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INTRODUCTION

The Division of Operational Safety or DOS (now Safety Standards and Com-
pliance) portion of the Laboratory of Radiation Ecology (LRE) Pacific
Radiocology Program (formerly Johnston Atoll Program) began on 1 July 1974 and
is continuing, The purpose of this program is to determine the kinds and
amounts of radionuclides distributed in the foods, plants, animals, and soil
of the Central Pacific, especially the Marshall Islands, and to furnish these
data to SSS/ERDA and other appropriate agencies (Lawrence Livermore Laboratory,
Nevada Operations Office ERDA) so that they may make an assessment of the dose
of ionizing radiation received by the people living throughout the Central
Pacific. Here we report the results of the analyses of samples collected on
five field trips conducted from April 1974 to August 1975 and analyzed by 31
December 1976. A list of previous reports and letters containing data included
in this report is given in Table 1.

SAMPLING PROGRAM

The field trips noted above are listed in Table 2. Atolls visited in the
Marshall Islands are shown in Figure 1. Christmas Island in the Line Islands
is about 2000 miles east of the Marshall Islands. All the trips, except the
trip to Christmas Island, were joint surveys with personnel from Brookhaven
National Laboratory, Representative biological and soil samples were collected
with emphasis on food items common to the diet of the Marshallese people
(i.e., fish, coconut, pandanus, breadfruit, coconut crabs, etc.) although non-
edible portions of these items were also collected and analyzed. Soils were
collected to provide data for estimating future distribution and quantities of
radionuclides in the environment and biota.

The number of samples, after division into tissues or soil fractions, is
shown in Table 2. Over half the samples were biota-plants, fish, clams, and
coconut crabs, while just under half were surface (0-2,5cm) and profile
(0-100+cm) soil samples. Approximately one-third of the samples came from
Bikini Atoll, one-third from Rongelap Atoll, and one-third from Christmas
Island, and ldotho,Utirik, Kwajalein, Ailinginae, and Rongerik atolls.

In addition to the samples our Laboratory collected, personnel from Brook-
haven National Laboratory collected samples,made TLD measurements and took
radiation survey readings with sodium iodide (NaI) scintillation detectors
and a pressurized ion chamber. The results of the Brookhaven analyses and
measurements will be combined with the LRE results in a series of joint reports
to the open literature.

ANALYTICAL METHODS

Gamma-Ray Spectrometry
All of the samples were analyzed by garnna-ray spectrometry, either with

a 3“x3” sodium iodide (thallium drifted) crystal and 200-channel pulse-height
analyzers or with a germanium (lithium drifted) diode detector and 4096-channel,
pulse-height analyzer. Soil samples were analyzed on the Ge (ti) system, and
the biological samples were analyzed on both systems.

t ‘;
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Table 1. List of Reports and Letters Containing Data Included in this Report.

1.

2.

3.

4.

5.

6.

.,
7.

3 July 1974

Letter report from A. H. Seymour to ~ommy
(NVOO - ERDA). Results of the y-spectrum
and Rongelap in April, 1974.

14 March 1975

Letter of V. A. Nelson to William Robison

McCraw (DOS), cc to John Stewart
analysis of 57 samples from Bikini

(Lawrence Livermore Laboratory)
cc to Tonmy McCraw (DOS/ERDA), Roger Ray (NVOO/ERDA). Results-of”analy~es
of samples collected at Bikini Atoll in April and December, 1974.

Thirteen tables: 41 Y-spectrom analyses; 34 strontium-90; 34 plutonium;
and 5 iron-55.

For Bikini dose assessment study by LLL.

11 July 1975

Letter of V. A. Nelson to Robert Conard (Brookhaven National Laboratory).
Results of the analyses of 36 blood samples collected at Utirik and Rongelap
Atoll in April 1974.

Iron-55 and iron on all 36 samples.

31 July 1975

Letter ofV. A. Nelson to Paul Gudiksen (LLL) cc Roger Ray (NVOO/ERDA),
Tommy McCraw (DOS/ERDA). Results of the gamma-spectrum analysis of 64
soil samples collected on Bikini Island in April and December, 1974.

