in 
Health Physics, June 1960, and (2) AEC 0524, June 1967. 



GfflG1:1L USE U;!L ¥ 
-2-

. 1 »:>ref·. r12: 

R
0 

= BEf 1.44 x Teff x 1 

= 1,000 nCi/1.44 x 100 days 

= 6.9 nCifor about 7,000 pCi/da:y 
aA.y 

' ·r1i1~ ~·ir--''"'R w1 ~.h G1inb1.fson's value tn Table VI 

;·!c~ ·· ·c:r 

'11}· •. Ii<.• " for comparison in Table VI' can be obtained f'rorn me R~T'rtl I~ No.2, 
p·.,1~e 18. The value 200 pCi/day comes f'rom an arbitrary reduction by a 
t'P.rtor of three (see para 4.24, page 17) of the value 600 pCi/day that is 
~ctua: 1 y equivalent to the RR}. It is assumed, however, that there is 
·ine gram of calcium intake per dey Which, short of some d:t.etia.ry supplement, 
the Bikinians don•t have. With a calcium intake of o.42 grams per da:y, 
t.he guides would be about 250 and 750 pCi/day. The Ad Hoc Canmlttee 
hRs recommended adding calcium to the Bikini diet. 

M~K. pPrmissible whole body burden, 
11 If II II II 

.. " fl " If 

occupational exposure, 3 x 103 µCi 
individual in pop., 3 x io2 µCi 
suitable sample, 1 x io2 µC1 

F.tfectiv' hH-lf-life is 463 days. Fraction reaching organ is 0. l 

·f'h12refor~: 

R 1 x io5 nCi/1.44 x 463 days x 0.1 
0 

1 x io5/66.7 

1.5 x 103 nCi/da:y 

·- 1.5 x 106 pCi/day 

'I'his differs considerably from 11nstafson's 87,000 pCi/day. 
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,. ICE>:' reference lists spleen rather than whole body as the er1 ti cal 
'·r:.:,:m. Gustafson probably used whole body so that the doses would be 
nr'fa 1 ti v~. 

\''.1r spl.E'c:n, the following is obtained: 

AEC Manual Chapter 0524 which treat~ the case for the critic~l organ 
gives an uncontrolled area MPC for 5Fe for water of 8 x 10- µCi/ml 
(,for in~ividuals). The value for the general public would be 
~ x io-~ µCi/ml. Assuming an intake on a per day basis we have: 
3 

8 x lo-4 µCi/ml x 1,200 ml/day= .3 µCi/day 
3 

3 x io5 pCi/day 

1'lius, even for the spleen, the dietary value of 59,500 pCi/day in 
'l'nble VI 1 is only about 1/5 of the MPC. 

1 ·n Cs dose (adults) 

/\t. eqr·1 l ibrium the initial body burden would be: 

~ 2,290 pCi/day x 1.44 x 100 days x 1 

,... 330 nCi 

Initial dose rate would be: 

Dose Q30 ~1Ci x 0.17 rad]/ 1 µCi 
5 rad/yr 

Dose Initia1 dose rate [1 - e ~~~ 
5 yr > 

-~xJ .05 [1 - e 
.693/27 

.23 rad 

1'his ie about one half of the Table VII' five year dose for 
137

cs. 

OfflCt:~t 
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)~ •Se to wholP hody* 

Doe· = o.o6 µCi/d~y x 0.5 rad/Y! 
2 .4 µCi fday 

0.01 TRri./yr 

DoSF: .01 
''i yr .693/3 

== .0'?7 rad 

'T'his is about one fifth of the Table VII' five year dose for 55Fe. 

~ 5 Fe dose to spleen** 

Dose = 0.~6 ~~i~a~ l 0.5 rad/Tr 
.9 µ i day · 

0.03 rad/yr 

l 
H-~ iose (child) 

'f'he dj-·t of the young child, 1 to 2 years of age, will be different 
from t•.at of adults, but if the intake were as high as 2,290 pCi/day. 
the following body burden would be obtained: 

B = 0.018 R (x l/2 + e -x) (See equation 9, the Half-Time of 
Cesium-137 in Man) 

0.018 x 2,290 (2 l/~ + e - 2 ) 

61 .4 nCi 

· MPC tu.ken from ICRP Committee II 
' ' MPC t.aken from AEC 05:?4 

·-; .. •q ..... 

