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DOSE ASSESSMENT AT BIKINI ATOLL 

Abstract 

Bikini Atoll is one of two sites in 
the northern Marshall Islands that was 
used by the United States as testing 
grounds for the nuclear weapons pro
gram from 1946 to 1958. In 1969 a 
general cleanup began at Bikini Atoll. 
Subsistence crops, coconut and Pandanus 
fruit, were planted on Bikini and Eneu 
Islands, and housing was constructed 
on Bikini Island. 

A second phase of housing was ^ 
planned for the interior of Bikini '# 
Island. Preliminary data indicated 
that external gamma doses in the * 

interior of the island might be higher^ 
than in other parts of the island. 
Therefore, to select a second site for 
housing on the island with rainimlmum ? 
external exposure, a survey of Bikini v 

Atoll was conducted in June 1975. * 

External gawma measurements were made* 
on Bikini and Eneu Islands, and soil 
and vegetations samples collected to 
evaluate the potential doses via ter
restrial food chains and inhalation. 
Estimates of potential dose via the 
marine food chain were based upon d; ta 
collected on previous trips to the atoll. 

Six living patterns were evaluated. 
One was based on living and obtaining 
all subsistence crops from Bikini 
Island, another on living on and 
obtaining all subsistence crops from 
Eneu Island. Other patterns consisted 
of various combinations of housing and 
subsistence crops from the two Islands. 

The terrestrial pathway contri
butes the greater percentage, ex
ternal gamma exposure contributes 
the next highest, and inhalation 
and marine pathways contri
bute minor fractions of the 
total whole body and bone marrow 
doses. The radionuclides contri
buting the major fraction of 

u J 90 e 137„ the dose are Sr and Cs. 
All living patterns involvir... 

Bikini Island exceed federal 
guidelines for 30-yr population 
doses. The Eneu Island living 
pattern leads to doses that are 
slightly less than federal guide
lines. All patterns evaluated 
for Bikini Atoll lead to higher 
doses than those on the southern 
islands at Enewetak Atoll. 

Purpose of the 1975 Bikini Survey 

Bikini Atoll is one of two sites in 
\u.-2 northern Marshall Islands that 

were used by the United States as testing 
grounds for the nuclear weapons 
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program from 1946 to 1958. The 
Bikini people, since their initial 
relocation to Rongerik Atoll in 1946, 
have had a continuing desire to return 
to their homeland; so in the latter 
part of tne 1960's, the first steps 
toward rehabitation of Bikini Atoll 
were taken. In 1969 a general cleanup 
of debris and buildings began at 
Bikini Atoll. Concurrently, scrub 
vegetation was cleared from Bikini and 
Eneu Islands, the two major residen
tial islands of the Bikini people 
prior to their relocation (see 
Fig. 1). An agricultural reclamation 
program was initiated with the planting 

of coconut trees on Kneu and Bikini. 
Additional subsistence crops of bread
fruit, Pandanus fruit, papaya, and 
banana were planted on Bikini Island. 

To facilitate resettlement, 43 
houses were constructed on Bikini 
Island between 1969 and 1974. A 
second phase of housing was planned 
for the interior of Bikini Island; 
however, preliminary data indicated 
that the external gamma dose in the 
interior of Bikini Island might be 
higher than in other parts of the 
island. Therefore, to select a site 
for the location of second phase 
housing at Bikini Island that would 
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minimise external exposure, a survey 
of Bikini AtoH was proposed. Initial 
plans called for aerial surveys to 
d.-rermine external g'imma levels on all 

islands in the atoll along with ground 
surveys using scintillation counters 
and thermoluminescent dosimeters 
(TLD). Cmphasls was to be placed on 
Bikini and Eneu Islands, the prime 
residence islands. In addition, there 
was to he a rather large scale effort 
to sainplL' the soil and vegetation to 
evaluate the potential dose via the 
terrestrial pathway. It was felt taat 
this was an especially imnortant goal 
in view of the significance of the 
contribution of the food chain to the 
total dose estimated at Enewetak 
Atoll.1 

For a number of reasons, the scale 
of the program had to be reduced from 
that oriRinaHy planned. Manpower and 
suppo-t 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 

2 
ground crews* 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

ple (see acknowledgment) and the sup
port of the ERDA Research Vessel, 
Llktanur, from June 16 through June 24, 
1975. 

The basic plans for the 1975 Bikini 
survey are outlined below. 

SURVEY PROGRAM 07 BIKINI SOIL AND 
GAMMA EXPOSURE RATE 

Survey of Gamma-Exposure Rate 
The program for the measurement of 

gamma-ray exposure rates conducted on 
the ground was designed to examine in 
detail the geographical variability of 
the exposure races on Bikini and Eneu 
Islands, and verify exposi"----rates 
measured during previous visits. 

Methods and Measurements 
A Baird-Atomic scintillation detec

tor, which consists of a 2.5-cro-diam 
* 1.9-cm-lo-ng Nal crystal with a 
ratemeter readout was used. The 

137 instrument was calibrated with a Cs 
point source in the primary calibra
tion range of the National Environmen
tal Research Center* Las V&gas, Nevada. 
While the response of this instrument 
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 Reutet-Stokes high pressure ioniza
tion chamber. The current produced hy 
the radiation-induced ionization within 
the chamber is measured by a sensitive 



electrometer with a digital readout. 
The instrument exhibits a flat energy 
response over all gamma-ray energies 
of interest to this survev. It is 
capable of measuring exposure rates 
from approximately 1 to 200 jjR/hr with 
an accuracy of about 5%. Thus, the 
data from this instrument were used as 
a reference for measurements by other 
techniques. 

Exposure fates at 1 m above the 
ground were measured with the Nal 
scintillator at approximately 2500 
locations on a 30-m rectangular grid 
on Bikini Island and at about 120 
locations on a 120-ra grid on Eneu 
Island. The ionization chamber was 
primarily used for measureme its within 
the central section of Bikini Island 

with additional measuremei.ts made at 
selected areas. Thus, from this pro
gram a very comprehensive picture of 
the gaoua-ray exposure rates at both 
islands is available. Thermoli/mines-
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 beer. 
2 published. 

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 
these radionuclides in the soil on 

Bikini and Eneu Islands of the Bikini 
Atoll. This sampling program w.-is 
integrated with previous programs to 
avoid duplication of effort. The 
actual number of samples taken and 
their specific collection sites were 
determined by expected activity levels, 
home-construction plans, agricultural 
plans, and the numbpr of locations of 
recent soil samples collected by other 
programs. 

Methods, and Measurements 
Two types of soil samples were col

lected for analysis: a 1,"-cm deep, 
2 surface-core sample of 60-cm area, 

and a profile collection based upon 
sidewall sampling in a trench in which 
samples of 100-cm art.i were collected 
at 15-cm-depth increments to a depth 
of 90 cm. To plan the survey, Bikini 
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 ma^or fraction of 
the surface samples were collected 
within the central section of Bikini 
Island. This was because of the 
higher and more variable gamma-
expusure rates in this area and the 
fact that a major fraction of the 
returning Bikinians =»r& likely 
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Table I. Distribution of soil sample 
locations on Bikini and Eneu 
islands. 

No. of sample 
locations 

Surface Profiles 
(0-15 cm) (0-90 cm) 

R1 k i tij 

North of second 25 2 
baseline N 

Central section 200 it 

South of second 25 2 
base] Ine S 

Eneu 

North of airstrip 60 2 

South of airstrip 40 2 

Total 350 1 2 a 

1 6 samp Ifs 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 iensity was lower. Special 

emphasis, however, was given Co 

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 unbia-ed results. Special 

samples were also collected within 

"hot spot" areas and other areas of 

special interest. The samples were 

placed in plastic bags with identifi

cation tags and prepared for shipment 

to LL1. where they were processed and 

-nalyzed by gamma spectroscopy. Sam— 
239 240 pies were analyzed for * Pu and 

90 
Sr by wet chemistry methods at 

McClellan Laboratory. A complete 

report on the analytical procedures 
3 

has been published. 

BIKINI GROUND WATER PROGRAM 

Purpose 

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 syscemat ically 

the hydrology and geochemistry of 

radionuclides and major and trace 

elements in the ground water system. 

Water movement and residence cimes 

were to be 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 

centerllnes of Bikini and Eneu Islands. 

The auger penetrated the ground water 

lens to a depth of approximately 1 co 



ted 2-in-diameter polyvinyl carbonate 
pipe that was extended to the soil 
surface. The pits were backfilled to 
minimize impact on the environment. 

The first hole was located near the 
island center. The salinity of the 
water was measured with an in situ 

conductivity probe. Two holes were 
then drilled on opposite sides of the 
center hole and the salinity measured 
in each. Water was pumped from the 
wells, filtered, and sampled. Radio
nuclides, major elements, nutrients, 
and bacteria were measured at the 
Lawrence Livermore Laboratory to pro
vide data, for water quality. Specific 
wells were pumped continuously during 
a day and sampled serially tc deter
mine changes in water quality as a 
function of usage* 

The well network is available for 
resampling. On .subsequent trips to 
the atoll we plan to assess thoroughly 
the dynamics of radionuclide cycling 
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 xti ground water at Pacific 
atolls, A complete report on the 
Bikini and Eneu ground water sampling 
and analysis has been published. 

