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DOSE ASSESSMENT AT BIKINI ATOLL

Abstract
2ikini Atoll is one of :wo sites iz Six living patterns were evaluated.
the northern Marshail Islands that as One was pased cn living and obtaining
used by the United States as testing ail subsistence crops Zrom Bikini
zrounds for the nuclear weapons pro- Island, another on living on and
gram from 1946 to 1958. 1In 1969 a obtaining all subsistence crops from
general cleanup began at Bikini Atoll. Fneu Island. Other patterns consisted

Subsistence crops, coconur and Pandanus of various combinations of housing and

fruit, were planted on Bikini and Exneu subsistence crops from the two islands.
Islands, and housing was constructed The terrestrial pathway contri-
on Bikini Island. cutes the greater percentage, ax-—
A second phase of housing was ternal gamma exposure contributes
planned for the interior of Bikini the next highest, and inhalation
Island. Preliminary data indicated and marine pathways contri-
that external gamma doses in the bute minor fractions of the
interior of the island might be nigher total whole body and bone marrow
than in other parts of the island. doses. The radionuclides contri-
Therefore, to select a second site Zor buting the major fraction of
housing on the island with minimimm the dose are 9OSr and 137Cs.
external exposure, a survey of Bikini All living patterns involving
Atoll was conducted in Jume 1975. 3ikini Island exceed federal
External gamma measurements were made guidelines for 30-yr population
on Bikini and Eneu Islands, and soil doses. The Eneu Island living
and vegetations samples collected to pattern leads to doses that are
evaluate the potential doses via ter- slightly less than federal guide-
restrial food chains and inhalation. lines. All patterms evaluated
Estimates of potential dose via the for Bikini Atoll lead to higher
marine food chain were based upon data doses than those on the southerm

collected on previous trips to the atoll. islands at Enewetak Atoll.

Purpose of the 1975 Bikini Survey

Bikini Atoll is one of two sites in were used by the United States as testing

the northern Marshall Islands that grounds for the nuclear weapons

-1-



crezrzan “rom _246 to 1258, The
2ikini ceople. since tneir izitizl
reiccaticon o Rongerik stell Inm 1TLi6,

~ave nad a continuing cesizz £o ra2turn
-2 zheir nhomeland: so 1In tna lattar
carc 2Z the 1960's, the Iirst steps
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were taken. In 1969 a general cleanup
of debris and buildings bpegan at
3ikini Atoll. Concurrently, scrub
vegetation was cleared from Bikini and
“neu Islands, the two major residen-
zial islands of the Bikini people
orior to their relocation (see

Fig. 1). An agricultural reclamation

program was initiated with the planting

>I ccceonut trees on Zneu and Sikini

iddicicnal subsistence
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second phase oI housing was pDlanned
for the interior of Bikini Island;

however. p>reliminary data indicated
that the external gamma dose in the
interior of Bikini Island night be
signer zhan in other parts of the

island. Thererfore, -0 select a site

for the location of second phase

nousing at Bikini Island that would
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—inimize =¥rernal axposurs, & survey
> Bikini itoll was orevesed. Iaicial
clans zzlled Zor zerizl survevs oo

lerermine sxrernai zamma _svels cn all

islands In che atoll alcng with zround

a

survevs using scintillaticn counters
ind thermoiuminescent dosimeters
(TLD). <Zmphasis was to -e placed on
3ikini and Eneu Islands, -he prime
residence islands. In addition, there
Jas to te a rather large scale effort
to sample the soil and vegetation to
evaluate the potential czse wia the
rerrestrial pathway. It was felt that
this was an especially important zoal
in view of the significance of the
contribution of the food chain to the
total dose estimated at Znewetazak
Atoll.l

For a number of reasons, the scale
of the program had to be reduced from
that originally planned. Manpower and
support were reduced, and the aerial
survey was temporally deferred, leaving
the entire program of measuring the
external dose levels on Bikini and
Eneu Islands to be accomplished by
ground crews.2 The emphasis of this
reduced effort was toward the external
gamma measurements on Bikini and Eneu
Islands. Although the sampling of the
food chain pathways was less extensive
than we had hoped, we maintained a
smaller scale program designed to help
assess the potential dose via inges-
tion pathways. The 1975 Bikini survey

was conducted with the help of 20 peo-

-3-
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‘see acknowledegment) znd the sup-
cort oI che ZIZDA Researc:a Vessel,
_iktanur, Irom June 15 through June 24,
2753,

The tasic vnlans for the 19735 Bikini

survey are outlined below,

SURVEY PROGRAM OF BIKINI SOIL AND
GAMMA EXPOSURE RATE

Survev of Gamma-Exposure Rate

The program for the measurement of
zamma-ray exposure rates conducted on
zhe zround was designed to examine in
detail the geographical variability of
the exposure rates on Bikini and Eneu
Islands, and verify exposure-rates

measured during previous visits.

Yethods and Measurements

A Baird-Atomic scintillation detec-
tor, which consists of a 2.5-cm~diam
b 3}9-cm-long NaI crystal with a
ratemeter readout was used. The

137Cs

instrument was calibrated with a
point source in the primary calibra-
tion range of the National Environmen=
tal Research Center, Las Vegas, Nevada.
While the response of this instrumemt
is energy-dependent, our experience at
Enewetak showed that this was not a
serious limitation because of the

137

dominance of Cs in the radiation

background on the atoll. We also used
a Reuter-Stokes high pressure ioniza-
tion chamber. The current produced by
the radiation-induced ionization within

the chamber is measured bv a sensitive
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ectrcmeter ~vith a digital readour.
The instrumen: exhibits a flat =znerszT
response over =11 gamma-ray energies

Of interest z: this survev. It Is

capable of measuring exposure rates

[N 1)

rom approxXizmately 1 to 200 LR/hr wizh
an accuracy cZ about 5%. Thus, cthe
data from this instrument were used zs
a reference I:r measurements by other
techniques.

Exposure rates at 1 m above the
ground were measured with the Nal
scintillator zt approximacely 2500
locations on a 30~-m rectangular gric
on Bikini Isliand and at about 120
locations on a 120-m grid on Eneu
Island. The ionization chamber was
primarily used for measurements within
the central section of Bikini Island
with additional measurements made at
selected areas. Thus, from this pro-
gram a very comprehensive picture ot
the gamma~ray exposure rates at both
islands is available. Thermolumines-
cent dosimeters (TLDs) provided a
third technique for evaluating the
external dose. A complete report on
the external gamma measurements and
resulting dose assessment has been

published.2

Soil Survey

The soil sampling program was
designed to identify the primary
radionuclides contributing to the
external gamma exposure and to deter-
mine the geographical distribution of

rhese radionuclides in the soil on

2ikini and Zzeu Islands ¢ zhe Zikini
~teil, This sampling program was
inregrated with previous croegrams to
avoid duplicatiocn cor =a:iforc. The

actual numo

m

r of samples czken znd
cheir specific collecrtion sites were
determined by expected activity levels,
home-~construction plans, agricuitural
plans, and the number of locations of
recent soil samples collected bv other

orograms.

Hethods and Measurements

“wo types of soll samples were col-
lected for analysis: a 15-cm deep,
surrace-core sample of 60--cm2 area,
and a profile collection based upon
sidewall sampling in a trench in which
samples of lOO—cm2 area were collected
at l5-cm~depth increments to a depth
of %0 cm. To plan the survey, 3ikini
Island was divided into the north,
central, and south sections along the
respective second baseline roads.

Eneu was divided by the airstrip into
the north and south sections. The
approximate numbers of surface and
profile samples collected within these
sections are given in Table 1,

Note that a major fraction of
the surface samples were collected
within the central section of Bikini
Island. This was because of the
higher and more variable gamma-
exposure rates in this area and the
fact that a major fraction of the

returning Bikinians are likely



le L Distribution 2f so0il sampie
locations on Zikini and Zneu
Islands.
No. oI sampie
Zocations
Suriace Prorfiles
(0-13 cm) (0-90 cm)
3ikini
orth of second 25 2
baseline N
Central section 200 4
South of second 25 2
baseline S
EZneu
North of airstrip 50 Z
South of airstrip 40 2
a
Total 350 12
a
6 samples each.
to live in this section. A limited

number of profile samples were
planned in this area because
several samples were collected
during previous surveys. The north
and south sections of Bikini Island
and all of Eneu have lower con-
tamination levels; hence, the
sampling density was lower. Special
emphasis, however, was given to

the lagoon side of both islands since
homes may also be erected in these

areas.

The exact soil-sampling locations
were determined by a random selection
process to obtain statistically mean-
ingful and unbiased results. Special
samples were also collected within

"hot spot'' areas and other areas of

specizl Inzsrest. The samples were
olaced ia tilastic bags with Zdentifi-
cation tags and prepared for zhipment

to LLL wners thev were orocessed and

znalvzed :©v zamma Spectroscorv. Sam-
. ) - 239,240
Dles were znalyzed Ior ? ?u and
10 P . ,
Sr by wer chemistry methods at

McClellan _aboratory. A complete
report on the analytical procedures

has been ';ublished.3

BIKINI GROUND WATER PROGRAM

“urnose

The ground water program was
designed to establish a network of
well locations on Bikini and Eneu
Islands to assess the ground water
quality and to study systematically
the hvdroliogy and geochemistry of
radionuclides and major and trace

< -
-

elements the ground water system.
Water movement and residence times
were to te assessed to deduce the
transport rates and mechanisms of
radionuclides deposited in the soil

zone or taken up by vegetation.

