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EVALUATION OF THE RADIONUCLIDE CONCENTRATIONS IN
SOIL AND PLANTS FROM THE 1975 TERRESTRIAL SURVEY
OF BIKINI AND ENEU ISLANDS

Abstract
) i . i 60 : 90
In June 1975, personnel from LLL Island (0.86 for Co, 76 for St,
_ ) o " - 137 . 239,240
and from other laboratories and 43 for Cs, 3.0 for ’ Pu, and
agencies conducted a radiological 2.4 for 241Am). We found that radio-

survey of the terrestrial environment
of Bikini and Eneu Islands (Bikini
Atoll) to evaluate the potential
radiation dose to the returning Bikini
population. In this report, we pre-
sent measurements of the radionuclide
concentration in soil profiles and in
dominant species of edible and noned-
ible, indicator plants. We also des-
cribe the use of these data to derive
relationships to predict the plant
uptake of radionuclides from soil.
Approximately 620 soil and vegeta-
tion samples from Bikini and kneu
Islands were analyzed by Ge(Li) gamma

spectrometry and by wet chemistry.

The predominant radionuclides in

13
these samples are 60Co, 9OSr, 7Cs,
2 ] 2 .
239’h40Pu, 241Pu, and Z*l{\m. In gene-

ral, the raaionuclide concentrations
in soil from Eneu Island and from the
four areas of Bikini Island appear

to approximate log-normal distribu-
tions. The median surface-soil
concentrations (pCi/g) of Eneu Island
(0.067 for 60Co, 4.1 for 9OSr,

137 239,240,
Pu

2.9 for Cs, 0.25 for
241

>

and 0.22 for Am) are ten times

lower than those measured on Bikini

activity is unevenly distributed over
the surface of these islands and that
the distribution of activity with

soil depth varies greatly in different

parts of the islands. Concentrations

in the soil of 908r and '37Cs are

. 241
greater than concentrations of Am

239,240

and Pu which, in turn, are

. 6
greater than concentrations of Co.

To quantitatively evaluate the
: 90, 137
plant uptake of Sr Cs, and

979
HB),ZAOP

)
u, we develop soil-plant
concentration factors as well as
leaf-leaf and fruit-leaf concentra-
tion ratios for indicator and edible
plant species from the same location.

In general, the concentration factors

i 137 . . . .

for Cs in terrestrial vegetation
90

are greater than those for Sr. The

concentration factors [or both of

these nuclides exceed those for

239,240

’ Pu by one to two orders of

magnitude (10 to 100 times). Tor

9OSr and 239’240Pu

, nuclide uptake
by fruit is less than that by mature
leaves; lhowever, the opposite is
true for 137Cs. The relative con-
tribution of the individual plant

species to the internal dose.to man




varies with the nuclide under consi-
deration. Thus, we also describe

the use of concentration factors and

concentration ratios to predict
auclide concentrations in fruit from

those observed in soil or leaves.

Introduction

Since the termination of nuclear
testing on Bikini Atoll in 1958,
periodic environmental surveys have
been conducted to evaluate the radio-
logical status of the atoll. The
carly surveys of Bikini Atoll as well
as the recent survey and assessment at
nearby Enewetak Atoll indicate that
concentrations of radionuclides in
certain terrestrial foods are rela-
tively high, sugpgesting that the
terrestrial foodchain could be a major

1-4
exposure pathway.,

in June 1975,
Bikini Atoll was resurveyed to deter-—
mine the residuanl radicactivity in the
tervestrial cavirvronments of Bikini and
Eneu lLslands, the two main islands of
the atoll (Fig. 1). The 1975 survey
included measurement of environmental
gamma-ray exposure rates and the col-
lection and analysis of samples of
soil, ground water, cistern watev, and
vegetation for use in assessing the
internal dose via varicus ingestion
pathways. (The dose from external
gamma exposure and the radionuclide
concentrations in cistern and ground
water have been previocusly

5,6
reported. )

-——

The longer-lived fission and
activation products are the nuclides
of primary concern at Bikini Atoll.
Previous studies have shown that

because of their long half lives and
. . 90 137,
large inventories, Sr, Cs, and

239’2A0Pu contribute nearly all the

population dose from the tervestrial

’ In this study, our major

9OSr, 137C5, and

pathway.

emphasis 1s on
- £
239’2‘0Pu. rhe results ob-
241
tained for 60Co and Am are also

However,
. 0 ie widelv dis-
included because Co is widely dis
rributed and is present in the marine
pathway and because the concentration

of ZAlAm is still increasing slightly

24
due to the decay of Pu

In this report, we describe the
results of the soil and vegetatien
studies of the 1975 survey. We also
discuss the use of the data to derive
relationships that predict the plant
uptake of nuclides from soil on
Ceometric mean values
IB?CS 239,2&OP

oy

Bilkini Atoll.
[ 8
60 90

of Co, Sr,

241 . .
Am surface-soil concentrations are

u, and

developed for Eneu Island and for
ecach of the four areas into which

Jikini Island was divided. "We also




Bokbata

Bikini Atoll

Bokdrolul
Bokaetoktok
@ Oroken

o
BN

Jele
€233 Lukoj

Adrik

Enidrik
0 5 10
LJ__lJLJIJJ I]
Scale — km
Fig. L.

analyzed soil profiles to investigate
the distribution of activity with
soil depth,.

Soil-plant ‘concentration factors
and soil-plant regression equations,
together with leaf-leaf and leaf-
fruit concentration ratios, are
QOSr, l)?cs’

calculated for and

239,240
Pu in edible and indicator
plants as well as in soil from the
associated sampling site. Trom our
evaluation of these data, a method is

developed for predicting the nuclide

concentrations in edible plants at a

Aomen-Iroij Chain

Bokantuak
Tomsian

Aerokoj-Eneman chain

S =T

The Bikini Atoll.

given location from the determined

nuclide concentrations in soil at the

same location. The prcdicted nuclide
concentrations in edible plants sub-
sequently serve as input data to
predict the internal dosc from ingested
terrestrial foods. This dose assess-—
ment is presented in a separate report.
At Bikini Atoll, the uptake by
plants of radioactive material from
the soil is the principal source of
foodchain contamination. Thus, soil
is both the convenient and the logical

starting point for a prediction of




radionuclide concentration in terres-—
trial plants. Soil-plant concentration
factors or scil-plant regression equa-
tions are commonly used for a quantita-
tive comparison of the capacity of
different plant species and various
plant organs to accumulate radionu-
clides through soil-root uptake.
Prediction of radionuclide uptake by

edible plants is needed to convert

the measured environmental soil con-
centrations into the potential dose to
man from the soil-plant pathway.

Where fruit samples are not available,
correlations between the concentrations
in leaves and fruit of a particular
plant species or between concentra-
tions in leaves of dindicator and

edible plant species enable us to

predict plant uptake from soil.

Methods

ENVIRONMENTAL SAMPLING AND
LABORATORY ANALYSIS

The objective of the surface-soil
survey was to define the distriburion
of radiocactivity within the soil on

Jikini and Eneu Islands. This survey

was conducted in a manner similar to

1
that used at Enewetak Atoll. The

number of soil samples collected on
cach island and within specific
areas on the island was a function of
the anticipated radioactivity levels,
the various housing locations under
consideration, and the expected living
patterns of the future inhabitants.
Thus, Eneu Island, because of its low
and homogeneous activity levels was
sampled less densely than Bikini

has elevated

Island. Bikini Island

and more variable activities and was

divided inte four distinct areas, each

of which could be used for future

village sites. Sampling sites were

selected by superimposing a
rectangular-grid network over an
aerial photograph of each island and
randomly choosing the grid squares to
be sampled within each specific areca
of interest. The surface-sample loca-
tions for the islands are shown in

Fig. 2. These samples were taken

with a coring tool (a steel pipe, 30
2 .

cm” in cross—gsection) to a depth of

c

15 c¢m. The surrounding soil was
scraped awvay and a cutting tool (a
flat picce of steel) was inserted
underneath the cover, freeing the
sample.

In addition to the surface-soil
sampling program, vegetation and
associated soil profiles (soil pro-
files taken from the same location as
the plant) were collected wherever
suitable plant species were located
on Bikini and Eneu Islands (see Fig.

3, Appendices A and B). Leaves,

o0 iltges

e e e 2




fruit, roots, litter, and stems of
edible (Pandarnus, breadfruit, coconut,
papaya, banana, and squash) and non-
edible indicator (Scaevola and
Messerschmidia) plants were collected
when available. We attempted to take
at least one soil profile, and pre-
ferably as many as three, through the
root zone of each sampled plant. In
addition to the soil profiles taken
througﬁ the root zone of sampled
vegetation, other soil profiles were
collected on a random basis on both
Bikini and Eneu Islands. The geo-
graphical locations of these profiles
are also shown in Fig. 3.

All profile samples were taken
from pits dug with a backhoe. After
the pit was dug, the sidewalls were
carefully cut back a few centimeters
undisturbed

lOO—cmZ

to ensure a clean,
profile. TFor each profile,
samples were collected from the side-
wall at increments of 5 cm in the

and of

upper part

the lower part of the profile. Total
depth for profile

25 to 105 cm.

samples varied from
Vegetation and litter samples were
carefully selected and classified by
collected leaves

age. For example,

were classified as young, mature,

and senescent. Two ages of litter
were readily identifiable and were
collected accordingly. However,

fruit samples representing different

stages of growth were unavailable.

o

e
faras

10 to 20 cm through-

—-5—

All samples were handled separately,
placed in plastic bags, and sent to
LLL for processing and analysis. All
soil and vegetation samples were

analyzed both by Ge(Li) gamma spec-
trosocopy and by wet chemistry for

the following radionuclides (see Ref.
12 QOK’ 55 GOC_ 90Sr 106RU

o > b 3
y 2 )
lOZmRh’ llOmAg’ 1 SS 133 137Cs,
152E

b, Ba,

L ] 2 22
lr&ce lSSEU O7Bi 2 8R{
235U, 238PU

241

L," 3 3
2
AlPu
Am.

Fe,

> bl

239, 240,

> b bl 3

and

DATA ANALYSIS

The surface-soil (0 to 15 cm)
activities appear to approximate log-

and thus, we

. 60

calculated geometric means of Co,
3 2 4

9OSK, l)7CS, 239,240PU

normal distributions

and 'lAm

concentrations in soil for Lneu

Island as a whole and for the four

areas of interest on Bikini Island.
For each profile collected, we plotted
(on semilog paper) the concentrations
of the selected nuclides as a function
of depth. The profile data were com-
pared in an attemplt to characterize
the different areas of the islands
(see Appendices A and B).

Because they are the major contri-
butors to the dose from ingestion of

terrestrial foods (Refs. 1, 7, 8),

236 4
908r and 239,240

137Cs, Pu were

bl
selected for more detailed analysis.
We calculated concentration factors

for these nuclides from measured
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concentrations in plant samples and
from the average measured concentration
in the associated 0~ to 25-c¢m soil
profile. We define the concentration
factor, CF, as

pCi/g dry plant

Cr = - -
pCi/g dry soil

To reduce the variability in average
soil concentrations (used to calculate
the concentration factor), we used =
0- to 25-cm soil profile that encom-—
passes a large fraction of the effec-
tive absorptive root zone rather than
the deeper 0- to 55-cm profile that
encompasses the entire root zone.
Concentration factors calculated on
the basis of the average soil concen-
tration in the upper 25 cm of the
vrofile are somewhat greater but do
not differ substantially from those
based on the deeper profiles (Tables
1 and 2). All concentration factors
reported here are therecfore those
derived from average 0- to 25-cm soil
concentrations.

The average 0- to 25-cm soil
concentration is calculated as the
weighted geometric mean for the
separate concentrations, measured at
various incremenkts throughout the
profile. Concentration values less
than the minimum detection limit are
set equal to the detection limit,
following the U.S. Environmental

Protection Agency technique.

[}
o
—
.
oy
03
—

Whenever the number of samples is
large enough, soil concentrations
are plotted against concentrations
in plants from the same sampling
site; the results are analyzed
with linear regression methods.
These linear regression results
are "statistically significant' at
the 0.1-level of a standard F test.
For each combination of nuclide,
plant organ, and species considered,
statistically significant regression
equations are compared to the median
of the calculated concentration
factors and a single representative
concentration factor is assigned.
Predictions of radionuclide
levels in'foodstuffé can be made
from concentration factors if
measured soil concentrations are
available; however, concentration
ratios are also needed if the only
available data are from mature leaf
samples. The concentration ratio
is defined as the ratio of the con-
centration in fruit to the concen-
tration in leaves of the same species;
or, as the concentration in leaves of
one species to the concentration in
leaves of another species. We cal-
culted preliminary ratios for all
available species from the 1975
Bikini survey. However, because of
the small number of samples involved,
a statistical analysis of these

results was not possible.




Table 1. Average radionuclide concentration for 0- to 25-cm and deeper soil

profiles.
Average Soil Concentration, pCi/g dry weight
Locationa 9OSr 137C5 239Pu 240Pu
T0001 (0-25)° 81 45 4.3 4.7
(0-40) 70 27 1.6 1.8
TO051 (0-25) 202 150 9.2 10
(0-45) 208 165 9.2 10
TO061 (0-25) 42 28 1.4 1.6
(0-55) 150 85 5.1 5.7
TO062 (0-25) 67 31' 2.3 2.5
(0-45) 80 37 1.3 1.5
T0081 (0-25) 126 43 2.2 2.5
(0-45) 70 15 0.53 0.64
10121 (0-25) 89 50 2.0 2.2
(0-55) 34 25 0.52 0.60
TO161 (0-25) 27 34 1.5 1.7
(0-55) 30 25 1.1 1.2
T0181 {0-25) 94 13 2.4 2.8
(0-55) 62 5 0.56 0.70
TO191 (0-25) 36 23 0.49 1.2
(0-55) 28 18 0.87 1.0
10241 (0-25) 3.7 | 3.3 0.42 0.46
(0-45) 4.7 2.8 0.49 0.47
T0251 (0-25) 7.3 7.9 0.24 0.27
(0-45) 9.8 5.7 0.42 0.45
T0261 (0-25) 7.8 4.6 0.41 0.47
(0-45) 6.8 1.8 0.23 0.38
T0G271 (0-25) 1.0 0.88 0.12 0.14
(0-45) 0.62 0.40 —-——c ——-
T0301 (0-25) ' 16 10 1.1 1.2
(0045) 20 12 1.6 1.5
¢ Sample locations are shown in TFig. 2.
b

Depth of soil profile in centimeters.

c
Not detected.
Nlo_
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2 Spoil-mature leaf concentration factors calculated for 0- to 25-c¢m
and deeper soil profiles.