For Bikini dose assessment study by LLL

26 September 1975

Preliminary report, “Radiological Surveillance of Christmas Island,
August, 1975,” by A. H. Seymour.

Sent to W. S. Brown, General Manager, Gilbert and Ellice Islands
Development Authority and to TomMy McCraw (DOS/ERDA)

Results of 30 y-spectrum analyses of samples collected on Christmas
Island in August, 1975.

16 June 1976

Oral presentation by V. A. Nelson to Tommy McCraw and Joe Deal (DOS/ERDA).

Results of 404 y-spectrum analyses; 302 ‘OSr analyses, and 26 Pu analyses
completed on samples collected in the Marshall Islands in 1974 and April,
1975

(31 tables of data were left at DOS)

9 September 1976

Letter fromV. A. Nelson to John Stewart (NVOO/ERDA).

Results of 254 y-spectrum analyses and 159 Pu analyses of soil samples
collected in the Marshall Islands in 1974 and 1975.
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8. 15 September 1976

Letter from V. A. Nelson to William Robison (LLL)

Results of 54 y-spectrum analyses, 51 strontium-90 analyses and 35 Pu
analyses on samples collected at Bikini Atoll in December 1974 and April
1975.

For Bikini dose assessment study by LLL.

9. Late 1976

Paper by A. Nevissi, W. R. Schell and V. A. Nelson

“Plutonium and Americium in Soils of Bikini Atoll,” pp 691-701

In Transuranium Nuclides in the Environment.

IAEA STI/PUB/410 Vienna, Austria
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By X-ray detection

55~e 0.04 pCi/g or less

By alpha detection

23g’240Pu 0.02 pCi/g or less

RESULTS

Data are presented for the results of the analyses of the samples
collected by LRE in the Marshall Islands in 1974 and 1975 and on Christmas
Island in 1975. Appendix Tables 1 through 37 give the data for single
samples. Tables 3 through 6 and Figures 3 through 7 in the text present
summarized data usually in the form of the mean f 1 standard deviation for
several samples. The data will first be presented atoll by atoll and will
then be summarized b.ycomparisons between atolls b.yselected sample types.
All data are given as picocuries per
expressly noted.

Christmas Island
The sites at which samples were

Figure 2. Samples were analyzed for

gram of dry weight, except where-”

collected in August, 1975, are shown in
gamma-emitting radionuclides only. Seven-

teen naturally”occurring or fallout radionuclides ~ere detected in the samples
analyzed, but only naturally occurring 40K and *38u, and the fallout radionu-
clide 137CS were present in more than 20% of the samples. Values for these
three radionuclides are given in A pendix Tables 1 (plants), 2 (fish and inver-
tebrates) and 3 (soil). EUsually 4 K was the most abundant ra i nuclide in a
sample and of the eleven fallout radionuclides dete ted only f?3 Cs was present
in concentrations greater than 1 pCi/g. Levels of $37cs above 1 pCi/g occurred
only in Scaevola leaves (5.7 pCi/g) and unidentified leaves (32 pCi/g) from
plants collected near the airfield wash-sump and in bone (1.6 pCi/g) from
bonefish taken off London. The airfield wash-sump was used during the Dominic
test series in 1962 to receive the wash-down water from aircraft used to
collect air samples from the radioactive clouds produced by the detonations.

The results of these analyses indicate,as noted by Seymour (1975),that
“only trace quantities of fallout radionuclides are present at Christmas Island
and the amounts are significantly less than the naturally occurring radionucl ides!’

