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“WITHOUT ENCLOSURES/ATTACHMENTS
CONFIRMED TO BE UNCLASSIFIED

AUTHORITY: DOE/SA-20

Prank Cluff, Safety Advisory Group, BV BY HeH=ECHMED?, DATE: £-16-Fuf
2. G1Lsoa) .

BIKINI RIPOOURE CALCULATIONS

Polleving ow Q@iscussions on the plane ani in Honolulu I agreed to
wake a quick cheek ef the predictions ef exposures that may be
associated vith the diet on Bikini. Gustafson's oenleulations
which develope the long-range exposure potential far the Bikintans,
begin to preduse the kay results when be cums the eontributica of
various items ef the diet for several important radiomeliées asf
makes comparisons with standards for the individual and for the.
general pudlie. See Table VI of his May 1968 report.

Attacheent 1 Ihave gone through a portion of this exercise for
Ce, with which I om more femiliar, anf then with 90ar ent Fr.

As you vill see, the values check with Gustafaon’s perniesible

FEBi 7 1968

intake subers for 13Tcq ana fer Por (depending on the ealeivn intake)
wut I get a much higher allowable tuteke for 35¥e. Also I
ovteained a semevhat lever 5 year Ce Gose for adults, 230 ured verew
536 mrad, and adeut the seme 5 year 1370s dose for the veret case for
@nilaren, 276 wrad vereve 265 mret. ° :
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Attachment 1

Deily Radionuclide Intake Associated With The Maximm Permissible
Body Burden*

- permissible burden, occupational exposure, 30 ues (5 roa
: * " indjviduals in pop., 3 pCi (.5 raa/7
i " " " suitable sample, 1 pCi (.17 rad/yr

%.-eeti-: half-life is 100 days (See FRC Report No. 7, pi.eoy

:or cor: izions of continuous intake, the daily intake associatedwith a
~iven equilibrium organ burden can be determined from the following:

B= Ro im TeI

where B, = Equilibrium organ burden

Ry = Daily intake

T= Mean time in reference organ

1.44 x Teer

= a Fraction of intake reaching reference organ through ingestion

CONFIRMED TO BE UNCLASSIFIED

AUTHORITY:

DOE/'

DOE/SA-20
, DATE: G-(6-9

NEEAla
*References are, (1) Report of ICRP Committee II as published in
Health Physics, June 1960, and (2) AEC OS24, June 1967.
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Theref-v<:

R= Bf ih xT, e1

= 1,000 nCi/1.44 x 100 days

= 6.9 nifor about 7,000 pCi/day

7.18 agrees with Gustafson's value in Table vr’

70g,

 

-e ye . for comparison in Table VI' can be obtained from FRC Report No.-,
se lc. The value 200 pCi/day comes from an arbitrary reduction oy 4
>tor of three (see para 4.24, page 17) of the value 600 pCi/daythat is

: enally equivalent to the RPG. It is assumed, however, that there is
cone grem OF calcium intake per day Which, short of some dietary supplement,
the Bikanians 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.

 

5Sne

Max. permissible whole body burden, occupational exposure, 3x 10° pCi
" " individual in pop., 5 x 10° pCi

" - " " " suitable sample, 1 x 10° pCi

Effective half-life is 463 days. Fraction reaching organ is 0.1

Therefore:
f

R, = 1 x 10° nCi/.bh x 463 days x 0.1

= 1x 10°/66.7

= 165 x 20° ni/aey

= 1.5 x 208 pci/day

This differs considerably from Guetafeon's 87,000 pCi/day.

 

+4223|3165| eo DO8
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-3-

-Tue ICh? reference lists spleen rather than whole body as the critical
crzan. Gustafson probably used whole body so that the doses would be
edditi

For sp.2en, the following is obtained:

#EC Mavwal Chapter 0524 which treatg,the case for the critical organ

gives an uncontrolled area MPC for ?°Fe for water of 8 x 10 pCi/ml
(for infividuals). The value for the general public would be
= x 10°* uCi/ml. Assuming an intake on @ per day basis we have:

8 x 107 uci/m x 1,200 D1/say = +3 uCt/day
3 “y

= 3x 10° pCi/aay

Ems, even for the spleen, the dietary value of 59,500 pCi/day in
fable VI' is only about 1/5 of the MFC.

~31o5 aose (adults

At equilibrium the initial body burden would be:

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

330 nCi

aniitia: dose rate would be:

£330 uesuCi x 0.17 rad]/ 1 uCi
5 rad/yr

Initial. dose rate E -e” *] .