Location

TOO61
T0062
T008]
170121
10161
T0181
0191
(litcer)
TO251
10261
TO261

10271

TO301

Concentration Factor, (pCi/g dry leaf)/(pCi/g dry soil)

>
No data.

a 90Sr 137CS 239PU ZAOPU
(0-25) 1.0 17 0.01 0.01
(0-40) 1.2 29 0.038 0.01
(0-25) 0.94 0.30 0.050 0.0053
(0-40) 0.92 0.27 0.050 0.0052
(0-25) 5.3 2.5 0.043 0.045
(0-55) 0.15 0.82 0.012 0.013
(0-25) 2.8 2.2 0.049 0.045
(0-55) 3.3 1.9 0.028 0.013
(0-25) 1.4 0.79 0.019 0.0494
(0-45) 2.4 2.3 0.078 0.029
(0-25) 1.2 2.9 0.030 0.021
(0-55) 2.5 5.9 0.066 0.084
(0-25) 0.22 13 0.018 0.014
(0-55) 0.19 18 0.024 0.05¢4
(0-25) 0.11 35 0.012 0.018
(0-55) 0.17 9.3 0.051 0.0245
(0-25) .56 17 0.025 0.013
(0-55) 0.72 23 0.029 0.051
(0-25) 0.30 1.1 b ———
(0-45) 0.19 1.3 = ——
(0-25) 0.16 3.9 0.010 0.013
(0-45) 0.12 5.4 0.0059 0.069
(0-25) 0.099 2.6 -—= ———
(0-45) 0.20 6.6 —— —
(0-25) - 16 = —-—
(6—45) e 36 ——— ———
(0-25) 0.11 2.3 - ——
(0-45) 0.085 2.0 ——— -

! Sample locations are shown in Fig. 2.
-11-




Results and Discussion

SURFACE SOIL SURVEY

Although more samples are available
from the 1975 Bikini survey than from
any previous survey (Table 3), there
is little consistency in the geograph-

60 90

ical distribution of Co, Sr,

}37Cs, L39,240PU,

and 'alAm on Bikini
and Eneu Islands (see Appendix C).
The maps and overlays in Appendix C
present the activities of these radio-
nuclides in picocuries per gram of
dry soil over the sites from which the
samples were collected. A list of
concentrations of all detectable
nuclides for each sampling site is
given in Appendix D (microfiche
included in pocket on inside back
cover). A dry-soil density of 1.5
g/cm3 may be used to convert the
integrated profile uvata into activity
per uni. area. However, some caution
must be exercised in such calculations
because a significant fraction of the
total activity may be located below
the sampling depth.

Table &4 presents the means of the
surface-soil concentrations of the
dominant nuclides for Eneu Island

and for the four areas of interest on

Bikini Island. The values {for Eneu

are consistently ten times lower than
concentrations for any part of Bikini
Island. Island,

As expected, on Bikini

rea 1 shows the lowest soil concen-

tration, since it is an exposed beach
area that has been cleared for
and

- . .8
housing. Data from Bikini

Enewetak12 have revealed that soil
activity is directly related to the
amount of vegetation present in the
area surrounding the sampling site.
One possible reason for this is that

a heavy vegetative cover can protect
the underlying soil, minimizing the
effects of weathering processes (e.g.,
wind and rain erosion) that transport
surface activity through the soil

the water lens.

column to Follow-up

field work at Enewetak Atoll has also

shown that, in heavily vegetated .

areas, litter increases the soil

retention of radionuclides.

Although soil concentrations of

radionuclides in Area 2 appear to
be higher for QOSr and ng’ZAOPU
than in any other areca on Bikini,
statistical analysis of the 908r
concentrations for each of the four
areas on Bikini, using the Mann-
Whitney nonparametric test, shows
no significant difference between
the concentrations in the various

arcas. However, a more extensive

analysis is needed to better define
the real differences in concentra-

tions in the various arcas.

—-12-

-
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Table 3. Number

of vegetation and soil samples in various Bikini surveys.

Number of Samples

" 2 2!
90Sr o ],.37CS ~39,_40PU
64-74" 1975° 6474 1975 6474 1975
Species, Organ Survey Survey Survey Survey Survey Survey
Pandanus, leaves® 6 (6)d 6 (6) S (5)
fruit 6 1 (L) 4 1 (1) 1 (1)
Papaya, leaves 8 (4) 8 (4) 8 (4)
fruit 4 (&) 4 (4) 4 (4)
Breadfruit, leaves 2 (2) 2 (2) 2 (2)
fruit 0 1 (D 0 1 (D) 1 (1)
Banana, leaves 3 () 3 (3) 3 (3)
Coconut, leaves 22 (8) 22 (8) 22 (8)
fruit 5 6 (6) 48 6 (6) 6 (6)
Scaevola, leaves 8 (2) 8 (2) 8 (2)
fruiting 1 (1) 1 (1) 1 (1)
body
Messerschmidia, 6 (3) 6 (3) 6 (3)
leaves
Soil Proflfiles 5 h2 272 42 42
Soil, top 15 cm 21 196 176 196 196

)
Data from this report.

Data [rom 1974 Bilkini dralt (unpublished).

c . .
Leaves include both mature and younyg specimens.

Number of samples that have divectly associated soil profiles.

-13-



Table 4. Median surface soil concentrations (0 to 1S cm).
Soil Concentration, pCi/g dry weight
Bikini Eneu
Nuclide Area 1 Area 2 Area 3 Area 4 Lsland® Island
60 . b . .
Co 0.59 (51) 0.98 (6) 0.94 (32) 0.92 (87) 0.86 (176) 0.067 (66)
90 -
Sr 41 (35) 126 (5) 69 (18) 68 (70) 76 (128) 4.1 (73)
137
Cs 34 (51) 43 (6) 48 (133) 48 (88) 43 (178) 2.9 (68)
239,2
’ AOPU 2.3 (70) 4.5 (10) 2.1 (34) 3.0 (140) 3.0 (254) 0.25 (146)
241
Am 1.8 (51) 3.7 (6) 2.7 (31) 2.7 (87) 2.4 (175) 0.22 (68)

Arithmetic average of soil concentration in Areas 1-4 on Bikini TIsland.

b
Number of samples taken.

SOTL PROTILES

Soil profiles from different parts

of Bikini and Eneu Islands show a wide
range of activity distributions with
depth. (A listing of the concentra-
tions measured for each profile 1is
given in Appendix A and the data ave
presented graphically in Appendix B.)

1
As noted by Held, i dif{ferent plant-

because of this inhomegenity, general-
izations are not very meaningful, and
these islands cannot be characterized
by "average vertical profiles” with
which to formulate cleanup criteria

to estimate dose.

and

The four basic types of profiles
! 12
at Eneweltak Atoll

delineated are

all present on Bikini Island (sec

s0il environments cxhibit different Fig. 4). Although we could not
vertical patterns of nuclide migra- identify any particular profile type
tion: The wnearly complete disruption for extensive areas on Bikini Island,

of the upper soil layers at Bikini
Atoll by clearing, construction, and
testing over the pdst 30 years as well
as by agricultural practices initiated
more recently has crecated a variety

of plant-soil environments. Thus, the
inhomogenity of the soil on these

islands is not surprising. However,
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specific locations can be assigned
"typical" profiles for predictive
purposes. Yor example, on Bikini
Island a group of samples taken in
close proximity to one another

(T0091, TOLOLl, TOLlLll, 10121, and
T0131) show genevally decreasing

activity levels with depth despite

)
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some variability in pattern in the
upper parts of the profiles (see Figs.
5-9; Appendices A and B). Other loca-
tions, limited in area, can be assigned
different "typical" profiles.

In general, profiles from Bikini
Island show decreasing activity levels
with depth. In contrast, those from
Eneu Island exhibit a pattern of
uniform or slowly decreasing activity
levels from surface to total-sampled
depth., The variations seen in the

profiles on Bikini may be the result

of the location of organic layers in
the profile.. Because organic matter
tends to concentrate radioactivity,
nonuniform patterns of radionuclide
concentration may result from organic
layers that have been buried recently
by construction and rehabilitation
activities.

Although it is difficult to gener-
alizeé about patterns of activity dis-
tribution, the relative concentrations
of the dominant nuclides show a con-

137
sistent trend: 9OSr and Cs =
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I'ig. 5. Correlation of the Sr concentraltion in mature coconut leaves with

the concentration of 908r in the soil at the same site.
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23 - . N TP A R
9,240PU and 24 am > 6000 The PREDICTION OF PLANT UPTAKE

. Q. .
concentration of Sr on Bikini

Island is usually twice that of

137Cs, 239,240PU

241
and Am, and thirty to forty

60Co (Table 4). As

ten times that of

times that of
mentioned previously, soil concen-
trations on Eneu are about ten

times lower than those on Bikini

Island for all the radionuclides

considered.
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Average concentrations in the 0- to
25-cm portions of the soil profiles
are combined with measured concentra-
tions in plants to predict the uptake
of various radionuclides from the
soil. In general, these plant-soil
relationships from the 1975 Bikini
survey confirm the results: of previous
the relatiopships

surveys; however,

are often statistically insignificant.
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wilth the concentration of 239,240py 4p the soil at the same site.

[u surveys where the number of sam- verify the results, we recommend the
ples considered for any one case is use of the general plant-soil rela-
small, relationships thal appear to tionships developed in this study

be statistically insignificant are for subsequent dose assessments.

often extremely significant, since
Concentration lactors

sampling errors may dominate the

explanatory variables. Although Soil profiles with uniform
statistical analysis of a larger patterns of nuclide migration are
number of samples is necessary Lo seldom found at Bikini Atell as a
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result of the complete disruption of
the upper soil layers by clearing,
construction, and testing over the
past 30 years as well as by more
recent agricultural practices. To
determine the soil concentrations of
nuclides that are actually available
to the root system of a specific
plant, we sampled soil profiles in
direct contact with the root system.
The two replicate samples of soil

profiles show minimal variation,

leaves with the concentration of

OSr in the soil at the same site.

regardless of the side of the plant
from which they were taken (Table S5).
In contrast, profiles in the general
area but not in direct contact with
the root system of the plant sample
are highly variable (Table 6).

Tables 7 and 8 present the range
and median values of concentration
factors calculated for vegetation and

soil sampled from the same location.

Table 9 compares the information from

-19-

these tables with the same information




a

for mature Seacvols and coconut leaf
samples for which no soil samples
from the same location are available.
We selected mature Scaevola and coco-
nut leaves for this comparison because
they provide the largest number of
samples in both the associated and
unassociated categories. A comparison
of the ranges in Table 9 shows the
Importance of using associated plant-

s0il data (data from the same sampling
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Fig. 9. Correlation of the Cs concentration in mature Scacvola and dosger-
schmizdic leaves with the concentration of 3¢ in the soil at the same site.
for concentration factors calculated site). Concentration factors calcu-

lated from unassociated plant and

soil factors show a variation of

three orders of magnitude in the

37

case of Cs uptake by mature

Secevola leaves while concentration

factors calculated from associated

~data vary by one order of magnitude

or less. These results agree with the

wide range of concentration {actors
calculated in previous surveys from

unassociated plant and soil sawmples. ’




Table 5. Radionuclide concentrations in replicate 0- to 25-cm soil profiles.

Average Soil Concentration, pCi/g dry weight

90 137CS 239PU

[
I~
O

Locationa Sr Pu
Group 1
TO0OL 81 45 4.3 4.7
T0002 92 29 4.6 5.1
T0O003 101 44 5.0 5.5
Group 2
T0061 42 28 1.4 1.6
T0062 68 31 2.6 2.5

a . . . .
Sampling sites are shown in Fig. 2.

Table 6. Radionuclide concentrations in 0- to 25-cm soil profiles taken from
the same general area.

Average Soil Concentracion, pCi/g dry weight

Location’ 9OSr 137Cs 239Pu ZQOPU

Croup 1

TO091 81 55 2.5 2.8
TO101 32 35 0.27 0.29
TOL11 81 87 3.3 3.7
T0121 89 50 2.0 2.2
TO131 86 13 0.53 0.064

E TO031 6.8 8.6 0.18 0.20

T0041 35 26 0.58 0.69
TOOS51 202 150 9.2 10
TO061 42 28 1.2 1.6
TOO71 127 86 4.6 5.1

1 . . . .
Sampling sites are shown in Fig. 2.
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137

Table 7. Soil-to-plant uptake of 908r and Cs from plants and soils sampled

at the same location.

