BIXINT EXPOSURE CALCULATICRS

411485

Pollowing our discussions on the plane and in Honolulu I agreed to
make & quick check of the predictions of exposures that may be
.agsocisted vith tbe diet on Bikini. Custafson’s ealculations

vhich develops the long~range exposuwre potential for the Bikinians, |
begin to produce the key results vhen he sume the contribution of
variocus items of the dlet for severel important radionuclides snd s
makes comparisons with etandards for the individual end for the o
general pudlic. See Table VI of his May 1968 report.

In Attachment 1 I have gone through a portion of this exercise for
13Tcs, with vhich I sm more familiar, and then with 908r and 557e.

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

{ntake mumders far 137Cs and for 908r (depending on the calcium intake)

but I get a much higher allowsble daily intake for 5SFe. Also I
obtained a somewhat lower 5 yesr 137Cs dose for adults, 230 mrad versus

536 mrad, snd about the same 5 year 137Cs dose for the worst case for
children, 276 mrad versus 265 mrad.

There is one additional summary report that vas an appendix to the
material going to the Cammission that you may not have seen. See
Attachment 2. You will £ind that Table 3 of this appendix is gimilar
toc Table VI except certain items have deen omitted from the table
such as Pandanus and creads. This makes a significant reduction in
the 903 ant 137Ca levels in the diet bLut changes the 55Fe intake
not at all. This is vhy I had mare concern for re medictions

gince I could see no way of reducing that exposure shart of placing
restrictions on intake of fish.

The sample computations in the Attachment for 13703 and SSFe indicate
that Gustafson's predicted five year total whole body dose number ‘
may be a little high. Foar exsmple, the 5 year contribution to whole |
body dose from 55%e of 27 mrad plus 230 mred from 137cs plus TS50 mrad ];
external is about 1 red instesd of 1l.h rad as in Tadble VIII. As to 1
the spleen dose of 30 mrad/yr from 5OFe, I'll say more later. t

There is one additiomal consideration. The pandanus will Ye out of

the diet when the natives first return since the surveys have indicated ;
no edible variety of this food is svailable much lesas a sufficient |
quantity of the edible type to meet the needs of the returning natives. i

BEST COPY AVAILABLE |

ul;;\;.v.::._‘ R









0712

Attachment, 1
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I' {1y Radionuclide Intake Associated With The Maximum Permisgible
Body BRurden*

137Cs

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

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

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

For conditions of continuous intake, the daily intake associated with a
g1 =n equilidbrium organ burden can be determined from the following:

BE = Ro Tm If

where BE = Equilibrium organ bqrden
Ro = Daily intake
Th = Mean time in reference organ
LI =

£ Fraction of intake reaching reference organ through ingestin

*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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nevefore:
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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
Thin ar—eces with Guatafaon's value in Table VI v

T™: wun o for comparison in Table VI' can be obtained from FRC Rep~ L Wo.2,
vuge 18, The value 200 pCi/day comes from an arbitrary reduction by a
tactor of three (see para U4.24h, page 17) of the value 600 pCi/day that is
actua. 'y equivalent to the RPG. It is assumed, however, that there 1s

one gram of calcium intake per day which, short of some dietary supplement,
the Bikinians don't have. With a calcium intake of 0.42 grams per day,

the guides would be about 250 and 750 pCi/day. The Ad Hoc Committee

has recommended adding calcium to the Bikini diet.

o
2 e

Max. permissible whole body burden, occupational exposure, 3 x 103 uCi
" " " yndividual 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 105
o]

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 T

This differs considerably from fnetafson's 87,000 pCi/day.
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" ICh:" reference lists spleen rather than whole body as the eritical

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

tor splecn, the following 1s obtained:

AEC Manual Chapter 0524 which treatg the case for the criticﬁl organ
gives an uncontrolled area MPC for Fe for water of 8 x 10™" ,Ci/ml
(for in?ividuals) The value for the general public would be

S x 107 uCi/ml Assuming an intake on a per day basis we have: v
3

8 x 10°% uCi/ml x 1,200 mif, = .3 uCi/day
3 i

>

3 x 10° pCi/day

T™us, even for the spleen, the dietary value of 59,500 pCi/day in
Table VI' is only about 1/5 of the MPC

-

33705 dose (adults)

At eqrilibrium the initial body burden would be:
By = 2,290 pCi/day x 1.44% x 100 days x 1
= 330 nCi

Initial dose rate would be:

Dose = [330 wCi x 0.17 rad]/ 1 pCi

= 5 rvad/yr
- Mt
Dose =~ Initial dose rate l - e j]
5 yr A
.05 [ji e B3 x ?}
.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 body*

