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?ollowlng our Wmwsionm on tti plane axnlis Eonohlu I aqreed to
make a quickcheekof the predlctmneof exp8ure8 thd w be
aeaoci8tedvlth tbe diet on Blklni. ~S @ ush’u3Atione

whichdmel~ the 30~-Z%lB@ ~- POtentia.1 f= the BIkinlum, ,
beglnto ~thekqreeultsvhen hes-thec outrmstknof
mime itewmof the Met f- 8ewur61~ radionuclidea@ _
mslm8~f8cxu lmhotamh’defw th8fA3vi4udend *the
gemxrd public. See ‘lkbleVI of his ~ 1968 repurt.

In At~t 1 x hme gone througha pmrtmn of Ws *xerQlsofor
WCS, With WhichI m more fwailtar,ad then Uith W& ezxl%&E.
k you Vfll 8e8, the Velws Check U3.th&Utufeon’s parmimible
intake numbers f= l~C!a d far 9% (depeti~ on the cakhm intake)
but X@t8mueh h&her dMwabled8tly Wskefor%e. AUo I
dbtdaed a aomwhat lover5 yesr ~~ti ~ose ?* adults, 230 xrad versus

536 Elr4Ml,andek=tth@MB4e 57- lflcod- farthewarst c-for
cmumm, 276 mrad -us %8 d.

mere is one additionalammary repartthat uaa an ap*@ix to the
materialgoi.qgto the ~Bion thatywluq not Mw9 men. ae

Attsdmeat 2. You till firxlthat ~k 3 of this am-h lB S~l-
to !hble VI exoeptoertafs t- hmeh atttad fraa the table
8uaha8mm3azw# aMurebe. mfi~aeig%tffoautr aduotiom IB
*90&~u7~~&~** **~*55*~

mt at all. ‘Ihls18* IhadmaremnCern ?= ~%e ~ldiims

since I could see no wag of reducing the% eqmsure shurtof Flaclng
restriatlons on intake of fish.

lTC= ~ ~~pe fti%este- SEL?@e comqm-tlons .@ the Attachment for
that Gnetafmn’s predieted five year total whole body dose number
may be a little M@. For exmple, the 5 year eontrtbutlonto whole

body dose h 55?e of ~ mrad @US 230 mmd fr(%!k~7c8 @.U9 m~ =~
externallaabouklradins~of 1.4r8d-tu TableVIXL Asto

the spleen dcwe of 30 mmd/yr ~ 55Pe8Z*I3 w mum later. — —

~WU is O= additional COMid@rEti=. ‘h@ -IXUS Wi~ be OUt Of
the diet when the natkes fbwt return sfnce the mrveys have ixxiicated
m ediblevarietyof this food is mailmble much lassa efficient
qwn%ity of the edibletypeto meet the made of the returningnatives.
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WJI, _-.....4 .~--..’-

I

,..,:.,,,,,)

!

I



Frank Cluff

A8tadoae tocM3&m,Ihavetalun what~ba a~casssitaation
fQ’#Yr@~*-**~=~ Vith the valuefw adata. I
have uead u a mrfareme, “The lhlf-~ of Cuim-137 la Ma” (Attauli-
wst3)anla ha1’amawbradthe214mbahla ca88whar8tba datlym%
fatakua’fthe$ly’ear outlaa ahigha#fart?l@adnl** morea’atant-
5 y== dm d 276==1 f= t- ehtu is nut smcamwy aiffment
fkcmtbs 230nmd5year dcwe6btaiamd -tits. I&Maoteermwt
thaChild’s5yeardoser= cm in bio~ Mf-t* cm body

wighttbat oeeurover that perladslmatlm curvelal?Qur840f *
Ceeim ref m-c indica- tlh * a $lVeu Intake tha daoe rate does
notchamge smchc$mrthin~ Ofq$ea. ~thiauaratmwa
um=PtiQ% 169t*ti5 mu* (~ * ~) of ●bout
lradfar theehll-dulllchagr’eaeu%thtbv a.halnTwbla?H.I.

