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BIXINT EXPOSURE CALCULATICNS
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Pollowing our discussions on the plane and in Honolulu I agreed to
make & quick check of the predictions of exposures that may de
.associsted vith the diet on Bikini, Custafson’s ealculations
vhich develops the long-range exposure potential for the Blkinians,
begin to produce the ey results wvhen he sume the contridbution of
various items of the dlet for several important radionuclides snd
makes camperisons vith standards for the individual and for the
general pudblic. See Table VI of his May 1968 report.

v

In Attachment 1 I have gone through & portion of this exercise for
13Tcs, with which I sm wore familiar, and then with 908r ant 557e.

As you will see, the values check vith GQustafson'’s permissidle

{ntake mmbders for 137Cs and for 908r (depending on the ecaleium intake)
but I get 2 much higher allowsble daily intake for 55Fe. Alwo I
obtained a somewvhat lower 5 yesr 137Cs dose for adults, 230 mrad versus

536 mrad, and about the same 5 year 137Cs dose for the werst case for
children, 276 mrad versus 268 wmrad.

There 1s one additional summary report that vas an appendix to the
material going to the Cammission that you may not have seen. See
Attaclhwent 2. You will find that Table 3 of this appendix is similar
tc Table VI except certain items have bDeen omitted from the table
such as Pandanus and creds. This makes a significant reduction in
the 3r and 137Cs lavels in the diet bLut changes the 55Fe intake
not at all, This is vhy I had mare concern for Sye mredictions

since I could see no way of reducing that exposure short of placing
restrictions on intake of fish.

The sample computations in the Attachment for l370a and SSFe indicate
that Gustafson's predicted five year total whole body dose mmber
may be a 1ittle high. For example, the 5 year contribution to whole
vody dose from °OPe of 27 mrad plus 230 wred from 137Cs plus 750 mrad
external is about ) red instesd of 1.4 rad as in Tadle VIII. As to
the spleen dose of 30 mrad/yr from 5OFe, I'll say more later.

There is one additiomal consideration. The pandanus will be out of
the diet when the natives first return since the surveys have indicated
no edible variety of this food is available much less a sufficient
quantity of the edible type to meet the needs of the returning natives.
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™he AX Hoc Commities has recommsuded eertaisn pmrecsutions in planting
pendanus, namely removal of contaminated sofl from the area of the
plants, which gshould significently reduce the radionuclide content of
the fruit,. However, there must be followup studies when thase locally
produced foods 40 become wvailable since the levels will not de zero.

As to dose to children, I have takem vhat may Le a worst case situation

fwBTCOtomhwtha&mcmﬁthmulmforadﬂu. 1
have used as a reference, "The Half-Time of Cesium-137 in Man" (Attmh—
ment 3) and have considered ths improtedle cese where the daily 137cs
of the 2 year ol4 13 as high as far the adult. The resultant —
yesr dose of 276 mrad for the child is pot significantly different
from the 230 mrad 5 yemr dose obtained for aduits. I d1d not ewrrect
the child's 5 yesr dose for changes in diological half-time or body
weight that occur over that period since the curve in Pigure b of the
cesium reference indicates that for a given intake the dose rate does
10t change much over this renge of sges. Using this woarst case
aasumption, I get & total 5 year dose (extermal plus internal) of about
1 rad for the child vhich sgrees with the value in Table VIII.

i

One eccoment on the general subject of whole dody amd organ dose de-
terminations (such as spleen) a»d comparisons vith standards for

small groups such as this Bikini population. The proper staundard

for use as & comperison is the value for the individuasl in the Bikint
population. The followup studies by Conard and others will establish
8 Yasis for determining the range of individual exposures so that there
should not be any surprises. Tims Oustafson's "Acceptable Intake for
Individuals” in Table VI is the proper column for comparison with diet
levels ard the dose standsrd for comparison purposes for whole dody,
blocd forming organs, etc. would be S00 mrad per year.

While I don't expect we will lesrn anything dwring the cleanup opera-
ions that will change Gustafson's predictions regarding external ex-
posures, it may be worthwhile to again reviev the internal exposure
question at the end of cleamup operation, particularly if additional
semples of itema of the dlet are taken and analyzed and base-line hody
burden data become available. 1 recommend that review of such data
be a consideratiocn in the AEC determination that the cleamup project
ig completed and that the atoll is ready far return of the porulation.