PLANT/SOU. SAiMPI.INC PRi'CKAM 

Purpose: 
The main thrust of the propram was 

to determine radionuclide1 concent ra
dons In food species, to correlate 
these with soil concentrations nr 

various depths, to determine .mclide 
availability to plants in the coral 
soils, and to relate the radioactivity 
in food species to that in indigenous 
nonfood species that have the poten
tial to serve as indicator species. 
The unique information that this sur
vey provided is: 

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

** The relationship between food 

species and nonfood ^poc.i&s at 
the same location, 

• Intra-island variability In 
radionuclide concentration in 
the vegetation, and 

• A data l>ase for assessment of 
terrestrial food chain transfer 
of radioactivity from the soil 

to man for long-term dose eval-
uacion 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 hoc, available 
species basis. All food species 
growing and bearing fruit on Bikini 



Wt-Tf sampled. A broader sampling pro-
i-r.'it'1 basi-d upon t tit1 widely available 
natural speritis, .W;.*\•••!•.- •'-!"''. ll>'i and 
.•"•,'. i . : , was also carried out to 
dr-tlimine tin- int ra-is] and variat ions 
in thi? radioactivity of the* ve^eta-
•"inn. Soil profiles wer? obtained 
from the root zone- of eacli tree that 
was sampled to determine r he concen
tration o\ radioactivity in the root-
.ioil environment. Both leaves and 
fruit v.-ere sampled so that leaf-to-
fruit concentration ratios could be 
calculated. Nonfood species were sam
pled ""n the vicinity of food species 
to provide information on species var
iation in radionuclide uptake and to 
evaluate the use of concentrations in 
nonfood species when no food products 
are available for analysis to predict 
the impact of human intake. This 
approach was developed in the Er.ewetak 
survev because of Tie paucity of food 
species on the atoil. The soil sam
pling results and the concentration 
and correlation factors developed from 
the plant-soil data have jeen published 
as a separate report. 

This program along with the ground 
water program supplies the data base 
for assessing the long-term dose com
mitment via food chains and rehabita-
tion of the atoll, 
BIKINI AIR SAMPLING AND RESUSPENSION 
MEASUREMENT PROGRAM 

Because of limited support facili
ties, manpower, and time and because 

of other program demands for air sam
pling equipment resulting from delavs 
in fielding the Bikini survey, no 
attempt was made to establish an air 
sampling pros*ram during this survey. 

SAMPLE PROCESSING 

lTpon completion of the field survey 
in June, nearly 1000 samples including 

soil, vegetation, animals, and writer 
were returned to LLI. for processing 
and analysis. Because of funding 
problems the processing of the sam
ples was not begun until late Septem
ber; processing was completed by earlv 
November 1975. Sample processing is 
discussed in detail in Ref. 3. The 
time required to analvze these samples 
was considerable and was incorporated 
into a priority framework involving 
other programs. Tn 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 
purposes were identified. When limited 
additional funding became available in 
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. 



REPORTING OF RESULTS 
The results of this survey aro pre

sented in a series of reports, each 
dealing with a specific area. The 
reports covering the 1975 Bikini Sur
vey are: 

• P. H. Gudiksen, T. R. Crites, 
and V, L. Robison, Fxtewa; Po&<* 

Fetir;at<.'$ /<?," Fu::ti't? B :'•>•;'*:: 

Atoll T*ifiab"'tJintf>y Lawrence 
Livermore Laboratory, Rept. 
UCRL-51S79 Rev. 1 (197b). 

• M. E. Mount, W. L. Robison, 
S. E. Thompson, K. 0. Hamby, 
A. L. Prindle, and H. B. Levy, 
AKa~!>7-'s.iI Pi\\mm: Ul?S Bikini 

Radiolajisal Sion^eu, Lawrence 
Livermore Laboratory, Rept. 
UCRL-51879, Part 2 (1976). 

• C. S. Colsher, V. L. Robison, 
and P. H. Gudiksen, Evaluation 

of the Radionuclide Conaentva~ 

tions in Soil and Plants ft*om 

th< " I V 

Bikini and Fneu '<*.'.,?'.\.v, \,iw nee 

Livemore Laboratory, Rept. 

UCRL-51879, Part 3 (1977). 

• V. I*. Noshkin, W, L. Robison, 

K. M. Wong, and R. J . EngTe, 

Fvaluatio?: of Rad;nhx].\-r.' 

Jitalitu of the h'arrv o: Bikini 

and Fneu Tilands in IP?$: ! one 

Asse&et'tent Based on Initial Ban-

rlino, Lawrence Liverinore Labora

to ry , Rept. UCRL-51879, Part 4(1977). 

• W. L. Robison, W. A. P h i l l i p s , 

and C S. Colsher, Pose Assessment 

of BikinimAtoll, Lawrence Liver-

more Laboratory, Rej<t. 

UCRL-51S79, Part 5 (1977). 

• W. L. Robison and W. A. P h i l l i p s , 

Annua 1 Poses and t?od:f Bufdens 

Predicted fa* Bikini and Fneu 

Islands* Lawrence Livertnore 

Laboratory, Rept. UCRL-51879, 

Part 6 ( in p repa ra t ion ) . 

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
ple to use these two islands for resi
dence. Since subsistence agriculture 
will of course occur •-" *"he residence 
islands, our assessments evaluate both 
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external and ingestion pathways. The 
possible livinR patterns that we 
assessed are listed in Table 2. Those 
living patterns cover a range of pos
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 

3 of the Radiological Survey. 



Table 2. Assumed living patterns 

Pattern Description 

1 No use of Bikini Island at present as housing or food production 
areas. Enen Island for housing and food production. Unrestricted 
use of fish throughout the atoll. 

2 Residence on Bikini Island limited to houses already constructed. 
No additional houde construction for the present. Use of 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 onlv. 

3 Limited vse 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 for agriculture only. 

4 Limited use of Bikini Island with Phase II houses constructed only 
along the lagoon road within Area 2 of r"ig. 2. Remedial actions of 
Pattern 3 taken. Use of coconuts grown on Bikini Island but not 
Pandnnus 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. 

ft Phase IT 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 only. 

In addition to living patterns, 
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 Survey 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 
living 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: One for 1975 
and and her 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 



be no such limitations on dietary 
intake of coconut. Similarly, Pandanus 
and breadfruit are not fully matured 
en Bikini Island; and since it will be 
a few years before these plants are 
very productive, only a few fruit are 
occasionally available. Once again, 
by 1980 the availability of both Pan
danus and breadfruit should be suffi
cient for normal subsistence use and 
could be included in the diet if 
radionuclide levels are not excessive. 
Presently on Eneu Island there are no 
Pandanus fruit or breadfruit; however, 
coconuts are available. By 1980 avail
ability of coconut milk and meat should 
not be limiting. We have also assumed 
that both Pandanus fruit and bread
fruit 'illl be available by 1980 on 
Eneu. 

These dietary estimates are similar 
to those in the assessment of Enewetak 
Atoll and are based upon the research 
conducted at that time, which included 
discussions with and observations of 
the Enewetak people living on Ujilang 
and information from Dr. Jack Tobin, 
an anthropologist and then resident of 
the Marshall Islands, and Dr. Mary 
Mural 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
shal lese diet. In addition, we have 
since had the opportunity to observe 
first hand how both the Enewetak and 
the Bikini people take advantage of 

the available marine and terrestrial 
resources. 

The use of imported foods will 
surely continue to varying degrees. 
To the extent that these imports may 

reduce the daily intake of locally 
grown food products or locally avail
able marine resources will in turn 
reduce the dose estimates in this 
report since these estimates are based 
upon the diets listed in Table 3. The 
diet should be evaluated after the 
people return to determine the extent 
to which it deviates from the diet used 
in this dose assessment. 

Table 3. Estimated diet for Bikini 
and Eneu Islands. 

Intake (g/da) 

1975 1*80 
BiMnl 

and 
Pood item Bikini Eneu Eneu 

Pish 600 600 600 
Domestic meat 100 100 100 
Pandanus fruit 50 - 200 
Breadfruit 50 - 150 
Wild birds 20 20 20 
Bird eggs 10 10 10 
Coconut meat 100 100 100 
Coconut milk ioo 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 measuremer^s and 
calculations from gamma-emitting 

137 radionuclides, primarily Cs and 
Co, distributed in the soil on 

Bikini and Eneu Islands has been 
2 described in detail. 

Pievious studies of the aged fall-
1 8 out ' in the Marshall Islands and the 

analytical data reported here indicate 
that only 6 0 C o , 9 0 S r , 1 3 7 C s , 2 4 1 A » , 
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. The dose from Co was based 
upon a single-exponential model with a 

Q 
biological half time of 10 da. The 
transfer across the gut to whole body 

137 
was taken as 0.3. For Cs a two-
component exponential function was 

137 
used. All of the Cs ingested is 
assuirad to reach the whole body. Of 137 the. total Cs reaching the body, 15% 
has a biological half time of 1 da 
and 85% has a biological half time cf 
115 days. 1 0 

90 The critical organ for Sr-dose 
calculation is bone marrow. The doses 

90 from Sr in this report are given for 
bone marrow and are calculated by the 

11-13 method developed by Spiers and 
used in the UNSCEAR reports. 1 4 This 

model calculates the dose with a qual
ity factor (QF) of 1 without the use 
of an n factor for nonuniform distri
bution in the bone. Under these 
conditions the bone marrow doses 
should be compared to the 0.5 rem/yr 
guideline for members of the public 
rather than the 3 rem/yr criteria 
used if mineral bone doses are cal-

9,15 culated using an n factor of 5. 
-m. *. -.- J « 239 ,240 , , 
The bone l i v e r d o s e s o f Pu were 
c a l c u l a t e d u s i n g t h e ICRP l u n g 

19 20 
model * .ind t h e mos t r e c a n t p a r a m 
e t e r s f o r t r a n s f e r from t h e l u n g , 

a c r o s s t h e g u t w a l l , and f o r r e t e n t i o n 
19 21 t i m e i n t h e c r i t i c a l o r g a n s . A 

summary d e s c r i p t i o n o f t h i s model and 

a s s o c i a t e d t r a n s f e r and r e t e n t i o n 

c o e f f i c i e n t s i s g i v e n i n a r e c e n t 
22 p a p e r by M a r t i n and Bloom. 