aneecmentcmthagamra.l slibJeet &lmdebady 4mdasgandcac d@-
temainatttma (aucbas spleen)aul ccxyarisamsvith 8taMard8 far
*1 pm - - thisMlsimlRoprAlattoa. ‘ha WOper StaU3ru’d
for ?-w as a ec=mwtiou %s thevalue f= the WMvldual in tbe Bikini
populattm. ‘5a fdhwup studias~ (hard ~~will establish
a ?x48i*far 4Mtemmi llgtherangueflmwMualqmmwa ●thatt here
81muM K19tbe q eurmiSe8● - ~’s “~ ~ f=
Xnrthlduals” In lhble m * * ~ eolm fw euqurimxt With dfet
Mn?eM*thedoSa8tandmdfbr uC4wKwm~ fe wholebody,
%locd fosmlngargane,etc. wauldbe 5CQ mrud per year.

While I don’texpectwe U learnar@Mng Swing the cleanupcq?era-
Mme thatWill chargeGt?stafmm$s predicticlnsregardingexternal.Qx-
wxmree, it my be wrthwtd.lete agatireviewthe bternal expcumre
queattoaat * end d cleanupoperatioa,partfeuhrly if addltiond
mmplee of items d’ the diet are takenand ~ and baae-linebady
burdendatabeecmeavaihble. 1 Fem9Mmi tktatreviewOf mlc.bdata
be a conaideratlonh the AI$CdeteminatiQn #at the cleanup prq$eet

is Cul@eted am that the atoll in ready far return 03 * -ttcm.

Tha tmncluatcmto be d3avnfkm %M8 exereiaeand fmxmwcwkizagwith’-
ewallabledata M that the eat-tea W Qstmnml =mme* I hewewe
=e not BQnif tmntly different i%um k. Gumta.faonts. If al@hlBg ,
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Attachment 1

T !ly Radionuellile Intske Associated With The Maximum Permissible

Body F!urden*

1~’7cs

Max. permissible burden,
17 !1 11
11 11 11

occupational exposure, 30 IJCi (5 rad/w)
individuals in pop., 3 BCi (.5 rad/yr)
suitable sample, 1 pCi (.17rad/yr)

Effective half-life is 100 days (See FRC Report No. 7, psge 25). ‘

Fw’ conditions of continuous intake, the daily intake associated witKa

Et “n equilibrium organ burden can be determined fran the following:

where ~=

R. =

Tm =

=

lf =

Equilibrium organ burden

Daily intake

Mean time in reference organ

l.!h x Teff

Fraction of intake reaching reference organ through ingest~~m

Preferences me} (1) Report of ICRP Committee II as pu~lished in
Health physics, June 1960,and (2) AEC 0524, June 1967. ,:., .,..!
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~0 = B~ 1.44 X T,ff x 1

= 1,000 nCi/l.kk x 100 days

= 6.9 nCi~~; about 7,000 pCi/day

mlin el--.~s~sWI l’,hflllnt,afeon$s value in Table VI* *

‘1?” V!l , fur comparison in Table VIr can be obtained from FRC Rew~ L No.2,
~+.k;e18. The value 200 pCi/day comes from an arbitrary reduction by a
t’artorof three (see para 4.24,page 17) of the value 600 pCi/day that 1s
actua~ ly equivalent to the RIG. It is assumed, however, that there Is
)ne gram of calcj.um intake per d~ Which, short ~f scme dietary wppkmmt}
f;t~eBikinians dontt have. With a calcium intake of 0.42 grams per day,
I.heguides would be about 250 and 750 pCi/day. The Ad Hoc Cunmittee
has recommended adding calcium to the Bikini diet.

Max. permissible whole body burden, occupational exposure, 3 x 103 uCi
IT If II !1 11 individual in pop., 3 x lF MCi
,, !1 n n M suitable sample, 1 x 102 vCi

Ft”)’ecti%~half-life is 463 days. Fraction reaching organ is 0.1

‘Therefore:

R. = 1 x 105 nCi/1.kk x 463 days x 0.1

1 x 105/66.7

~ 1.5 x 103 nCi/dsy

<:1.5 x 106 pCi/day

This differs considerably

.

