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BIKINI RXPOSURE CALCULAYIONS

Polloving owr discussions omn the plans and in Nonolulu I agresd ¢
mks & quick sheok of the predictions of exposures that may b '
associated vwith the dist on Mkini. Gustafson's onleulations
vhich develop: She long-range sxposure potential for the Bikinians,
begin to produse the key results vhea be sums the sontridution of
various ftems of the dist for several important radiomclides awl
makes comparisces with standards for the individual and for the
general pudlie. Ses Tadbls VI of his May 1968 report. :

W;‘x'mmw.miﬁawwrw,
Cs, with which T om more familiar, and then with 908r axd 3%p.
umvm.u,mnxmucxu&eum'-mnm.

FEB 1 7 1968

tutake mumders for 1570 and fir 700 (depending on the saleiwm tntake)
Wt I got & much higher allowsdle tutake for 7. Alse I '
odtained a somsviat lover $ yeoar Cs 4ose for sdults, 230 nred verews
$36 mrad, and adeut the same S yoar 137Cs @ose for the verst case for
ehildren, 276 wald versws 265 mred. : '
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Attachment 1

Deily Radionuclide Intake Associated With The Maximm Pt-rmissible
Body Burden*

- prrmissible burden, occupational exposure, 30 uCi (5 re.d
" " individuals in pop., 3 uCi (.5 rad/ yr
" "  suitable sample, 1 uCi (.17 rad/yr

E. ecti.: half-life is 100 days (See FRC Report No. 7T, pi_e 25)*.

2oroeor: itions of continuous intake, the daily intake associat,ed- with a
~ iven equilibrium organ burden can be determined from the following:

BL R Tm 1
where BE = Equilibrium organ burden

R, = Daily intake ,
T, = Mean time in reference organ

= 10‘.'" X Teff

If = Fraction of intake reaching reference organ through ingeestion

CONFIRMED TO BE UNCLASSIFIED
AUTHORITY’ DOE/SA~-20
, DATE: &-16-9

TSR

*References are, (1) Report of ICRP Conmittee II as published in
Fealth Physice, June 1960, and (2) AEC 0524, June 1967.
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ROSBE/I.MxTe“xl
= 1,000 nCi/1.k4 x 100 days

= 6.9 nciéary about 7,000 im/day

T. s agrees with Gustafson's value in Table VI'

)Osr

-~ ve 1 for comparison in Table VI' can be obtained from FRC Report No.~?,
re 1c. The value 200 pCi/day comes from an arbitrary reduction oy a
~tor of three (see para 4.24, page 17) of the value 600 pCi/day that 1s

t,ually equivalent to the RFG, It is assumed, however, that there is

vite grem Of calcium intake per day which, short of some dietary supplement,

the Bikinians don't have. With & 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.

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

Effective half-life is W63 days. Fraction reaching organ is 0.1

Therefore:
7
R =1 x 10° nCi/1.kh x 463 days x 0.1
=1 x 10°/66.7

=1§x103n01/dw
slelO pCi/day

This 4:ffers considerably from Guetatson'a 87,000 pCi/d&v.

'}1’52!%!&3' eo 9‘:‘36
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‘Tae ICET reference lists spleen rather than whole body as the critical

crzan., Gusmxson probably used whole body so that the doses would be
additl -

For sp_.=en, the following is obtained:

£EC Marwmal Chapter 0524 which treatg the case for the critic.:lgl organ
gives an uncontrolled area MPC for °’Fe for water of 8 x 10 pCi/ml
(for 19giv:lduals) The value for the general public would be

10"* uCi/ml. Assuming an intake on & per day basis we have:

wlw

8 x 107™% pCi/m x 1,200 ml/, = .3 uCi/day
3 -

= 3 x 10° pCi/day

Tus, even for the spleen, the dietary value of 59,500 pCi/day in
Table VI' is only about 1/5 of the MPC

~3T0s dose (adults)

At equilibrium the initial body burden would dbe:

Be

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

330 nCi

wiitia: dose rate would be:

Dose = Eo3o uCi x 0,17 rad |/ 1 uCt

= 5 red/yr

. wrt ’
Doge = Initial dose rate [1 -e ]
5y » :
= 205 : [1 -e '—'ggl xj
.693/27 ~
= ,23 rad. N

This 1e sbout one half of the Table VII' five year dose for 13703.
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~’Fe Gose to whole body*

Doee = 0.06 yCi/day x 0.5 rad/yr
2.b-uCi/day i

= 0.01 rad/yr

Dose = .Ol E;- e _§§3 ::]
5 yr .693/3

= 07T rad

This is about one fifth of the Table VII' five yeﬁr dose for Sst.