Table 4. Dis in tegra t ion energy (E) and 
f r ac t iona l deposi t ion (F) in 
reference organ of f ive major 
rad ionuc l ides . 

Whole 
Bone Liver Body 

Radio- E, 
nucl ide MeV 

137, Cs 1.0 
90, Sr 
60, 

0.59 - -

1.1 0 .3 - -

Co 0 .87 - - 0 .3 
239 240 

' Pu 53 1.35(-5) 1.20C-5) 
l u m b e r s in parentheses ind ica te powers 

of 10, i . e . , (-5) i nd ica t e s x 1 0 " 5 . 



The effective energies (E) and 
the fraction of ingested nuclide 
reaching the reference organ 0 0 of 

the four radionuclides that produce 
over 992 of the dose are listed ii 
Table U. 

Exposure Pathways: Description and Dose 

EXTERNAL GAMMA DOSE 

The description of the measurements, 
dose calculations, and dose estimates 
for the external exposure pathway have 

2 been reported in detail, In summary* 
7Cs and 6 Co produce nearly all the 

external dose on both Bikini and Eneu 
117 

Islands, with Cs contributing 
approximately 94% of the total. In 
addition, the dose levels on Eneu 
Island were about one-half those on 
Bikini Island. 

The first-yr dose and 30-yr inte
gral dose on the two islands as a 

function of the alternative living 
patterns is shown in Table 5. Inte
grated external exposures for 10, 30, 
50, and 70 yr are listed in Tables 6 
through 9, respectively. Residence in 
the interior of Bikini Tsland (Fig, 2, 
Area 3) gives the highest external 
exposure (Patterns 5 and. 6)* The 
annual Federal guideline for a member 
of tbe population recommends a dose 
less than 0.5 rem for the whole body 
and 0.5 rem for bone marrow. For 
Patterns 5 and 6 the estimated first-
yr dose of 0.25 rem (excluding natural 
backfctouad) is & significant fraction. 

of the amount recommended by the annual 
guideline and leaves little room for 
dose accumulation via other pathways. 
Similarly, the annual guidelines for a 
population for 30 yr is 5 rem, and the 
estimated 30-yr integral dose (ex
cluding natural background) for Pat
terns 5 and 6 is 5.1 rem. Again, over 
a 30-yr period, the external dose 
received from this housing location 
and living pattern allows no contribu
tion by exposure from other pathways. 
This is very significant because 
potential doses via the terrestrial 
food chain can exceed those resulting 
from external exposure. 

Housing constructed in Area 2 
(Table 2, Patterns <^ and 4b) along 
the lagoon road reduces the external 
exposure relative to Patterns 5 and 6 
by approximately 25%, depending upon 
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 to imple
ment. Living in residences already 
established on Bikini Island (Fig. 3; 
in Fig. 2, Area 1) gives the smallest 
external exposure Qa Bikini Island 
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Table 5. Estimated integral whole-body, external gamma doses for the first yr 
and for 30 yr. Values Include contributions resulting from natural 
background radiation of about 0.027 rem for a first-yr dose and 0.80 
rem for a 30-yr dose. For comparison, the Federal radiation guide
line (total of external and internal doses) is 0.5 rem/yr for indi
viduals and 5 rem for 30 yr for a population average. These guide
lines arc in addition to natural background. 

Pattern Description 

Estimated 
doses (rem) 

First yr 30 yr 

1 Village on Eneu Island. 
2 Residence in houses already constructed along 

iagoon road on Bikini Island. 
3 Residence in houses already constructed along 

lagoon road on Bikini Island with che following 
remedial actions taken: 

0.12 
0.20 

2.9 
4.3 

a. Placing 5 cm of gravel around houses, 

b. Removing and replacing top 20 cm of soil 
around houses. 

0.18 

0.18 u 

4.1 U 

Residence in Phase II houses constructed along 
lagoon road within Area 2 of Fig. 2 with the 
following remedial actions taken: 

a. Placing 5 cm of gravel around houses, 0.22 

Removing and replacing top 20 cm of soil 
around houses. 

Residence in Phase II houses constructed within 
the interior of Bikini Island. 

0.28 5.9 

Residence in Phase II houses constructed within 
the interior of Bikini Island. 

0.28 5.9 

"See Table 2. 
The 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-yr 
doses (excluding natural background) 
for these patterns range from 3.2 to 
3.5 rem. Living patterns on Eneu 

Island lead to the Iowe3t external 
exposure doses. The first-yr dose of 
0.093 rem and the Integrated 30-yr 
dose of 2.1 rem are nearly one-half 
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Table 6. In tegra l 10-yr dose, rem. 

External 

VB. b bone 
Living 
pat tern Lung Bone Liver 

mnrrow, 
l i ve r « H b marrow Liver W>" marrow Liver m b 

tone 
marrow Liver WBb 

Bone 
narrow 

1 6 . 8 ( - 3 ) c 5.7(-4> 4.50-4) 0.87 2.3(-2) 7.40-2) 2.30-2) 0.67 1.0 0.67 1.2(-2) 7.7C-2) 1.20-2) 1 .5 2 . 0 

2 4.6C-2) 3.9(-3) 3.1 (-3) 1 .5 2.3<-2) 7.4C-2) 2.30-2) 4 . 2 4 . 9 4 . 2 7.50-4) 3. SO-3, 7 . ^ - 4 ) 5 . 7 6 . 4 

3 1.6C-2) 3.9(-3> 3.1 (-3) 1.4 2.3C-2) 7.40-2) 2.10-2) 5 . 1 6 . 4 5 . 1 7.50-4) 3.8(-3) 7,5(-4) 6 . 5 7 . 8 

4 4.6C-2) 3.9(-3> 3.1 (-3) 1.7 !.3<-2) 7.4(-2) 2.10-2) 4 . 2 4 . 9 4 . 2 7.5(-4) 3.80-1) 7.50-4) 5 . 1 6 . 7 

5 4.6<-2) 3.9(-3) 3 .K-3) 2 . 1 2.3(-2) 7.4(-2) 2.31-2) 5 . 1 6 . 4 5 . 1 7.5(-4) 3.8(03) 7.5(-4> 7 . 2 8 . 5 

6 4.6(-2) 3.9(-3> 3.1 (-3) 2 . 1 2.31-2) 7.4(-2) 2.3(-2) 7 . 6 11 7 . 6 7.50-4) 3.8{-3) 7.5(-4) 9 . 7 14 

"Hator.1 background subtracted. 
MB * whole body. 

In parenrheaeB Indicate powers of 10, I . e . , (-3) Indicates > 

Table 7. Integral 30-yr dose, rem. 

Living 
pattern Lutip Bone Liver 

KB, hone 
marrow, 

Uver i « b marrow Liver WIT marrow Liver W B 1 ' 

Bone 
Liver UB b marrow 

1 2M-2f 7.8(-3) 5.8<-3> 2 . 1 5.0C-2) 0.20 5.K-Z) 2 . 0 3 . 3 2 . 0 2.9(-2) 2.2(- l> 2.9<-2) 4 . 2 5 . 8 

2 O.lfi 5.3C-2) 3.9(-2) 3 . 5 5.0(-2> 0.20 5.3(-2) 12 15 12 1.9{-3> l . ' < - 2 ) 1.9(-3) 1*) 18 

3 L.16 5.3C-2) 3.9 (-2) 3 . 3 5.0<-2) 0.20 5.3(-2) 14 1H 14 1.9(-1) I . K - 2 ) I .9( -J ) [ 8 22 

4 O.lf. 5.3(-2) 3.9(-2* 4 . 0 5.0(-2> 0.20 5.3(-2) 12 15 12 1.9(-3) l . H - 2 ) 1.9(-1) !6 19 

5 0.16 5.3C-2) 3.9<~2> 5 , 1 5.0C-Z) 0.20 '..3 (-2) U i a 14 1.9(-3) l . K - 2 , 1.9(-3) 19 24 

6 0.16 5.3<-2) 3.9 (-2) 5 , 1 b.O'-Z) 0.20 5.3(-2) 2 3 37 23 1.9(-3) l . K - 2 ) 1.9(-1) 2» 42 

Natural background subtracted. 
TJB • whole body. 
^Numbers in parentheses indicati powerr of 10, I.e., (-2) Indlcnl 



Table 8. Integral 50-yr dose, rem. 

living 
pattern 

WE, bone 
narrow, 

I (ver 

i . l ( - 2 ) c 2.3(-2) 1.6<-2) 

2 0.28 0.16 0.11 4.8 6.6C-2) 0.29 7.4C-2) 17 21 17 2.6f-3) 1.6<-2> 2.7<-l) n 2h 
3 0.28 0.16 0.11 4.6 6.6(-2) 0.29 7.4(-2) 20 26 :o 2.6(-3) l.M-2) 2.7(-l) .'•> 31 
4 0.28 0.16 0.11 5.5 6.b(-2) 0.29 7.4<-2> 17 26 20 2.6(-3) 1.6(-2) 2.7<-3) 23 27 
5 0.28 0,16 0.11 5.5 6.6<-2) 0.29 7.4(-2) 17 26 20 2.6(-3> 1.6(-2) 2.7(-3) 28 32 
6 0.28 0.16 0.11 7,0 6,fi(-2) 0.29 7.4 (-2) 33 33 33 2.M-3) J.M-2) 2.71>3) 10 61 

"natural background subtracted. 
WB - whole body. 

cHuabera In parentheses Indicate powers of 10, I . e . , (-2) Indicates i 

Table 9. In tegra l 70-yr dose, rem. 

llvlnft 
pattern 

WB, bone 
marrow, 

l i ve r 

5.B(-2) 4.6(-2) 3.0(-2) 

tn.irrou 

3.7(-|) 4.7(-2> 4.7 

0.35 9.0(-2> 

7.'>(-2) 0.3$ 

^Natural na 
hHB - whole hndy. 
Numbers In parwithcHCH Indicate powers uf ir<, 1.*., (-2) Ini 

l.CK-1) 

l.O(-J) 

i."(-:) 
1.•)<-!> 

1.2<-1) 

3.2(-l> 



100 0 200 400 
Meters 

Fig. 2. A map of Bikini Island showing the specific areas of interest for the 
dose calculations. Existing houses are situated within Area 1. Areas 2 
and 3 are proposed village sites for future housing units. The interior 
portion of the island is denoted by Area 4. 
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the Bikini Island options. The Eneu 
living pattern, therefore, has more 
flexibility for potential exposure via 
other pathways without exceeding Fed
eral guidelines. 