Methods and Measurements

Pits were dug with a backhoe to: the
hard coral layer; the ground water
reservoir surface was approximately
2 m below the ground surface. Seven
holes were drilled with a ground power
auger at selected locations along the
centerlines of Bikini and Eneu Islands.
The auger cenetrated the ground water

lens to a cdepth of approximarely 1 to
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2.2 m. Zacdn hole was :zsed with slot-
ced Z-in-cizmeter tolwvwrinvizzrbenate
»ipe that -tas evtsnced o toe soil
surrace. The Dits wers -ackIilled to

minimize ZIzpact - the znvirconment.
"he Iirst hole was _:cated near the
island center. The saiiaity of the
water was Teasured with an T 81Tu
conductivicy probe. 7TwWo noles were
then drilled on ooposite sides of the
center hole and the saiinity measured
in each. “ater was pumied from the
wells, filtered, and sampled. Radio-~-
nuciides, =ajor elements, nutrients,
and bacteria were measured at the
Lawrence Livermore Laboratory to pro-
vide data Zor water quality. Specific
wells were pumped continuously during
a day and sampled serially to deter-
mine changes in water cuality as a
function of usage.

The well network is available for
resampling. On subsequent trips to
the aroll we plan to assess thoroughly
the dynamics of radionuclide cyeling

in the ground water reservoir and to

maintain a surveillance of the water
quality. The program operation was
fashioned after our Enewetak ground
water study, and comparison of the

data from both atolls should be espe-
cially valuable for predicting the
mechanism and rates of cycling of the
constituents in ground water at Pacific
atolls. A complete report on the
Bikini and Eneu ground water sampling

/,
. . . . -+
and analysis has been published.

STANT/SOIL AMPLING PROGRAM

The main chrust orf the ctrogram wwas
=0 determine radionuclide concenrra-
~icons in “:cd species, to correlate
-hese with soil :zoncentrations at
rarious cenths, to determine nuclide
availabilicv to plants in the corai
soils, and to relate the radiocactivity
in food species to that in indigenous
nonfood species that have the poten-
tial to serve as indicator species.
The unique inrormation that this sur-
vey provided is:

® Soil-to-plant and soil-to-fruit
concentration factors for detect-
able radionuclides,

e The relationship between food
species and nonfood species at
the same location,

o Intra-island variability in
radionuclide concentration in
the vregetation, and

® A data base for assessment of
terrestrial food chain transfer
of radiocactivity from the soil
to man for long-term dose eval-
uation following resettlement of
the atoll.

Methods and Measurements

The sampling program consisted of
the integration of a series of samples
of food species with soil profile sam-
ples obtained on an ad hoe, available
species basis. All food species

growing and bearing fruit on Bikini



;ere sampled. & broader :zmpiing fro-
zram based upon the widel- :vailable
satural species., .'2sgerss-~7Ziz and
Ccaevolia, was also carriec zut SO
“etermine the intra-islanc -rariations
in the radiocactivity or :zzs —egeta-
zion. Soil profiles were :->tained
rom the roo
was sampled to determine tle concen-
tration of radioactivity iz the root-
50il environment. Both lz2aves and
‘ruit were sampled so that leaf-to-
‘ruit concentration ratics could bte
calculated. Yonfood speciss were sam-
pled in the vicinity of :Icod species
to provide information on species var-
iation in radionuclide uptake and to
evaluate the use of concentrations in
nonfood species when no Zcod products
are available for analysis to predict
the impact of human intake. This
approach was developed in the Enewetak
survey because of the paucity of food
species on the atoll, The soil sam-
pling results and the concentration
and correlation factors developed from
the plant-soil data have been published
as a separate report.s

This program along with the ground
water program supplies the data base
for assessing the long-term dose com—-
mitment via food chains znd rehabita-
tion of the atoll.

BIKINI AIR SAMPLING AND RESUSPENSION
MEASUREMENT PROGRAM

Because of limited support facili-

ties, manpower, and time znd because

2L other -rogram demands :-5r air sam-

2ling esquipment resulting Zrom delavs

.“"

in fieiding the 2ikini survey, no
attempt was made tOo establish an air

sampling c~rogram during this survev.

Upon completion of the field survey
in June, nearly 1000 samples including
soil, vegetation, animals, and water
were returned to LLL for processing
and analysis. 3ecause of funding
problems, the processing of the sam=-
ples was not begun until late Septem-
ber; processing was completed by early
November 1975. Sample processing is
discussed in detail in Ref. 3. The
time required to analyze these samples
was considerable and was incorporated
into a priority framework involving
other programs, In addition, funding
problems prevented analysis of all
samples, so time was required to
establish priorities for samples that

were sent for analysis. As data became

available and as assessment activities -

began, additional samples that were of
particular importance for assessment"
When limited

additional funding became available in

purposes were identified.

the summer of 1976, second priority
samples were sent for analysis and
incorporated into our assessment. Our
data bank for the samples that were

analyzed was completed in October 1976.
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Living Patterns and Diet

Bikini and Eneu Islands were the
two major islands at Bikini Atoll used
for residence prior to the evacuation
of the Bikini people in 1947. The

living patterns adopted for assessment

in this report reflect this history

and the continuing desire of the peo-
nle to use these two islands for resi-
dence. Since subsistence agriculture
will of course occur on the residence

islands, our assessments evaluate both

-8=

The

external and ingestion pathways.
possible living patterns that we .
assessed are listed in Table 2. Tﬁ;ﬁe
living patterns cover a range of pqs;
sible exposures that could be incurred
by a sizeable portion of the returning
Bikini population and are the compos-
ite of information obtained from the

Bikini people, Trust Territory person-
nel, and studies conducted in support

of the Radieclogical SurveY-3



Table 2. Assumed

living patterns

Pattsrn Cescription

~ Yo use of Bikini Island at -resent as housing or food production
areas. cneu ILsland for housing and food production. Unrestricted
use of fish throughout the ztoll.

Residence on Bikini Island limited to houses already constructed.

o additional house construction for the present. Use orf coconuts

grown on Bikini Island. Other

food crops grown on Eneu Island only.

Unrestricted use of fish from all parts of the atoll. Bikini Island
groundwater for agriculture only.

3 Limited use of Bikini Island with the following remedial actions by
(a) placing 5 cm of clean coral gravel around existing houses to a
distance of 10 m, and (b) removal of the top 20 cm of soil and

replacement with clean soil to

a distance of 10 m from the houses.

All food grown on Bikini Island are acceptable except Pandanus and
breadfruit. Unrestricted use of fish throughout the atoll., Use of
Bikini Island groundwater Zor agriculture only.

4 Limited use of Bikini Island with Phase II houses constructed only
along the lagoon road within Area 2 of Fig. 2. Remedial actions of
Pattern 3 taken. Use of coconuts grown on Bikini Island but not
Pandanus and breadfruit. Unrestricted use of fish through the atoll.

5 Plase II housing construction according to the Preliminary Bikini
Atoll Master Plan, but no use of Pandanus and breadfruit from Bikini
Island. Unrestricted use of fish throughout the atoll. Groundwater
for agriculture and washing only.

A Phase II housing constructed according to the Preliminary Bikini
Atoll Master Plan. All foods grown on Bikini Island are acceptable.
Unrestricted use of fish throughout the atoll. Groundwater used for

agriculture and washing onily.

In addition to living patterms,
another major factor in determining
the potential dose to the returning
population is the diet. A consider-
able effort was made in the 1972
Enewetak Survey6 to predict the diet
of the returning Enewetak population.
Based upon those efforts and discus-
sions with the Bikini people, Trust
Territory personnel, and our observa-
tion of the few families presently
1iving on Bikini Island, the diets
listed in Table 3 should reflect a

reasonable estimate of the diet of the
returning population.

Two diets are listed: Ome for 1975
and another for 1980. The difference
in the diets reflects our estimates of
the availability of certain food prod=—
ucts. For example, on Bikini most of
the coconut trees are presently not
bearing fruit, and for the most part
coconut fruit availability will be
limited throughout the next 5 years.
By 1980, however, sufficient coconut

will be available so that there should
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Z2 n¢ zucn _imitations cn cistary
intake 2r :zoconut simiiagri- “zndanus
ind creadlruit are not “ul TaZtured

on 2ikini Isliand: and since izt -rill e

few vears -efore these rClanzs are
Tery ctroductive, onlv a

2ccasionally available. Once zgain.

zy 1980 the availabilitv of zoccn Pan-

janus and breadfruit should e surffi-

cient for normal subsistence use and

could be included in the dier :iZ
radionuclide levels are not excessive.
’resently on Eneu Island there are no
?andanus Iruit or breadfruic: -owever,
coconuts are available. By 12980 avail-
ability of coconut milk and meat should
not be limiting. We have also assumed
that both Pandanus fruit and -read-
Zruit will be available bv 1980 on
Zneu.