Kwajalein and Wotho Atolls
Samples from Kwajalein and Wotho atolls were collected incidental to a

trip to Bikini Atoll in April 1975. Results of the analyses of these samples
of plants, soil and coconut crabs for gamma-emitting radionucl ides, 90Sr and

239**40Pu are given in Appendix Tables 4 (Wotho), 5 (Kwajalein) and 6 (Kwajalein
coconut crabs). Naturally occurring 40K is the most abundant radionuclide
present in the plant samples. Concentrations of 40K in pCi/g (dry) weight
ranged from 2.4 in breadfruit leaves from Wotho to 40 in coconut milk from
Rigej Island in Kwajalein Atoll. Cesium-137 was the predominant fallout
radionuclide. Most plant tissues had between 0.5 and 2.5 pCi of 137CS per
gram of dry weight. The seeds and rind of a papaya fruit from Wotho Island
had 12 and 15 pCi of 137Cs/g. Strontium-90 levels were less than 1 pCi/g and
*39S*40PU values ranged from 0.03 to less than 0.002 pCi/g in plants from
both atolls. Soil levels were slightly higher with a maximum of 0.16 pCi/g
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TABLE 3. Mean concentration of 13~~, ‘“Sr, 241~, and 23g3240p~ in the top 10CM

of soil from the soil profiles on Bikini Island.
.1
t Mean Radionuclide Concentration in pCi/g, dry t SDa

.
Profile : 137CS

‘OSr 241Am 239’240PU

1

2

3

9

10

11

12

A

c

D

E

G

I

L

N

36 ~ 6.2

23 ~ 2.5

250 t 120

53 ~ 28

230 & 22

9.6* 5.2

120+ 20

46 f 30

14 f 18

80 t 51

57 * 6.8

45 * 73

168 * 31

150 * 11

42 k 25

0.7 * O.z

().6~ 0.2

9.9 + 4.8

2.4f 1.3

11 *1.7

0.2 fo.1

7.6* 1.9

1.7*1.3

0.9 * .9

11 * 5.3

3 t 0.6

2.7 10.1

7.9 ~ 1.6

19 * 4.8

4.4 * 3.f)

0.5 f O.1

0.8 ~ ()-l

5.9 k 3.8

4.3 * 2.7

26 ? 5.8

().4f 0.2

18 * 5.8

4.0 * 3.3

(3.9* 1.7

11 * 15

6.7 ~ 1.3

3.8 ~ 2.0

na

38 ?8

8 ?8

a. The error term is one sample standard deviation of the values for the three
incremental samples - 0 to 2.5, 2.5 to 5, and 5 to 10 cm - used to compute
the mean. The value for the increment from 5 to 10 cm was weighted twice
as heavily as the other two incremental values.

..
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in the surface soil samples from Wotho.

Ailiginae Atoll
Samples of soil, plants and fish were collected at Ailinginae Atoll in

December, 1974. All samples were analyzed for gamma-emitting radionuclides
and selected samples were analyzed for ‘OSr and 239s240Pu. The results of
these analyses are shown in Appendix Tables 7 (soil), 8 (plants), and 9 (fish).

Six fallout radionuclides, 60C0, 137cs, 155Eu, 241Am, PU, and ‘OSr, were
easily measured in the soil samples from Ailinginae. Maximum values for all
of these radionucl ides were found in surface soil sam e #l from Ucchuwanen.
These values in pCi/g of dr wei ht were as fo lows:

A
EJco (0.9) 137CS (44),

155Eu (2.6 , 241Am 3.6),
1 6

2$9,24dpu (7.1) and OSr (11). In this and other
samples 13 Cs and 9 Sr were the most abundant radionuclides. Values for these
two radionuclides were usually between 1 and 10 pCi/g and their ratio within
a single sample was usually near 1. The mean value for 239324°Pu in the five
surface samples analyzed was 3.5 pCi/g.

In the plants from Ailinginae 40K was the most abundant radionuclide
averaging 12 pCi/g,while 137CS was the fallout radionuclide present in the
highest concentration ranging from 2.9 to 15 pCi/g. Strontium-90 was the
only other fallout radionuclide which was easily detectable in all the
samples. Values for 90Sr ranged from 1.6 to 7.1 pCi/g of dry weight and
averaged 3.5 pCi/g, dry. Plutonium was not detectable in the single plant
sample analyzed.