— ,., ,.,
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r- ICF.r’reference lists spleen
~.t.-~;;~n. Gustafson probably used
>Iaaitiv?.

rather than whole body
whole body so that the

F)r spl.ecn, the following is obtained:

as the critical
doses would be

AEC Manual Chapter 0521 which treat
95;ef;;s;a~ ~8c;i;$~1V;7;gives an uncontrolled area MPC for

!f:l~fii;:ym;’ )“
The value for the general public would be

. Assuming an intake on a per day basis we have: s

i

~ X 10-4 pCi/ml X 1,200 ml/day = .3 ~Ci/d~
—

3

= ~ X 1.05pCi/day

TII1ls,even for the spleen, the dietary value of 59,500pCi/dayIn
Table VT’ is only about 1/5 of the MR.

.

!~7Cs dose (adults)

At,eql,;,libriumthe initial body burden would be:

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

- 330 nCl

Initial dose rate would be:

Dose =.4 .330 ilCix 0.17 rad]/ 1 pCi
. . 5 rad/yr

Dose -:Initial dose rate

5P >

[~.e-+~

● 05
.693/27

p+$q

= .23 rad

137CS —
This is about one half of the Table VIIt five year dose for .

,,, .,.

.,.
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‘F’e c.se to whoIe hodfl-...— —

Doe = 0.06 ~Ci/dny x 0.5 rad/~
2.4 p~i/day

. 0.01 rwl/yr

1

*

..027rad

55FeThis is about one fifth of the Table VII’ five year dose for .

5!)
Fe dose to spleen**

DIXe = 0.06 ~Ci/day x 0.5 rad/yr
“‘“;g&@?i/day ‘

. 0.03 rad/yr

,7
Cs lose (child).—.

‘l_’hedj’t of the young child, 1 to 2 years of age, will be different
I’romt!at of adults, but if the intake were as high as 2,290 pCi/day,
the fC;-IIOWing body burden would be obtained:

B = 0.018 R (X
1/2 + e -x

) (See equation 9, the Hal F-Time of
Cesium-137 in Man)

0.018 x 2,290 (2 1/? + e -2,——

-:61.4 nCl

“ MPC tuken from ICRP Committee II
“ Mpc t,men from AE!C0524

. . . .
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~’},~.Wh(,lebody dose would be:

i)
+
=BW

r
5.7

-7#-= 61.4 12
5*7

. .06rad/yr ●

‘L’husthe 5 year dose would be about 276 mad which is not significantly
~:r~ater than the dose to the adults from 137(7s.

— —
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N)iiip .:.~U5taf$0LI

F~lluut SLuclics Branch
Division of Biology and Medicine

May 1968

.. ] f) c’: iOr L !,’, l:. d,voted to the measurement of ambient radiation lcvcks usi[i,

:I!.vi’raltypes 01 detectors. The external radiation field was mapped- in con-

., ldcrablc detail on Bikini and Eneu Islands, and less thorougtlly on the

rvmoinder Oi Lhe atoll.
.

The various radionuclides and their concentrations

wilich gave rise to EIICobserved radiation field were clctermincd frQm field

~;t;mma-ray spectrometry. Representative samples of local plants and animais

.t,ich iillgl~tbe eaten by the returning L~ativcs were collected and have been

.IiIalyz[*dfor radioactivity.

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

~:;timat[’sof tllctotal (external plus inLcrnal) radiation exposure which

t~~cBikinians might receive over t[lccoiningyears, if they re~urn to the

<1(.c>L1.background radiation on the atoll is.duc almost cxclus~vcly to

c(>smic radiation, and there are only trace amounts of the naturally CIt-(IIrrl[t,

t_.ldioelrmeL]tsin the area. EXCepL in the immediate viciniLy oi nuclear

(i, LonatiuLls, the composition of tllcresidual gamma-ray radioactivity was

.;imilar throughout the atoll, consisting of about 70% 137c~ ,

60CU
20‘y,

125 —
, :ind iO% Sb. Variations in intensity were observed from _placc

~c)Piac<;; EIICU was the least contaminated, followed by IiilciniIsland its(’li

‘! I.;.lSL$ ~;r~dicnL .xisted across Bikini, with lowest levels on the bcaci] area:+.