Doe- = 0.06 uCifdny x 0.5 rad/yr
2.k uCi/aay
= 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 uCifday x 0.5 rad/yr .
.96 uCi/day

0.03 rad/yr

"{ce 10se (child)

The di~t of the young child, 1 to 2 years of age, will be different
trom ti1at of adults, but if the lntake were as high as 2,290 pCi/day.
the foilowing body burden would be obtained:

B

0.018 R (x 1/2 +e ) (See equation 9, the Half-Time of
Cesium-137 in Man)

1/? ‘e -2)

0.018 x 2,290 (2

= 61.4 nCi

* MPC tuken from ICRP Committee II
“* MPC taken from AEC 052L
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The whole body dose would be:
D = B/W (See equation 5, The Half-Time of Cesinm-1-/
r
85.7 in Man)
= 61.h/12
2.7
= .06 rad/yr .

'hus 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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I oot Summary oo the Ravioio aca: Status of the Bikini Atoll
Phiiip . Gustafson
Fallout Studies Branch

Division of Biology and Medicine
T May 1968 E

A numbev of radiological surveys of Bikini Atoll have been made sinc:
1940 . The most recent survey was conducted in April and May 1967. The
tLoin cliort was dovoted to the measurcment of ambient radiation levels usid,
severar 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
witich gave risc to the observed radiation field were determined from field
Lomma-ray spectrometry.  Represeantative samples of local plants and animals
winvch wight be eaten by the returning natives were collected and have been
analyzed for radioactivity.

The results of the 1967 survey provide a basis for making reasonable
cstimates of the total (extermal plus internal) radiation exposure which
tiee Bikinians might reccive over the coming years, if they return to the
atoll. packground radiation on the atoll is.duc almost exclusively to
cosmic radiation, and there are only trace amounts of the naturally occurrin
radloelements in the area. Except in the immediate vicinity of nuclear
dvtonations, the composition of the residual gamma-ray radioactivity was
similar throughout the atoll; consisting of about 70%'137Cs,

125
S

"o, 60 : , . —
200 Cu, and 10% b. Variations in intensity were observed from placc

to place; Encu was the least contaminated, followed by Bikiai Island itscltl.
A dose sradient oxisted across Bikini, with lowest levels on the beach areas.

s tiigaest values in the heavily overgrown interior.
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cay specics were cither lacking or present in very low conceantration.

notic.s of the possible daily intake of the above thrce radionuclides may

bu obtawned by taking the diet caten by the Rongelapese as a guide, and

us Ly the observed concentrations of radioactivity in the same food items
coliccted on Bikini. The resultant daily intakes are shown in Table 3, and
are comparced with the daily intakes which will lead to acceptable bOdX burdens
tov individuals ¢ud a suitable samplc of the population. Special prqfcdurcs

victch will greatly reduce the 20

Sr content of the fruit can be undertaken

slanting when edible pandanus is re-introduced to the Atoll. Edible
cvait would be available about five years after planting. The fact that
vdible pandanus fruit will not be available for several yearg tcmoveé what
might have been the major source of 908r intake and materially reduces the
P3¢ intake as well. Removal also of land crab meat from the diet seems
udvisable, 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.

Doses to the whole body from 137Cs and 2°Fc¢ were calculated assuming that

the reduction of radioactivity in the diet occurs ounly from radioactive docay .
“uscs to booe from 908r were also computed. Bucause of marked differences in
wolabolism, adults and children were considered scparately for internal dose
putpuses.  The total doses to whole body and to bone for children and adu.ts
Lrom internal and uxternal radiation over 5-, 30- and 70-year intervals uiaiciag
in 1970 are indicated in Table 4. The doses acceptable for individuals—_and
Llor 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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Tovult oo Rreakdown (%) Fatimated Time Breaiiown (7))
Vit lape Beach Tterior La tuon
cnildren (0-15 yrs) o 99 ' IR 20 10 --
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TABLE 2 .
integral Bxternal Duses Starting in 1970

Yome erval (yearcs) Inteyral Dose (mrads)

Y The

Lo ' , ‘ 1391

20 2u55
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TABLLE 2

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

from Bikini Foods, (pCi/day)

Food Ttem Woe . oat consamed 905, ‘137Cs 2y,
pov da

Crai ' 554 105 178 55,400
ourds 41 5.3 1,080 4,100
Arrowroot ™ 41 - - R
Coconut 9 1.7 1,030 --
Crams 45 1.8 1.0 --
~mports 32 .5 1.0 . o--
Total 78k 115 2,290 59,00
P

Accoptable intake for 600 pCi/g Ca 7,000 87 ,u00

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

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

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

Daily intake = MPL
L.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 radiation workers’

“Other foodstuffs, (free from radioisotopic contamination) necesSarily
will supplement this diet.
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