Five species of fish from Ailinginae were nalyzed for gamma-emitting
radionuclides and 90Sr. Naturally occurring 4~K was measured in all the
samples “
137 and

~~ concentrations ranging from 0.5 to 10 pCi/g of dry weight. Cesium-
Co were the only fallout radionuclides detected in more than 50%

of the samples and all values were less than 0.4 pCi/g. Strontium-90 values
were less than the detection limits (0.1 to 0.8 pCi/g) for the method of
analysis and sample size we used.

Two coconut crabs were collected at Ai]inqinae. Potassium-40 and ‘OSr
levels were almost equal. In the muscle 137Cs-values were_12 pCi/g while
9%r values were less than 0.5 pCi. The exoskeleton had
and 42 pCi/g. The two edible hepatopancreas samples had
and 12 pCi/g,but 9%r values were 0.3 pCi/g.

Rongerik Atoll
Soil, plants, and fish were collected on and around

9(.Ir levels of 22
13?Cs levels.Of 3.1

Eniwetak Island,
Rongerik Atoll, in November 1974. All samples were analyzed for gamma-emitting
radionuclides and selected samples were analyzed for 90Sr and/or Pu. Results
of the analyses are given in Appendix Tables 6 (coconut crabs), 8 (plants),
9 (fish), 10 (soil) and 11 (soil).

Of the seven f llout radionuclides commonly found in the surface soil
?!samples 137CS and 9 Sr were present in the highest concentr tions.

8
Cesium-

137 values ranged from 1.9 to 55 pCi/ of dry s ‘1, while g Sr values ranged
from 7 to 35 pCi/g. Mean alues for ?37Cs and ~bSr were 19f16 and 18fll pCi/g,
respectively. The 137Cs/9~Sr ratio for the sur
9 was 0.9*0.3. W

e samples in Appendix Table
Plutonium -239, 240, 241Am and Eu concentrations for these

six samples averaged 3.9f2.5, 2.5fl .3, and 1.9fl pCi/g, respectively. Cobalt
-60and 125Sb values were less than 0.9 pCi/g (dry).
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Pandanus and coconut samples cent “~~ned, as is common for p’
Marshall Islands, naturallv occurrina K and fallout radionucl

ants.f om the
des 3YCS and

90Sr. Of the three Pandan~s and thr~e c conut tissues analyzed, the edible
Yfruit of the Pandanus had the highest 13 Cs values, 15 to 31 pCi/g. Strontium

90 was hiqhest In the leaves of the Pandanus. Plutonium levels were below the
limits of-detection.

Three species of fish were collected at Rongerik Atoll. Potassium-40
~; ~~~ onlY radionuclide present -

‘n ‘:antitJss above 0“6 ‘ci/g” cOba’t:60Cs levels were less than 0.6 pCl and Sr values were below the llmlts
of detection.

The 137Cs/40K ratio in the three coconut crabs from Rongerik was 2.5t0.6.
Cesium-137 values in the muscle and hepatopancreas averaged 29 and 10 pCi/g,
(dry) except in one hepatop ncreas sample which had a concentration
pCi/g. In the exoskeleton ~OSr levels averaged 44f5 pCi/g, while 13~~~i~Yels
ranged from 2.5 to 3.5 pCi/g.

Utirik Atoll
In April and November, 1974, samples of soil, plants and marine organisms

were collected at Utirik Island. These samples were analyzed for gamma-
emitting radionuclides and some were also analyzed for 90Sr and/or Pu. Results
are shown in Appendix Tables 9 (fish), 12 (soil), 13 (plants), and 14 (clams).

Five surface soil samples collected in the interior of Utirik Island had
radionuclide concentrations of less than one pCi/g except for 137CS and 90Sr
values which averaged 2.8*1.6 and 2.7tl.7 pCi/g, respectively. \

The edib
15

fruit from a Pandanus plant located near the center of Utirik
Island had a 7CS level of 6~ No other fallout radionuclides were
above the limits of detection. Bananas from Utirik had low levels of fallout
(0.5 pCi/gor less) in the edible portion of the fruit.