These dietary estimates are similar
to those in the assessment of Enewetak
At0116 and are based upon the research
conducted at that time, which incliuded
discussions with and observations o:f
the Enewetak people living on Ujilang
and information from Dr. Jack Tobin,
an anthropologist and then resident of
the Marshall Islands, and Dr. Mary
Murai of the University of California
School of Public Health, who lived in
the Marshall Islands for several years
and has published a book on the Mar-
shallese diet.7 In addition, we have
since had the opportunity to observe
first hand how both the Enewetak and

rhe Bikini people take advantage of

zhe zvailable marine znq cerrzesrriai
rasources,
“he use of imported Z:ods will

surely continue o varviang degrees.
To the extent that these imports may
reduce the daily intake =f locally
zrown Iood products or lzcally avail-
able marine resources will ia turn
reduce the dose estimates in this
report since these estimates zare based
upon the diets listed in Table 3. The
diet should be evaluated after the
ceople return to determine the extent
20 wnich it deviates from the diet used
in this dose assessment.

Table 3. Estimated diet for Bikini

and Eneu Islands.

Intake (g/da)

1975 1980
Bikini
' and
Food item Bikini Eneu Eneun
Fish 600 600 600
Domestic meat 100 100 100
Pandanus fruit 50 - 200
Breadfruit S0 - 150
Wild birds 20 20 20
Bird eggs 10 10 10
Coconut meat 100 100 100
Coconut milk 100 100 300
Coconut crab 25 25 25
Clams 25 25 25
Garden
vegetables 50 50 50
Total 1130 1030 1580

plus imports




Methods of Dose Calculation

The external dose measurements and

calculations Zrom gamma-emitting

L S , , 137 .
radionuclides, primarily Cs ana

50 . . . .. ,
Co, distributed in the soil on

3ikini and Eneu Islands has been
2
described in detail.”
Previous studies of the aged fall-

8

]
out '  in the Marshall Islands and the

anaiytical data reported here indicate

o)
60C° 90Sr 137Cs 241

that only , s s Am,

and plutonium isotopes contribute to
the internal dose. The doses resulting
from the inhalation and ingestion of

these nuclides have been calculated

using the most recent models, transfer
coefficients, and turnover times avail-
able.

. 0 .
The dose from Co was based

upon a single-exponential model with a
biological half time of 10 da.9 The
transfer across the gut to whole body

was taken as 0.3. For 137

Cs a two-
component exponential function was
used. All of the 137Cs ingested is
assumed to reach the whole body. Of
the total 137Cs reaching the body, 15%
has a biological half time of 1 da
and 85% has a bilological half time of
115 days.°

The critical organ for 9OSr—dose
calculation is bone marrow. The doses

903r in this report are given for

from

bone marrow and are calculated by the
method developed by’Spiersll_13 and
used in the UNSCEAR reports.lh This

Todel calculates che dose with a qual-
v Zactor ‘OF) of 1 without =zhe use
s zn » factor Zor nonunilorm distri-
cution in the bone. Under czhese
conditions the bone marrow doses
snould be compared to the 0.3 rem/yr
guideline for members of the public
rather than the 3 rem/yr criterial6-18
used if mineral bone doses are cal-

. . . -9
sulated using an » factor of 3. 13

- . . 239,240
Tme bone liver doses of
calculated using the ICRP lung
19,20
and the most recent param-
eters for transfer from the lung,
across the gut wall, and for retention
19,21 A

sumary description of this model and

“ime in the critical organms.

associated transfer and retention

coefficients is given in a recent

paper by Martin and Bloom.22

Table 4. Disintegration energy (E) and
fractional deposition (F) in
reference organ of five major
radionuclides.

Whole
Bone Liver Body
Radio - E,

muclide MeV P F F..

137¢ 0.59 - - 1.0

Ose 1.1 0.3 - -

6DCo 0.87 - - 0.3

5

2392405, 53 1,35(-5) 1.20(-5) -

Numbers in parentheses indicate_powers
of 10, i.e., (-5) indicates x 10 °-



_ne =:Iizcrive energles I, and
zhe Iwrzcticn of ingested nuclilide
reacning tne rarlerence crgan o) Orf

Exposure Pathways:
ZIXTERNAL ZAMMA DOSE

The description of the measurements

dose calcuiations, and dose estimates

for the external exposure pathway have
2

been reported in detaitl,”

137. 20 - . . ;
C Co produce neariy all :zhe

In summarvy,
s and
external dose on both Bikini and Eneu

137

Islands, with Cs contributing

approximately 94% of the total. In
addition, -he dose levels on Eneu
Island were about one~half those on

Bikini Island.

=

he first-vr dose and 30~-vr inte~
gral dose on the two islands as a
function of the alternative living

patterns is shown in Table Inte~
grated external exposures for 10, 30,
50, and 70 vr are listed in Tables 6
Residence in
the interior of Bikini Island (Fig, 2,

Area 3) gives the highest external

through 9, respectively.

exposure (Patterns 5 and 6). The
annual Federal guideline for a member
of the population recommends a dose
less than 0.5 rem for the whole body

23-26 For

and 0.5 rem for bone marrow.
Patterns > and 6 the estimated first-
yr dose of 0.25 rem (excluding natural

background) is a significant Iraction

tne Iour radionucliides that -roduce
over 8% of the cose are liszzzd ia
Table -

Description and Dose

of che amount recommended =v -he annual
guideline and leaves little room for
» dose accumulation via other -athways.
Similarly, the annual guideiines for a
topulation for 30 yr is 5 rem, and the
estimated 30~vr integral dose (ex-
cluding natural background) Isr Pat-

terns 5> and 6 is 5.1 rem.

Again, over

a 30-vr ceriod, the external dose
received from this housing location
and living pattern allows no contribu-
tion by exposure from other -athways.
This is very significant because
potential doses via the terrestrial
foéd cnain can exceed those resulting
from external exposure.

Jousing constructed in Area Z
(Table

2
]

Patterns 4a and -b) along
the lagoon road reduces the external
exposure relative to Patterms 5 and-6
by approximately 257%, depending upom-
which remedial action is considered..
Commonly, crushed gravel is placed
around the houses and is accomplished
easily. Soil removal and replacement,
however, are more difficult o imple-
ment. Living in residences already
established on Bikini Island (Fig. 33
in Fig. 2, Area 1) gives the smallest

external exposure on Bikini Island

~12~



Tzble °: “strimated iategrzl whole-tody, external ~amma doses Ior the Iirst v
znd for X2 vr. Tzlues include contriburions resulting Irom natural
sackground radiaction of zbout 7.027 rem for a first-vr dose and 0.80
~em for = :0-vr Zsse. Tor comparison, :he Tederal radiation suide-
iine (torzl of =xrernmal znd internal doses) is 0.2 rem/yr Zor indi-
riduals aad 5 rem for 20 r for a2 topularion average. These guide~

“ines are in addition ctc natural Tackground.

Estimated
doses (rem)

Sattern> DJescrintion rirstc vr 30 vr
1 Village on Eneu Island. 0.12 2.9
2 Residence in houses already constructed along 0.20 4.3

lagoon road on 3ikini Island.

w

Residence in nouses already constructed along
lagoon road on 3ikini Island with the following
remedial actions taken:

a. Placing 5 ca of gravel around houses, 0.18° A.Ib
b. Removing and replacing top 20 cm of soil O.le 4.0b
around houses.
4 Residence in Phase II houses constructed along
lagoon road within Area 2 of Fig. 2 with the
following remedial actions taken:
a. Placing 5 ca of gravel around houses, 0.22° 4.8b
b. Removing and replacing top 20 cm of soil 0.20b h.bb
around houses. ‘
3 Residence in Phase II houses constructed within 0.28 5.9
the interior of Bikini Island.
6 Residence in Phase II houses constructed within 0.28 5.9

the interior of Bikini Island.

3%ee Table 2. ' =

bThe exposure rates in the immediate vicinity of the houses have been reduced
by a factor of two and eight for remedial actions a and b, respectively.
However, we have estimated that only 35 to 40% of the Bikinian's time will be
spent in the vicinity of his house; therefore, the reduction in total dose is
relatively small because the total dose includes the exposure received from
the areas where he spends the remainder of his time.