Cancentration Factor, (pCi/g dvy plant)/(pCi/g dry soil)

137
% , e
No. of No. of
Species, Organ Samples Minimum Maximum  Median Samples Minimum Maxim:m  Median
Scaevola, mature 2 0.24 0.41 0.33 2 1.3 14 7.4
leaves
Messerschmidia, 3 0.48 0.86 0.52 3 2.1 50 3.7

mature leaves

Pooled Secacvola &
Messerschmidia, 5 0.24 0.86 0.48 5 1.3 50 3.7
mature leaves

Coconut, mature 7 0.099 0.38 0.16 8 1.1 16 3.0
leaves
Coconut, "fruit" 2 0.024 < 0.018 --= 2 1.4 3.6 2.5
Coconut, meat 2 < 0.019 0.026 - 2 7.3 5.8 8.6
Coconut, milk" 2 < 0.0084 < 0.012 - 2 0.90 1.4
Pandanus, mature 5 0.71 2.4 0.91 5 2.9 25 15
leaves

1
Pandanus, green 1 B . 0.53 1 - === 0.054
fruic
Papaya, mature 4 0.62 4.0 1.3 4 0.30 5.9 3.1
leaves
Papaya, fruit 4 0.12 0.85 0.43 4 1.9 18 3.2
ireadfruit, matcure 2 1.4 2.3 1.8 2 0.79 2.4 1.6
leaves
Breadfruit, 1 - - 0.76 1 = - 7.0

mature fruit

Banana, macure 2 0.48 1.1 0.73 2 0.33 0.54 0.42
leaves

Squash, whole 1 - -—- 3.4 1 ——— ——- 26
plant

Squash, sceds 1 ——— ——— 0.15 1 _— —_— 56

a .
Coconut

milk was measured and reported in pCi/ml wet weight which, for calculation of cthe

concentration factor, was assumed to equal pCi/g wet weight. Thus, the concentration factor
for coconut milk is in (pCi/g wet weight)/(pCi/g dry soil).

No data.
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239,240

Table 8. Soil-to-plant uptake of Pu from plants and soils sampled at

the same location.

Concentration Factor, (pCi/g drv plant)/(pCi/g dry soil)

27 24
-39pu 'OPU
No. of No. of

Species, Organ Samples Minimum Maximum Median Samples Minimum Maximum Med ian
Sceacvola, a
mature leaves 1 S -—= 0.0047 1 -—- ——— 0.0051
Mezsserschmidia,
mature leaves 2 0.024 0.11 0.067 2 0.045 0.12 0.081
Pooled Scazvola &
Hesserschmidia,
mdture leaves 3 0.0047 0.11 0.024 3 0.0051 0.12 0.045
Coconut,
mature leaves 4 0.010 0.022 0.015 4 0.0113 0.021 0.015
Pandanus,
mature leaves 4 0.0044 0.030 0.016 4 0.0043 0.015 0.014
Papaya,
mature leaves 4 0.0013 0.037 0.037 4 0.0053 0.041 0.026
Papaya, fruit 2 0.0013 0.0021 0.0017 2 0.0013 0.0023 0.0018
Breadfruit,
mature leaves 2 0.0063 0.019 0.013 2 0.0213 0.062 0.042
Banana, '
mature leaves 2 0.0017 0.0054 0.0036 2 0.0018 0.0066 0.0042

a
No data

. . . . a
able 9. Soil-mature leaf concentration factors calculated from associated”
and unassociatedb data.

Concentration Factor, (pCi/fy dry plant)/{(pCi/g dry soil)

Associnted Unassociated
No. of No. ofr

Nuclide, Species Samples Minimum Max imum Med tan Samples Minimum Maximum Hedian
90, ; -

Sr, Seacvela 2 0.24 0.41 0.33 4 0.048 4.3 1.8
90,

S, coconut 7 0.099 0.38 0.16 15 0.041 0.74 0.29
137 .,

Cs, Scaecvola 2 1.3 14 7.5 b 0.073 39 7.7
137 .

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
240 . )

Pu, coconut 4 0.011 0.021 0.015 12 0.0021 0.15 0.016

t . ,
Plant and soil data sampled from the same site.

b . . . .
Plant and soil data sampled from different sites in the same general arvca.

~23-
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Because the range of concentration

na

factors in only two combinations of

nuclide, plant part, and species from
the associated soil-plant data (pooled

serschmidia leaves

9730
LoD
“Pu)

el

Seaevola-ites for

n
13765 and papaya leaves for
varied by more than a factor of 20

(Table 10), we use the median councen-—
tration factors derived from the

associated data in our predictive

Several reasons explain the varia-

tion of concentration factors calcu-

lated from associated plant and soil

data, including differences in the

physiochemical properties of the

radionuclides under coneideration, in

soil type and chemical characteris—

tics, in soil management practices,

in irrigation practices, and in the

physiology, age, and prior history of

the plants sampled. 1t is impossible

associated soil-plant concentration

Max imum-to-Minimum Ratio

model .
Table 10. Maximum-to-minimum ratios of
factors.

. 90
Species, Organ St
Scaevola, mature leaves L.7
Messerschmidia,
mature leaves ) 1.8
Pooled Scaevola and
Messerschmicdia, mature
leaves 3.6
Pandanus, wmature lcaves 3.3
Coconut, mature leaves 3.8
~ . "e . Anb -
Coconut, fruit < 7.2
Papaya, mature leaves 6.5
Papaya, fruit 7.4
Banana, mature leaves 2.3
Breadfruit, mature leaves 1.7
a

Not detected.

1 . . P

"Truit” includes both meat and miik.
—24—

137, 239, 240,
10 -7 -
23 4.9 2.6
19 23 2.0
8.4 6.9 3.6
14 2.1 1.8
2.6 - -
20 30 7.9
9.5 1.7 1.8
1.6 3.2 3.8
3.0 3.0 2.9




to identify the specific cause of each
variation but the variation can be
reduced by carefully controlling
sampling techniques and by increasing
the number of samples.

Where fruit data are unavailable,
concentration factors calculated from
mature leaf data are used as the
basis for predicting concentrations
of radionuclides in food available
to the returning Bikini population.
Mature leaf concentration factors
in conjunction with correlations
between various species and between
leaves and fruit of .the same species
enable us to predict concentrations
in fruit from measured concentra-
tions in leaves of indicator or
edible plants.

We only report concentration

factors for 9OSr, 137Cs, and

239,240 . .
Pu. As predicted from previous
studies, the most effectively trans-
ferred radionuclide in the terrestrial
enviromment is 7Cs,although 908r
is often present in larger quantities
in the soil of the atoll. This is
partly explained by the differential
solubilities of goSr and 137Cs in
soil. Strontium-90 appears to be
tied up as insoluble carbonates in
the atoll soil and is thus less avail-
able to the plant. Cesium-137 is
more soluble in the nonclay atoll

. 137 .
soil; thus Cs is more easily

leached through the soil. Although

137 .
"Cs is leached through the soil at

a faster rate than 9OSr, 137Cs is

also readily absorbed and accumulated
in organified soil horizons where
there is a proliferation of plant
roots and litter. This accumulation
of 137Cs in organified soil horizons
renders it more available than 905r
for uptake in plants.

The concentration factors discussed
in the subsequent paragraphs generally
reflect this relationship between the
uptake of 9OSr and 137CS. For Panda-
nus, coconut, Scaevola, and Messer-
sehmidia leaves and for the fruit of
all species, low concentration factors
are observed for 9OSr as compared to
137CS. However, leaves of papavya,
banana, and breadfruit show concentra-
tion factors for 9OSr as high or

137
higher than those for Cs. Concen-

239,240
tration factors for ? Pu are

generally 10 to 100 times lower than
those for either 9OSr or l37C5.
Although they are often measured in
soil, 6OCo, 241Pu, and 241Am are only
occasionally detected in vegetation.
For this reason, we did not calculate
concentration factors for these three
nuclides.

In the following sections, we
discuss the specific concentration
factors assigned to each species.
Concentration factors arewassigned
solely on the basis of the median
calculated concentration factors
except for coconut and for pooled

Scaevola and Messerschmidia leaves.




For these last two cases, we had
enough samples to justify analysis by
linear regression methods. Thus, the
regression results are compared with
the median councentration factor and a
representative value is chosen for
our models. The relationships between
the relative uptake of different
species are considered in a separate
section on concentration ratios.
Coconut. Coconut is the most
abundant species on Bikini and Eneu
Islands and thus it was sampled more
extensively than any other plant in
the 1975 survey. Unforvtunately, few
coconut trees were bearing fruit so
the bulk of these samples are leaves.
Regression analysis comparing mature
coconut leaves and soil sampled from
the same location shows correlations
that are significant at the 0.1 to
0.05 level for QOSr, at the 0.005

level for 13765, and at the 0.1 level

239, 2¢
for 39,240 5-7).

Pu (TFigs. Combining
the results of this regression analy-
sis with the median calculated concen-
tration factors (Table 11), we obtain
final concentration factors for mature

g
coconut leaves cof 0.16 for )OSr, 3.0

for l37Cs, and 0.015 for 239’240Pu.
Concentrations in both coconut
milk and coconut meat were analyzed
for the two samples from Bikini. When
compared on a wet/wet or a dry/dry
basis, there are no définitcive pat-
terns in the radionuclide concentra-

tions of meat and milk taken from the

—-26-
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same location: Because the 1972
Enewetak data show no consistent dif-
. . 90
ferences in the uptake of Sr oand
137 . N

Cs by coconut milk and meat, the
90 | 137 . ) ..

Sr and >s concentrations in fresh
coconut meat and fresh coconut milk
are assumed to be equal. The concen-
tration factors from the Bikini data
(Table 11) are within the range of

1
those from the Enewetak survey, so
until more conclusive data are avail-
able, we have assigned a conservative
concentration factor of 0.024 for

0 7.

Sr and 2.5 for Cs to both coco-
nut meat and milk.

Pandarus - Although the number of
samples of mature Pandanus leaves is
insufficient for statistical analysis,
the concentration factors calculated
from associated leaf-soil data for
Bikini are within the range of those

1 .
from Enewetak. The median concentra-

90 .
tion factors of 0.91 for Sroand 15.2
137 , ‘

for Cs are assigned to mature Pai-

danus leaves. The concentration fac-

tor caleculated for the one green Pan-

danus fruit available from the Bikini

C
survey (0.50 for OSr and 5.4 for

1!
'3705) is comparable Lo values [rom

previous surveys and therefore, we

;Fallowing the example of the Ene-
wetak survey,™ results are given in
wet weight for coconut milk and in
dry weight for coconut meat; coconut
milk is assumed to be 957 water and
coconut meat is assumed to be 50%
water.
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Table 11. Comparison of soil-voot and soil-leaf concentration factors.

Concentration Factor, (pCi/g dry plant)/(pCi/g dry soil)

90, 137, : 239,240,

Species Roots Leaves Roots Leaves Roots Leaves
Pandanus 0.88 1.0 23 17 0.44 0.015

0.77 1.2 26.1 2.9 0.45 0.022
Mzsserschmidia 0.59 0.45 33 50 0.44 0.35
Coconut 0.16 0.11 3.4 2.3 0.085 -—-

0.89 - 16 0.88 0.11 .

0.30 0.30 5.7 1.1 0.081 -

0.89 ——= 5.0 - 0.38 -
Banana 0.42% 1.10 0.026 0.54 0.027 0.006
al

Root and crown.

Below minimum detection limit.

consider it to be a valid sample and
have used it in our dose predictions.
Breadfruilt — Breadfruit were not
available on Enewetak Atoll. Thus,
data from the two samples collected
during the 1975 Bikini survey provide
the first directly wmeasured concen-
tration factors. As expected from the
1972 Bikini Surveylb and from the sta-
ble clement analysis of Ppotassium and
calcium in the Enewetak survey,l uptake

of 9OSr and 137Cs by breadfruit is
high and comparable to uptake by Pan-
danus. Preliminary concentration fac-
tors of 1.8 for 9OSr, 1.6 for 137Cs

and 0.027 for 239’240P

>
u are assigned
to mature breadlfruit leaves. The con-

centration factors for the one mature

Fruit sampled from this species are
0.76 for 9OSr and 7.0 for l37Cs.
Papaya — The ratio of maximum-to-
minimum concentration factors calcu-
lated for mature papaya leaves is

small; median concentration factors

9OSr, 3.1 for l37cS, and

“are 1:3 for
0.0018 for 239’240Pu.
factors of 0.43 for 9OSr, 8.2 for

£
137C5, and 0.0018 for 239’2‘0Pu

Concentration

are
calculated for the four papaya fruit
available.

1975 Bikini survey on radionuclide
concentrations in banana are for
mature leaves. The two available
samples suggest tentative Coﬁcentra—

g
tion factors of 0.73 for JOSr, 0.42

—-27-




2
for 137Cs, and 0.0039 for 239’“40Pu

in mature banana leaves. Unpublished
data for banana fruit and soil samples
from the same area collected in the
1972 Bikini survey yield concentration
factors of < 0.058 for 908r and
<0.00028 for 239’240Pu.l7 Because no
data are currently available for con-
centration factors for 7Cs in bana-
ﬁas, we have assigned the conservative
value of the 7Cs concentration fac-
tor in mature banana leaves to banana
fruit.

Messerschmidia and Scacvola — As

discussed in the Enewetak survey,1 the
data from these two indicator plants
show a significant correlation between
leaves and soil on both an individual
and a pooled basis. The number of
samples from the Bikini survey does
not warrant individual statistical
analysis of these species. However,
the pooled data show a correlation
between leaves and soil that is signi-
ficant at the 0.1 level for 9OSr

(Fig. 8) but is not significant for

137

Cs (Fig. 9). Cesium-137 does show
a significant correlation between
leaves and soil in the Enewetak
results and probably would do so for
Bikini if the number of samples were
larger. Based on the median calcu-
lated concentration factors and on the
results of the regression analysis,
concentration factors of 0.49 for

9OSr, 3.7 for 13763, and 0.035 for

2 240 . .
239, Pu were assigned to mature

Seacvola and Mesgervschmidia leaves.
Squash — One sample of summer
squash and its seeds was available
from the 1975 survey. This is the
first time measured radionuclide con-
centrations in garden vegetables from
Bikini Atoll have been available.
Squash uptake of 9OSr and J‘3705‘ is
greater than that of any other planﬁ
sampled. Other workers also have
observed high concentrations of 3705
in garden vegetables as compared to
concentrations in other edible and
indicator plants. Lynch et aZ.7 notes
that in field studies, the 137CS con~
centration in lettuce leaves is an
order of magnitude greater than the
concentrations measured in other edi-
ble portions of food plants. In labo-
ratory experviments to determine the
uptake of 765 by squash, Walker
et al. report 7Cs concentrations in
squash that are higher than those
measured in Messerschmidia, Scaevola,
and Pandanus grown in the same Ronge-
lap Atoll soil.l8 However, from
Walker's experiments it appears that
with the application of fertilizer,
the concentrations in squash can be

reduced to levels comparable to those

found in other edible plants.