The conclusion to be &rawn from this exercise and from vorking with
aveilable data is that the estimates of intermal exposures I have made
sre not mignificantly different from Dr. Gustafson's. If arything,
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his estimates are slightly higher than my own. Additiomally,

it 1s highly desirsble to obtain more information on the levels of rsdio-
sctivity in foods through thes radiclogical support activities for

the clemmp project Just starting ad Bikini. Also, Zasa-line de-
terminations of internal emitters and determinations of blological
half-times must bDe made in arder %0 confirm the estimates of fulure

long texm exposures for the returning Bikint people.
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I' {1y Radionuclide Intake Associated With The Maximum Permissible
Body Rurden*

i3‘rCs

Max. permissible burden, occupational exposure, 30 uCi (5 rad/yr)

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

Fffective half-1ife is 100 days (See FRC Report No. 7, page 25). ’

For conditions of continuous intake, the daily intake assoclated with a
g% #n equilibrium organ burden can be determined from the following:

BE = Ro Tm If

where BE = FEquilibrium organ bqrden
Ro = Daily intake
Th = Mean time in reference organ
I =

£ Fraction of intake reaching reference organ through ingesti n

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

Th

x
it

BE/ 1.k x Teff x 1

1,000 nCi/1.44 x 100 days

6.9 nCiéor about 7,000 pCi/day
ay

1
1 grees wikth Guatafson's value in Table VI v

..
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v« for comparison in Table VI' can be obtained from FRC Repr  No.2,

e 18, The value 200 pCi/day comes from an arbitrary reduction by a

tor of three (see para 4.24, page 17) of the value 600 pCi/day that 1is
ua 'y equivalent to the RPG., It is assumed, however, that there 1is
gram of calcium Intake per day which, short of some dietary supplement,
Bikinians don't have. With a calcium intake of 0.42 grams per day,
guides would be about 250 and 750 pCi/day. The Ad Hoc Committee
recommended adding calcium to the Bikini diet.

e

Max

"

. permissible whole body burden, occupational exposure, 3 x 103 uCi
" " individual in pop., 3 x 10° uCi
suitable sample, 1 x 10° uCi

" " n "

Ftfective half-life is 463 days. Fraction reaching organ is 0.1
Therefore:
R, = 1x 10° nCi/1.b4 x 463 days x 0.1
=1 x 105/66.7
= 1.5 x 103 nCi/day )
= 1.5 x 106 pCi/day —-
This differs considerably from fnetafson's 87,000 pCi/day.
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" IC-y reference lists spleen rather than whole body as the eritical

orean,., Gustafson probably used whole body so that the doses would be
additive,

v splewn, the following is obtained:
AEC Manual Chapter 0524 which treatg the case for the criticﬁl organ

gives an uncontrolled area MPC for OFe for water of 8 x 10~ nCi/mi
(for in?ividuals) The value for the general public would be

“ x 107" uCi/ml. Assuming an intake on a per day basis we have: N
3

8 x 107* uCi/ml x 1,200 mi/, = .3 uCi/day

= day

3

=3x 10° pCi/day

Thus, even for the spleen, the dietary value of 59,500 pCi/day in
Table VI! is only about 1/5 of the MEC.

-

33705 dose (adults)

At eqr*librium the initial body burden would be:
By = 2,290 pCi/day x 1l.44k x 100 days x 1
= 330 nCi
Initial dose rate would be:
Dose = [030 uCi x 0.17 rad]/ 1 pCi
5 rad yr
-2t
Dose = Initial dose rate l - e j]
5 yr > ‘
-. X 5
.05 e o j
.693/27

= .23 rad

1 —
This is about one half of the Table VII' five year dose for 3705.
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‘Fe ¢ :se_to whole bhody*

Doe- = 0.06 uCi/dny x 0.5 rad/yr
2.4 pCi/day
= rad/yr
Dose: = [:‘- e -—%%3 ::]
5y 93 3
=.077 rad -
This is about one fifth of the Table VII' five year dose for 55Fe.