~;,.)J 
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'Ft.P whule body dose would be: 

-,)r = B/W 
85.7 

"' 6184/12 
5.7 

= .06 rad/yr 

-5-

:--·,,'I 
...... 1 ' ... ; 

(See equation 5, The Half-Time of Cesi 11m- I - r 
in Man) 

'l'hus the 5 year dose would be about 276 mrad which is not significanUy 
~r~~ter than the dose to the adults from 137cs. 

r , . . - '.~ •• ~ '·{ • ; . j •. 
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Phi ii p .- . Gus ta f $ o u 
FJllout SLudies Branch 

Division of Biology and Medicine 
May 19.68 

/\ numbLl" of r;idiolu~ical surveys of Bikini Atoll have bl!en made· ~.inc•. 

l lJ-'H>. Tl11~ must recent survey w<.1s conducted in April and M<ly 196 7. Tlie 

· .. 111 L': i..url w,1"; d, voted to the measurement of ambient radiation leve}s usi[1_. 

: .. ~.vcr<l 1 tyµcs o[ detectors. The external radiation field was mapped- in con-

.;1JLrable detail on Bikini and Eneu Islands, and less thoroughly on the 

... 
rcmaindC'r of Lhe atoll. The various radionuclides and their concentrations 

\ . .i11ich gave rise to the observed radiation field were determined from field 

Representative samples of local plants and animals 

'..,.ch might be eaten by the returning natives were collected and have been 

.rnalyzl'll for radioactivity. 

Tlic results of the 1967 survey provide a basis for making reasonable 

, :;timatvs of the total (external plus internal) radiation exposure which 

t t<L' Bikinians might receive over the co111ing years, if they return to the 

.it,>l l. ti<Jckground radi.Jtion on the atoll is, due almost exclusively to 

·~nsmic radi~1tion, .J.nd there are only trace amounts of the naturally oc< urr ii .. 

r.idioelements in the area. Except in the inune<liate vicinity oi nuclear 

11, Lonations, the composition of the resi<lual gamma-r<iy radioaL:t1v1ty was 

;imilar throughout the atoll, consisting of about 70%~3 7cs, 

').. 60 ' 125 -
.cO/. C0, ;ind 10% Sb. Variations in intensity were observed from place 

: o plac,·; Encu w;is the least contaminated, followed by Bikini Island its(~li 

,\ d,1sL ,;r.Jdient ,·xisted across l>ikini, with lowest levels on the beach 31·ea:;. 

·-'-"· ;, ~g·'":; l values in the heavily overgrown interior. i-1 ; ) 

_J • . ~ ........ 

'• ,1 ~~ ·,·; 

- '( ·~~ 1. 1; 

.J l 
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1.iL _,. \';;r1,,us l"'vple arc locnt~ci, nnd for wh.:it periods of time, within tr •. : 

LvL-.lliL'n in turn depL!llJs upon whether they arc ncn, wo•i:c:•· 

( s c '"' A;;.;: D i s t r i bu t i. o :1 ta b le ) w i 1 l ? rob ab 1 ~· 

.i..:tu,1l 

• t .... : c: sus-
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,•.:ii s;'L'CtL'S \vL'tL' L'.tthct· l.:icking or present in very low concentration. 

:~.,tir-.· ,1t" the 1los::;ible daily intake of the above three radionuclid('s m.Jy 

bL' Jbta1nL'd by taking the diet eaten by the Rongelapese as a guide, anci 

llS 1,i::_; ttic obSL'rv,·,; concentration:> of r.:Jdioactivity in the same food item:; 

,·_,li.cct,·d on 13i:,ini. The resultant daily intakes are shown in Table J, <rnd 

:1r,' comp<ircd with the daily intakes which will lead to acceptable bocly, i:nird,·ns 

ll•:· individu;ils ;rnd a suitable sample of the population. Special procc.:clun::s 

·,·;.i.,·h will greatly reduce the 90sr content of the fruit can be undertaken 

.' 1<.int i.ng when edible pan<lanus is re-introduced to the Atoll. Edible 

. ,--1Lt would be available about five years after planting. The fact that 

,·d.i.iJLL' pand.:inus fruit will not be .:ivailable for severCJl year~ removes what 

mi;:~ht have been the major source of 90sr int<.ike and materially reduces tile 

137cs intake as well. Removal also of land crab meat from the diet seem:; 

<1dvis.Jblc, and such restrictions bring the 90sr intake down to 115 pCi/d;:iy 

'> o c·; c 11 d' 
137 

22 I 1>1 ~I p i g a. '1c correspon ing Cs intake is 90 pCi d<Jy. 

Doses to the whole body from 137cs and 55 rc were calculated assuming ti1.ir 

t ti .. 1·•'duc.:tion of· radioactivity in the diet occurs only from radio<Jctive (], c.iy 

,is,._, to bonl! from 90sr WL'rc also computed. BL.cause of marked differences i;1 

"·'· ~ .. 1b,ilism, adults and children were considered scp<Jrately for internal dose 

1>ltr 11u:;cs. The total doses to whole body and to bone for children and adGits 

1rom internal and ..:xternal radi.ation over 5-, 30- and 70~-year intervals :...i.:.J• Li..1g 

in 1970 are indicated in Table 4. The doses acceptable for individuaHt-_an<l 

(ur a suitable sample of the population during the same time intervals arl 

.J l :; o i. n<l i cat ed. 