(Patterns 2, 3a, and 3b); the 30-vr Island lead to the lowest external
doses (excluding natural background) exposure doses. The first-vr dose of
for these patterns range from 3.2 to 0.093 rem and the integrated 30-yr
3.5 rem. Living patterns on Eneu dose of 2.1 rem are nearly one-half

-13-~-
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1000 200 400
Meters

Pacific ocean

Fig. 2. A map of Bilkini Zsland showing the specific areas of iaterest for the
dose calculations. Existing houses are situated within Area 1. Areas 2
and 3 are proposed village sites for f{uture housing units. The interior
nortion of the island Is denoted by Area 4.
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tne zikini IZ:ziand opticns. 2 Zneu
_ilvinz pat:tsrn., -herefore. as Tore
Tlewmibilicy Ior Dotencial exposure tiz

ctner pathwavs without exceedinz

zrzl cuideiizes.
CSHATATION TATHWAY

ae

0 air zampling data were rtaken
during the 1975 Bikini survev. Jpen

Zieid aerosols were measured to some

~Jd

3,2

extent previously at 3ikini Atoil.
3ecayse or the sparsityv of data., -ow-
2ver, and aiso the lack of data :n

resuspension processes in the ztoll

envir- eant, the average concentra-
tione Pu in the soil were used ia =

.

mass loading model to predict the
doses via the inhalation pathwav.
This is the same approacn used %o
evaluate the inhalation pathway at
Enewetak Atoll.28

The mass loading concept may be
nore relevant for estimating the
sor-ntial dose via inhalation than
ope :ir aerosol measurements because
the resuspended material created by a
person in his own immediate environ-
ment may be significantly greater than
is reflected in open air measurements.
Therefore, it is assumed that the con-
centration of Pu observed in the sur-
face soil at Bikini and Eneu Islands
will remain the same in the respir-
able, resusvended surface material.
In addition, a mass loading of
100 :g/m3 and a breathing rate of

20 =" /da were used to develop the Pu

inhalaticn rate iz zCi Za. L —ass

“saaing :xZ 1720 _=/“3 1z at the nigh
znd - tha2 cbserwved rznge ‘:r normal
cpen air zerosol —easurements. How-

zver. since local resuspension crearzd

1,

i1 -he immediate icinitt of an indi-~
~idual during nis normal zcrivities
s probably greater tzan cven air
measurements, 1t appears reasonable,
Zor lack of specific Zata. zo use the

239 .90
aigher number. '39’“&0Pu

The average
concentrations in the surface soils

D o 3 ¢cm) of 3ikini and Zneu Islands
ire 7.3 and 1.4 pCi/g, respectively.
The pCi/day intake resulting from the
sbove model is, therefore, 0.019 for
3ikini and 0.0028 for Eneu.

The doses resulting from inhalation
of :41’240?u are listed in Table 10 '-r
cthe three critical organs: lung, bone,
and:liver. The doses predicted on
Eneu are, of course, less than those
oredicted on Bikini Island. These
doses will be compared beilow with bone
and whole body dose Zrom other pathways.

Two other isotopes must be consid-
ered in the inhalation pathway — ZalPu
and zalAm. The concentration of 241Pu
in the soil on Bikini and Eneu is
approximately 10 times that of
239’240Pu.3 However, because of low
energy beta radiation (0,021 MeV maxi-
mum) and a much shorter half life
(14 yr) the integrated 30-, 30-, and

24

1
70-vr doses from 2u are more than

one~-tenth less than rhose listed in

~ o
Table 10 for 239,24 2u.
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T“he comncentrations

n cthe soil at Bikini

approximately cne-nalf oI zhe

239,240

Pu concentrations. However,
N/

- —*l« R B RN 1 S

more Am will result Zrem
7

PR o~ . . .

or 2u. The parent-daugnter rela-

, L. - A 241, . . ,
cionship for 2u/ im is shown in
z,
. , 241, .
Fig., % The maximmum im activity

that will result from an initial

3
_&lP
41

Pu

2.67% of the initial
2

activity is

activity. Because the present

activity in rthe soil is

-
. 239,240
of ? Pu,

_ ’\fl
che rfinal Am soil

activity resuiting from

241P , .
u will be 0.26 that of

the decay ct
239,240,

The currently observed lAm soil

centrations are 0.55 that of

the decav

‘AlPu

10 times that

.

con-
239,240?

Thus, the final total soil concentra-
9
tion of 4lAm resulting rfrom lAm now
102 ‘

NN REE]

L

/- 241py activity

1

10 |

241 Am activity

o bl

Al

2.6

1

Relative activity

Ll

241 Pu aCﬂVlty —

1

241 Am activity AN ]
0.1 ! A . L L ] i i x\ ] \\
0 40 80 120
Time — vyr

=20~

Tresent ana tnac ~nien will resul
_ L1 . .
Irenm Zu Zzcav will ze 0.81 :9.:33
I . . , 229,250
= 2.1%2) that I the existing *TTVPu
s0il :-oncentrations. Tor estimates of
Zose ria inhalation., zhe evenrtual
- . . . .
Am soil :zoncentrations can e con-
239,24
sidered equal to the 77?4 concen-~

AS a result,
239,

trations. the doses

240
“77Pu can be

241,

-

shown in Table 6 for

doubled to account for the

JRINKING WATER PATHWAY

The analysis of cistern and ground

water were published in a separate

’

:eport.4 Both radiological and chem—

ical analyses were performed. A sum~

mary of the radiological quality of
-he water

is presented here. For more

Fig, 4. Relationship between parent
24 °u activity and daughter 241am
activity.



detail znd Zor data ta the cnemicail

7uality, the orizinal report should be
consulted.

The data irom the zistern water In
3ikini Island are given in Table 11.
Sround water data Zrcm 3ikini and Eneu
are listed in Table :2. It is assumed
in the alternate living patterns that
only the cistern water will be used
for consumption. Thererfore, the dose
assessment via this cathwav was based
upon the average values listed in
Table 11. The ground water data are
oresented for comparison in the event
ground water were used as potable
water.

The 10-, 30-,

gral doses resulting from the consump-

50-, and 70-vr inte-
tion of Bikini cistern water are listed
in Table 13 and are cf the order of a
few millirem for whole bodvy and bone

marrow. These are the doses used in
the subsequent dose summary tables.

The whole body and liver dose is con-
137Cs

tributed almost entirely by .
Strontium-90 and cesium-137 are
approximately two orders of magnitude

239,240

higher than Py in contributing

to bone marrow dose. Tables 14 and 15
compare the doses based upon the con-
sumptions of Bikini and Eneu ground
water. The 30-, 50-, and 70-vr doses
resulting from consumption of Bikini
ground water range from 1 to 2 rem for
bone marrow and 0.4 to 0.7 rem for
whole body. This is a very signifi-

cant increase over the estimates

Table 1. Analvysis of :istern
‘ water sampled on 21
cune 1975 on 3ikini
Island (Bikini Atoll).
Radionuclides (oCi/1)2
slag. g 30, 239,240,
5 S.5(1) L.1(11) 7.9 x 1073¢(5)
24 1.3(2)  1.9(2)  13.7 % 107°(4)
School -.7(2) 1.42(7) 29.0 x 10°°(2)
Mean 2.0 1.47 1.69 x 1072

*The values in parentheses are the 1-0
counting errors expressed as percentage
of the listed values.

resulting from consumption of cistern
water. The estimates based upon con-
sumption of Eneu ground water (Table
15) also exceed those based upom con-
the 30-,

70-yr integral doses range

sumption
50-,

of cistern water:
and
from 0.2

and 0,03

to 0.4 rem for bone marrow
to 0.05 rem for whole body.
All doses were based upon an intake of

water cf 2 1/da.

MARINE FOOD CHAIN

No marine samples were COllec:éa“"’“"“

This was
the result of both limited manpower-

during the June 1975 survey.

and time and the fact that the marine
pathway contributed much less to the
gamma radiation dose than the terres-
trial and external gamma pathways at
Enewetak.29 From this relative point

of view, we expected both atolls to be

very similar.

-21-
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Taple LZ.

“adionuc_ ide :zncentraticn Inn the grcundwater oI Zikini znd Zneu
~slands
3ikini
Concentracion3
37, Ratio
- a N ) bl )
Time 2Ci/2 ’OSr (nC1/1) '39’“40?3 {(£Ci/1) ‘38/239’“40?u
ell sampled ol Fart Sol Part Sol ?artc Sol
HFH 1 (0840) ~80 .9 87(1) 1.31 20.0 3.3(13) 0.026(9)
(1145) 229 2.9 46(1) 0.57 5.9 1.3(32) <0.004
(1543) =35 2.9 28(1) 0.48 i.7 1.921) <0.004
HFH 2 2134 2.0 77 1.37 7.3 71.3(4) Q.04 (35)
HFH 3 I35 5.3 227 38.2 3.4(10) <0.008
4FH 4 226 2.3 260 39 3.2 <0.001
dFH 5 >30 3.3 180 25.6 13.4(12) 0.004(60)
HFH 7 250 .8 1.0 0.8 2.0(22) 0.022(30)
Eneu
, _a
Concentration
) B
Time 137c5 ioci/1) 05r (pci/1) 23954 (£Ci/1)
Well sampled Sol Part Sol Part Sol Part
FWR 1 0835 35.3(1) 1.17(2) 71 (1) 0.81 3.5(6) 9.5 (10)
1250 30 (1) 0.73(3) 45.6(1) 0.56 3.3(8) 1.6 (22)
TWR 2 39.1(1) 0.95(3) 56  (2) 23,5(4) 8.4 (17)
TWR 332 320 (2) 0.59(2)  1.3(13)  0.03 0.72(22) 1.42(16)
3B 20 (3) 0.49(5) 1.0(9) 0.32(30) 1.1 (15)
FWR 4 1.1(5) 0.57(2) 3.4(5) 0.11 0.85(18) 0.67(27)

2301 = soluble fraction, Part = particulate fraction.