Concentration Ratios

Radionuclides that arc taken up
from the soil through rools are either

retained in the rools or transported

—28-




to the aboveground plant organs. At
Bikini, the concentrations of 9OSr in
the aboveground plant organs of a
species are comparable to the concen-—
trations retained in the roots of that
species. However, concentrations of

9
137CS and 239,240

Pu are lower in the
aboveground plant organs than in roots
(Table 11). 1In addition, there are
differences in uptake among the vari-
ous aboveground plant organs. Within
any one species, concentrations of
9OSr and 239’240Pu are generally
smaller in edible plant parts (e.g.,

fruit) than in nonedible organs (e.g.,

leaves); the opposite is true for
137Cs (Table 12).

Because leaves are more often
available for sampling than are fruit,
we developed fruit-leal concentration
ratios to allow prediction of radio-
nuclide concentrations in fruit from
those measured in leaves of the same
species (Table 13). The small number
of samples makes it impossible to
statistically evaluate these ratios;
we will do this as more data become
available. We also calculated leaf-
leaf and fruit-fruit concentration

ratios between different species for

Table 12. Summary of median soil-plant councentration factors.

Concentration Factor, (pCi/g dry plant)/(pCi/g dry soil)

% Ples 20,
Mature Mature Mature
Species Leaves Iruit Leaves Fruit Leaves Fruit
Pooled Scaevola &
Messersehmidia 0.48 B 3.7 -—- 0.035 -—-
Coconut 0.16 0.024 3.0 2.5 0.015 ———
FPanaclanus 0.91 0.50 15.0 5.4 ——= -
Papavya 1.00 0.43 3.1 3.2 0.016 0.002
Breadfruit 1.80 0.76 1.6 7.0 0.027 e
Banana 0.73 0.058°  0.42 - 0.004 0.0003"
Squash 3.40° 0.15 6.0 s6.0t - -
4 Not detected.
b 17

1974 unpublished plant and soil data [rom the same vicinicty.

c Whole plant.

Seeds.
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Table 13. TFruit=-leal concentration ratios.
Concentration, pCi/g dry weight Fruit/Leaf
Concentration
Species Nuclide Fruit Mature Leaves Ratio
Pandanus 908r 40® 8 0.50
13703 2.7 146 0.02
o L 90,
Breadfruit Sr 61 190 0.33
1374 384 132 3.00
Coconut
"fruic 90g, 0.79 12 0.06°
1.9 2.9
1374 60 7.1 4.00°
14 9.7
S4 - 15
Coconut 90
meat/milk Sr 0.41/0.18 1.7 0.33
1 } .
3765 76/9.3 24 3.00
Papaya 90Sr 18 264 0.20°
22° 22
49 191
47 221
13
s 865" 189 5.00
160% 156
281 45
303 69
239,240, 0.014" 0.049 0.03
0.0023 0.067
: Green fruit.
b .
Fallen fruit.
Based on all available data.
~30-
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O

prediction ol concentrations in fruit
of one species from those in fruit or
leaves of another species. These
ratios show that distribution patterns
for each nuclide are consistent within
a particular species. However, we
must remember that the importance of
the contribution of each nuclide to
the internal dose to man varies with
different species.

The fruit-fruit and fruit-leafl
concentration ratios are calculated
from a comparison of the concentration
factors of three plant groups (plants
within each group were sampled from
the same general location) and from
comparisons of the median concentra-
tion ratios of all associated plant-
soil samples (Table 14). Analysis ol
the concentration ratios for mature
leaves and fruit suggests that some
species concentrate a given nuclide
to a much greater extent than do
others (Tables 15-19). Vor 90Sr in
mature leaves, the concentration de-

creases in the order: breadfruit and

papava > Pandanus and banana > Messer-
schmidia and Scagvola > coconut
(Tables 15 and 18). These results
agree with those of Nelander.l

The relative uptake of 7Cs by the
various species differs slightly from
that of 9OSr. For 137Cs in mature
leaves, the concentration appears to
decrease with Pandanus > Scuevola >
Messerschmidia, coconut, and papaya >
breadfruit > banana. A comparison of
137Cs uptake by fruit yields the
pattern: papaya > Pandanus and
breadfruit > coconut {(Tables 16 and
19). The data for the uptake of
239,240

Pu by mature leaves are much

. . 90,
more limited than data for Sr and

137 .
Cs, but preliminary results sug-
cest: Messerschmidia > breadfruit >

Pandanus and coconut > papaya >
Seaevela and banana (see Table 17).
Although no concentration ratios are
- 90,

calculated, the uptake of Sr and
137 o )

- Cs by unflertilized summer squash
exceeds that of all other edible

plants sampled.

Summary and Conclusions

The radionuclide concentration in
surface soil samples (0 to 15 cm)
varies greatly throughout both Bikini
and Ineu Islands. 1In addition to the
inhomogeneity observed in surface
soil concentrations, profile data
indicate that radionuclide concen-
tration as a function of soil depth

(In some cases,

is quite variable.

the concentration at depths as gpreat
as 120 cm excecds that in the top

2.5 em.) As a result of the vari-
ability in surface soil concentrations
with locatien and with depth, conclu-
sions regarding dose reduction via
so0il removal must be exercised with
great care. It is necarly impossible

to generalize about remedial measures
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Table 14 Associated soil-plant concentration factors for plant species
sampled from the same location.
Concentration Factor, (pCi/g dry plant)/(oCi/g dry soil)
Species, Organ 9OSr lB?CS 239’240Pu
Group 17
Papaya, mature leaves 1.6 3.9 0.012
Papaya, mature leaves 0.62 5.9 0.037
Papaya, mature leaves - 0.94 0.30 0.0051
Papaya, mature leaves 4.0 2.9 0.027
‘Banana, mature leaves 0.48 0.33 0.0017
Banana, mature leaves 1.1 0.41 0.0060
Breadfruit, mature leaves 2.3 2.4 0.063
Pandanus, mature leaves 1.2 2.9 0.022
Messerschmidia, mature leaves 0.48 87 0.035
Messerschmidia, mature leaves 0.52 3.7 _—
Scaevola, mature leaves 0.24 1.3 0.0049
Scaevola, mature leaves 0.41 14 -—=
Breadfruit, fruit 0.76 7.0 -
Pandarus, green fruit 0.53 5.4 -—=
Scaevola, fruit 0.14 1.4 0.00096
Group 3°
Scaevola, mature leaves 4.3 3 0.024
Coconut, mature leaves 0.67 14 0.026
Coconut, mature leaves 0.27 7.3 0.020

; Group 1 includes samples T00L0, T0O030, 'TO040, TO050, TO0G6O, TOO070.

’ Group 2 includes samples T0090, 10100, T0110, T(0120, and T0130.

¢ Group 3 includes samples T0150 and TOLGO.

d
Not detected.

M32_
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Table 15. Strontium—-90 leaf-leaf concentration ratios.

Leaf-Leaf Concentration Ratio

Bread- Messer-
Species fruit Papaya Pandarnwus Banana schmidia Scaevola Coconut
Breadfruit 1.0 1.5 2.0 2.5 3.5 6.0 12
Papavya 0.66 1.0 1.3 1.7 2.5 4.0 8.0
Pandanus 0.50 0.77 1.0 1.3 1.8 3.0 6.0
Banana 0.40 0.59 0.77 1.0 1.4 2.2 4.4
Messerschnidia 0.29 0.40 0.56 0.71 1.0 1.6 3.2
Scaevola 0.17 0.25 0.33 0.45 0.63 1.0 2.0
Coconut 0.08 0.12 0.17 0.23 0.31 0.50 1.0
Table 16. Cesium-137 leaf-leaf concentration ratios.
Leaf-Leaf Concentration Ratio
- Messer- Bread-

Species Panadanus Scaevola schnidia Coconut Papaya fruit  Banana
Pandanusg 1.0 2.0 4.0 5.0 5.0 10.0 35
Scaevola 0.50 1.0 2.0 2.5 2.5 5.0 18
Messerschmidia 0.25 0.50 1.0 1.3 1.3 2.4 8.8
Coconut 0.20 0.40 0.80 1.0 1.0 2.0 7.0
Papaya 0.20 0.40 0.80 1.0 1.0 2.0 7.5
Breadfruit 0.10 0.20 0.40 0.50 0.50 1.0 3.8
Banana 0.03 0.06 0.12 0.14 0.13 0.26 1.0
entailing soil removal without first clean soil, thus shielding the deeper
detailing the area and pathways that contaminated soil. There would also be
will be involved. very little impact upon uptake by

For example, the soil profile data plants becduse the soill concentration
(Appendices A and B) for Eneu and for is essentially identical through the
some areas on Bikini indicate that re- rook zone up to depths of 40 cm.
moval of the top 10 cmof soil should do However, there are other areas on
very little to reduce gamma exposure Bikini Island, (Appendices A and B,

unless the removed soil is replaced with locations 501, 502, 503, and 504,

—-33-
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Table 17. Plutonium-239,240 leaf-leaf concentration ratios.

o Leal-Leal Concentration Ratio
Species Massersehmidia Breadfruit’ Papaya SGCZé’UOZab
1.0 4.5 10 15
Breadfruic 0.22 1.0 2.2 3.3
Papaya 0.10 0.45 1.0 1.5
Scacuolcb 0.07 0.30 - G.67 1.0

Also includes Pandarmis and coconut.

b
Also includes banana.

Table 18. Strontium-90 fruit-fruit concentration ratios.

B . Fruic-Truic Concentration Ratios o

Species Breadfruit Pandanus’ Coconut
Breadfruit 1.0 A 1.5 3.0
Pundanus® 0.67 1.0 2.0
Coconut 0.33 0.50 1.0

1 a .

i Also includes papaya.

, Table 19. Cesium-137 fruit-fruit concentration ratios.

| o ———— — -

i ] Pruit-Fruit Congentration Ratio -
Species Papaya Breadfruit Pandanus Coconut
Papaya 1.0 1.3 1.6 3.2
Breadfruit 0.75 1.0 1.4 2.8

i Pondanus 0.63 0.71 1.0 2-0

! Coconut 0.30 0.36 0.50 1.0

i

| U —— - S e

|

i
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respectively) where removal of the
top 10 cm of s0il would reduce soil
concentrations by approximately five-
fold. This of course would result

in reduced external exposure and
reduced uptake in plants grown in
such areas.

Although considerable variation in
soil radionuclide concentration is
observed on both islands, the soil
concentrations on Bikini Island are
approximately ten times those on Eneu
Island. In addition, the relative
radionuclide soil concentrations are
very consistent; concentrations of

90 137 ) .
Sr and Cs are ten to twenty times

2
greater than those of 239’“40Pu nd

1 . , .

Am which, in turn, are two to three
times greater than
Therefore, generalizations can safely
be made from the soil data to the
effect that inhabitants on Bikini
Island will be exposed to higher doses
than those on Eneu Island. Also, on
both islands, goSr and 137Cs are the

radionuclides of primary importance.

In the past, concentrations in

terrestrial foodstuffs at Bikini Atoll

have been predicted from soil concen-
trations measured in the field and
from concentration factors taken from
the literature. This approach was
adopted because vegetation sampling
programs were limited in the early
surveys. However, the terrestrial
sampling program.of the 1975 Bikini

survey included sufficient vegetation

0 .
Co concentrations.

samples to allow preliminary predic-
tion of concentrations in nearly all
components of the postulated Bikini
diet. These predicted concentrations
are based on soil-plant concentration
factors and on fruit-leaf, leaf-leaf,
or fruit-fruit concentration ratios
calculated from the 1975 field data.
The predicted concentrations compare
favorably with the available measured
concentrations. A more extensive
survey of Bikini Atoll with larger
sample sizes is needed to statistically
verify these preliminary results. In
the meantime, potential future concen-
trations in foodstuffs from Bikini can
be predicted from our concentration
factors if measured scil concentrations
are available and from our concentra-
tion ratios if only vegetation samples
are available. Estimates of the dose
commitment expected from various pro-
jected lifestyles from our predicted
concentrations are reported in Part 5
of this report sevies.

The predominant nuclides in the
terrestrial foodchain are ? Sr and
137Cs, followed by 239’240Pu, and will
constitute the major internal dose to
man from this pathway. In general,
within a given species, 7Cs uptake
by fruit and leaves is one order of

OSr uptake
239,240
Pu

magnitude greater than
which, in turn, exceeds
uptake by one to two orders of mag-
nitude. Uptake by mature leaves of

papaya, banana, and breadfruit varies
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slightly from this general pattern; in

these cases, the measured uptake of

137C

OSr is equal to that of s. How-

ever, more samples are needed to ver-
ify the pervasiveness of these excep-

tions to the overall patterns observed.

90, 137,

The distribution of Sr, s, and

239’240Pu in fruit and leaves follows

similar patterns in the various species

: 90
-studied. In a given species, St

g 239,240,

uptake by mature leaves is
two to ten times greater than that by

. . 37 )
fruit. The Cs uptake measured in

this study shows a different trend;

uptake by fruit exceeds uptake by mature
leaves by a factor of two to five.
A comparison of the uptake of

. 979 24
QOSr, 13765, and 239,240

Pu shows that,
in general, the relative order of
uptake is: squash (high; breadfruit,
Pandanus, and papaya (intermediate);
and banana and coconut (low). Slight

variations occur, depending on the

radionuclide under consideration. A

more quantitative ordering can be

made after greater numbers of all

tissues of plants are sampled in

Sfuture surveys.
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Appendix A. Soil Profiles of Bikini and Eneu Islands

The following tables present the concentration of eight selected radio-
. 5 ;
OCo 9OSr 137CS lSsEu ~39Pu ZalPL and 241Am) with depth

nuclides (6 s , , , , ZQOPu, 1,

in the soil profile. Sample locations on the islands are given in Figs. 2 and

3. These data are also presented graphically in Appendix B.
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HASTER LOG
01048231
0104833y
01049471
010489572
01048673

01049774



-y

DEPTHICHM)
000-005
005-010
018-020
¢20-0320
03C0-040

040-050C

DEPTH(CH)
000-C05
005-010
010-020
020-030
030-040
040-050

050-060

CONCENTRATIONS

27 CO B0

L.