~- }' 
. ' 

_, l''J-' 
, • .. J...i 
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Th.! .:!Stimatcd 90sr Jose to bone is maximal because additions of c:ilc.d ... ·' 

, ,, the diet could readily rcLiucc 90 
Sr uptLJ kc. 

It .:tpp~ars unlik<.:.y ~:1;:it, with moderate restrictions on living anci L'dt:~ .... 

.... ;)its, the close t<l .:he: whole body or to bone will reach 2 rads in 5 years, 

.0 rad~ in JO years or 16 rads in 70 years. 
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Prcakduwn (1·) E ,:; L j rr:<i Lt·:\l Tjme }~rE .. H ~._. j _ _.,;.. r: 
vi: I '' f'.i:' Be3ch T-1ter1 or --

'1'1) 20 10 

2'.) ll) 1) 20 

25. 60 10 20 

'!.'ABLE 2 

(y ... :1r::;) 

-·· ,., .. ~ .... ~ t' ~ ., ... t 't; 1-' L i ·• •" ·: · 
u~ ~ ' ~'·i.-. 

I r1 Le ('.ral n.' ~:t:· ( mrrnif.) 

7)2 

1391 

24')) 

3332 

4711 

'.':>'( l+ 3 

( .-;, 2 
1_,a -.),) :: 

,;..0 
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E · d D · 1 r k - 90s 13 7c d s SF st1m.:itc a1.y nta·c ot r, s, an e 
from Bikini Foods, (pCi/day) 

:.0i1 

"L 1·d5 

... 
Ar r0wr~•Ot n 

Coconut 

Cl .JmS 

.mports 

--.';)': 
Tut;1 l 

h\·. "oil con:;umcd 
p,~r d~1y (g) 

554 

41 

t+ 1 

9 

45 

32 

Acct pLablc intake for 
suit.:iblc sample 

Ac<...qlL.:ih le intake for 
i.ndivitlui.lls 

. 13 7 Cs 

10'.> 178 

5.J 1,080 

1. 7 ) , 030 

1. 8 1.0 

. 5 1.0 

115 2,290 

600 pCi/g Ca 7,000 

1.800 pCi/g Ca 21,000 

55,400 

. 
4' 100 

59. ":00 

87 '\)l'i(\ 

200, CJOO 

* 90s cl 137c d · h · f k fl r an s arc remove in t c processing o arrowroot to ma e ou1 

This diet contains 0.42 g calcium per day 

CalculatcJ in the following wi.ly: 

Daily ir.take MPL 
1.44 x T1; 2 (biological) 

where the value of the MPL for individuals is 1/10, and for suitable 
sampl~ is 1/30 of the value for radiation workers· 

""·,;,,·,other foodstuffs, (free from radioisotopic contamination) necessarily 
will supplement this diet. 

~: ;-·., .. 7 ~- (• : '4 
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Su.:~~-..:i=-:." cf Radia::iJ:: E:-:posu:·1... (rads) 

Ye<i :·s Bone 

(90Sr)·:: 
-------~--~ 

5 .09 

Internal 
Whole boc.ly 

137 55 
( Cs & Fe) 

. 68 

30 l: 17 .--'.__::c~------ 2 . 6 8 

70 3 .10 4.20 

5 .98 .41 

30 4.06 1.99 

70 6.16 4.00 

E~ternal 

~fucle Eo2y 

.75 

3.33 

5.74 

Adults 

Total 

,~ , 
-·i :10 J.. c; Eccy 

1.43 

6.01 

9.94 

Children 

.75 1.16 

3.33 5.32 

5.74 9.74 

Bone 

1. 52 

7.38 

13.04 

2.14 

9.38 

15.90 

R~fcrence Valu~s~~ ----·- . - ---- ·-- -------

AL .1. 1 ric'f:,··.::r At .S rad/;~:: r 

.85 2.5 

5.1 15.0 

11. 9 35 .o 

.85 2.5 

5.1 15 .0 

1. 9 35 .0 

* Initial 
90

sr intcikc' of 115 pCi 1
.'::;: or 270 pCi 1; Ca by both c! 1 i1dren and 2r1•:lts. 

*;': Acceptable exposure for incividuols is .5rad/year. Acceptable exposure for suit2tJ1::, s;Jt:1p~.· l):·, .c 

populationj is . l 7rad/year. 
I 
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