INHALATION PATHWAY 

No air sampling data were taken 
during the 1975 Bikini survey. Open 
field aerosols were measured to some 

8 27 extent previously at Bikini Atoll. ' 
Because of the sparsity of data, how
ever, and also the iack of data on 
resuspension processes in the atoll 
environment, the average concentra
tions of Pu in the soil were used in a 
mass loading model to predict the 
doses via the inhalation pathway. 
This is the same approach used to 
evaluate the inhalation pathway at 

28 Enewetak Atoll, 
The mass loading concept may be 

more relevant for estimating the 
potential dcse via inhalation than 
open air 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, resuspended surface material. 

In addition, a mass loading of 
3 

100 Ug/m and a breathing rate of 
•a 

20 m /da were used to develop the Pu 

inhalation rate in pCI/tJ„. A mass 
loading of 100 Ug/m is at the high 
end of the observed range for normal 
open air aerosol measurements. How
ever, since local resuspension created 
in the immediate vicinity of an indi
vidual during his normal activitlps 
is probably greater than open air 
measurements, it appears reasonable, 
for lack of specific data, to use the 

239 240 higher number. The average ' Pu 
concentrations in the surface soils 
(0 to 5 cm) of Bikini and Eneu Islands 
are 9.3 and 1.4 pCi/g, respectively. 
The pCi/day intake resulting from the 
above model is, therefore, 0.019 for 
Bikini and 0.0028 for Eneu. 

The doses resulting from inhalation 
241 240 of ' Pu are listed in Table 10 for 

the three critical organs: lung, bone, 
and liver. The doses predicted on 
Eneu are, of course, less than those 
predicted on Bikini Island. These 
doses will be compared below with bone 
and whole body dose from other pathways. 

Two other isotopes must be consid-
241 ered in the inhalation pathway — Pu 

in the soil on Bikini and Eneu is 
approximately 10 times that of 
239 240 3 

Pu. However, because of low 
energy beta radiation (0.021 MeV maxi
mum) and a much shorter half life 
(14 yr) the Integrated 30-, 50-, and 

241 70-yr uosei from Pu are more than 
one-tenth less than those listed in 
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Table 10. In tegra l dose of * Pu by the inha la t ion pathway, rem. 

Lung Li' ver Bone 

Island 10 yr 30 yr 50 yr 70 yr 10 yr 30 yr 50 yr 70 yr 10 yr 30 yr 50 yr 70 yr 

Bikini 4.6<-2)? 0.16 0.28 0.39 3.K-3) 3.9(-2) 0.11 0.20 3.9(-3) 5 3(-2) 0.16 0.31 

Eneu 6.8<-3) 2.4 (-2) 4.K-2) 5.8C-2) 4.5(-4) 5.8(-3) 1.6(-2) 3.0(-2) 5.7C-4) 7.8(-3) 2.3(-2) 4.6(-2) 

l u m b e r s In parentheses Indicate powers of 10, i . e . , (-2) Indicates * 10' 



The concentrations (i>fH/g) of *" Am 
In the soil at Bikini and Eneu are 
approximately one-half of the 
239 240 

* Pu concentrations. However, 241 more Am will result from the decay 
of Pu. The parent-daughter rela
tionship for Pu/ Am is shown in 
Fig. t*. The maximum " Am activity 
that wil1. result from an Initial 
activity is 2.6% of the initial 

241 
241, 

241„ 

Pu 
Pu 

present and that which will result 
^41 from " Pu decay will be 0.81 (0.55 

fia Tin 
+ 0.26) that of the existing ' Pu 
soil concentrations. For estimates of 
dose via inhalation, the eventual 
">41 

Am soi] concentrations can he con-
sidered equal to the *" ' ~ P» concen
trations. As a result, the doses 

°41 doubled to account for the " Am. 
activity. Because the present Pu 
activity in the soil is 10 times that DRINKING WATER PATHWAY 

O'IQ 2'0 241 
of " y , i ' T » u t the final Am soil 
activity resulting from the decay of 
vi 9 "39 ̂ 40 
' Pu will be 0.26 that of i j y»** H JPu. The currently observed 
centrations are 0.55 that of 

Am soil con-
239,240,, Pu. 

Thus, the final total soil concentra
tion of Am resulting from ~ 4 Am now 

The analysis of cistern and ground 
water were published in a separate 
report. Both radiological and chem
ical analyses were performed. A sum
mary of the radiological quality of 
the water is presented here. For more 

40 O Q 12Q F*S- 4. Relationship between parent 
241Pti ai^fcivltv and rtanphf-nr 2 4 1 A ™ 2* 1Pu activity and daughter 2 A 1 A m 

Time-yr activity. 
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detail and for data on the chemical 
'liia] I iv, the original repcrt should be 
consul ted. 

The data from the cisterr water in 
Bikini Island are given in Table 11. 
f.roimd water data from Bikini and Eneu 
are listed in Table 12. It is assumed 
in the alternate living patterns that 
only the cistern water will be used 
for consumption. Therefore, the dose 
assessment via this pathway was based 
upon the average values listed in 
Table 11. T^e ground water data are 
presented for comparison in the event 
t-round water v«re used as potable 
water. 

The 10-, 30-, 50-, and 70-yr inte
gral doses resulting from the consump
tion of Bikini cistern water are listed 
in Table 13 ami are of the order of a 
few millirem for whole body and bone 
marrow. These are the doses used in 
the subsequent dose summary tables. 
The whole body and liver dose is con-

137 tributed almost entirely by Cs. 
Strontium-90 and cesiu^-lS? are 
approximately two orders of magnitude 

239 240 higher than * Pu in contributing 
to bone marrow dose. Tables 16 and 15 
compare the doses based upon the con
sumptions of Bikini and Eneu ground 
water. The 30-, 50-, and 70-yr doses 
resulting from consumption of Bikini 
ground water range from 1 to 2 rem for 
bone marrow and 0,4 to 0.7 r* • for 
whole bcdy. This is a very signifi
cant increase over the -stimates 

Table 11. Analysis of cistern 
water sampled on 21 
June 1975 on Bikini 
Island (Bikini Atoll). 

Radionuclides (pCi/lja 

137 r 90 c 239,240_ Bldg. Cs Sr Pu 

5 2.5(1) 1.1(11) 7.9 * 10"3(5) 
2d 1.8(2) 1.9(2) 13.7 < 10~3(4) 
School 1.7(2) 1.42(7) 29.0 * 10~3(2) 

Mean 2.0 1.47 1.69 * 10" 2 

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

resulting from consumption of cidtern 
water. The estimates based upon con
sumption of Eneu ground water (Table 
15) also exceed those based upon con
sumption of cistern water; the 30-, 
50-, and 70-yr integral doses range 
from 0.2 to 0.4 rem for bone marrow 
and 0.03 to 0.05 rem for whole body. 
All doses were based upon an intake of 
water of 2 1/da. 

MARINE FOOD CKAIN 

No marine samples were collected 
during the June 1975 survey. This was 
the result of both limited manpower 
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 

29 Enewetak. From this relative point 
of view, we expected both atolls to be 
very similar. 
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Table 12. Radionuclide concentration in the groundwater of Bikini and Eneu 
Islands. 

Bikini 

Time 
sampled 

Concentration 

Well 
Time 
sampled 

, 3 7Cs 
(pci/D 

Sol Part 
9 0Sr 
Sol 

(pCi/1) 
Part 

239,240 
Sol 

Ratio 
Pu (fCi/1) 233/239,240pu 

Part Sol 
HFH 1 (0840) 

(1145) 
(1545) 

480 9.9 
629 10.9 
695 15.6 

87(1) 1.31 
46(1) 0.57 
38(1) 0.48 

40.0 
5.9 
4.7 

3.3(13) 
1.3(32) 
1.9(21) 

0.026(9) 
<0.004 
<0.004 

HFH 2 294 12.0 77 1.37 7.5 71.3(4) 0.04 (35) 
HFH 3 335 8.3 227 38.2 8.4(10) <0.008 
HFH 4 226 6.5 260 89 33.2 <0.001 
HFH 5 530 8.5 180 25.6 13.4(12) 0.004(60) 
HFH 7 250 5.8 l.C 1 0.8 2.0(22) 0.022(30) 

Eneu 

Time 
sampled 

Concentration' a 

Time 
sampled 

1 3 7Cs (PC 
Sol Part 

9 0Sr (pCi/1) 710. -J*Pu(fCi/l) 
Well 

Time 
sampled 

1 3 7Cs (PC 
Sol Part Sol Part Sol Part 

FHR 1 0835 
1250 

35.3(1) 1. 
30 (1) 0. 