”ga [eo pe
= 223 rad.

Dose

o
n

Dose

5

4

This ie about one half of the Table VII' five year dose for 137Gg,
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“"Fe dose to whole body*

Doce = 0.06 pCi/dayx 0.5 rad/yr
2.4- pCi/day i

= 0.01 rad/yr

Dose = yr hb- e “23 of

5 yr .693/3

= OPT rad

This is about one fifth of the Table VII' five year dose for >Re,

He dose to spleen**

Dose = 0.06 sCifasy x 0.5 rad/yr-

uCi/day

= 0.03 rad/yr

22
3og dose (chila)

fhe diet of the young child, 1 to 2 years of age, will be different
1r9m that 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 1/2? 4 “*) (see equation 9, the Half-Time of
Cesium-137 in Man)

0.018 x 2,290 (2 /? 4 ¢ °2) .

61.4 nCi f

* MPC taken from ICKP Committee II

** MPC taken from AEC 0524

ome ti
Aazslates¢IQy

: were mee a . Tn=eee ee mrge8epperpen
« : + . +
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=5-

“ne wht.e body dose would be:

“p= B/W (gee equation 5, The Half-Time of Cesium-137
* 567 n Man)

= 61.4/12
561

= .06 rad/yr

Thus the 5 year dose would be about 276 mrad which is not significantly
_greater than the dose to the adults from 137cg.
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“-APFFNDIXV."TOENCLOSURE2

Bricf£ Summary of the Radivivgical Status of the Bikini Atoll

A 32dw 38 only Philip F. Gustafson

D TO BE UNCLASSIFIED Fallout Studies Branch . ,
CONF

AUTHORITY: DOE/SA-20
BY

Division of Biology and Medicine

, DATE: G-l6-Fut May 1968 - .
BRo—SCHED?

B- 2, 611900 .
A number of radiological surveys of Bikini Atoll have been made since

1946. The most recent survey was conducted in April and May 1967. The

“ulin eziort was devoted to the measurement of ambient radiation levels using

‘severai types of detectors. The external radiation field was mapped in con-

»iderabic detail on Bikini and Eneu Islands, and less thoroughly on the

cemainaer of the atoll. The various radionuclides and their ‘concentrations

which cave rise to the observed radiation field were determined from field

gamma-ray spectrometry. Representative samples of local plants and énimals

waach might 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

estimates of the total (external plus internal) radiation exposure which

the Bikinians might receive over the coming years, if they return to the

aio.i. Background radiation on the atoll is, due almost exclusivelyto

cosmic radiation, and there are only trace amounts of the naturally occurring

racioelements in the area. Except in the immediate vicinity of nuclear

aetonations, the composition of the residual gamma-ray radioactivity was

c.milar throughout the atoll, consisting of about 70% 137¢s,

1254,
zi. 6000, and 10% . Variations in intensity were observed from place

to place; Eneu was the least contaminated, followed by Bikini Island itself.

A dose gradient existed across Bikini, with lowest levels on the beach are

ait highest values in the heavily overgrown interior. . fet: 442
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Ths external dose received by the retusned Bikinians will depend upoz.

wnose verious people are located, and for what periods of time, within the

axiand complex. Location in turn depends upon whether they are men, wonen,

a chiul.ven. The recurnees (see Age Distribution table) will probably

veteist of about equal numbers of men and women. The emounc of time iraeiy

Doo ae srentoin the four radiation domains (village area, beac=. interior,

ae
r6 ag 2) by the various groups within the population are s:own in Ta

a oO rt ia rt > wo n
.
9 wn re

e TeleSvobably cae most time will be spenc in the village area, wi

siteraccaace between beach and interior leveis. Tne dose rate may be

Jaced oie agid by covering the ground with an inch of clean sang or so... :

.c.s in essence will be done in the village @rea throuzk cae custom of cover-- 5 5

roo gteer and che yard with several inches of polished coral pecoli:z.be
.wv the f

To enpecced integral dese to the population over various time intervals

sivccing ax i970 is shown in Table ¢. .

The accual internal dose derived from eating native foods is somewhat

weve difvieule ¢o assess. However, three points shouid te borne in mins.