The values in paren-

theses are the 1-0 counting errors expressed as percentages of the listed

values.

b

S = surface, B = bottom.

The data used, :therefcre, to evalu-

ate the potential cose via the marine
food chain was obtained I-om published

8,30 and from unpublished data

data
supplied through the courctesy of

Jr. Viec Nelson of -he Laboratorv otf

Radiation Ecology, University of
Washington. Table 16 lists the fish
data used in the dose assessment.
Table 17 lists the data on clams. The
average concentration of the radio-

nuclides were determined ‘rom the data
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Table 13. Bikinl cistern water — integral dosc, rem.
10 yr 30 yr 50 yr 70 yr
Radio- Bone ) Bone ) Bone ] Bone
nuclide we? morrow Liver we" marrow liver wi® marrow Liver we Marrow Liver
137 b . . . .

Cs 7.5(-4)" 7.5(-4) 7.5(-4) 1.9(-3) 1.9(-3) 1.9(-1) 2.6(-3) 2.6(-3) 2.6(-3) 3.0(-1) 3.0(-1) b.O(-)
90Sr - 3.1(-3) - 9.1(-%) 1.3(-2) 1.5(-2)
239,240, 6.9(-6) 5.4(-6) 5.9(-5) 4.4(-5) Lo(-4) 1.1(=4) : L0-4)  1.9(=4)
Total 7.5(-4) 3.8(-3) 7.5(~4) 1.9(-3) 1.1(-2) 1.9(-3) 2.6(-3) 1.6(=2) 2.7(-3) 3.0(-3) 1.49(-2) L2(-13)

4B = whole body.

bNumbers in parentheses indicate powers of 10, 1.e.,

(-4) indicates x 10

-4

Table 14. Bikinl ground water — integral dose, rem.
10 yr 30 yr 50 yr

Radio- a Bone ) Bone Bone

nuclide wB marrow Liver wi! marrow l.iver WB marrow l.iver wi®
137,

Cs 0.16 0.16 0.16 0.41 0.41 0.14 0.56 0.56 (.50 (.66

90, - 0.24 - 0.73 - 1.0
239,240

39,240, 1.1(-5)" 8.8(-6) 9.7(-5) 7.1(-5) - 2.6(-4)  1.8(-4)
Total 0.16 0.4) Q,lb 0.4] 1.1 0.4] 0.56 1.6 0.56 th. 66

"

3B = whole body.

l'Numlmrs in parenthescs indicate powers of 10, i.e., (-5) Indicates x 10 °,

5

70 yr

Bone
marrow liver
0.606 .60
1.2

VL E(-4) F.2(4)
.Y 0.66
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Table 16. Radionuclide concentration in fish at Bikini Atoll.

Concentration,

pCi/g dry weight

cu?;zzted Island Specles Tissue 22&pi: 6OCo 13705 905r 239’24“Pu
Apr 1975  Eneu Goatfish EW® 5 1.6 0.18  0.23 0.003
" " " EW 8 1.0 0.18 <0.07 0.003
" " Convict surgeon EW 6 0.27 0.25 0.07
" " " EW 6 0.19 0.18 <0.07 0.005
" " Grouper Muscle 1 0.16 0.43  <0.03 -
" " Parrot fish Muscle 1 - 0,43  <0.03
Dec 1974 Namu Convict surgeon LW 10 1.7 4.5 <0.26 -
" Enidrik " EW 12 0.68 0.48 (.17 0.020
Dec 1974 Namu Mullet EW 9 2.0 0.32 0.12 <0.01
" Enidrik " EW 4 0.82 0.14 0.05 <0.002
" " " EW 2 1.4 0.32 <0.06 0.008
Apr 1974 Bikini Goatfish Entire 1 — - 0.06 0.004
" " Mullet EW 3 3.50 0.12 0.24 0.020
" " " EW 3 1.90 0.72 0.18 0.045
May 1972 Namu Mullet LW 14 4.3 0.25 -
" " " EW 12 4.1 0.59 0.16 -
" " " EW 2 18 1.2 - -
" Bikini Convict surgeon LW 10 1.0 0.7 -
" " " LW 14 0.9 0.51 0.15
" Eneman " EW 16 1.0 0.20 0.07
" " Goatfish LW 1 0.67 0.08  <0.03
" Nam " EW 12 26 0.51 1.0

" Snapper Muscle 6 3.2 0.99 ~ -

Houl e

Vic

Nelson,

unpublished

Lyne
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in Tables 127 and 17 v welghting v
zample zize znd DV assuming ZRhat
tertection _imit vralues ''less zhan'

~umpers) were acrual ccnecentraci

O

n

L
P
'_A

ralues. able 18 lists che na

radionuciide concentrations Ihat vere

used along with the estimate oI Zish

ingested per dayv (600 z/da) zo calcu-

Late the radionuclide intake via the

ikini znd Znewetzx datz on bpird

(W3]

Tusclie znd liver., wve zre liIsting in

Tzble 0 the Pu concentraticns Irom

—ne Znewetak fadiolcgical Survey.33
“he 10-, 20-, 20-, and 7N-vr inte-

:ral doses resuiting Zrom Zagestion of
-arine Ifoods are given in Table 21.
Strontium-50 contributes the largest

Zraction of the bone marrow cose (70

. . o 137 , ,
-arine food chain (pCi/da). The table =0 80%), Cs contributes approxi-
L 60 . 239,240
also includes the concentration of mately 20%, while "~ Co and S Pu
some radionuclides in fish used in the  :ontribute about 6% of the total. The

973 Enewetak assessment.

The species of birds that are
readily caught and inciuded in the
diet are marine feeders, mostly
species of terns. Therefore, the
radionuclide concentrations in their
muscle tissue are similar to that in
the marine diet. TFor this reason,
birds and bird eggs are considered
part of the marine diet for the pur-
coses of dose calculation. Yo birds
or bird eggs were collected in June
1975, so the data used to evaluate
this part of the marine food chain
come from previously published
report58’3l’32 and are summarized in
Table 19. The final concentration

data used for dose assessment listed

in Table 20 were derived assuming that

six times more bird muscle is consumed

than liver and that the wet-to-dry

~“hole body dose from the marine path-
vav is 30 mrem for the integrated
:0-vr dose and 66 mrem for the 50-yr
integrated dose. The bone marrow
joses are 200 mrem and 290 mrem for
the 30-vr and 50-yr integral doses,
respectively. These integral doses
are small relative to those from other
rathways. Although the marine pathway
contributes a relatively significant

239,240

fraction of the total Pu intake,

Table 18. Average weighceda radio~
nuclide concentrations in
fish and clams at Bikini
Atoll.

Concentration,
pCi/g Wet Weight

species 0o 137cg 905, 239,240p,

Fish 1.51 0.14 0.076 0.0028
Clams 2.06 0.011 0.0060 0.0072

ratio is 0.33 for muscle and liver and Cnewetak Atoll 1972 Dose Assessment

9.25 for eggs. Because of the absence Tish 2.0 0.39 0.075 -

of Pu concentration data on birds and

aWeighted by number of fish or clams

2ird eggs on Blkini and the similarity ‘a the sample.

-27-



~zdionucliide ccacentrations

in 2irds and tird eggs at Zikin: itoil.
Concentracion.
2Ci/g wetr weigh:
Sam- - - =
Source Island Zoeciszs 2le Tissue DOCo ‘37Cs 9OSr ”;9"*O?u
-men £ zl” Oroken TFairv -arn 1 ‘luscle .26 3.079 - —
'_«:e]_d;8 " Noddy za2rn 35 Muscle Z.3 Q.13 - —
" " ! " 5) Liver 2.7 <0.4 - -
" " Fairvy tern 5 Muscle 0.29 <0.4 - -
" " ! " 5 Liver 0.42 <0.4 — -
Vie Yelson.'l Nam Sooty znd 4 Muscle 2.30 <0.017 0.013 —
unpuplishead noodv tarn
" " 3ird eggs — thelled J.06 0.13 0.07 -
22g
. . 20,
the resulti=g dose compared to Sr Table 20. Average radionuclide concen-
and 137Cs :s very small. trations ?n.b§rds and bird
eggs at Bikini Atoll.
TERRESTRIAL 700D CHAIN Concentration,
pCi/g wet weight
60C 137C 90S 239,240P
The availability of locally growm o s r u
terrestrial Zood products was still Birds 0.76 0.22 0.04 0.022
minimal in Zune 1%75. Thousands of
3ird
coconut trees were Dlanted in the eggs N.015 0.033 0.018 3.0059

latter half of 1969 on Bikini and
Eneu, but only a few were bearing
fruit in 1975.
breadfruit were planted during the

same time period on Bikini Island, and

Pandanus fruit and

the first few fruits from these trees

appeared over the past vear and a
half. The ~umber of these trees is,
however, not great and their distri-~-
bution is liImited. Yo breadfruit or
Pandanus fruit were planted on Eneu.
Banana and -apaya trees were also

slanted at zwo locations cn Bikini

Island and produced fruit during the
past two years.