17(2) 
73(3) 

71 (1) 
45.6(1) 

0.81 
0.56 

3.5(6) 
3.3(8) 

9.5 (10) 
1.6 (22) 

FWR 2 69.1(1) 0. 95(3) 66 (2) 23.5(4) 8.4 (17) 
FWR Js!* 

3Bb 
32 (2) 0. 
20 (3) 0. 

59(2) 
49(5) 

1.3(13) 
1.0(9) 

0.03 0.72(22) 
0.32(30) 

1.42(16) 
1.1 (15) 

FWR 4 1.1(5) 0. 57(2) 3.4(5) 0.11 0.85(18) 0.67(27) 
Sol = soluble fraction. Part - particulate fraction. The values in paren

theses are the l-o" counting errors expressed as percentages of the listed 
values. 
S =•= surface, B = bottom. 

The data used, therefore, to evalu
ate the potential dose via the marine 
food chain was obtained from published 

8 30 data * and from unpublished da**a 
supplied through the courtesy of 
Dr. Vic Nelson of the Laboratory of 

Radiation Ecology, University of 
Washington. Table 16 lists the fish 
data used in the dose assessnent. 
Table 17 lists the data on clams. The 
average concentration of the radio
nuclides were determined from the data 
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Table 13. Bikini c i s t e rn water — i n t e g r a l <3ose, rem. 

10 yr 30 yr 50 yr 70 yr 

Radio
nuclide 

Bone 
WBa morrow Liver UB a 

Bone 
marrow Liver KB-1 

Bone 
marrow Liver KB" 

Bone 
n*rrnw Liver 

l 3 7Cs 7.5(-«)b 7.5<-4) 7.5C-4) 1.9(-3) 1.9(-3) 1.9C-3) 2.6C-3) 2.6(-3) 2.6(-3) 3.0(-3) 3.0C-3) 3.0(-3) 

*>Sr 3.K-3) - - 9.K-3) - - 1.3(-2) - - 1.5(-2) -
239,240pu 6.9<-6) 5.4C-6) - 5.9(-5) 4.4(-5) - 1.6(-4) ].](-'.) - 3.0C-4) 1.9(-4) 

Total 7.5(-4) 3.8(-3) 7.5(-4) 1.9(-3) l.K-2) 1.9(-3) 2.6(-3) '.6(-2! 2.7(-3) 3.0(-3) 1.9(-2) 3.2(-3) 

"MB = whole body. 
Numbers tn paren theses i n d i c a t e powers of 10, i . e . , (-4) i n d i c a t e s * 10~ . 

T a b l e 1 4 . B i k i n i ground w a t e r — i n t e g r a l d o s e , r e m . 

10 yr 30 yr 50 yr 70 yr 

Radio- Bone Bone Bone Bone 
nucl ide WB marrow Liver WBa marrow Liver WBa max row Lii/er WBa marrow Liver 

1 3 ' c S 0.16 0.16 0.16 0.41 0.41 0.14 0.56 0.56 0.56 0.66 0.66 0.66 

9°Sr - 0.24 - - 0.73 - - 1.0 - - 1.2 -
I . K - 5 ) " 8.8C-6) 9.7(-5) 7.1(-5) 2.6(-4) 1.8(-4) 4.8(-4) 3.2(-4) 

0.16 0.41 0.16 0.36 1.6 

"MB = whole body. 
Numbers in parentheses indicate powers nf 10, I.e., (-5) indicates * 10~ 



Table 15. Eneu ground water — in t eg ra l dose, rem. 

10 yr 30 yr 50 yr 70 yr 

Radio 
nuclide 

Bone 
WB narrow liver WBa 

Bone 
marrow Liver OTa 

Bone 
marrow Liver HBa 

Bone 
marrow Liver 

l 3 7Cs 1.2(-2)b 1.17(-2) 1.2C-2) 2.9C-2) 2.9(-2) 2.9(-2) 4.0(-2) 4.0(-2) 40.0(-2) 4.7<-2) 4.7(-2) 4.7(-2) 

9 0Sr 6.6(-2) - - 0.20 - - 0.28 - - 0.33 -
239,240., ' Pu 2.2(-6) 1.7(-6) - 1.9C-5) 1.4(-5) - 5.0<-5) 3.5(-5) - 9.4(-5) 6.2(-5> 
Total 1.2(-2) 7.7(-2) i.2(-2) 2.9(-2) 0.22 2.9(-2) 4.0<-2) 0.32 4.0(-2) 4.7(-2) 0.37 4.7(-2) 

"MB » whole body. 
Numbers in parentheses indicates powers of 10, I . e . , (-2) indicates x 10* 



Table 16. Radionuclide concentration in fish at Bikini Atoll. 

Island Species Tissue 
No. In 
sample 

Concentration, 
pCi/g dry weight 

Date 
collected Island Species Tissue 

No. In 
sample 6 0 C o 1 3 7 C s 9 0 S r 239,240-' Pu Source 

Apr 1975 Eneu Goatfish EW 3 5 1.6 0.18 0.23 0.003 Vic Nelson, 
" " " EW 8 1.0 0.18 <0.07 0.003 unpublished 
ii It Convict surgeon EW 6 0.27 0.25 0.07 -
it tl II EH 6 0.19 0.18 <0.07 0.005 
ii " Grouper Muscle 1 0.16 0.43 <0.03 - ' 
II II Parrot fish Muscle 1 - 0.43 <0.03 - • 

Dec 1974 Namu Convict surgeon EW 10 1.7 4.5 <0.26 - ' 
it Enldrik II EW 12 0.68 0.48 0.17 0.020 ' 

Dec 1974 Nam j Mullet EW 9 2.0 0.32 0.12 <0.01 ' 
M Enidrik II EW 4 0.82 0.14 0.05 <0.002 • 
H II " EW 2 1.4 0.32 <0.06 0.008 ' 

Apr 1974 Bikini Goatfish Entire 1 - - 0.06 0.004 • 
ii tt Mullet EW 3 3.50 0.12 0.24 0.020 • 

ii " II EW 3 1.90 0.72 0.18 0.045 • 
May 1972 Namu Mullet EW 14 4.3 0.25 - - Lynch et al. 

n " M EW 12 4.1 0.59 0.16 - • 

II II fl EW 2 18 1.2 - - t 

" Bikini Convict surgeon EW 10 1.0 0.7 - - t 

" " ti EW 14 0.9 0.51 0.15 - i 

II Eneman " EW 16 1.0 0.20 0.07 - 1 

M " Goatfish EW 1 0.67 0.08 <0.03 - 1 

it 14am !• EW 12 26 0.51 1.0 - ' 
" " Snapper Muscle 6 3.2 0.99 - - ' 



Table 16. (Cont) 

Date 
collected Island Species Tissue 

No. in 
sample 

Concentration, 
pCi/g dry weight 

60, 'co 1 3 7 C s 9 0 S r **.«<>*, source 

Oct 1972 Bikini 
Bokbata 
Several 
Bokbata 
Nam 

Surgeon fish 
ii 

Convict surgeon 

Muscle 
EH 
Muscle 
EW 
EW 
EW 

3 
1 
39 
4 
1 
4 

0.0016 Nevissi & 
0.028 Schell 2 6 

<0.0016 II 

0.044 " 
0.016 >l 

0.027 II 

- eviscerated whole fish. 

Table 17. Radionuclide concentrations in clams at Bikini Atoll. 

Date 
Collected Species Tissue 

Concentration, pCi/g dry weight 
Date 

Collected Species Tissue 6 0 C o 1 3 7 C s 9 0 S r 239,240 p u Source 

Nov 1972 Tridaana gigas Muscle 0.2 <0.05 - - Bill Schell, 
unpublished 

" Tridacna crooea Muscle + mantle 5.5 <0.05 - - " 
M Hippopus sp. II II 4.9 <0.05 - - " 
11 Tridaona evocea II II 32 <0.05 - - it 

Apr 1975 Tridacna g-igae Mar*"10 9.5 <0.05 <0.03 0.04 Vic Nelson, 
unpublished 

M •• II Muscle 4.9 0.17 <0.03 0.012 it 



In Tables 16 and 17 by weighting by 
sample size and by assuming that 
detection limit values ("less than" 
numbers) were actual concentration 
values. Table 18 lists the final 
radionuclide concentrations that were 
used along with the estimate of fish 
ingested per day (600 g/da) to calcu
late the radionuclide intake via the 
marine food chain (pCl/da). The table 
also includes the concentration of 
some radionuclides in fish used in the 
1973 Enewetak assessment. 

The species of birds that are 
readily caught and Included 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. For this reason, 
birds and bird eggs are considered 
part of the marine diet for the pur
poses of dose calculation. No 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 
reports ' ' 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 
ratio is 0.33 for muscle and liver and 
0.25 for eggs. Because of the absence 
if Pu concentration datu on birds and 
bird eggs on Bikini and the similarity 
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of Bikini and Enewetak data on bird 
muscle and liver, we are listing in 
Table 20 the Pu concentrations from 
the Enewetak Radiological Survey. 3 3 

The 10-, 30-, 50-, and 70-yr inte
gral doses resulting from ingestion of 
marine foods are given in Table 21. 
Strontium-90 contributes t^" largest 
fraction of the bone marrow dose (70 

137 
to 80%), Cs contributes approxi
mately 20%, while 5 0 C o and 2 3 9 ' 2 4 0

P u 

contribute about 6% of the total. The 
whole body dose from the marine path
way is 50 mrem for the integrated 
30-yr dose and 66 mrem for the 50-yr 
integrated dose. The bone marrou 
doses are ?00 mrem and 290 mrem for 
the 30-yr a.nd 50-yr integral doses, 
respectively. These integral doses 
are small relative to those from other 
pathways. Although che marine pathway 
contributes a relatively significant 
fraction of the total 2 3 9 » 2 4 0 p u t n t a k e , 

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

Concentration, 
pCi/g Wet Weight 

Species ~ S 5 S T T 3 7 C 9 0Sr 2 3 9 ' 2 * ° P T 

Fish 1.51 0.14 0.076 0.0028 
Clams 2.Q6 0.011 0.0060 0.Q072 

Enewetak Atoll 1972 Dose Assessment^ 
Fish 2.Q 0.39 0.075 -

Weighted by number of fish or clams 
in the sample. 