- As in the past, the natives will doubtless taxe much ef their sus-

conduce trom the Lagoon and ecgan. (2) Edible lani piants wi... be si..r_.

eiv.ted, af lease at first, due to the sparcity of fruit-b @ @ et e
y ws 7
) o O
o 0 °o A { e
t

caccanus, etc. (3) The Bikinians have become accustcmed to eating new

--ous, and will probably continue to eat such things as rice, flour, canned
a

meat, anc powdered milk. The oaly radionuclides of biological importacc:

cuiadé in cvodstuf£s collected at Bisini were sr, 137¢5 an¢ 7?Fe. Ctrer
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jucleay species were either lacking or present in very low concentration. °

a notion of the possible daily intake of the above three radionuclides may

we obteined by takingthe diet eaten by the Rongelapese as a guide, and

using the observes concentrations of radioactivity in the same food items

eoilect:d on Bikini. The resultant daily intakes ‘are shown in Table 3, and

are comparcd with the daily intakes which will lead to acceptable body burdens

tov individuals and a suitable sample of the population. Special procedures

90¢, content of the fruit can be undertakenw..ich weal greatly reduce the

at planting when edible pandanus is re-introduced to the Atoll. Edible

suit would be available about five years after planting. The fact that

edible pandanus fruit will not be available for several years removes what

Right have been the major source of 905, intake and materially reduces: the

t57¢5 intake as well. Removal also of land crab meat from the diet seems

advisable, and such restrictions bring the 90s; intake down to 115 pCi/day

or 270 pCi/g Ca. The corresponding 1376. intake is 2290 pCi/day.

Doses to the whole body from 137¢, and >°Fe were calculated assuming that

the reduction of radioactivity in the diet occurs only from radioactive decay.

Doses to bone from 906, were also computed. Because of marked differences in

metabolism, adults and children were considered separately for internal dose

purposes. The total doses to whole body and to bone for children and adults

from internal and external radiation over 5-, 30- and 70-year intervals starting

in 1670 are indicated in Table 4. The doses acceptablefor individuals and

loz « suitable sample of the population during the same time intervals are

also indicaced.
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. : Tae estimated 90Sr dose to bone is maximal because additions of calcium

j to the dict could readily reduce 905, uptake.

“It appears unlikeiy that, with moderate restrictions on living and eating

nubits, tne dose to the whole body or to bone will reach 2 rads in 5 years,

1G rads in 30 years o¢ 16rads in 70 years.
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TABLE 1

Population and Time Breakdowns

Estimated Time Rreekiown (4)
r Villuge Beach interior La.700n

70° ~=—20 10 2

65 15 20 --

60 10 20 . 10

' TABLE 2

Integral External Doses Starting in 1970

we daterval (years)

5

10)

20

30

oo

Inteyral Dose (mrads)

792 |

1391.

2455

3332
aT.

5143

Y 2as\BI0w| PO ako?
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TABLE 3

Estimated Daily Intake of 90sy, 137¢,, and 55re
from Bikini Foods, (pCi/day)

  

 

 

 

 

 

Food Item — Wejeint consumed uw 90s -137¢5 . 55Fe

per_day(g)

Fish 554 105 178 55,400

wards 41 5.3 1,080 4,100

avrowrsot™ 41 Cor -- --

Coconut 9 1.7 ,1,030 --

C.iams 45 1.8 1.0 =o

emports "32 5 1.0 _ ee

Total” 782" 115 2,290 59,500

““* Acceptable intake for 600 pCi/g Ca 7,000 87,000
suitable sample -

eek Acceptable intake for o
inu. viduals 1,800 pCi/g Ca 21,000 200 ,000

* 90. 137 1s ,
sr and Cs are removed in the processing of arrowroot to make flour

nw
This dict contains 0.42 g calcium per day

were Calculated in the following way:

Daily intake = __/ MPL
1.44. x Ty /2 (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”

***kOther foodstuffs, (free from radioisotopic contamination) necessarily
will supplement this diet. ; .
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TABLE 4

Summary of Radiation Exposure (rads)

 

 

 

 

 

 

 

 

 

Adults
Total Reference Values**

Internal External

Years Bone Whole body Whole Body Whole Body Bone At .17 rad/year At .5 rad/year

Osrys Ces & Fe) .

5 .09 68 .75 1.43 1.52 £85 2.5

30 1:37. \_2.68 3.33 6.01 7.38 5.1. 15.0

10 3.10 4.20 5.74 9.94 ‘13.04 11.9 35.0

Children

5 “98 41 .75 1.16 2.14 85 2.5

304.06 4 1.99 3.33 5.32 9.38 5.1 15.0

70 6.16 4.00 5.74 9.74 15.90 11.9 _ 35.0"

* Ynitial 905, intake of 115 pCi /day or 270 pCi/gCa by both children and adiuits.

eke Acceptable exposure for individuals is
-17rad/year;population jis
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.Srad/year. ‘Acceptable exposure for suitable sample of the
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