?SFe dose to spleen*¥*

Dose

0.06 pCi/day x 0.5 rad/yr
.96 uti/day ‘ )

0.03 rad/yr

;ICs_iose (child)

The di~t of the young child, 1 to 2 years of age, will be different
trom trat of adults, but if the intake were as high as 2,290 pCi/day.
the foilowing body burden would be obtained:

/2 -x)

B = 0.018 R (x 1 + e (See equation 9, the Half-Time of

Cesium-137 in Man)

0.018 x 2,290 (2 1/2 + e '2)

. 61.4 nC1

* MPC tuken from ICRP Committee II
*+ MPC teaken from AEC 0524
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The whole body dose would be:
N = B/W (See equation 5, The Half-Time of Cesium-1-/
r
85.7 in Man)
= 61.4/12
5.7
= .06 rad/yr .

'thus the S5 year dose would be about 276 mrad which is not significantly
sreater than the dose to the adults from 137Cs.
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L ot Summary oo the Radioto awca: Status of the Bikini Atoll
Phiiip . Gustafson
Fallout Studies Branch

Division of Biology and Medicine
o May 1968 E

A numbervr of radiological surveys of Bikini Atoll have been made since
1940,  The most recent survey was conducted in April and May 1967. The
coan eriort was dovoted to the measurement of ambient radiation levelrs usiu,
several types ol detectors. The external radiation field was mapped in con-
siderable detail on Bikini and Eneu Islands, énd less thoroughly on the
cemainder of the atoll. The various radionuclides and their concentrations
wiiich gave risc to the observed radiation field were determined from field
Lomma-ray spectrometry. Representative samples of local plants and animals
waovch might be eaten by the returning natives were colleeted and have been
analyzed for radioactivity.

The results of the 1967 survey provide a basis for making reasonable
cstimates of the total (external plus internal) radiation exposure which
tie Bikinians might reccive over the coming years, if they return to the
atoll. Background radiation on the atoll is.duc almost exclusively to
cosmic radiation, and there are only trace amounts of the naturally occurrin
radicelcements in the area. Except in the immediate vicinily of nuclear
dvtonations, the composition of the residual gamma-ray radioactivity was
similar throughout the atoll; consisting of about 70%'137Cs,
207 60Co, and fOZ 125Sb. Variations in intensity were observed fro;_blace
to place; Encu was the least contaminated, followed by Bikini Island itscltl.
A duse gsradient oxisted across Bikini, with lowest levels on the beach areas.

ot Siigaest values in the heavily overgrown interior.
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The oxtornat Jdose received by the retusued Bikinians will depend upo

Wil Lo varitous people are located, and for what periods of time, within ¢

91N
txamd complex. Location in turn depeads upou whether they arc men, womui .

v

coctiilevens The rewurnces (sce Age Distribution table) will probably

ROl abount cguad nuebers of men and women.  Ta

[

amount oi fime likewiw
v

oospontoan the Deur radistion domains (village area, beach. interior,

dveen) Dy othe varlous cvoups within the population are sivown
< A o 3

10 L&l

N .

oably e most tine will be spent ie the village area, whers the dose vat:

soermadhate betweer beach and Latevior levels. Th

m
o.

oS¢ rate may

<
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v

ovedone B by ovoveting the ground with anoinch of cleam sand or soil.

tsoA crscave will be Joue in the viliage avea through the custom of ¢

©
(

chie Jdivt floor aud the vard with several inches of polished coval pootlzs
exbevtod Luittesvat duse to the population eover various

sfavitnge V70 1s sunown in Table 2

The actual fnteraal dose devived £reom eazin

G
!

cooditricelt to assess. However., thvoe peoicts :hould b2 bornz in alc:.
A2 v s past, the natives wiic doudtlioss a3 medn

atoe o e lagoon dund ocea
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od Tocast oot omirst, dug o o€ F0uTCiRT 0T Dvuil-LoiT. o of
AVdaUs L ool v, The Bikiniacos have Ocoory ICCUSEI@®SI TJO €3IiT. Qs