As a result of the sparsity of
available food crops, our goals in the
limited survey were to sample the
vegetation of all species of food
crops available as well as indicator
plants such as Scaevoia and esser-
schmidia, to sample edible fruit where

available, and to take soil -rofile
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zamples

zampled trees. rom these Z&L3. weé
Zeveloped concentration “zccors (CF)
rzlating concentration -z Itoad -rod-
21cts to soil concentraticzn. :s well as
soncentration ratios that raiate fle
-oncentration in the vegeration (lear)
-0 the concentration in zhe sdible
‘ruit, or the concentration In indi-
cator species (Scaevoia and ‘zsser-

ehmidia) to concentrations ia food

(1

-

crops.D

A separate report3 discusses in
detail the results of the sampiing
orogram and the calculation of CF and
concentation ratio. In brief, the
distribution of radionuclides in both
the Bikini and Enewetak environment
was nonhomogenous. Radionuclide con-
centrations in soil varied greacly
over distances of only a few feet,
The results of our work during this
survey verified our thesis that
secause of the wide variability in
soil concentration with location, use-
ful concentration factors can only be
calculated from vegetation and soil
data sampled from the exact site.
Concentration factors derived from
soil sampled from the root zone of the
vegetation under investigation showed
a greatly reduced range of values com-
pared with values developed earlier
from vegetation and soil samples from
different sites but in the same
334’35 this

are (see also Table 22,

report).

~30-

The conceanrration factors Zeter-~
Zinec from :txis survev are more -re-

zise

w

nd trcvide a better basis for
zstimating :ze average radionuclide
zoncentratizn that would be expected
Irom crops clanted in certain regions
within an Zsiand or on different
islands.

Despite the greater precision of

concentraticn facteors calculated from

associated vegetation and soil data,

these values still show some wvariabil
ity. This remaining variability can
~e accounted for by several factors
acting either alone or in concert.
These factors include differences in:

e Soil type, organic content, and

chemical characteristics;

® ’“hysiocchemical properties of the

radionuclides;

® Soil —management practices;

e Irrigation practices; and

e Physiology, age, and prior his=-

tory ¢I the sampled plants.
One would, ia fact, expect to See some
variation in sampling conducted from a
specific tree merely resulting from
normal biological variability.

In addition to the calculation of
CF, the data from the large surface~
soil sampling program5 were used to
determine average soil concentrations
in four regions on Bikini Island and
in the whole of Eneu Island. These
average soil concentrations were then
used along with the concentration fac-

tors to predict the radionuclide



Tazie 22 Soil-mature _zaf 2cncentration Iactors calculates Irom sssociated™
and 'nonassocizced® Zata.
Tsncentratisn faecror, ‘oCi/z Zrv onlant) ‘2Ci/z drv soil)
issociated lionassociated
No. No.
or b3

Nuclide sam- sam-

species ples in Max Median sles Min Max Median
sy, Zcaevoia 2 3.24 0.41  0.33 4 0.048 4.3 1.8
““Sr, coconut 7 7.099 0.38 0.16 15 0.041 0.74 0.29
e, Zcaevoia 2 1.3 14 7.5 4 0.073 39 7.7
_37 - ; - . .

Cs, coconut 3 ~.1 16 3.0 15 0.53 .8 2.6
3%, cocomur 4 2.011  D.022 0.015 12 0.0036  J.14 0.016
¥/ :
240p,  cocomut 4  0.011  0.021 0.015 12  0.0021  0.15 0.016

a . .- .
Plant and soil data sampled from the s

bPlant: and soil data sampled from diffe

zoncentrations expected in the terres-
crial food products. The results are
listed in Table 23.

During the June survey, a fully
szrown pig and two chickens that were
Sorn in and raised on Bikini Island
were obtained for analysis. The pig
and chickens roamed freely around the
island, so the radionuclide concentra-
tions in these animals reflect their
integrated diet. Ingestion via the
neat pathway can be estimated by the
analysis of these samples. The esti-
aates of the radionuclide concentra-
tion expected in meat on Eneu were
determined by multiplving the concen-
rrations in the meat samples from

3ikini Island by the ratio of the aver-

-31-

ame site.

rent sites in the same general area.

age Eneu-Bikini soil concentrations.
Since most of the animal diet consists
of vegeration and a certain amount of
soil, this ratioing procedure should
credict reasonable concentrations for
domestic animals raised on Eneu.
Although coconut crabs were not
collected during the June 1975 survey,
they were collected during previous

visits to the islands. The values

listed for coconut crab in Table Z3'ﬁ
were determined from data from colleé;
tions in 1969, 1972, and 1974.8’31’32

Concentrations in food products after
June 1975 are calculated assuming that
the oniy loss of radionuclides from

the environment is the result of the

ohysical decay of each radicnuclide.



~

“able 2Z. leasured and esticated radionucliide concentrations ia food
sroducts :u 3ikini znd Eneu Islands at Bikini Atoll.
Concentrartion, 2Ci/g wet weight
1 Januarv 1975
~ood sroduct 30, 3., 50., 139,750,
3ikini cerrestrial Zoods
andanus fruit 7.60 46.7  <1.30(-2)%  <4.81(-3)
ireadfruit 17.3 90.5 <3,359(-2) <6.12(-3)
Zoconut meat (dry wt) 1.82 108 <0.111 <1.06(-2)
Coconut milk 0.851 50.6 <0.103 <9,01(-3)
Jomestic meat 0.201 22.2 <1.05(-2) <1.42(=2)
Zoconut crabs 220 47.6 1.09 6.8(-3)
sarden vegetables 12.9 6.7 7.40(=3) <5.36(=4)
Eneu terrestrial foods
andanus fruit 0.407 3.09  <1.02(-3)%  <3.96(-4)
3readfruit 0.924 5.99  <2.82(-3) <5.03(-4)
Coconut meat (dry wt) 9.76(=2) 7.16 <8.74(-3) <1.86(-2)
Coconut milk 4.56(-2) 3.35 <8.07(-3) <7.41(=3)
Domestic meat <1.08(-2) 1.47 <8.24(-4) <1.17(-3)
Coconut crabs 220 47.6 1.09 6.8(~3)
Garden vegetables 0.689 3:75 5.82(-4) <4.57(-5)

3Numbers in parentheses indicates powers of 10, i.e., (=2)
indicates % 1072,

This conservative approach was predicted concentrations in the food

adopted because we lack any definitive products and, as a result, would

information that would indicate that reduce the ﬁredicted doses via the

environmental processes might result terrestrial pathway.

in more rapid, effective removal of The dietary intake values in Table 3

radionuclides from the environment. and the concentrations in Table 23 were

Any environmental process that might used to generate the pCi/da intake of

cause the removal of radionuclides each of the radionuclides. The results

from the environment more rapidly than in Table 24 are for a diet entirely
the physical decay of the radionu- from Eneu Island, while those in

clides would, of course, reduce the Table 25 are for az diet solely from

-32-



Table 24 Total diet Irom EZneu.
1
Intake, pCi/da
uclide 19757 280
0. 9.1 33
37 Np == i
Cs 2575 2253
20 4n
Sr 270 212
R ",
-39,2405, 0.438 1.740

3\inus Pandanus fruit and breadfruit.

3ikini Island. Table 26 lists the

5Ci/da intake for a diet originating
from Bikini Island,
fruit and breadfruit. The diet for
1980 includes the contribution from
Pandanus fruit and breadfruit from
fneu Island. Table 27 lists the

oCi/da intake for a diet that only

allows the use of coconut from Bikini

excluding Pandanus

:sed with zhe various .Ivinz catterns
35 folilows:
_iving Tattern Znrtake 2iata
z Table 13
2 Table 27
2 Table 15
4 Table 27
3 Tablie 15
6 Table 25
The data for 2ikini Island were

Sroken down bv the areas shown in

However, because subsistence

Tig, 2.
igriculture could come from any of the
Zour areas and because the results do
not differ greatly by area, the aver-
age value of the four areas on Bikini
were used for the dose assessment.
3ecause of the relatively uniform con-
centration of radionuclides observed
on Eneu, only one set of intake values
was calculated based upon the islanmd's

.
average soil concentration.

“sland. In other words, the rest of The integral 10-, 30-, 50-, and

-he diet is from Eneu. The data are 70-vr doses to the whole >ody, bone
Table 25. Total diet from Bikini Island.
Intake, pCi/da

Mean of areas

Area 1 Area 2 Area 3 Area 4 1,2,3 and &

Nuclide 1975 1980 1975 1980 1975 1980 1975 1980 1975 1980

60¢, 45 33 46 44 55 43 54 42 52.5 40.5

137¢g 23,577 139,427 28,893 48,986 31,498 53,685 31,997 54,595 28,991 49,173

0, 1415 2726 3810 7841 2186 3882 2163 3836 2394 4571
239,240, 3,44  5.89  S5.15  9.86  3.27  5.48 4.0 7.18  3.97  7.10
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L

Table 2%.

ikini ciet minus Fzndanus
|

) | , .
and breaafruirc.