Table 19. Radionuclide concentrations in birds and bird eggs at Bikini Atoll. 

Concentration, 

Island Species 
Sam
ple Tissue 

Pd/g wet weight 

Source Island Species 
Sam
ple Tissue 6 0 C o 1 3 7 C s 9 0 S r 239,240 p u 

Lynch et "1 Oroken Fairy tern 1 Muscle 0.26 0.079 -
Held 2 8 »i Noddy tern 5 Muscle 1.3 0.15 -

ir ii 1 . •• 5 Liver 2.7 <0.4 -
II n Fairy tern 5 Muscle 0.29 <0.4 -
n " II II 5 Liver 0.42 <0.4 -

Vic Nelson, Nam Sooty and 4 Muscle 0.30 <0.017 0.013 
unpublished noody tern 
" ti Bird eggs — Shelled 

egg 
0.06 0.13 0.07 

the resulting dose compared to 
137 and Cs is very small. 

90o 

TERRESTRIAL FOOD CHAIN 

The availability of locally grown 
terrestrial food products was still 
minimal in June 1975. Thousands of 
coconut trees were planted in the 
latter half of 1969 on Bikini and 
.neu, but only a few were bearing 
fruit In 1975. Fandanus fruit and 
breadfruit were planted during the 
same time period on Bikini Island, and 
the first few fruits from these trees 
appeared over the past j-riar and a 
half. The number of these trees is, 
however, not great and their distri
bution Is limited. Mo breadfruit or 
Fandanus fruit were planted on Eneu. 
Banana and papaya trees were also 
planted at two locations on Bikini 

Table 20. Ave: ge radionuclide concen
trations in birds and bird 
eggs at Bikini Atoll. 

ConcentxatIon, 
pCi/g wet weight 

6 0 C o 1 3 7 C s 9 0Sr «9.24°p u 

Birds 0.76 0.22 0.04 0.022 

Bird 
eggs 0.015 0.033 0.018 0.0059 

Island and produced fruit during the 
past two years. 

As a result of the eparsity 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 Scaevola and M&sser-

aehmidia* to sample edible fruit where 
available, and to take soil profile 
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table 21- Marine food chain — Integral dose, rem. 
10 yr 30 yr 50 yr 70 yr 

Radio
nuclide KB" Bone 

marrow Liver HBa 
Bone 

marrow Liver WBa 
Bone 

marrow Liver WBa 
Bontf 

marrow Liver 

I 3 7 G s 1.7(-2)b 1.7C-2) 1.7(-2) 4.2(-2) 4.2(-2) 4.2(-2) 5.8(-2) 5.8C-2) 5.8 (-2) 6.8(-2) 6.8(-2) 6.8(-2) 

6°Co 6.1C-39 6.1C-3) 6.K-3) 8.K-3) 8.1C-3) 8.3C-3) 8.3(-3) 8.3C-3) 8.3(-3) 8.3(-3) 8.3C-3) 8.3C-3) 

MSr - 5.0(-2) - - 1.5C-1) ~ - 2.H-1) - - 2.5(-l) -
239,240 p u - 4.9(-4) 3.8(-4) - 4.2C-3) 3.K-3) - 1.1(-2) 7.8(-3) - 2.1('2) 1.4(-2) 

Total 2.3(-2) 7.4C-2) 2.3 (-2) 5.0(-2) 2.0(-l) 5.3(-2) 6.6<-2) 2.9(-l> 7.4(-2) 7.6(-2) 3.5C-1) 9.0(-2) -

°HB • whole bony. 
bNumberB In parotitises indicate power? of 10, I.e., (-2) Indicates * 10" 



samples through the root zones of the 
sampled trees. From these data, we 
developed concentration factors (CF) 
relating concentration in food prod
ucts to soil concentration, as well as 
concentration ratios that relate the 
concentration in the vegetation (leaf) 
to the concentration in the edible 
fruit, or the concentration in indi
cator specieB (Saaevola and Messer-

aahnidia) to concentrations in food 
crops. 

A separate report discusses in 
detail the results ** che sampling 
program 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 greatly 
over distances of only a fev feet. 
The results of our work during this 
survey verified our thesis that 
because 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 valueB developed earlier 
from vegetation and soil samples from 
different sites but in the sane 
a r e a 3 4 ' 3 5 (see also Table 22, this 
report). 
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The concentration factors deter
mined from this survey are more r^e-
clse and provide a better basis for 
estimating the average radionuclide 
concentration that would be expected 
from crops planted in certain regions 
within an island or on different 
islands. 

Despite the greater precision of 
concentration factors calculated from 
associated vegetation and soil data, 
these values still show some variabil
ity. This remaining variability can 
be accounted for by several factors 
acting either alone or in concert. 
These factors include differences in: 

• Soil type, organic content, and 
chemical characteristics: 

• Physiochemical properties of the 
radionuclides; 

• Soil management practices; 
• Irrigation practices; and 
• Physiology, age, and prior his

tory of the sampled plants. 
One would, in 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 program 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 



Table 22. Soil-mature leaf concentration factors calculated from associated 
and nonassociated" data. 

Concentre ition factor, (pCi/g dry plant) (pCi/g dry soil) 
Associated Nonassociated 

No. 
of 

No. 
of 

Nuclide sam sam
species ples Min Max Median ples Min Max Median 

90_ 
Sr, . oaevoL-a 2 0.24 0.41 0.33 4 0.048 4.3 1.8 

9 0 c 
Sr, coconut 7 0.099 0.38 0.16 15 0.041 0.74 0.29 

137_ „ , Cs, ..caevola 2 1.3 14 7.5 4 0.073 39 7.7 
13!. 

Cs, coconut 8 1.1 16 3.0 15 0.53 18 2.6 
239 

Pu, coconut 4 0.011 0.022 0.015 12 0.0036 0.14 0.016 

Pu, coconut 4 0.011 0.021 0.015 12 0.0021 0.15 0.016 

Plant and soil data sampled from the same site. 
Plant and soil data sampled from different sites in the same general area. 

concentrations expected in the terres
trial food products. The results are 
listed in Table 23, 

During the June survey, a fully 
grown pig and two chickens that were 
born in and raised on Bikini Island 
were obtained far analysis. The pig 
and chickens roamed freely around the 
island, so the radionuclide concentra
tions in these animals reflect their 
integrated diet. Ingesticn via the 
meat pathway can be estimated by the 
analysis of these samples. The esti
mates of the radionuclide concentra
tion expected in meat on Eneu were 
determined by multiplying the concen
trations in the meat samples from 
Bikini Island by the ratio of the aver

age Eneu-Bikini soil concentrations. 
Since most o* the animal diet consists 
of vegetation and a certain amount of 
soil, this ratioing procedure should 
predict 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 23 
were determined from data from collec
tions in 1969, 1972, and 1 9 7 4 . 8 * 3 1 * 3 2 

Concentrations in food products after 
June 1975 are calculated assuming that 
the only loss of radionuclides from 
the environment is the result of the 
physical decay of each radionuclide. 
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Table 23. Measured and estimated radionuclide concentrations in food 
products on Bikini and Eneu Islands at Bikini Atoll. 

Concentration, pCl/g wet we 
1 January 1975 

light 

Food product 9 0 s r 1 3 7 C s 6 0 C o 239,240. Pu 

Bikini terrestrial foods 
Pandanus fruit 7.60 46.7 <1.30(-2) a <.' 31 (-3) 
Breadfruit 17.3 90.5 <3.59(-2) <6.12(-3) 
Coconut meat (dry wt) 1.82 108 <0.111 <1.06(-2) 
Coconut milk 0.851 50.6 <0.103 <9.01(-3) 
Domestic meat 0.201 22.2 <1.05(-2) <1.42(-2) 
Coconut crabs 220 47.6 1.09 6.8(-3) 
Garden vegetables 12.9 56.7 7.40(-3) <5.56(-4) 

Eneu terrestrial foods 
Fandanus fruit 0.407 3.09 <1.02(-3) a <3.96(-4) 
Breadfruit 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 6.8C-3) 
Garden vegetables 0.689 3.75 5.82(-4) <4.57(-5) 

numbers in parentheses indicates powers of 10, i.e., (-2) 
Indicates * 10" 

This conservative approach was 
adopted because wc lack any definitive 
Information that would indicate that 
environmental processes might result 
in more rapid, effective removal of 
radionuclides from the environment. 
Any environmental process that might 
cause the removal of radionuclides 
from the environment more rapidly than 
the physical decay of the radionu
clides would, of course, reduce the 

predicted concentrations in the food 
products and, as a result, would 
reduce the predicted doses via Che 
terrestrial pathway. 

The dietary intake values in Table 3 
and the concentrations in Table 23 were 
used to generate the pCi/da intake of 
each of the radionuclides. The results 
in Table 24 are for a diet entirely 
from Eneu Island, while those in 
Table 25 are for a diet solely from 
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Table 24. Total diet from Eneu. used with the various living patterns 

Intake , pCi/da as follows: 

Nuclide 1975 a 1980 Living Pact 
1 

ern Intake Data 

6 0 C o 

Living Pact 
1 

ern 
Table 24 

6 0 C o 29.1 35 2 Table 27 
1 3 7 C s 2575 4243 3 Table 26 

9 0Sr 270 412 4 Table 27 

239,240,, Pu 0.438 0.740 
5 
6 

Table 26 
Table 25 

Minus Pandanus fruit and breadfruit. 