The marine organisms, fish and Tridacna clams, collected in the lagoon
ne r Utirik Isla ad low levels (c~of the three fallout radionuclides
(6~Co, 90Sr and ‘g7~s) measured. Naturally occurring 40K values averaged
about 8 pCi/g in the tissues of fish and clams.

Rongelap Atoll
Samples of soil, plants, fish, clams, and coconut crabs were collected

on several islands of Rongelap Atoll in April and November/December, 1974.
All samples w re analyzed for gamma-emitting radionuclides and selected

%samples for 9 Sr and Pu. Results of these analyses are shown in Appendix
Tables 6 (coconut crabs), 9 (fish), 13 (plants), 14 (Tridacna clams), and
15 through 21 (soil).

Coconut crabs were collected from six islands in Ronqela~ Atoll. Four
were from the southern islands of Arba.rand Busch (lowest”raf
at Rongelap), five were from the northeastern islands of Mel”
(medium radiation levels) and four were from the northern is”
and Lomuilal (highest radiation levels). The mean 137CS and

tissue of the coconut crabs is shown in Figure
~~~h~~uf$~~s are highest in coconut crabs collected on the
northeastern islands of Rongelap Atoll.

iation levels
u and Kabelle
ands of Lukuen
‘OSr levels
3. Levels of
northern and
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0.3 pci/g.

Nine species of fish were collected from fo t Bikini Atoll.
~~ ‘it~~c~, 137cs, 90Sr, andOf the fallout radionuclides connonly detected ( Fe,

239,240Pu) iron-55 was the most abundant with values up to 520 pCi/g of
dry weight. Concentrations of 60C0 ranged up to 16 pCi/g of dry viscera
from mullet collected near Bikini Island. Most of the other tissues con-
tained less than 5 pCi of 60C0 per gram. Cesium-137 values were mostly
bel w 1 pCi/g, however, the convict surgeon from Nam contained about 4.5 pCi
of f’37Csper gram. Most of the fish tissues analyzed also contained less
than a Ci/g of 90Sr and 239*240Pu.

!
The highest values of90Sr (2.6 pCi/g)

and 239, 40PU (5.6 pCi/g) were measured in the viscera of mullet from Nam.
Other than 55Fe,naturally occurring 40K was the most abundant radionuclide
in the fish tissues analyzed. The average valu of this radionuclide wds 9
pCi/g versus 47, 2.6, and 0.65 pCi/g for 55Fe, %0Co and 137CS, respectively.

Although coconut, Pandanus, and breadfruit seedings have been planted
on Bikini Island, only a few of the plants had begun to bear fruit in 1974
or 1975. Thus, most of the plant tissues sampled were leaves from these
young plants. Results of the analyses of the plant samples are given in
Appendix Tables 24 and 25. Cesium-137 was the most abundant radionuclide
in most of the plant samples. Concentrations of 137CS in 15 samples of
coconut fronds ranged from 58 to 649 pCi/g (dry) and averaged 154 pCi/g.
The highest 137CS value was in the first Pandanus fruit produced on one of
the new plants. Even though it was immature, the Pandanus fruit was picked
and analyzed. The inedible portion of the fruit had a 31CS level of 3,670
pCi/g, while the edible portion had 3,520 pCi of 137CS and 255 pCi of 90Sr.
Of the plant tissues analyzed 9@5r levels were highest (251 to 446 pCi/g)
in the leaves of the new breadfruit plants.

Cesium-137 values in coconut leaves were usually g eater than the 137CS
value in surface soil from the same area. The highes~ ‘37Cs values in plants
were not, however, from the areas havin the highest 37CS concentration in
the soil. i’In fact one of the higher 13 Cs values was in coconut fronds from
the area (Pit #n) which had the lowest 137CS value in the surface soil.

Plutonium-239,240 values were less than 1 pCi/g in the plant tissues
sampled and were less than 0.05 pCi/g in the edible portions of the plants
analyzed.

2. Soil

Both profile and surface soil samples were taken from Bikini, Enidrik
and Nam Islands. Most of the samples were analyzed for gamma-emitting radio-