Intake, $t¢ilds
YMean -I areas
Area i srea . srea 3 Area - 2.2,2 and =
“uciide 1975 1980 1275 1980 975 1280 1975 1980 1975 1980
50 . R n DU p 25 -y , am -

B 23,3 2.4 23,2 L2.56 32.3 -1.8 21,4 %0.9 30,1 39.4
137 3,175 14,668 12,060 292,994 23,965 32,612 24,330 33,119 12.233 30,098
%0, ~17 11 1750 1997 1066 34 1054 779 151 1123
2 A
239,240, - 52 .58 434 7.19 2.88  4.30  3.45 5,642 3,42 5.37

Table 27. Zneu diet with coconut from Bikini.
Intake, zCi/da
Mean of areas
Area 1 Area 2 Area 3 Area 4 1,2,3 and 4
Nuclide 1975 1980 1975 1980 1975 1980 1975 1980 1975 1980
80¢, i1.8 33 51.4 2.8 50.5  41.9  49.9 41.3  48.4  139.8
1374 14,049 20,991 17,347 25,794 18,963 °8,155 19,272 28,612 17,.08 25,888
0., 401 604 698 1035 497 743 494 738 523 780
239,240p, 174 3.25  3.04  5.85  1.60  2.41  2.16 4,10 2,14 3.90
marrow, and liver of each radionuclide Focusing on the 30-vr integral dose

via the terrestrial food chain are
listed in Table 28 for Eneu Island and
Table 29 for Bikini Island. The
altered diets are listed in Table 30
and 31.
Bikini diet minus the Pandanus fruit

Table 30 represents the

and breadfruit, and Table 31 reflects
the doses for the case in which the
diet is from Eneu with the exception
The Bikini

data represent the average of areas 1,

of coconut from Bikini.

2, 2, and % as previously described.

-34=

for the total diets from each island

(Tables 28 and 29), it is clear that
137Cs accounts for nearly all of the
Cesuim~-137

accounts for approximately 60Z of the

whole body exposure.

bone marrow dose, while 9OSr accounts

for the remaining 40%. Contributioms

£ 6Q 239,240

o Co and Pu via the terres~

trial food chain are relatively insig-
Integral doses from 241Am

would be similar to the predicted doses
239,2&0P

nificant,

rom u. The 30-vr integral
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Table 30. Terrestrial food chain on Bikini Island, minus Pandanus and breadfruit — integral dose, rem.
Bikini average of Areas 1,2,3, and 4 minus Pandanus and breadfruit.
10 yr 30 yr 50 yr 70 yr
Radio- Bone Bone Bone Bone
nucli@e ) marrow Liver wp? marrow Liver WB marrow Liver wi? marrow [iver
137, "
s 5.1 5.1 5.1 14 14 14 20 20 20 24 24 24
[0.66]) {0.66) {0.66] 11.9) (1.9] {1.9) [2.6] [2.6] [2.6] [3.1) (3.1] [3.1)
90g, - 1.3 - - 3.9 - - 5.5 - 6.5
[0.53] [1.9) [2.7] [3.2]
60¢, 4.8(-4)C  4,8(-4)  4.B(~4)  7.4(-4)  7.4(-4) 7.4(~4) 7.6(-4)  7.6(-4)  7.6(-4) 7.6(~4)  7.6(-4)  1.6(-4)
[4.7(-5)] [4.7(~5)] [4.7(~5)] [8.0(-5)) [B.0(~5)] [8.0(-5)] [8.0(-5)] [8.0(-5)] [8.0¢-5)]1 [8.0(-5)] [8.0(-5)] [8.0(-5)]
2:’9'21‘0% 7.6(-4) 5.9(-4) — 8.2(-3) 6.0(~1) - 2.3(-2) 1.6(-2) AU ) 2002
[1.5(-4)) [1.2(~4)) [1.9¢-3)]) [1.4(-3)] [5.3(-3)) 13.7(-3)] [1.0(~2)] [6.9(-D)]
Total 5.1 6.4 5.1 14 18 14 20 26 20 24 31

4B = whole body.
b[c in brackets],

“Numbers in parentheses indicate powers of 10, 1.e,, (~4) indicates X 10"4.

Table 31. Terrestrial food chain on Bikini Island with Eneu diet plus coconut
rem. Bikini average of Areas 1,2,3, and 4 with Eneu diet plus only
) i 10 yl’ I .-‘—-.;:'-.y-l" o Coor o “.V‘)“» .)’-I\‘ o T
Radio- Bone Bone Bone
nuclide ws? marrow Liver wp? marrow Liver 12)) marrow liver
1374 4.2 4.2 4.2 12 12 12 17 17 17
[0.58] [0.58] [0.58] [1.6] (1.6) [1.6] {2.3) [2.3) [2.3)
90g, - 0.69 - - 2.5 - - 3.6 ~
[0.16] (0.58] [0.84]
60¢, 4,78 4.7(-4) 4.7(-4) 7.3(-4) 7.3(-4) 7.3(-4) 7.5(~4) 7.5(-4) 7.5(-4)
[3.9(-5)) [3.9(-%)]) [3.9(-%)]) [6.7(~5)} [6.7(-5)] [6.7(~-9)] [6.7(-5)1 [6.7(-5)] [6.2(-5))
233,240, 5.1(-4)  4.0(-4) 5.8(-1) 4.3¢-1) - 1.7(-2)  1.2(-2)
(1.6(-4)1 [(1.2¢-4)) (2.1(-3))  [1.5(-3)] [6.0(-3)) [4.2(-3))
Total 4.2 4.9 4.2 12 15 12 17 21 17
WY - whole body. )
b[o in brackets].
4

“Numbers 1in parentheseas indicate povers of 10, 1.e., (~4) indicates x 10" .

from Bikini —
coconut from Blkini Tsland.

10 ya
) Bone
Hlid marrow
2] 21
(2.8] [2.8)
4.3
[V.0)
7.5(-4) 71.5(-4)

[6.7(-5)] [6.7(-5)])

21 2y

24

e e e

integral dose,

Liver

21
(2.9)

1.5( 4)
[6.7(-5)]



‘ose iz -he rerrestrial Zzodchain on “rom Bikiani Island Zrom zhe dier with

~ - !

sland is 12 rem I:T whole dodv -he excenticn of coconut., XZ.e., Ineu
znd 37 rem Zor bone narrcw compared to diet plus Bikini Island coconut, zives

neu Isiand where the rzspective doses 3 further resduction in bone marrow and

z:te 2.0 rem and 3.3 rem. The Z0-vr whole body <cose oI approximately 20%
integral dJoses, of courss. 30ow a sim- over removing Pandanus IrTuit and

ilar difference. It is czlear chat the breadfruit only (see Table 31). How-
living pattern on EZneu Island is much ever, comparing the Eneu only diet in

~rererred to that on Bikini Island for Table 28 and the Eneu diet plus coco-
reducing potential dose to returning nut from Bikini Island in Table 31, it

sopulations. is clear that inclusion of coconut from

The impact of removing Pandanus Bikini Island increases significantly
‘ruit and breadfruit grown on Bikini the bone marrow and whole bodv doses
Island from the diet can e seen In relative to a diet totally derived from
Table 31. The bone marrow doses are Eneu Island. For comparison, the 50-vr
reduced by nearly one-halif (a 30-vr bone marrow dose from a diet derived
dose of 18 rem and a 30-vr dose of totally from Eneu 1is 4.7 rem, while the
20 rem), while whole body doses are Eneu diet plus coconut from Bikini
reduced by approximately 40% (a 30-vr leads to a dose of 21 rem. The 30-yr
dose of 14 rem and a 30-vr dose of whole body doses from the two diets are
20 rem). Removing all other items 2.8 rem and 17 rem, respectively.

Dose Summary and Discussion

Tables 6 through 9 list the 10-, dose contributes nearly 36%Z of the
30-, 50- and 70-yr integral doses for bone marrow dose and 5072 of the whole

each exposure pathway, plus the sum of body dose. The marine and drinking- - —

all exposure pathway for each of the water pathways, assuming that the -
six living patterns. As an example, drinking water on Eneu is from the E
the 30-yr integral dose in Table 7 ground water system, each contribute
will be examined. about 3% to the bone marrow dose and

For Pattern 1 (living on Eneu 1% or less to the whole body. There-

Island and diet from Eneu Island), the fore, in Pattern 1, 93% of the bone

terrestrial diet contributes 57% of marrow dose and 98% of the whole body
the bone marrow dose and 487 of the dose are contributed by two pathways,
+shole pody dose. The external gamma terrestrial and external. For
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zern o, .Iving on Zikini Zs:iand and

iiet Zrom Bikini Isiand, :z-e terres-
zrial and external zamma -sthwavs con-
sribute zpproximateiv 88% znd 127% or
che pone marrow dose and zoproximately
32% and -8% of the whole -ody dose,
997 orf

resvectively. In other words,

e >tal dose in Pattern - results
Irom the terrestrial and external
gamma pathways. The integral 30-vr
doses for bone marrow range from

5.8 rem in Pattern 1 (Eneu) to 42 rem
in Pattern 6 (Bikini). The corres-
oonding whole body doses are 4.2 rem
in Pattern 1 to 28 rem in Pattern 6.

As dietary remedial measures are
taken on Bikini Island, that is Pat-
terns 2, 3, 4, and 5, which are varia-
tions of Patterm 6, the relative con-
tribution orf the exposure -athwavs to
total dose changes. However, the
pathways that contribute the largest
fraction of the total dose continue to
be the terrestrial food chain and
external gamma pathways. A summary of
the percentage contribution of each
pathway to total dose in each living
pattern is listed in Table 32.