.>.,1. :Li&.ll‘3L vaiues in the heavily overgrown interior. 1.1 ;:

. -.,-.,-
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:;,>~i~,.... oi the possible daily intalcc of the abOVC tllrce radionuclid(s may

*
bL’,j’bta~ncdby taking the diet eaten by the Rongelapese as a guide, anti

tls~k):: ttie Obst’rv\.)concentrations OE radioactivity in the same iood itcm:;

c.)li~ctkd on Bi!<il]i. ‘he rcsuLtant daily intakes are shown in Table 3, Jnd

a rl’ compared wiLl~ the daily intakes which will lead to acceptable body bljrd,ns
,

LO:”individ~l,)lsLIICIa suitable sample of the population. Speciai proctidurcs

90.;.i,’i]WL1l greatly reduce the Sr content of the fruit can be undertaken

., ,,Lant. Lng when edible pandanus is re-introduced to the Atoll. Edible

, i-tlL~ would be available about five years after planting. The fact that

~,d~”uLepandanus fruit will not be available for several yearq removes what ,,

mii:ht l~ave been tilemajor source of 90Sr intake and materially

1~7Cs in~ake as well. Removal also of land crab meat from Lhe

.,civisable,and such restrictions brin~ the 90Sr intake down to

reduces tl}e

diet seem;;

115 pCi/day

tJI2/0 pCi/g Ca. The corresponding
137

Cs intalcc is 2290 pCi/day.

Doses to the whole body from 137
Cs and 55,-rL were calculated assuming Cilrlt

Iilt,l“l~ductionof “radioactivity in tt)ediet occurs only from radioactive dcIy

.Is,~ to bone from 90
Sr were also computecl. B~.cause OL marked differences i;l

,,.:..]i>tllisin,adults and children were considered separately for internal dose

,)(lr,)u:;cs, The tot.11 doses to wilole body and to bone for children and ad~(ts

LrOn’L inter~ml and ~xternal radiation over 5-, 30- and 70m-year intervals bc~LLL.t~

in 1970 are indicaccd in Table 4. The doses acceptable for individual.and .. . ..

iur a suitable sample of the

ai:;o indicated.

population during the same time intervals ar.

“];;:: - . . . .bf?.. ,
!“

,. ’..
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Tlw estimated
90

Sr dose to bone is maximal because additions of coici~.

Li)c diet could readily rcducr
90,,1 Sr uptake.

If appears unLikcLy chat, IJithmoderate rf2StriCEiOnS On living and L’~ItL.,”

..l~)its , the dose to .IIC whole body or to bone will reach 2 rads in 5 years,

.0 r~ds in 3L)years OF 16 rads in 70 years.
,
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.’:iIIL~I’t’n (0-15 yrs) ‘)()“ “i\) 20 10 -.

—

TABLE 2 .

,. .,,. ,Illll”v:ll (y(.:lrs) Tr,Le}r,ral. D’::t (mraris)
i .,

‘)
‘(’ 52

10 1391

245>

3332

4’711

.

-,-

— . ..





_ ..— .-

,

.

1

I

.

,

u-l

‘m

Ln

CfJ

0,
Ln

d

u

0
r

c

(
(

1

I
00

In

r-l

In
m

,

[

u

I .....-..

I

(
c

I

:--
1 .,.

- .---–,
..- -
,-.~,

J
:4
:,

W
(>

c.;<

.. J-
-..
-.

c-...
. . .

:-..,. .
‘2 .“ -
._!-.
~

\.:
,.1
,-, ,
-<
wI

ld

r:
o

.4

‘J

GJ
.“

-cl

2
u
o

co
Q

0
0

“1

i;
i:
2

UY

u
o

I
I

u-l10
m I

G
-1

u,
,..
rJ
w
+

o
r- 1 I L

;(

“- J3 -’

●