Bikini Island. Tahle 26 lists the 
pCi/da intal'.e for a diet originating 
from Bikini Island, excluding Pandanus 
fruit and breadfruit. The diet for 
1980 includes the contribution from 
.andanus fruit and breadfruit from 
Eneu Island. Table 27 lists the 
pCi/da intake for a diet that only 
allows the use of coconut from Bikini 
Island. In other words, the rest of 
the diet is from Eneu. The data are 

The data for Bikini Island were 
broken down by the areas shown in 
Fig. 2. However, because subsistence 
agriculture could come from any of the 
four areaF 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. 
Because of the relatively uniform con
centration of radionuclides observed 
on Eneu, only one set of intake values 
was calculated based upon the island's 
average soil concentration. 

The integral 10-, 30-, 50-, and 
70-yr doses to the whole body, 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 4 
Nuclide 

239,240. 

1975 1980 1975 1980 1975 1980 1975 1980 1975 1980 
6 0Co 45 33 46 44 55 43 54 42 52.5 40.5 
1 3 7Cs 23,577 39,427 28,893 48,986 31,498 53,685 31,997 54,595 2J.991 49,173 
9 0£r 1415 2726 3810 7841 2186 3882 2163 

Pu 3.44 5.89 5.15 9.86 3.27 5.48 4.0 
3836 
7.18 

2394 
3.97 

4571 
7.10 



Table 26, Bikini diet minus Pandanus and breadfruit. 

Nuclide 

In take , pCi/ds 
Mean of areas 

A-ea 1 Area 2 Area 3 Area 4 1,2,3 and 4 

1975 1980 1975 1980 1975 1980 1975 1980 1975 1980 

60, 

137, 

90, 

43.3 32.4 53.2 42.6 52.3 41.8 51,4 40.9 50.1 39.4 

Cs 18,175 24,668 22,060 29,994 23,965 32,612 24,330 33,119 22,133 30,098 

Sr 737 931 1750 1997 1064 784 1054 779 1151 1123 
239 ,240 p u 3 Q 2 4 > 5 g 4 > 3 4 7 1 9 , _ 8 8 4 > 3 0 3 4 5 5 4 2 3 4 2 . _ 3 7 

T a b l e 27 . Eneu d i e t w i t h c o c o n u t from B i k i n i . 

In take. pCi/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 

60, Co 
137 

41.8 33 51.4 42.8 50.5 41.9 49.9 

14,049 20,991 17,347 25,794 18,963 28,155 19,272 

Sr 401 604 698 1035 497 743 494 
2 3 9 ' 2 4 0 P u 1.74 3.25 3.04 5.85 1.60 2 .J1 2 . ' 6 

90, 

41.3 48.4 39.8 

28,612 17,408 25,881 

738 523 780 

4.10 2.14 3.90 

marrow, and liver of each radionuclide 
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. Table 30 represents the 
Bikini diet minus the Pandanus fruit 
and breadfruit, and Table 31 reflects 
the doses for the case in which the 
diet is from Eneu with the exception 
of coconut from Bikini, The Bikini 
data represent the average of areas 1, 
2, 3, and 4 as previously described. 
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Focu^ing on the 30-yr integral dose 
for the tctal diets frcm each island 
(Tables 28 and 29), it is clear that 
137 

Cs accounts for nearly all of the 
whole body exposure. Cesuim-137 
accounts for approximately 60% of the 

90 bone marrow dose, while Sr accounts 
for the remaining 40%. Contributions 
of Co and ' Pu via the terres
trial food chain are relatively insig-

241 nificant. Integral doses from Am 
would be similar to the predicted doses 

239 240 from * Pu. The 30-yr integral 



Table 28. T e r r e s t r i a l food chain on Kneu Island — in tegra l dose, rem. 

10 y r 3(1 y r 50 vr 

KB" 

71] •.-,-

R a d i o 
n u c l i d e Wo" 

Rone 
marrow L i v e r KB'1 

Bone 
marrow L i v e r vx' 

Hunt1 

marrow I.Ivor KB" 
Bone 

marrow l.iVlT 

I 3 ' c s 6 . 7 ( - l ) b 6 . 7 < - l ) 6 . 7C-1 ) 2 . 0 2 . 0 2 . 0 2 . S 2 . 8 2 . 8 3 . J .1. i 3 .3 

9 0 S ' r - 3 . 6 ( - l ) - - 1.3 " ] . ' ) - - 2 . 3 -
6°Co 3 . 3 ( - 4 ) 3 . 3 ( - 4 ) 3 . 3 < - 4 ) 5 .4C-4) 5 . 4 ( - 4 ) 5 . 4 ( - 4 ) 5 . 6 ( - 4 ) 5.6(-4) 5 . M - 4 ) •5.6 ( -4 ) 5 . 6 1 - 4 ) 5 . 6 ( - . ) 

2 3 9 , 2 4 0 p ( i - 1 . 0 , - 4 ) 8 . 0 5 ( - 5 ) - J . U - W H.l(-4> - 3.H-V) i'.21<-3) - ' . . I (-'J) 4 . 0 ( - J > 

T o t a l 0 . 67 1 .03 . 6 7 2 . 0 3 . 3 2 .0 2 . 8 4 . 7 2 . 8 3 . 3 6 .6 1.3 

a HB = whole body, 

[lumbers in p a r e n c n e s e s i n d i c a t e powers of 1 0 , i . e . , ( - 1 ) i n d i c a t e s * 10*" . 

Table 29. Terrestrial food chain on Bikini Island — Integra] dose, rem. 
Bikini average ol Areas J, 2, 3, and A . 

7(1 yr 

Radio- Bone Bone Bone Bone 
nuc l ide WBa marrow Liver WB'1 marrow Liver WBa marrow Liver WBn marrow Liver 

I 3 7 C B T.I 7.6 7.6 23 23 23 33 31 33 19 39 39 
11.11 11.1) 11.1] (3 .2 ) / 3 . 2 J (1.21 [4 .51 (4 .51 [ i . 5 l [ 5 . 4 | (1.41 [5.41 

9 0 S r 3.6 14 - 21 - 25 
(1.71 [6.71 [10 | 1121 

M C o 5.01-4) ' ' 5 .0( -4) 5.n(-4) 7 .»( -4) 7.81-4) 7.8(-4) » .n( -4) 8 .n ( -4) 8 .0(-4) 8.0<-4) S.lX-4) 8.01-4) 
[4.81-3)1 [4.8C-5J1 [ 4 . 8 ( - 5 ) l [8 .1( -5)1 [8 .1 ( -5 )1 [8. (-5)1 | 8 . 1 ( - 5 ) 1 |8 .1<-5)1 [8 .1(-5)1 | 8 . 1 ( - 5 ) 1 [8.11-5)1 | 8 .1 ( -5 )1 

239 ,240 p u _ 9 .0J-4) 7 .1(-4) - 1 • >(-?) 7 . 7 ( - l ) - ) . ( l ( -2) 2 . K - 2 ) - 5.8<—') 1.81-2) 
[ 2 . 0 ( - 4 ) l [1.5C-4)1 l ? . 7 ( - 3 ) l | 2 . 0 ( - 3 ) 1 | 8 . 0 ( - 3 ) 1 | 5 . 5 ( - 3 ) | [ l . 6 ( - 2 ) l | l . l l ( - 2 ) l 

Tot.il 7.6 11 7.6 23 37 23 33 53 33 19 h i 39 

WB - whole hndy, 
b ( o in t r a r k e t s l 
cNnml>ers in paren theses inrl iente powers of HI, I . e . , (-4) iml l rn t e s I 'T 

http://Tot.il


Table 30. Terrestrial food chain on 
Bikini average of Areas 1 

Bikini Island) minus Pandanus and breadfruit — integral dose, rem. 
,2,3, and 4 minus Pandanus and breadfruit. 

10 yr J0 yr 50 yr 70 yr 

b d l o -
nucl lda WB« 

Bone 
narrow Liver VB' 

Bone 
Barrow Liver Ml" 

Bone 
marrow Liver WBa 

Bone 
•ar row Liver 

l "c. 
• 0 . 6 6 ] 1 ' 

5.1 
[0.66] 

5.1 
[0 .66) 

14 
11.91 

14 
11.9) 

14 
[1 .9 ] 

20 
U . 6 ] 

20 
[2.61 

20 
[2 .6 ] 

24 
[3 .1] 

24 
[3.11 

24 
[3 .1 ] 

*>Sr - 1.3 
[0.53] 

- - 3.9 
11.9] 

- - 5.5 
12.71 

- - 6.5 
[3 .2 ] 

-
M C o 4 .80 -4> C 4 ,80-4) 

[ 4 . 7 ( - 5 ) l (4.7C-5)] 
4 . 8 ( - 4 ) 
14.7C-5)] 

7.40-4) 
[B.01-5M 

7.4(-4) 
[ S . 0 ( - ! , J 

7.40-4) 
(8 .00-5)1 

7.60-4) 
18.00-5)] 

7.60-4) 
(8 .00-5)1 

7 .60-4) 
18 .06-5) ] 

7.60-4) 
I8.C0-5)) 

7.60-4) 
[8 .0 ( -5 ) J 

7.60-4) 
! 8 . 0 ( - 5 ) ) 

219,240,, , - 7.60-4) 
[ i - s ; - 4 > ] 

5.9C-4) 
[1.20-4)1 

- 8.20-3) 
11.90-3)1 

6 .00-3) 
I 1 . 4 ( - 3 ) ] 

- 2.30-2) 
[5 .30-3)1 

1.60-2) 
13.70-3)] 

- 4 .5 ( -2 ) 
[1 .00-2) ] 

2 .9 ( -2 ) 
[6 .90 -3 ) ] 

Total 5 .1 6.4 5 .1 14 18 14 20 26 20 24 31 24 

> whole body, 
° [ o lr, b r i c k e d ] . 
S t a t u r e In parcnthe i t j i I n d i c a t e power* of 10, I . e . . (-«.) i n d i c a t e * x 10*"' 

Table 3' 1 Terrestrial food chain on Bikini Island with Eneu diet plus coconut from Bikini 
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dose via the terrestrial foodchain on 
Bikini Island is 23 rem for whole body 
and 37 rem for bone marrow compared to 
Eneu Island where the respective doses 
are 2.0 rem and 3.3 rem. The 50-yr 
integral doses, of course, show a sim
ilar difference. It is clear that the 
living pattern on Eneu Island is much 
preferred to that on Bikini Island for 
reducing potential dose to returning 
populations. 