The summation of the 30-yr and 50-yr
integral doses for bone marrow and
whole body in the six living patterns
is listed in Table 33. The Eneu living
pattern, Pattern 1, results in the

lowest dose. All other living pat-

serns lead to doses at least three

times higher, and with the unmodified

3ikini l1iving rattern, Pattern 6, the

doses are at least six times higher
chan with the Eneu living Pattern 1.
It is clear, thereiore, that Eneu
Island provides by a significant
degree the lowest dose living pattern
at Bikini Aroll.

For comparison, the Federal guide-
lines for whole body and bone marrow
dose for a member of the population is

23-2
2.5 rem/yr.’3 26

Over a 30-vr period,
the guideline for a population is

5 rem. The Eneu living pattern (Pat-
tern 1) leads to predicted 30-yr doses
for whole body and bone marrow of

4,2 rem and 5.8 rem, respectively,
which are near the Federal guidelines.
Pattern 6 (the Bikini Island living
pattern) results in predicted 30-yr
doses of 28 rem for the whole body and
42 rem for the bone marrow; these
doses are approximately 6 to 8 times
the Federal guidelines. The other
living patterns (Patterms 2 through 5),
which include various remedial measures
and are variations of the basic Pat—
tern 6 living pattern, lead to predic~
ted whole body doses that range from
16 to 19 rem and bone marrow doses
All

of these are in excess of the Federal

that range from 18 rem to 24 rem.

guidelines.

-38~



Table 22. DPercentage ~f =2tzl Z0-vr Integral Done Tarrcw cose.

_iving .

cattarn Inhaiation Ixternal” arine Terrestrizl Jater
~ 0.13 zh .34 7 3.8
Z 0.2 _2 PSS 33 0.06
3 0.24 iz J.91 32 0.05
L 0.28 21 2.1 79 0.06
b 0.22 21 J.83 75 0.05
) 0.13 12 0.48 88 0.03

*Yatural background subtracted.

Percentage of total :0-vr inregral whole body dose.

~ - =3 1.2 28 0.69
2 - 2z 2.31 75 0.01
3 - 28 0.28 78 0.01
A - 25 0.31 75 0.01
3 - 27 0.26 74 7.01
6 - 18 0.18 82 .007

*Natural background subtracted.

Table 33. Summation of all exposure pathways (natural background subcracted).
Integral 30-yr dose, rem Integral 50-yr dose, rem
Living
pattern Whole body Bone marrow Whole body Bone marrow
1 4.2 5.8 5.8 8.2
2 16 18 22 26
3 18 22 25 31
4 16 19 23 27
5 19 24 28 34
6 28 42 40 61
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Comparison with Enewetak Atoll

m
o]
ct
-5
[§3]

ikini and Znewetax stclls
for the United States
nuciear ta2sting program Zor 1246 to
238, TFecent requests v bhoth the
2ikini znd Enewetak 2eople ro return
0 their home atolls have led to
fetailed radiological survevs to
determine the status of the atolls so
that the impact, if anv, of restric-
tions placed upon living patterns and
_ife stvles as a result of the cose
assessment can be estimated. The
atolls are located within 180 nautical
miles of each other in the northern
Marshall Islands. They have essen-
tially the same topography, soil chem-
istry, rainfall, and biota. In addi-
tion to these physical similarities,
the distribution of radionuclide con-
tamination in the islands used for
residence and the potential impact
upon living patterns are somewhat
similar.

At Enewetak Atoll the major resi-
dence islands of the Enewetak people
prior to their relocation in 1947 were
Engebi Island in the northern half of
the atoll and Enewetak, Medren, and
Japtan Islands in the southern half of
the atoll (see Fig. 3). The people
1iving on Engebi Island (dri Engebi)
had their own chief (Iroj) and owned
land. rights in the northern islands,
and the people living on Enewetak

“sland (dri Enewetak) also had their

-40-

own cnief and owned land rizhts in
the souchern half cf the zzoll. ‘any
tests were conducted in the northern

half of

~he atoll; and we Zound that

the major residence island. Zngebi,

was contaminated. The southern half
of the ztoll, on the other hand, is
relatively ''clean'. The results of
the Enewetak assessment Indicate that
a living pattern involving Engebi
Island Zor both residence and agricul-
ture involves potential doses in
excess of regulatory guides, while
living patterns in the southern half
of the atoll lead to doses similar to
those in the United States (1).

The situation of Bikini Atoll is
somewhat similar. The two major
islands used for residence were Bikini
amd Eneu (see Fig. 1). The people
living on Bikini Island own land
rights on that island as do those peo-
ple living on Eneu. Bikini Island was
heavily contaminated as a result of

the Bravo event; Eneu was contaminated

to a lesser degree, but, as will be
seen, is still more contaminated than
the southern half of Enewetak Atoll.
The survey of Enewerak Atoll was
conducted in 1972-73 and the resulting
assessment published in 1973.36 Addi-
tional information on annual doses and
impacts of remedial actions were pub-
lished in the AEC Task Group Report.37

Recommendations on the use of Enewetak
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Atoll were based upon these assess-
ments.
The availability of this assessment

of Bikini and Eneu Islands at Bikini

Atoll allows comparison of the pre-

upon assumptions on the time sequence
of availability of key food products
as outlined in the respective assess-
ments. The predicted dose for the
living pattern using Bikini Island for

residence a ultural products




Table Zz4.
znad Enewetak Atolls.™

i

Thirty~-vr integral dose zomparisons of living patterns for 2ikini

“hole 3one Tederal guidelizes for
Sody, marrow, Dopulation average 'TB°
Living patrterns and location rem rem and bone marrow, rem
3ikini pattern 1 — Eneu Island Pz .8 3
3ikini pattern 6 — Bikini Island ) 3
Enewetak pattern 3 — Engebi Island 1 13 3
“newetak pattern 1~ — Southern
Islands .22 0.43 5
United States background radiation*® .0 3.0 5

*Natural background has been subtracted

Bikini living patterns.

bWB = whole body.

“See Enewetak Radiological Survey, Tol.

Zrom the Enewetak and

- (1973).

dBased upon an annual external background dose of 100 mrem/yr at sea level.

primarily because key food products
will be available much sooner and the
external gamma doses are higher.

The doses predicted for the primary
living patterns at the two atolls are
listed in Table 34.

dicted doses occur for the living pat-

The highest pre-

tern involving Bikini Island, Pat-
tern 6, at Bikini Atoll.

30-yr whole body and bone marrow doses

The integral

are 28 and 42 rem, respectively. The
predicted doses are approximately 2.5
times higher than those predicted for
Engebi Island at Enewetak Atoll (whole

body, 11 rem; bone marrow, 16 rem),
which is the living pattern leading to
the second highest predicted doses at
the atolls. Eneu Island, Patterm 1,
at Bikini Atoll ranks third in the
1ist of four major living patterns at

the two atolls. The whole body dose

~42-

of 4.2 rem and bone marrow dose of

5.8 rem for Eneu are approximately
one-half those predicted for Engebi
Island at Enewetak Atoll. However the
Engu doses are about five times higher
than the southern island living pat-
terns at Enewetak, which lead to the
lowest predicted doses of all living
patterns at either atoll (whole body,
1.0 rem; bone marrow, 1.2 rem) and are
in fact lower than U.S. doses.

Bone doses in the Enewetak Radio-
logical Surveyl were calculated for
mineral bone. These mineral bone
doses were compared to the Federal
guideline of 3 rem/yr for a member of
the population. The doses in this
report, and in the AEC Task group
Report37 for Enewetak Atoll were cal-
culated for bone marrow and are com-

pared to the Federal guideline of



rem/vr Z2r a memper <:I Zhe TOopu-
‘:zion. The bone doses _isted IOr
“nmewetak Atcll ian the Znewetak Radio-

-

_zgical Survev Report” were converted

zc -one marrow doses and inciuded In

Tzble 24 to allow comparison with

‘oses Irom Zikini Atoll.

The Federal guidelines Zor whole

“ody and bone marrow are .isted in the

ast column of Table 34 Ior comparison

~7ith the predicted doses for each of

-he major living patterns at the two

ztolls. DJoses predicted Zor Zikini

Zsland and Engebi Island exceed the

guidelines, while the Eneu living pac-
tern is very marginal. The use cf the
southern half of Enewetak Atoll leads

to predicted doses below the federal

zuideiines. z:nd, zgain, are _ower chan

....... Stares ‘see Table

Zinazl zpnalysis 1t appears that
Zor livinz catterns with diets com-
Josed of _ocally grown products and
residence cn the larger islands at
Bikini Atoll, wnhich are more suitable
for residence (i.e., Bikini and Eneu
Islands), no living patterm is pos-
sible that leads to as low a dose as
is possible at Enewetak in the south-
that atocil, Preliminary
data” Zrom the only other large island
at 3ikini Atoll, i.e., Namu, indicate
rhat predicted doses for this island
are more similar to those predicted

for Bikini Island.
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