SSFb dose to spleen¥*

Doge = 0.06 HCiéda% x 0.5 rad[yr
uCi/day '

= 0.03 rad/yr

3Tce dose (child)

The diet of the young child, 1 to 2 years of age, will be different
17om that of adults, but if the intake were as high as 2,290 pCi/day,
the following body burden would be obtained:

B-0.08R (x /2 4 e %) (See equation 9, the Half-Time of
Cesium-137 in Man)

0.018 x 2,200 (2 /2 4 & “2) _

61.4h nCi Ve

* MPC taken from ICKP Committee II
** MPC taken from AEC 052U

— (¥}
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Jne whi_e body dose would be:
"D = B/W (?ge equation 5, The Half-Time of Cesium~137
‘ 5T n Man) '
= 61.4/12
5.7
= .66 rad/yr

Thus the 5 year dose would be about 276 mrad which is not significantly
_greater than the dose to the adults from 137Cs.
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~EPTFNDIX V.T0 ENCIORURE 1

Bricf Summary of the Radiolugical Status of the Bikini Atoll

P 32%/“& 32 (7'\05 Philip F. Gustafson
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A number of radiological surveys of Bikini Atoll have becen made since
1946. The most recent survey was conducted in April and May 1967. The

—ain eliort was devoted to the measurcment of ambient radiation levels .using

scverai types ol detectors. The external radiation field was mapped in con-

siderabic detail on Bikini and Eneu Islands, and less thoroughly on the
cemainder of the atoll. The various radionuclides and their %onéentratioﬁs ,
un.ch ~ave risc to the observed radiation field were determined from field
gumma-ray spectrometry. Representétivé samples of local plants gnd:animals
waich might‘be caten by the returning natives were collected and have been
analyzed for radioactivity.

The results of the 1967 survey provide a basis for making reasonable
cvtimates of the total (external plus internal) tadiatioq exposure which
the Bikiniéns’might receive over the'coming years, if they return to the
aio.l. Background radiation on the atoll is\ due almost exclusively to
cesmic radiation, and there are only trace amounts of the naturally occurring
racioelements in the area. E§cept in the immediate vicinity of nuclear
setonations, the composition of the residual gamma-ray radioactivity was
z.milar throughout the atoll; consisting of about 702.13703,

IZSSb

20 60Co. and sz . Varia:ions in intensity were observed from place

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

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

«iu higi.st values in the heavily overgrown interior. } f e 1“5
' ’ ) i A
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Th: external dose recceived by the retusned Bikinians will depend upc:
wiroe various people are located, and for what periods of time, within thne
wiand complex. Location in turn depends upon whether they are men, women,
a. chilirea. The recurnces (sce Age Distribution table) will probably
ceaztst ol wbout equal numbers of men and women. The smount oi time ilaeiy
Dooae seent oia the Evdr radiation domains (village area, beac:. interior,

r€ .
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odag )Y by the various groups within the pepulation are scowan ia Za
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Soovably tac most tive will be spent in the village avea, wi

anteracdidate between beach and interier leveis. The dose rate may be

Suved cae nald by vovering the grodnd with an inch of clean sand or soi:. .
.o.% in esseace will be done in the village area through tae custom of cover-

r1 Lloor aud the yard with several inches of polishcd coral g:=tbl:z:.

Por

s the d
Vaoeapecicd Lategral dose to the population over various time intervels
stareing st 1979 is shown in Table C. .
The actual internal dose derived from eating native foods is somewhat
wove difficelt to assess. However, three points should bte borne in minsg.