CONCENTRATIONS

936E+00

. 142E+00
.918E+00
.883£-02
.5B1E-02

.888£-02

27 CO B0

2.
2.

672E+00

360E+00

.1B4E+00
.851£+00
.601E+00
.B685£+00

LH452E-01

IN PC1/0H.

38 SR 90

1

1

1

"

. 157E+0¢2
.000E+02

.e2bE+G2

- 148£+00

iN PC1/GHM,

38 SR 90

1

2.

.837e+02
143E€+02
.840€+02
.585€+02
.528E+02
.42BeE+02

L31HE+D!

HINUS FOR NO DATA.

55 CS 137

1

2

M

.B53E+02
.868E+0!
.855E+01
.688E+00

.266E-01

.275E-01

INUS FOR

55 CS 137

!

.285e+02
.328E+02
.BgNE+D2
.B811E+01
.8385E+01
.B93E+01

.918E+00

8

2

!

2

ve.

v

v,

NO

B

3

2

PROFILE BIKINI 505
LESS THAN éIGN
3 EU 155 S4 PU 238
.B18E+00 6.117£+00
.558E+00 5.368E+00
:973E+00 7.182E+00
281E-02 7.428E+00
.8u48E-02 -
015E-02 -
PROF ILE BIKINI 506
DATA. LESS THAN SIiON
3 EU 155 g4 PU 238
.082E+00 6.842E+00
.805E+00 7.243E+00
.525E+00 6.840£+00
.016E+D0 5.176E+00
. 102E+00 5.063£+00
.888E+00 4.622E+00
L314E-0! 4.178E-01

INDICATES

84 PU 240

6
5
7

8

INDICATES

.766E+00
.878E+00
.783E+00

1T71E+00

84 PU 240

7

.554E+00
.027€£+00
.360E+00
.7T12E+00
.585€+00
. 113E+00

.BS4E-01

g4 PU 241

1.256E+02

1.427£+02

2.045e+02

1.482E+02

gy PU 241

1

i

L4y4E+02
.468E+02
.5B5E+02
.030e+02
.120e+02
.288E+0!

.058E+01

INSTRUHMENTAL DETECTION LIMIT

85 AM 241

6.

4.

v3.

vB6.

580E+00

553E+00

.532E+00

.132E-02

436E-02

QulgE-02

INSTRUMENTAL DETECTION LIMIT

95 AM 241

7
7

.BT71E+00
.293E+00
.707E+00
.B83E+00
L428E+00
.870E+00

.378€E-01

MASTER LOG
01053431
01053534
01053671
01053772
01053873

01053974

MASTER LOG
01055631
01055734
01055871
01055972
01056073
01056174

01056275



T PROF [LE BIKINI 507

2 e CONCENTRATIONS IN PCI/0M. MINUS FOR NO DATA. LESS THAN SIGN INDICATES [NSTRUMENTAL DETECTION LIMIT

%‘ifﬁ DERPTHI(CH) 27 C0 &8¢ 38 SR S0 55 CS 137 53 tU 155 84 PU 238 34 PU 240 g4 PU 24t 95 AM 241 MASTER LOG
% :ji 000-005 3.411£+00 2.681E+02 1.337€+02 ;.358E+OO 1.000E+0! 1.088E+01 1.860E+02 {.151E+401 0105033}
g Lt 005-010 1.583E+00 1.687£+02 §.410E+01 1.848E+00 4.368E+00 4.730E£+00 8.851E+01 4.554€+00 01050434
,K 010-020 1.180E-01 1.8284E+0! 2.149E+01  v5.153E-02 2. 183E-01 2.571e-01 - 1.836€£-01 01050571

020-030 v3.806£-02 8.801£-0!

m
(88

.B2SE+00  v3.120E-02 - - - ¥5.238E-02 01050672

PROFILE BIKINI 5C8

CONCENTRATIONS [N PCU1/GM. MINUS FOR NO CATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

DEPTHI(CH) 27 CO B0 38 SR 20 55 CS 137 83 £U 155 Sy PU 233 g4 PU 240 g4 PU 24! 35 AM 24! MASTER LOG
000-005 c¢.768E+00 1.8980E+02 1.V 13e+02 3.413E+00 7.554E+00 8.085E+00 i.468E+02 8.730E+00 01051431
005-010 3.582€+00 2.325%E+02 1. 344E+02 4.273E+00 g.514E+00 1.,023E+01 1.886E+02 1. 04BE+01 0105153y
010-0c20 3.898£+00 2.978E+02 i.385E+0¢2 4.450£+00 9.802E+00 1.0B2E+01 1.800£+02 1. 148E+01 01051671
020-030 5.826E+00 4.182E+02 1.488£+02 7.085E+00 1.482E+01 1.597E+01 2.886E+02 1.785E+01 01051772
030-04C 2.150E+00 1.G70E+02 7.5905+01 2.925E+00 7.036E+00 7.365E+00 1.358€E+02 6.604E+00 01051873
040-0%0 1.B6732-01 S.770£+0! 1. 122£+01  v4.585E-C02 2. 141E-01 2.634E-01 5.775E+00 ~vB8.477£-02 01051974



DEPTH(CH)
000-005
00s5-C1io
010-020
020-030

030-040

DEPTHI(CH)
000-005
005-010
010-020
020-030

030-040

CONCENTRATIONS
27 Co 80
1.000E-C1
6.883E-02
1 4156-01
6.721£-02

.028£-02

£

CONCENTRATICONS

27 CC 80

v1.048E-02

v2.231E-02

v8.991£-03

¥3,527E-02

.243E-02

-~}

IN PC1/CM.
38 SR 80
4.200€+00
3.3518£+00
5.8977£+00
2.405E+00

2.245E+00

IN PC1/GH.
38 SR 80
1.376E£+00
1.447€+00
1.031E+00
6.838£-01

g.779E-01

MINUS FOR
55 €S 137
8.680E+00
3.870E+00

4.374E+00

8.5380£-01

1.205E-01

MINUS FOR
55 CS 37
| .388E+00
1.280E+00
1.238E+00
2.0682+00

2.6868£+00

PROFILE

NO DATA.
83 EU 155
1.623E-01
7.050£-02
4.174E£-01
v3.8648E-0¢2

v3.123E-02

PROFILE

NO DATA.
83 EU 155
vz.058E-02
ve.386E-02
v2.458£-02
v5.450E£-02

v3.842€-08

ENEU 801

LESS THAN SIGN

84 PU 239
3.,222£-01
2.184E-01
8.347E-01

1.634E-01

ENEU 802

LESS THAN SIGN

g4 PU 238
2.55%4E-02
2.053g-02
| .764E£-02
6.005E-02

1.198E-01

INDICATES
g4 PU 240
3.506E-01
2.382e-~01
1.013E+00

1.960E-01

INDICATES
gy PU 240
2.833E-02
1.877€-02
1.848E-02
6.842E-0¢2

1.388E-01

g4y PU 241

6.770E+00

g4 PU 241
7.386E-01
3.985E£-01

1. 354E+00

INSTRUMENTAL OETECTION LIMIT

35 AM 241
2.783E-01
2.321E-0¢
7.667£-01
| .122E-01

¥5.536E-02

INSTRUMENTAL DETECTION LIMIT

35 AM 241
v3.750E-02
v3,768E-0¢
¥5.288£-02
vg.734%€-02

¥3.838E-02

MASTER LOG
06088031
06088134
06088271
06088372

06088473

MASTER LQOG
060380431
06090534
06080671
06090772

06080873



v e e g

PROFILE ENEU 803

CONCENTRATIONS IN PCI/GM. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL ODETECTION LIMIT

L DERPTHICH)Y 27 Co BC 38 SR S0 55 €S 137 63 EU 155 84 PU 239 g4 PU 240 g4 PU 241 95 AM 24| MASTER LOG
iff 000-003 2.4838E-0! 1.692E+01 1 .073E+01 4.558E-01 |, 160€+00 }.250E+00 2.2867E+01 1.021E+00 06094631
& 0C5-0i0 2.432£-0! 1.571E+01 1.034E+0! 4.B613E-0! 1.160E+00 1.237€+00 2.386£+0! S.847£-01 06094734
;:: 010-0620 2.581£-0! 2.397E+0! 8.7438+00 6.631E-01 1.279€E+00 1. 433E+00 - 1.318E+00 06084871
e 620-030 3.052E-01 2.830E+0! G.Q4BE+00 6.743£-01 1.558E£+00 1.B54E£+00 - 1.290E+00 06084872
030-0u40 3.271E-01 3.192E+01 1. 10SE+Q! 7.985E-01 1.838£+00 2.0838E+00 4.055E£+01 2.090E+00 06095073
040-050 2.232E-01 1.747£+01 1.035E+01 5.473£-01 1. 138E+00 1.248£+00 3.631E+01 1 .255E+00 060895174
d
~
PROF ILE HFH2
CONCENTRATIONS IN PCI/GHM, HMINUS FOR NO DATA., LESS THAN SIGN [NDICATES [NSTRUMENTAL DETECTION LIMIT
DEPTHI(CM) 27 CoO 80 38 SR 90 55 CS 137 63 EU 155 g4 PU 239 g4 PU 240 g4 PU 241 g5 AM 241 HASTER LOG
¢00-005 L. 11BE-D1 5.8628+00 2.981£+01 1.628E-0! 3.857E-01 4. 428E-01 - 4.267E-01 010556790
005-010 1.504£-01 6.041E+00 2.988E+01 1.828E-01 4.787E~-01 5.338E-01 1.036E+01 5.622E-01 01056891
g10-015 1.408E-01 5.333E+00 1.837E+0! 1.912E-01 3.808E-0! Y. 4B4E~01 1.139€+01 4.100E-01 01056932
015-025 5.829E-02 5.243E£+00 3.800E+00 1. 177E-01 3.080E-01 3.637€-01 g.086E-01 2.738E-01 01057093
025-035 1.985E-C1 - 3.576E+00 2.465E-01 - - - 6.278E-01 01057194

035-045 1.086E~01 - 2.3968E+00 1. 741E-01 - . - - 2.814E-01 01057295



ey
Araima?

el

-

DERPTHICHM)
§00-005%

C05-010

DEPTH(CH)
c00-005

005-010

025-035

035-0u45

CONCENTRATIONS IN PCI1/GM.

27 Co0 80

1

1

.895E-01

L132E-01

CONCENTRATIONS

27 CO 60

8

Y

.B838E-01
L 1T77E-01
.708E-01
.048E-01
.822£-02

.782E-02

38 SR SO
1.735E+01

1.183€£+0!

IN PCI/GHM.
38 SR 30
6.500E+01
2.871E+01
| .54C8E+Q1

1.808E+01

MINUS FOR NO DATA.

55 CS 137

1.

lez

m

+01

.315E+00
LiTE+Ce

.B53E+01

MINUS FOR

55 C5 137

Y.

275€+01

.B5EE+01
.072E+00
.5422+00
.429e-02

.24 1E-DI

PROFILE

83 £U 155

2.850E-01

. 185E~01
.BC04E-01

.882€E+00

2.866E-02

¥v5.T43E~-02

NO

o
o

8.

2.

v3.

ve.

PROFILE

HFH3

LESS THAN SIGN

S4 PU 238
5.837E-0!
2.838E-01
3.860E-01
Y4.743£+00

6.318E-02

HF HY

DATA., LESS THAN SIGN

3 EU 155
589E-Ci
847E-01
336E-02
357£-02
.886E-02

.B42E-02

g4 PU 238
c.024E+00
3.162E-0!
2.391E-01

1.750E-01

IND

9

-
!

3,

INDICATES

ICATES INSTRUMENTAL OETECTION LIMIT

4 PU 240
.S45E-01
074€E-01
LHT0E-01
.293E+00

.293E-02

84 PU 240

o4

1

3

.2726+00
.0BBE+00
L 150E-C1

.3tT7E-0!

S84 PU 241
5.950£+00
1.113E+02

84 PU 241
5.622E+01
2.071E+0!

6.176E+00

95 AM 241

y

¥G

.228E-01
.B01E-0!
.480E-01
.57T7E+00
.264E-02

.302E-02

INSTRUMENTAL DETECTION LIMIT

95 AM 2ui

c

!

1

!

v3.

v5

.331E+00
.079E+00
.874E~01

.860E-01

231E-02

.667£-02

MASTER LOG
01031390
01031491
01031592
01031683
01031895

010319386

MASTER LOG
01058390
01058431
01058582
01058693
01058734

01058895



DEPTHICM)

000-005
00s5-01¢C
010-015
015-025
625-035

035-0u45

DEPTHI(CM)

000-005
005-010
210-015
015-020
020-025
025-030
030-040

040-045

CONCENTRATIONS

27 CO B0

|

[#3)

v3.

v3.

.B54E+00
S423E+00
L 173E+00

LS4 1E-02

274E-02

o4yte-02

CONCENTRATIONS

27 Co 80

v3.

.829E-01
.554E-01
.1755+00
.B14E+00
.4B3E+00

.2B64E£+00

82BE-02

38 SR 30
I.148E+0@
3.218E£+02
c.350E+02

4.793E+01

IN PCI/GM.

38 SR 90
6.338E+01
6.230€+01
8.554E+01
1. 175E+02
8.770e+01
l.20tE+0e
3.663E+0!

2.453E+01

IN PC1/GM.