cods, dov wiil probably continue bt eal sech taings &s ri

c1Loace vowdered mith. The ounly radicacciides of bieleys:
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Sotcotn voedstulos Jotlacted at Bireralr wevs U 3T, l"7Cs and ‘
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cay spocics woere cather lacking or present in very low concentration.
notics oi the possible daily intake of the above three radionuclides may
Lo wbtarwned by tuking'thc diet caten by the Rongelapese as a guide, and
usiay the observea concentrations of radioactivity in the same food items
colivcted on Bikiui. The resultant daily intakes are shown in Table 3, and
are comparcd with the daily intakes which will lead to acceptable bodx burdens
tor individuals cud a suitable samplc of the population. Special prqfcdurcs
wvi.ivh will greatly reduce the 9OSr content of the fruit can be undertaken
slant ing when cdible pandanus is re-introduced to the Atoll. Edible
svuit would be available about five years after planting. The fact that
vdible pandanus fruit will not be available for several yearg temoveé what
miyht have been the major source of 90Sr intake and materially reduces the
P3¢y incake as wcll. Removal also of land crab meat from the diet seems
advisable, and such restrictions bring the 908r intake down to 115 pCi/day
or 2/0 pCi/g Ca. The corresponding 137Cs intake is 2290 pCi/day.
137C

Doses to the whole body from s and SSFC were calculated assuming tihat

the veduction of radioactivity in the diet occurs only from radiocactive docay.
“oscs to bone from 9OSr were also computed. Bucause of marked differences in
wotdabolism, adults and children were considered scparately for internal dose
purpuses. The total doses to whole body and to bone for children and adu:ts
Lrom internal and vxternal radiation over 5-, 30- and 70-year intervals ocaicing
in 1970 are indicated in Table 4. The dosecs acceptable for individuals-—_and

tur a suitable sample of the population during the same time intervals arc

also indicated.
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The estimated Sr dose to bone is maximal because additions of caiciu.:

: . . . 90
o the dicet could readily recduce Sr uptake.
It appears unlike.y that, with moderate restrictions on living and cat..;
cooilts, the dose to che whole body or to bone will reach 2 rads im 5 years,

v

.0 rads im 30 years oy 16 rads in 70 years.
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Population and Time Hreakdowns

Taealeoon Rreakdown (%) Fatimated Time Bregsidown

Viilage Beach "terior

cnildren (0-15 yrs) 90 ) 20 10
& rien 25 09 15 20
e 25, _ 60 10 20

TABLE 2 .

ntegral Ixbernal Duses Starting in 1970

Come gmeeval (years) Inbeyral Dose (mrads)
9 Th2
18 : | ‘ 1391
o 2455
30 SR . ‘ 3332
0 . 4711
T 51h3
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TABLL 2

Estimated Daily Intake of 9OSr, 137Cs, and 55Fe

from Bikini Foods, (pCi/day)

Food Ttem We . oat consuamed 905y 137¢4 ¢,
pov da

Cisi ' 554 105 178 55,400
ourds 41 5.3 1,080 4,100
Arrowrvot™ 41 - -- R
Coconut 9 1.7 1,030 --
Cirams 45 1.8 1.0 --
~mports 32 .5 1.0 . o--
Total 782 ¥ 115 2,290 59,400
o Accoeptable intake for 600 pCi/g Ca 7,000 87,000

suitable sample
4 Acceptable intake for
individuals 1,800 pCi/g Ca 21,000 200,000

* 90Sr and 137Cs are removed in the processing of arrowroot to make flous

This dict contains 0.42 g calcium per day
% Calculated in the following way:

Daily intake = MPL
1.44 x Ty (biological)

where the value of the MPL for individuals is 1/10, and for suitable
sample is 1/30 of the value for radiatiom workers”

“Other foodstuffs, (free from radioisotopic contamination) necessarily
will supplement this diet.
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Surmary of Radiation Exposure (rads)
Adults
Total _Reference Values™: =
Internal External
Years Bone Whole body  Whcle Body Wholz Body Bone At 1. 1ad/ysar At .5 rad;
Psryr (PTes & 2Cre) .
5 .09 .68 .75 1.43 1.52 85
30 1237‘ 2.68 3.33 5.01 7.38 5.1 . | 15.0
70 3.10 4.20 5.74 9.94 13.04 | 11.9 ___35.0
Children
5 .98 41 .75 1.16  2.14 .85
30 4.06 1.99 3.33 5.32 9.38 5.1 15.0
70 6.16 4.00 5.74 9.74 15.90 1.9 35.0
* Initial 908r intake of 115 pCi/lay or 270 pCi’s Ca by both children and adnlts.
samp o o)

wowte
Iy

Acceptable exposurc for individuals is

populationq| is
t

.17rad/year.

.5rad/year,

Acceptable exposurce for suitable
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