The impact of removing Pandanus 
fruit and breadfruit grown on Bikini 
Island from the diet can be seen in 
Table 31. The bone marrow doses are 
reduced by nearly one-half (a 30-yr 
dose of 18 rem and a 50--tr dose cf 
20 rem), while whole body doses are 
reduced by approximately U0% (a 30-yr 
dose of 14 rem and a 50-yr jse of 
20 rem). Removing all other items 

Tables 6 thtough 9 list the 10-, 
30-, 50- and 70-yr int"'.ral doses for 
each exposure pathway, plus the sum of 
all exposure pathway for each of the 
six living patterns. As an example, 
the 30-yr Integral dose in Table 7 
will be examined. 

For Pattern 1 (living on Eneu 
Island and diet from Eneu Island), the 
terrestrial diet contributes 57% of 
the bone marrow dose and 48% of the 
whole body dose. The external gamma 
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from Bikini Island from the diet with 
the excepticn of coconut, i.e., Eneu 
diet plus Bikini Island cocor ,t, gives 
a further reduction in bone marrow and 
whole body dose of approximately 202 
over removing Pandanus fruit and 
breadfruit only (see Table 31). How
ever, comparing the Eneu only diet in 
Table 28 and the Eneu diet plus coco
nut from oxKxni Isla:-i in Table ?1, IL 
is clear that inclusion of cononm. fr̂ r.. 
Bikini Island increases significantly 
the bone marrow and whole body doses 
relative to a diet totally derived from 
Eneu Island. For comparison, the 50-yr 
bone marrov dose from a di-st derived 
totally from Eneu Is 4.7 rem, while the 
Eneu diet plus coct iut from Bikini 
leads to a dose of 21 rem. The 50-yr 
whole body doses from the tx*o diets are 
2.8 rem and 17 rem, respectively. 

dose contributes nearly 36% of the 
bone marrow dose and 50% of the whole 
body dose. The marine and drinking 
water pathways, assuming that the 
drinking water on Eneu is from the 
ground water system, each contribute 
about 3% to the bone marrow dose and 
1% or less to tho whole body. There
fore , in Pattern 1, 93% of the bone 
marrow dose and 98% of the whole body 
dose are contributed by two pathways, 
terrestrial and external. For 

Dose Summary and Discussion 



tern 6, living on Bikini Island and 
diet from Bikini Island, the terres
trial and external gamma pathways con
tribute approximately 88% and 12% of 
the bone marrow dose and approximately 
82* and 18% of the whole body dose, 
respectively. In other words, 99% of 
the total dose in Pattern 6 results 
from the terrestrial and external 
gamma pathways. The integral 30-yr 
doses for bone marrow range from 
5.8 rem in Pattern 1 (Eneu) to 42 rem 
in Pattern 6 (Bikini). The corres
ponding 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 Pattern 6, the relative con
tribution of the exposure pathways to 
totaj 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

terns lead to doses at least three 
times higher, and with the unmodified 
Bikini living pattern, Pattern 6, the 
doses are at least six times higher 
than with the Eneu living Pattern 1. 
It i «:̂ r, therefore, that Eneu 
Island provides by a significant 
degree the lowest dose living pattern 
at Bikini Atoll. 

For comparison, the Federal guide
lines for whole body and bone marrow 
dose for a member of the population is 
0.5 rem/yr. Over a 30-yr 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 (Patterns 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 rerc and bone marrow doses 
that range from 18 rem to 24 rem. All 
of these are in excess of the Federal 
guidelines. 



Table 32. Percentage of total 30-yr integral bone marrow dose 

Living 
pattern Inhalation External3 Marine Terrestrial Water 

1 0.13 36 3.4 57 3.8 
2 0.29 19 1.1 83 0.06 
3 0.24 15 0.91 82 0.05 
4 0.28 21 0.1 79 0.06 
5 0.22 21 0.83 75 0.05 
6 0.13 12 0.48 88 0.03 

Natural background subtracted. 

Percentage of total 30-yr integral whole body dose. 
- 50 1.2 48 
- 22 0.31 75 

18 0.28 78 
25 0.31 75 

- 27 0.26 74 
- 18 0.18 82 

0.69 
0.01 
0.01 
0.01 
0.01 
0.007 

Natural background subtracted. 

Table 33. Summation of all exposure pathways (natural background subtracted). 

Living 
pattern 

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 

Both Bikini and Enewetak Atolls 
were sites for the United States 
nuclear testing program for 1946 to 
1958. Recent requests by both the 
Bikini and Enewetak people to return 
to their home atolls have led to 
detailed radiological surveys to 
determine the status of the atolls so 
that the impact, if any, of restric
tions placed upon living patterns and 
life styles as a result of the dose 
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. 5). The people 
living on Engebi Island (dri Engebi) 
had their own chief (Iroj) and owned 
land rights in the northern islands, 
and the people living on Enewetuk 
Island (dri Enewetak) ilso had their 

own chief and owned land rights in 
the southern half of the atoll. Many 
tests were conducted in the northern 
half of the atoll; and we found that 
the major residence island, Engebi, 
was contaminated. The southern half 
of the atoll, on the other hand, is 
relatively "clean". The results of 
the Enewetak assessment Indicate that 
a living pattern involving Engebi 
Island for 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 
and 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 Enewetak Atoll was 
conducted in 1972-73 and the resulting 
assessment published in 1973. Addi
tional information on annual doses and 
impacts of remedial actions were pub
lished in the AEC Task Group Report. 
Recommendations on the use of Enewetak 
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Fig. 5. Map of Enevetak Atoll. 

Atoll were based upon these assess
ments. 

The availability of this assessment 
of Bikini and Eneu It-lands at Bikini 
Atol allows comparison of the pre
dicted doses at the two atolls. These 
predicted doses are. of course, based 

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 and agricultural products 
exceeds any predicted for Enewetak, 
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Table 34. Thirty-yr integral dose comparisons of living patterns for Bikini 
and Enewetak Atolls. a 

Living patterns and location 

Whole 
body, 
rem 

Bone 
marrow, 

rem 

Federal guidelines for 
population average W B b 

and bone marrow, rem 

Bikini pattern 1 — Eneu Island 4.2 5.8 5 
Bikini pattern 6 — Bikini Island 28 42 5 
Enewetak pattern 3 — Engebi Island 9.1 13 5 
Enewetak pattern 1 — Southern 

Islands 0.22 0.43 5 
United States background radiation 3.0 3.0 5 

rJatural background has been subtracted from the Enewetak and 
Bikini living patterns. 

= whole body. 
cSee Enewetak Radiological Survey, Vol. 1 (1973). 
Based 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. The highest pre
dicted doses occur for the living pat
tern involving Bikini Island, Pat
tern 6, at Bikini Atoll. The integral 
30-yr whole body and bone marrow doses 
are 28 and 42 rem, respectively. The 
predicted doses are approximately 2.5 
tines 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 
Che second highest predicted doses at 
the atolls. Eneu Island, Pattern 1, 
at Bikini Atoll ranks third in the 
list of four major living patterns at 
the two atolls* The whole body dose 
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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 
Eneu doses are about five times higher 
than the southern island living pat
terns at Enewetak, which lead to che 
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 Survey 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 

37 
Report for Enewetak Atoll were cal
culated for bone marrow and are com
pared to Che Federal guideline of 



0.5 retn/yr for a member of the popu
lation. The bone doses listed for 
Enewetak Atoll in the Enewetak Radio
logical Survey Report were converted 
to bone marrow doses and Included in 
Table 34 tc allow comparison with 
doses from Bikini Atoll. 

The Federal guidelines for whole 
body and bone marrow are listed in the 
last column of Table 34 for comparison 
with the predicted doses for each of 
the major living patterns at the two 
atolls. Doses predicted for Bikini 
Island and Engebi Island exceed the 
guidelines, while the Eneu living pat
tern is very marginal. The use of the 
southern half of Enewetak Atoll leads 
to predicted doses below the federal 

guidelines, and, again, are lower than 
in the United States (see Table 
34). 

In final analysis it appears that 
for living patterns with diets com
posed of locally grown products and 
residence on the larger islands at 
Bikini Atoll, which are more suitable 
for residence (i.e., Bikini and Eneu 
Islands), no living pattern is pos
sible that leads to as low a dose as 
is possible at Enewetak in the south
ern half of that atoll. Preliminary 

g 
data from the only other large island 
at Bikini Atoll, i.e., Namu, indicate 
that predicted doses for this island 
are more similar to those predicted 
for Bikini Island. 
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