MINUS FOR NO DATA.

55 CS 137
8.162£+0!
1.401E+C2
1.284£+02
4.7B81E+00
Y.241£-01

4.824E-01

MINUS FOR
55 €S 137
S.414E+01
4.883E£+01
4.678E+01
4.770E+01
3.266E+01
2.271E+01

8.041E£+00

&

2.

1

Y,

va.

ve.

va.

PROF ILE
3 EU 155
752€£+00
.283E+01
Z01E+00
122€-02
227E-02

189E-02

PROFILE

NO DATA.

63 £U

!

155
.562E+00
.381E+00
.BIYE+QO
.851E+00
.851E+00
.808E+00

.558E-02

LESS

HFHS

LESS THAN SIGN

84 PU 239
6.545E£+00
3.202E+01
1.031E+01
4.883E£-02

750001
THAN SIGN
g4 PU 238
3.381E+00
3.114E+00
4.206E+00
6.484E£+00
4.823E+00
8.928E+00
6.188E-02

6.743E-0C2

INDICATES

g4 PU 240
7.162E+00
3.351E+01
t.IET7E+0

5.73CE-02

g4 PU 240
3.683£+00
3.478E+00
4.667€E+00
7.188E£+00
5.131E+00
9.550£+00
7.230E-02

39.185€-02

84 PU 241
1.287E+02
5.853E+02
2.887E+02

1.162E+00

g4 PU 241

6.572E+01
8.288E+01
8.613E;01
1.327E+02
9.563E+01

1.762E+02

INSTRUMENTAL DETECTION LIMIT

95 AM 241}
5.707E+00
2.841£+01
3.477€+00
v3.274E£-02
¥3.768£-02

v3.730E-02

INDICATES INSTRUMENTAL DETECTION LIMIT

a5 AM 241
4.173E+00
3.548E+00
5.238E+00
6.604E+00
4.069E+00
7.928E+00

v1.328E-01

MASTER LOG
010298890
01029991
01030092
01030193
010302384

01030496

MASTER LOG

01000190
01000291
01000392
01000401
01000501
01000601
01000701

01000801



DEPTHICM)

DEPTHICH)

d00-005
005-010
0i0-015
015-025
025-035

035-045

CONCENTRATIONS

27 CoO 80

9.

536£-01

L1B2E+00

H4TE-OL

IN PCI/GH,
38 SR 30
4.787E+01
5.743E+01
6.022E+C!
2.015E+02

6.541E+01

CONCENTRATIONS .IN PC1/GHM.

27 €0 &0
5

5

3.

-QI4E-O1

.779E+00

- i42E+00

748E-01

173E+00

33 SR SC
4.383E+0!
4.040E+01
9.928E+01
2. 433E+02
1.400E+02

2.404E+01

MINUS FOR NO DATA.

55 €S 137

4

o

MINUS FOR NO CATA. LESS THAN SIGN INDICATES INSTRUMENTAL OETECTION LIHIT

.823E+01
.216E+01
.780E+01
L724E+01

.588e+00

55 CS 137

(8]

[8)]

.588E+01
LBu44E+D L
.802E+01!
L406E+01
.318E+01

PROF ILE

53 EU 155

L.

1

b

1
2

2

3)

8
8

385£+00

187€+00

.383E£+00

.500E+00

014E-01

PROF ILE

3 EU 155
.554E-01
.811E-01
.255€E+00
.352E+00

.321E+00

TS0002

LESS THAN SIGN

84 PU 238

2

3

I44E+00

.257E+00
.388E+00
.526E+00C

.805E-01

TS0003

84 PU 238

2

2.

.042E+00

318E+00

.080E+00

.024E+0!
.B831E+00

L277E-01

INDICATES

g4 PU 240

3.672E+00

(O3]

.842£+00

3.778E+00

B8.37BE+00

5.252E~01

g4 PU 240

2.

2.

300E+00

543£+00

.778E+00
. 127E+01
.981E+00

.050E-01

]
S]

&

!

4 PU 241
.B20E+01
.982E+01
.GO3E+01
.528E+02

L IS4E+DL

Sk PU 241

3.881E+0!

Y.T743E+01

1.222E+02

2.538E+02

7.662E+0)

3

e

INSTRUMENTAL DETECTION LIMIT

5 AM 241
.879€+00
.T4SE+GO
.202€+00
.122E+00

.284E-01

95 AM 24!

1.818E+00

1.814E+00

6.946E£+00

9.432E+00

2.3845E+00

MASTER LOG

01006301
01006401
01006501
01006601

01006701

HASTER LOG
01106701
01106801
01006901
01007001
01007101

01007201



PROFILE TS0012

CONCENTRATIONS IN PCI1/GM. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

DEPTH(CH) 27 CO0 B0 38 SR 20 55 CS 137 83 EU 155 S4 PU 238 84 PU 240 g4 PU 241 95 AM 24t HASTER LOG
000-905 | .830E+00 1.911E+02 1.243E+0¢2 2.56438E+00 6.585E+00 7.293E+00 {.387£+02 5.464E+00 01010801
005-010 2.324£+00 1.861E+02 1.021E+02 3.1456+00 7.410E+00 8.203E+00 1.574E+02 8.811E£+00 01011101
015-020 2.381E+0C 2.034£+02 9.572E+0! 3.791E+00 S.176E+00 9.984£+00 1.851E+02 1.060E+01 01011201
020-033 S.140E-01 8.868E+0! 4.8462+00 1.301E+00 2.848E£+00 3.385E+00 7.864E+01 2.772E+00 01011301
036-051 1.062E+00 3.014E+02 - 9.855E+01 S.631E-01 2.460E+00 2.671E+00 4.856E+01 2.131E+00 01011401
066-102 1.800E-02 1.207£+00 I.742E+00 ~1.035E-02 1.338E-02 1.500E-02 - vi.867€£-02 01011501

TT-V

PROFILE TS0031

CONCENTRATIONS [N PCI1/GM. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

DEPTHICHM) 27 Co 80 38 SR 80 55 Cs 137 63 EU 155 S4 PU 238 94 PU 240 84 PU 241 895 AM 241 MASTER LOG
000-005 2.331E-01 2.7587E+01 2.183E+01 2.891E-0! 5.833E-01 6.883£-01 1.429€+01 7.045E-01 01004590
005-010 5.568£-01 5.527£+01 4.224E+01 5.585E-0! 1.606E+00 1.845E+00 3.701E+01 1.945E+00 01004631
G10-015% 2.483E-01 3.643E+01 2.285E+01 LL7T4HE-0 5.148E-01 5.712E-01 - 5.297E-01 0100473¢
015-025 P74 1E-02 5.081E£-0! 1.488E£+00 ~v!.814E£-02 = - - v2.913E-0¢ 01004893
025-035 v2.810E-02 - 1.262€-01 ~v1.508E-02 - - - ve.558E-02 01004984

035-045 v2.2888-02 v9.009E-01 1.103E-01 ~1.581E-02 8.481E-04 7.667E-04 - v2.886E-02 01005095




ISR

Zi-v

CEPTHICH)

C00-005

005-010

010-015

015-025

(@]
g
o)}
1
]
[
o)}

(]
(V3]
wn
'
o
£
[91]

DEPTHI(CHM)
000-305
005-010
010-015
015-025
Oé5-035

035-045

CONCENTRATIONS

27

c.

.

Co 60

S16E-01

127£+00

.270E+00

.0B84E-01!

.04iE-02

MYlE-02

IN PCL1/0M.

38 SR - 9C

1

vg.

CONCENTRATIONS

27 CO 80

2

2

2.416E+00

.832E+00
.168E+00
.004€+00
.200€E+00

.865€£+00

.873E+01
.850E+01
.36BE+01

.088E+01

.8653E+00

00sE-0!

IN PCI1/CM.

38 SR 90

.850%+02
.032E+02
.420E+02

.B82E+02

2.087e~+02

.186E+02

H

INUS FOR

55 CS 137

1

HINUS FOR NO DATA.

L73%E£+01
.401E+0!
.009E+01
.285E+01!
.0228+01

. 10%E+00

55 CS 137

1

1

.229e+02

L410E+Q2

L4378+02

.748E+02

.807€+02

.B24E+02

PROFILE

NO DATA.

83

EU 155

2.541E-01

1.318E+00

1.242E+00

v7.730E£-02

¥4.982E-02

va.522e-02

PROFILE

63 EU 155

3.
3.

636£+00

870£+00

.42B6E+00
.2168+00
L432€+00

.888E+00

TSO04 S

LESS THAN SIGN

g4 PU 238

5.

T81E-01

.278E+00
.B27€+00
.0%1E-02
.256E-02

.805%E-03

TS0051

LESS THAN SIGN

84 PU 238

2

8

.878E+00
CMT77E4+400
.873E+00
.302£+00
.B22E+00

.288E+00

INDICATES

84 PU 240

7

INDICATES

.B26E-0!
.B681E+00
.234E£+00
. 130E-01
.532e-02

.302£-03

84 PU 240

8.

1

770E+00

.050E+01
CLYTE+O)
.O43E+01

.068E+01

.036E+01

84 PU 241

6.671E+01

84 PU 241
2.013E+02
2.137e+02

INSTRUHMENTAL DETECTION LIMIT

S5 AH 241

6.
2.
2.
vi

vG,

126E-01
9365400

983E+00

.106E-01

505£-02

.990E-02

INSTRUMENTAL DETECTION LIHIT

85 AM 241

6

8.

.89éE*OO
329E+00
.Q05E+00
.054E+00
LICTESQC

.324E+00

MASTER LOG

01002080
01002131
01002232
010023383
01002494

01002585

HASTER LOG
010035380
01003691
01003782
01003893
01003394

010040395



e1i-v

DEPTHICH)
000-00%
005-010
010-013
015-025
025-03s
035-045
045-055
055-065

365-075

DERPTHICM)
G00-G05
G05-010
010-015
015-025
025-03%

035-045

CONCENTRATIONS

27 CO0 80

2

~1

CONCENTRATIONS

27

.722e£-01
.588E-0!
.738E-02
.855E+00
.626E+00
.B04E~+DD
.285£+00
.212E-01

.leeE-02

co 30

.387€-01
. 158£-01
.329€E+00
.BT77E+00

.BT73E-01

IN PC1/GM,

38 SR 90

5

1

n

.122E+01
,768E+01
.518E+00
.35CE+02
.087£+02
LTI61E+02
L311E+0R
.700E+02

.32HE+01

IN PCI/GM.

I8 SR 80

.838E+01
.867£+01
.882E+0!
.822E+01
.483€+0¢2

.60BE+01

MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

55 €S 137

3

.

LBTHE+O!
171E+01
.360E+00
.252E+01!
.190€+02
.393E+02

.350E+02

L432E+01

.571E+00

MINUS FOR

55 €S 137

5

2.

.833E+71
THYE+D!L
. 134£+00
.BO4E+0!
. 354k +02

.61B6E+01

B

5

NO DATA.

vg8.

PROF ILE

3 EU 155
.058€E-01
.2B6BE-01
.100E-01
.7158E+00
T4 3E+00
.3B69E+0Q0
L432E+00
L117E-C2

.708e-02

PROF ILE

3 EU 155
.091E+00
.5584E-01
L 191E-O1
.023€+00
.787€+00

28uE-02

TS0061

84 PU 239

t

5.

.031E£+00
511E-01
L480E-0!
.18BE+00
.BST7E+01
.729E+01
L0ME+O1
.B68BE-01

.563E-03

750062

LESS THAN SIGN

94 PU 239

2

1

.538€+00
CTHYE+0D
L077£-01
.6B8E+00
.703E£+00

.842€-02

84 PU 240

i

7.

2

INDICATES

142E+00

158E£~01

.BO1E-01
.B29E+00
.B31E+01
.808E+0!
.217E+01
.843E-01

.001E-Ce2

84 PU 240

2.
2.

6.

812£+00
00BE+00

563£-01

,167E+00
.347€£+00

.021E-01

84 PU 241

2.

1

340E+01

.760€E+01

.284E+02
.330E+02
.495E+02

.263E+02

.787£-01

g4 PU 241

5.

L.

g.

252E+01}

186E+01

634E+01

95 AM 241

9

7.

AR

.284E-01
187E-01
.527e-01
L014E+00
-336E+01
LT94E+0 1
.158E+01
L 1BE-01

-875E~02

INSTRUMENTAL DETECTION LIMIT

95 AM 241

3

1

5.

vi

. 14B6E+00

.878E+00

081E-01

.054E£+00
.TTISE+Q0

.245E-01

HASTER LOG

0:008790
01008831
01008992
01009093
01009134
01009285
01009386
01008497

01008598

HASTER LOG
01001180
01001291
01001392
01001483
01001594

01001695



DEPTH(CHM)
000-005
005-010
010-015
015-025
025-035

035-045

DEPTHICM)
000-005
005-010
010-015
015-025

.025‘035
035-045

t05-115

CONCENTRATIONS

27 Co 80

i

|

.074€+00
.238E+00

.123E+00

CONCENTRATIONS

27 CO B0

6.

2.

(73]

707E-01

108E+00

.868E+00
.510E-01
LT757E-02
.833E-02

.275E+00

IN PCL1/GHM.

38 SR 80

1

i

1

.071E+02
. 140E+Q2
.0uBE+0R
.68BE+02
.843E£+01

.883£+00

IN PC1/GM.

38 SR 80

5

.877€£+01
4BlE+02
.504E+02
.012E+02
.752E+01
4tuE+0t

.881e+01

HINUS FOR NO DATA.

55 CS 137
65.622E+01
6.734E+01

65.018E+01

MINUS FOR
55 CS 137
3.821E+0!
B8.148E+01
1.036E+02
2.183E+01
6. 144E+00
2.506E+00

5.613€+01

PROFILE

63 EU 155

1
1

1

NO
S]

1

v3.

vl

2.