.7 As :u the past, the natives will doubtless taxe much of th:zir sus-

comauee trom the lagoon and ocgan. (2) Edible land piants wi.l be s:..7..
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.ioated, at least at fairst, due to the sparcity of Zruit-b

~.zlanus, ete. (3) The Bikinians have become accustomes to eating new

sous, and will probably continue to eat such things as rice, flour, cannsd
»

moat, andé powdered milk. The oaly radionuclides of biclegical importacnc:

couad in coodstuffs collected at Biwxini were 9OSr, 137¢s ané °“JFe. (Ctr:r
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suclear species were either lacking or present in very low concentration.

a noticn of the possible daily intake of the above three radionuclides may
s obtained by taking.thc diet caten by thc Rongelapesec as a guide, and

using thc obscrved concentrations of radioactivity in the same food items
coilect>d on Bikini. The resultant daily intakes are shown in Table 3, and
are compared with the daily intakes which will lead to acceptable body burdens
ifor individuals and a suitable sample of the population. Speciél procedures
w.ich w:1l greatly reduce the 90Sr céntent of the fruiﬁ can be undertaken

ai planting when edible pandandé is re-introduced to the Atoll. Edible

ivuit would be available about five years after planting. The fact that
cdible pandanus fruit will not be available for several years remove; what
xight have been the major source of 968t'intake and materially réﬁuces'the
157¢ 1ntake as well. Removal also of land crab meat from the diet seems
advisable, and such restrictions bring the 905; intake down to 115 pCi/day
or 270 pCi/g Ca. The corresponding 137Cs intake is 2290 éCi/day.

Doses to the whole body from 13705 and 23Fe were calculated assuming that

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

90

Coses to bone from “"Sr were also computed. Because of marked differences in

metabolism, adults and children were considered separatély for internal dose
purposes. The total dose; t? wﬁole body and to bone for children and adults
from internal end cxternal radiation over 5-, 30f and 70-year intervals starting
in 1970 are indicated in Table 4. The doses acceptable for individuals and

Joz & suitable sample of the population during the .same time intervals are

also indicaced.




PUTILrL possys

Tanc estimated 90

Sr dosc to bone is maximal because additions of calcium
o the dict could readily reduce 998: uptake,
‘It appears unlikeiy that, with moderate restrictions on living and eating

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

.0 rads in 30 years or 16 rads in 70 years.
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TARLE 1

Population and Time Breakdowns

T;f-’;‘\.l'lﬁif'i.‘u l\reak&uwn [ | Estimated Time Rreexiown ()
e ~ . .i-/ Villuge Bﬁach _Interior La::-opr.
nildren (0-15 yrs) SV 70 20 10 -
w.men o 25 69 15 20 --
vor .25, 60 10 20 - 10

‘ TABLE 2

Integral kxternal Doses Starting in 1970

T ue Iaterval (years) Inteyral D-..\;:e (mrads)
' | - 752 |
o S ©139L
20 ’ o 2455
30 e " 3332
= o, W
70 - - 5Th3
- 0 -
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TABLE 3

. Estimated Daily Intake of 905r, 137Cs, and 55Fe‘

from Bikini Foods, (pCi/day)

Food Item - Weisit consumed ! 90sy :13705 35Fq
per day (g)
Fisi ‘ 554 105 178 55,400
wirds S 5.3 1,080 4,100
srrowrsot™ 41 -- -- --
Coconut 9 1.7 .1,030 --
C.ams 45 1.8 1.0 --
Lmports ' 32 .5 1.0 , ==
Total™ 782 %% 115 2,290 59,500
“** Acceptable intake for 600 pCi/g Ca 7,000 87,000
suliable sample -
¥k Acceptable intake for ot
inc.viduals 1,800 pCi/g Ca 21,000 200,000

* 90 137

Sr and
W
%%% Calculated in the following way:

Daily intake = 7 MPL

This dict contains 0.42 g calcium per day

1.44 x Ty/2 (blologxcal)

Cs are removed in the processing of arrowroot to make flour

where the value of the MPL for individuals is 1/10, and for suitable

sample is 1/30 of the value for radiation workers”

¥%%*Oother foodstuffs, (free from radioisotopic contamination) necessarxly

will supplement this diet.
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TABLE 4

Summary of Radiation Exposure (rads)

*f Acpept&ﬁle exposure for individuals is
.17rad/year:

population is

L ]
_I . !-." !
e e R R ATTS N

Adults
' Total Refeéence Values®
Internal External
Years Bone Whole body  Whole Body Whole Body Bone At .17 rad/ycar At .5 rad/year
Osryx (es & Pre) .

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 4.20 576 9.94 . 13.04 11.9 35.0

Children

5 .98 .61 .75 1.16 2.14 .85 2.5
30 4.06 y 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
* Jnitial 9°Sr intake of 115 pCi/da& or 270 pCi/g.Ca by both children and aduits.

.Srad/year. 'Acceptable exposurc for suitable samplce of the

.
“o