L412E+00
.B600E+00

.8687£+00

PROFILE

TS0071

LESS THAN SIGN

84 PU 239

3

. 150E+00
.871E+00
.4B86E+00
.B62E+00
.BO0E-C1

.S534E-02

TS0081

DATA. LESS THAN SIGN

3 EU 155
.008E+00
.045E+Q0
.758E+00
LI5TE-O!
423g-02
.7218-02

305E+00

g4 PU 238

1

7

.952E+00
.10BE+00

.036E+0!

.883E-01

.882E-02
.810E-02

.073E+00

IND

[CATES INSTRUMENTAL DETECTION LIMIT

84 PU 240

3

INDICATES

.594E+00
.382E+00
.88BE+00
L455E+00
.B61BE-01

.308E-02

g4 PU 240

2

.207€+00
.050E+00
. IB1E+0]
.080E-01
.282E-01
.058E-01

.381E+00

g4 PU 241

7.

7.

365E+01

892E+01

.225E+01
.429E+02
.450E+00

.482E+00

g4 PU 241

Y.

i

B40E+01

.768E+02
.408E+02

.410E+01

.239E+01

95 AM 241

3.

Y.

4.

7.

610E+00
716E+00
079E+00

TTSE+0C

INSTRUMENTAL DETECTION LIMIT

S5 AM 241

2.

8.

1

6.

vB.

355E+00

775E+00

.334E+01

072£-01

086E-02

.778E-02

.354E+00

HMASTER LOG
01005590
01005631
01006292
01005792
01005893

01005984

HASTER LOG
010074380
01007591
01007692
010077383
01007834
010079385

01008601



Lad

Lot

3106

ST-V

CEPTH(CM)
000-005
005-010
010-015
015-0e5
025-035
035-045

045-055

DEPTHIICH)
0006-005

005-010

27 CO 60

7

|

¥v3.

ve.

.034E-01
.947€+00
.241E+00
LBY4TE-01t
.B18E-01
801E-02

381e-02

27 CO B0

3

2

1

v3.

v3.

ve.

.B94E-Q1
.848E-01

.422e-01

252E£-02

123£-02

828t -02

CONCENTRATIONS

IN PCL/GHM.

38 SR 90

Y.

8

CONCENTRATIONS

389E+01

.8B3E+01
.301E+02
.356E+01
.275E+01

.Q43E+00

IN PCI/CH.

38 SR 90

7

Ll

.805E+01
.8S1E+01
L2HYE+D!
.850E+01
.302E+00

.983E+00

MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

55 CS 137

7

g

.BO04E+D1
L4B4E+0!
.868E+01!
.818£+01
.072E+00
.636E+00

.308E+00

HINUS FOR

55 €S 137

5.8640E+01

3.317€+01

1, 438E+01

Vi,

4oN4eE-01

8.468E-01

2.062&-01

PROFILE

TS

0091

83 EU 155 84 PU 238
1.126E+00 2.580E+00
1.825E+00 5.333E+00
3.482E+00 8.207E+00
3.001E-01 8.058E-01
¥7.3118-02 2.614E-01
v2.836E-02 2.847e-02
va2.023E-02 -
PROF ILE TS0101
NO DATA. LESS THAN SIGN
63 EU 155 84 PU 238
4.837E-01 1. 185E+400
2.854E-01 7.278E-01
7.38uBE-02 2.578E-01
v3.833E-02 -
ve.423e-02 1.060E~02
ve.a8ee~02 -

S4 PU 240 gy PU 241
2.843£+00 7.886E+01
5.864E+00 1.075E+02
9.212E+00 2.026E+02
1.073E+00 -
3.117E-01 6.874E+00
3.685E-02 -
INDICATES
S4 PU 240 g4 PU 241
1.318E+00 2. 447E+0!
8.441E£-01 2.003E+01
2.8B4£-01 4.958E+00
1.334E-02 -

85 AM 241

3.

vif .

v3.

207E+00

.054E+00
J4B4E+00
.955E-01

.877€-01

653£-02

087£-02

INSTRUMENTAL DETECTION LIMIT

95 AM 2041

!

9

2

v6.

v

v3

.374E+00
.881E-01

LT47E-01

t44E~-02

.078E-02

.812e-02

HASTER LOG
01028680
010287391
01028892
01028983
01029034
01029195

01029286

HASTER LOG
01035290
01035331
01035432
01035593
01035694

01035795



9T~V

DEPTHICM)
000-005
0065-010
010-015
015-025
025-035

035-045

DEPTHI(CM)

000-00%
005-G10
010-015
015-025
025-035
035-045

0us5-055

CONCENTRATICNS

27 CO0 80

5.

3

ve.

153E-01

.784E-01
.600£+00
.074E+00

.204E-02

858E-02

CONCENTRATIONS

27 Co0 B0

1

.BS1E+00
.832e+00
.823£+00
.137e-01
.032e-01
.347€-01

.243E-02

IN PCl/CHM.

38 SR 40

8.

386E+01

.523E+01
.184E+0!
.338E+01
.B16E+01

.308£+00

IN PCL/GH.

33 SR S0

1

2.

.380£+02

343£+02

.183t+02
.304E+01
.240E+02
.231E+01

.4Q3E+00

MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

55 CS 137

/

S.

H

.84BE+01
868E+0!
.271g+02
.086E+01
.0B3E+00

.B03E+00

INUS FOR

55 CS 137

1

1

Aleceruc
.081E+02
L777E+02
.197€+0!
.888£+01
.738E+00

.877€+00

PROF ILE

63 €U 155

.

vl

ve.

NO DATA.

6

2.

2

6.

vE.

vy

.667E~01
.837€+00
.015E+00
.038E+00
.523E-02

286£-02

PROF ILE

3 EU 155
341E+00
.818E+00
058E+00
131E-02
.7B3E-01
.802e-02

.455€-02

TSOLtL

84 PU 239
2.147£+00
3.474E+00
5.356E£+00
3.150E+00
2.776E-02
Ts012!

LESS THAN SION

S4 PU 239

5.

&

i

580E+00

.860E+00
.400E+01
.422E-01
.865E-01
.281E-01

.323E-02

84 PU 240

2.385e+00

3.868E£+00

5.873E+00

3.

3.

INDICATES

577E+00
588£-02

g4 PU 240

5.

7

!

185E+00

.580E+00
LSI4E+01
.827E~01
.087£+00
.4B7E-0!

.955E-02

84 PU 241
5.162E+01
7.877E+01
1. 143E+02

84 PU 241

1

1

.a45e+32
.M03E+02

.673E+02

.259E+01

.122E+00

85 AM 241

2

5%

6

v3

v3

S

6

g.

va.

.BT77E+00
.0339E+00
.B631E+00
.554E£+00
. 155€E-062

.926E-02

INSTRUMENTAL DETECTIOM LIMIT

5 AM 241
. 131E+00
B71E+00
.B74E+0!
.601E-01
.B11E-01
.858€£-01

g44E-02

HASTER LOG
01011890
01012081
01012192
61012293
01012394

01012495

HMASTER LOG
01032830
01033081
01033192
01023293
01033394
01033495

010335386



LT-v

DEPTHICM)
000-005
005-010
610-015
0i5=025
025-035
035-045

125-145

CONCENTRATIONS

27

w

Co 60

.B8SE+00

.184E+00

IN PCL/GHM,

38 SR 90

v3

L421E+02

.B88E+02

.27%£+02

.570E+01

.725E+00

.B6O04E+00

M

INUS FOR

855 €S 137

3

B

L4QuE+02
L374E+01
.2BYE+0!
.283E+00
1THE-O1
.770E-01

.Bi4E-02

NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

PROF ILE

B3 EU 155

-

|

vl

3.

.558E£+00
.081E+00
.073E-01

{21E-02

t.845E-02

.028E-02

.365E-02

TS0131

a4 PU 239

1

2

.B0BE+01
.488E+00
.O4T7E-0!

.860E-02

9u PU 240

2

2

.033E+01
.88BE+00C
.B92E£-01

.153E-02

.586E-02

84 PU 241
3.914E+02
5.275E+01
8.850E+00

1.272£+00

g5 AM 241

[
3

Y

5,
v3.
¥3 .

ve.

.3B3E+01
L433E+400
.B77E-01
234E-02
118£-02
728£-02

359E-02

HASTER LOG
01034190
01034291
01034392
01034493
01034534
0103486395

01035101

N



8T-Vv

DERPTH(CM)

000-005
005-010

010-015

045-0585
055-085
065-075
075-085
085-085
085-105
105-1e5
125-145
145-185

165-185

27 CoO 80

"

5.

2

5.

vy

W

V3

.0B6BE-0!

877<-01

L341E-01

SB4E-01

L734E-01
.B53E-01

18301

CTI4E-D1
L251E-01
.389€-02
.84 1E-01
.273E+00
.432£-02

.620E-02

CONCENTRATIONS

IN PCI/GM,

38 SR S¢

1

2

v3

CGHHE+DI
. 055E+01
. 382E+01
.leceE+0!
. 104E+01
L4B81E+0
.808E+01
.248E+01
.2e0e+01
.88BE+01
.479E+01
L455E+01
L428e+01t

.808E+02

.085E+01

. 153E-01

MiINUS FOR NO DATA,

55 Cs 137

5

ol

W

.658E+01
.322E+01
2136401
.683E+01
.3G8E+0!
L014E+01
1uSE+Ql
LT34E+00
.482e+01
.038E+01
L 273E+01
.014E+00
L481E+01
.B3RE+01
.9B4E+00

L L4BE+Q0

PROF ILE

£3 EU 155

4

6.

.0B68E-0!

43I7£-01

.821E-01
.2B4E-01
.B28E-01
.391E-01
.077€-01
.160e-02
. 1IBE-01
.B618E-01
.405E-01
.B6B80E-02
.28%E+00
.B4YE+QD0
.811E-02

.190E-02

760161

LESS THAN SIGN

84 PU 238

1

!

1.

. 1i4E+Q0

L442£+00

S17e+00

L485E+C0
.315E£+00
.B45E-01
.187E+00
.327E-01
.077E-01
.384E-01
QulE-0|
.BR2E-01
.373€+00
.023E+01

.58BE-02

INDICATES

84 PU 240

1

i

L251E400
.T40E+00
. 11BE+00
.BT5E+00
.4B2E+00
.383€-01
.273E+00
41BE-01
.863E-01
.784E-01
.928E-01
.760E-01
.727€+00
-087E+0)

.21BE-02

g4 PU 241

2.686E+01
4.065E+01
3.185€+01
3.336E+01

1.019€+01

2.498E+01

1.011E+DY

5.842E+0!
1.872€+02

1.937£+00

INSTRUMENTAL DETECTION LIMIT

95 AM 24|

1

i

v,

v3

.236E+00
.B655€£+00
.208E+00
.B41E+00
.498E+00
.23BE-01
.112E+00
.661€-01
.977E-01
.84BE-01
.B658E-01
.B67E-02
.258E+00

. 178E+01

113E£-02

.980€-02

MASTER LOG
01038290
0103839¢
01038482
01038593
01038694
01038795
01038896
010389397
01032098
01039199
01039201
01038301
01339401
010338501
010338601

01039701



PROFILE TS0171

CONCENTRATIONS [N PCI/GHM. MINUS FOR NO DATA, LESS THAN SICGN INDICATES INSTRUMENTAL DETECTION LIMIT

DEPTHICHM? 27 C0 80 38 SR 90 55 Cs 137 63 EU 155 g4 PU 239 g4 PU 240 g4 PU 241! 85 AM 241 HASTER LOG
0G0-005 1.533E+00 {.360E+0! 9.585E+01 2.206E+00 5.481E£+00 6.212£+00 1.300E+02 6.667£+00 01027390
005-010 2.712E-01 5.063E+01 -2.153E+0! ~7.523£-02 Y.748E-0! 5.886£-0! - 5.423e-01 01027491
010-015 1.853E-01 4. 138E+01 1.718E+01  v6,581£-02 3.323E-01 4. 413E-01 8.855e+00 3.982E-01 01027592
c15-025 1.736E-01 3.55BE+01 4.0383E+00 ~v5.441E-02 - - - 4.563E~-01 01027693
0625-035 7.023E-02 3.680£+00 1.407E+00 v3.835E-02 - - - v6.851E£~-02 01027734
035-045 6.275£-02 3.438BE+00 1. 11BE+00  v1.987£-02 - - - 1.582E£-01 01027835

61~V

FROF ILE TS018!1

CONCENTRATIONS IN PCI/CGH. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

DEPTHICM) 27 C0O 80 38 SR 980 55 CS 137 B3 EU 155 g4 PU 238 g4 PU 240 g4 PU 241 95 AM 241 MASTER LOG
000-005 1.833£+00 1.202E+02 2.838E+01 2.257E+00 6.050E+00 6.640E+00 1.350E+02 6.010E+00 01062690
0g5-C10 {.001E+00 9.784E£+0! 2.225£+01 3.557£-01 2.4B1E+00 2.800E+00 4.846E+01 2.605E+00 0i062791
010-015 2.397E+00 1.732E+02 3.165E+01 2.836E+00 6.842E+00 7.517E+00' 1.385E+02 7.218E+400 01062892
015-025 5.808E-01 6.063E+01 5.205£+00 1.433E-01 8.968BE-01 {.134E£+00 - 9.761E-01 01062993
025-035 1.479E-01 Yo lulE+0! 1.338E+00 ~3.387€-02 1.BY1E-01 2.128£-01 4. 117400 1.614E-01 01063094
035-045 1.068E-01 3.3T74E+D! 1.288E+00 ~3.3B0E-02 | .545E-01 2.051E-01 3.832E+00 v6.023E-02 01063195
045-055 1.560E-01 6.252E+01 1.517g+01 5.523€-02 1.734€E-01 2.326E-0! - 1.738E-01 01063296

055-065 vy, 328E-02 2.918£+0! 1.005E+0! ¥4 ,523E£-02 7.832E-02 1.025E-01 1. 810E+00 ~+7.878E-02 01063397

062-085 v5.308E-02 3.470E+00 1.503E+00 ~v2.428€-02 - - - v4 ,505E-02 010E3401




Q¢-v

DEPTHI(CH)
000-005
005-010
010-015
J15-02%

025-035

055-065
065-075
075-085
085-038%
G85-105

10

th

-1:5

115-125

CONCENTRATIONS

27 Co 860

8

5.

ve

LT43E-01
950E-01
.680E-01
L4O4E-01
.828E-01

LEBl4E-0!

LST77E-01
.585e-01

LT12E+00

.282E-01

.254E-0!

.14 0E-02
.687E-01

.271e-02

I[N PCl/GH.

38 SR 30

4

.850E+651
LLET7E+O
.B0BE+0 1
.204E£+01
.985E+01

CLE8E+O1

.0B0E+0D!
.958E+01

L 155E+02

.82SE+01

.588E+01

.278E+00
.4898E+01

L3B4E+Q0

MINUS FOR NO DATA.

55 CS 137

S

(93]

.207E+01
.7866E+01
.182E+01
.203E+00
.228E+01
.855E+00
.10BE+01
.B4YSE+01
.023E+0!
L723E+01
.3B8E+01
L433E+01
.808e+01

LHB1E+00

PROF ILE

83 EU 155

1

1

vi

.181E+00
.O%4E+00
. 104E-01
.249E-01
LS4SE-01
.Q73E-01
.801E-01
.783E-01
. 158E+00
.9B4E-01
.231E-01
.738E-02
.776E-01

.873€E-02

Ts018t

LESS THAN SIGN

84 PU 238

2

.682E+00
.262E+00
.482E8+00
.21BE-01
.B35E-01
.388E£-01
.285€+00
.00BE+00
.946E+00
.051E+00
.367€E-01
.872E-01
L4BTE-0O1

.56BE-03

INDICATES

84 PU 240

3

. 135E+00
.528E+00
.637E+00
.127e-01
.B617E£-01
.888E-01
LHTSE+00
.252£+00
.42eB8E+00
. 380€£+00
.762E-01
.080E-01
.207€E-01

.766E-03

S4 PU 241

3.

H

365E+01

L451E+01

.127E+01

.800E+Q1

. 323E+01

L423E+01
.1B7E+00

.787€+00

INSTRUMENTAL OETECTION LIMIT

g5 AM 241

3.

2

2.

v3

109£+00

L 420E+00

013E+00

L 1T75E-01
.BH4E-01
.842E-01
-323E+00
.183£+00
.B69E+00
. 158E+00
.027€-01
.439E-01
.8B63E-01

.873E-02

HASTER LOG

01060090
01060191
01060292
01060393
01060494
01060595
61060695
01060797
01060898
01060999
0106100!
01061101
01061201

01061301



12—V

QEPTHICM)Y
000-005
005-010
510-01i5
Cits-0e25
025-035
035-0u45

04sS-055

DEPTHICH)
000-005
005-010
819-015%5
01%-025
023-03%5

235-045

CONCENTRATIONS

27 CO B0
2.837£-01
1. 149E+00
4.761£-01
5.455€-02
v5.225E-02
v2.3858-02

v2.3B60E-02

CONCENTRATIONS

27 CO B0
5.856E-01
5.328E-02
v8.5328-02
v3.628E-02
vk . 251E-02

ve@.Q¥8E-02

IN PC1/GM.
38 SR 80
3.451E+01
4.500E+01
2.486E+0!
2.057E+01

1.723€E+0!

38 SR 90
2.987£+01
1. 078E+01
8.788E£+00
1.275E+01
1.088E+01

3.3438+00

IN PC1/GM.

HINUS FOR NO DATA.

55 CS 137
5.087E+01
2.882E+01
1.514E+01
1.002€+0!
7.171E+00
1.063E2+00

5.864E-01

MINUS FOR
55 €S 137
3.506£+01
1.651E+01
4.106E+01
4.408E+00
1.886E+00

1, 454E+00

63 tU

1

'
i

3

¥3.

v3.

ve.

vl

NO

5

~)

v3.

v3.

vy

PROFILE

155
.2H1E+00
.275€+00
. 758E-01
5e8E-02
484E-02
078E-02

.922E-02

PROF ILE
DATA.
3 EU 155
.238E-0"!
.887E-02
L437E-02
018e-02
301E-02

LH43E-02

TS0201

LESS THAN SIGN

84 PU 238
2.926E+00
3.740E+00

8.673£-01

TS0231

LESS THAN SIGN

84 PU 239
| .700E£+00
2.152E-01
1.377€-01
1 .475E+00
2.804E-02

8.559E-03

INCICATES
g4 PU 240
3.515E+00
4.563E£+00

1.155E+00

INDICATES
S4 PU 240
1.896E£+00
2.436E-01
1.532E-01
1.653E+00
3.756E-02

1.040€E-02

S4 PU 241}
7.482E+01
8.8973£+01

2.188E+01

g4 PU 241
4.806E+01

5.856E+00

3.1739E+01

INSTRUMENTAL DETECTION LIHIT

35 AM 241t
3.645E+00
4.022E+00
1.126E+00
v6.568E-02
v7.027€-02
¥3.77%E-02

v3.550E-02

INSTRUMENTAL DETECTION LIMIT

895 AH 241
1.857£+00
v8.4ypue~-02
v1.167€-01
¥5.823E-02
v5.368E-02

v6.500E-02

HASTER LOG
01061590
01061691
01061792
01061893
01061994
01062085

01062186

MASTER LOG
01036780
01036881
01036992
01037083
01037194

01037295



[y

gt

..\J’

A%

DEPTHICHM)
000-005
005-010
010-015
0:15-025
025-035

035-045

DEPTHI(CH)
000-005
005-010
010-015
015-025
025-035

035-045

CONCENTRAT

27 Co 60

6

6.

8.

9.

1

1

CONCENTRATIONS

L473E-02
0t4e-0e
766£-02
320E-02
.ug8£-01

.187E-01

27 CC 80

1
i

.780£-C1
.893E-01
.0B4E-01
.608E-01
.093E-01

L101E-01

38 SR 90

3.

286£+00
.555E+00
.617€+00
.B43E+00
.432£+00

.428£+00

IN PC{/GHM.

38 SR S0

8.

7.

779E+00
972E+00
.239€+00
.207E+-00
10NE+D!

L787E+01

55 €S 137

5.

M

068E+00

.S15E+00

.336E£+00

.020E+00

.487£+00

.229£+00

INUS FOR

55 CS 137

1
i

7

.258E+01
.386E£+00
.185E+0C
.320E+00
.478E+00

.063E+00

S

1

18]

NO

6

2

Y

PROF ILE

3 EU 155
SM44E-01
.394E-01
.518E-01
.667£-01
LBTHE-01

.952E-01

PROF ILE

TS0241

g4 PU 238

1

.B826E+C0
.683E-01
.0932E-01
.8828-01
L871E-01

.BuBE-01

150251

DATA. LESS THAN SICN

3 EU 155
.778E-01
.686E-01
.30BE-01!
LIY4ZE-01
.122E-0&

.306E-0!

g4 PU 238

3

Y

5

9.

6.

1

.723E-03
.S577E-01
L140E-0!
188E-01
662E-01

.12%E+00

g4 PU 240
2.212E+00
2.78SE-01
3.371E-01
3.159E-01
3.917e-0!

5.855€-01

INDICATES INSTRUMENTAL DETECTION LIMIT

9y PU 240
4.977€-03
5.086E-01
5.577€-01

1. Q4BE+00
5.500E-01

}.282E+00

g4 PU 241

3.336E+01

5.6226+00

7.775E+00
6.080E+00

9.608E+00

gy PU 2u1l

1.019E+01

2.529E+0!

[ONS IN PCI/GM. MINUS FOR NO DATA. LESS YHAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

95 AM 241

2

2.

.109E-01

445E-01

.302€-01

.G40E-0!

.050E-01!

.475€-01

g5 AM 241

Y

"

1

.207E-01
.323E-01
.505E-01
.188E-01
.328E-01

.451£+00

HASTER LOG
060678380
06067891
06068082
060681383
06068294

06068385

HASTER LOG
06066490
06066591
06066682
06066793
06066894

060668895



DEPTH(CHM)

000-3053
005-010
010-015
015-025

025-033

Fal1010¢

035-0u45

045-055

£e-v

DEPTH(CM)
000-005
005-010
OXQ—DIS
015-025
025-035

035-045

CONCENTRATIONS

27 CoO B0

1

1

ve.

va.

vl

ve

.585E-01
LTIHE-D!
.820E-01
. 185E-01

L1678-02

0c2eE-02

555E£-02

T4E-02

.278E-02
.685E-02
.386E-02

.gtue-02

CONCENTRATIONS

27 CC &80

1
[,

v3.

1.

v3

5

v3.

185E-01
403£-02

t08E-01

.383€-02

.716E-0¢

791£-02

38 SR 90
4,.688E+00
65.419E+00
7.320E+00
1. 137E+01
8.608E+00
4.395E£+00
2.903&-01
3.916E-01
¥3.153E-01
v4.505E-01
v2.703E-0!

v2.928E-01

38 SR Q0
2.428E+00
1.789E+00
i.533E+00
4.123E-01
v3.153E-0!

v3.804E-01

IN PCL/GH.

IN PC1/GH.

MINUS FOR

55 CS
7.

3.

137
892£+00

718€E+00

.703E+00
.421E+00
.776E+00
.572E-01
J413E-02
.870E-02
.7g87e-02

1.304E-02

128e-62

.610E-Q2

MINUS FOR

55 CS

Y.

1.

1

2

137

257e+00

B05E+00

. 121E+00
.725€E-01
.800E-01

L 194E-01

NO DATA.

NO DATA.

PROFILE
63 EU 155
1.338€E-01
2.118€E-01

1.273€E-01

v5.077€-02

¥4 . 514E-02
v3.385¢€~-02
v1.532E-02
v1.470E-02
v2.003E-02
v1.706E-02
vi. 44 1E-C2

v1.732E-02

PROFJLE
B3 EU 155
g.541€-02
1.008E-01
1. 182E-01
v5.347€£-02
v5.288€-02

v5.871€~-02

TS0261

LESS THAN SIGN

84 PU 239
4. 147€-01
4.304E-01
5.171£-01
3.477E-01

5.688E-02

2.965E-03

150271

LESS THAN SIGN

S4 PU 238
3.604E-01
3.768E-01

4.158E-0t

B.563E~03

IND

ICATES

84 PU 240

xr

Neg

INDICATES

.775E-01
.10BE-01
. 045E-01
.014E-01

.B40E-02

.385£-03

g4 PU 240

Yy

Y.

.083E-01

3I54E-01

LTVIE-O1

.946E-03

Q4 PU 241

| .0839E+0]

84 PU 241
7.315E+00
8.505E+00

9.383E+00

INSTRUHENTAL DETECTION LIMIT

85 AH 241
4.,250E-01
4.833€-01
4.396E-01
3.377E-01
v1.351e-0¢
v6.234€E-02
v2.8670E-02
v2.b626E-02
v3.481E-02
v7.113E-02
ve.5g2e-02

v3.130E-02

INSTRUMENTAL DETECTION LIHIT

35 AM 241
2.480E-01
2.150E-01
2.951£-01
¥8.086E-02
v38.261E£-02

v8.766E~-02

MASTER LOG
06065290
06065391
06065492
06065593
06065694
06065795
06065896
06065301
06066001
06066101
06066201

06066301

HASTER LOG
060831390
06089291
06089392
060839493
06089594

060838635



WL~V

CEPTHICH)

000-005
005-010
010-0C15
013-025
025-035

033-0u3

CONCENTRATIONS

27 CO B0

2

.592E-01
.284E-0!
.338E-01
.458E-01
LE4leE-01

.00%E-01

IN PCl/CM.
I8 SR 30
1.776E+01
1.574E+0 !
1.489E+01
1.1 1E+01
3.408E+01

2.'46E+01

MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT
55

1.

cs 137

136E+01

.5938E+00
.7170E+00
.0B5E+01
.778E+01

.856£+00

53 EU
5.

PROFILE

B43E-01

L781E-01
.148E-01
L 775E-01
.276E+00

.081E-01

155

TS0301

g4 PU 239

1.

i

Iw4eE+00

1 02E+00

.083E+00
.023E+00
.888E+00

.244E+00

a4 PU 240
{.444E+00
1.218E£+00
1.160E+00
t.111E+00
3.083E+00

| .350E+00

g4y PU 241
2.413E+01
2.315E+01
2.023E+01

5.658E+01

g5 AM 24t

{

3

i

.023e+00

L770E-01

03B8E+00

.155E+00
.002E+00

.23s2-01

HMASTER LOG
06093290
06093391
06093492
06093593
06093534

06093735



Appendix B. The Distribution of Radionuclides with Depth in Soil
Profiles of Bikini and Eneu Islands

The following figures graphically present the concentrations of five
60 S0 . 137 239
Co Sr Cs

. . . 231 .
selected radionuclides ( , Pu, and Am) with depth of

> >

s0il. One graph is given for each sample location of the islands (see Figs. 2,

3) and each corresponds to the tabular presentation of rhe same data in Appen-

dix A. Throughout, open symbols indicate detection limits and solid symbols

indicate measured values: Y = 60C = 9OSr = 1370 = ZBQPU

O,

4]

) ) , and

¢ = 7 TAm. TFigures are grouped according to general location of the samples.
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Appendix C. Geographical Distribution of Radioactivity in the Surface Soil
(0 to 15 c¢m) of Bikini and Eneu Islands

The following maps present the concentrations of OCo, 9OSr, 13763,

2
239Pu, 240Pu, and "AlAm (pCi/g dry weight) at the various samplings sites of

the top 15 cm of so0il on Bikini and Eneu Islands.
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