nuclides, 90Sr,* and plutOniUm,* while selected samples were analyzed for
55Fe. Results of all analyses, except 55Fe, are shown in Appendix Tables
26 t ough 32 (Bikini), 33 (Enidrik) and 34 through 36 (Nam). Results of
the !5Fe analyses are in Appendix Tables 27, 28 and 37. The locations of
the soil profiles on Bikini Island are shown on Figure 5.

As found in past surveys on Bikini Atoll, most of the fallout

*Some of the analyses for ‘OSr and Pu were performed by McClellan Central
Laboratory, Sacramento, California

..... . ..
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radionuclides are in the top 15 cm of the soil; however, in some disturbed
areas of Bikini Island (i.e., Profiles #1 and N) significant quantities of
some radionuclides, especiall 90Sr, are found as much as one meter below
the surface. The de~line of $Osr (figure 6) concentration with depth is
shown for a profile in disturbed (N) and relatively undisturbed (#9) areas
on Bikini Island. In an undisturbed profile Pu, Am, and Eu values decrease
the fastest and 9°Sr values decrease least rapidly with depth.

137CS, ‘OSr, and 241Am and 239S240PU in theThe mean concentrations of
top 10 cm of soil from the soil profiles on Bikini Island are given in Table
3. Values in this table are the means of the incremental samples - 0 to 2.5,
2.5 to 5, and 5 to 10 cm - from a profile with the 5 to 10 cm value weighted
twice as heavy as the other values. Radionuclide levels are highest in the
south-central part of the island (profiles 3, 10 and L) and in the area of
the main garden (profile 12). Strontium-90 was the most abundant radi~g~;;ide
f llowed in order of decreasing abundance by 137cs, 239,240Pu, 241Am, ,
68C0 and 125Sb.

Limited soil collections made on Enidrik Island show a slightly different
pattern of radionuclide abundance (Appendix Table 33). Plutonium-239,240 was
more abundant than 90Sr at 2 of 4 sites, and 102mRh was more abundant at one
site.

Radionuclides in soils from Nam wer resent in greater quantities (i.e.
~4~Am, 470pCi/g, dry) than on Bikini90Sr, 1,160 pCi/g; 239,240Pu, 637pCi/g;

Island, but the relative abundance of the radionucl ides in soil from Nam was
the same as in the soil from Bikini. Iron-55 values in soil from Nam are also
higher than in Bikini soil.

A sample of noddy and sooty terns was also collect The muscle
?$7;;,NZ::1 ; 60c0,of th e birds contained the following radionucl ides:

0.9; $8Sr, 0.04; and 40K, 8.5 Ci/g, dry weight. The eggs of these “rds
I 8(Icontained 137CS (0.1 pCi/g), 4 K (4.2 pCi/g), 60C0 (0.06 pCi/g) and Sr

(0.07 pCi/g).
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DISCUSSION AND CONCLUSIONS

Comparison of Radioactivity between Atolls
In order to compare the radioactivity found in biological and environmental

samples from the seven atolls and Christmas Island, the results of the analyses of
selected samples of soil, plants, and animals were summarized for each atoll.
These data are shown in Tables 4 and 5 and in Figure 7.

The mean concentration of 137CS, ‘OSr, 241Am and 239’240Pu in surface soil
(Table 4) varies significantly between atolls. Soils from Bikini and Rongelap
atolls (excepting Rongelap Island and probably other southern islands which
were not surveyed) ha
two areas amounts of ‘57~~ and 90Srusually range from 20to 300pCi/g and

‘milar amounts and kinds of radionuclides. In these

amounts of 241Am and 239,240Pu range from 10 to 80 pCi/g. Soil from a second
group of atolls, Rongerik and Ailinginae, plus Rongelap Island has radionuclide
concentrations which are about an order of magnitude less than those noted above.
Radioactivity amounts on Utirik, the easternmost atoll sampled in the Marshall
Islands, are 5 to 10 times less than amounts on Rongerik and Ailinginae, but
are still higher than amounts found in the single soil sample from Wotho Atoll.
This atoll was south of the main pattern of fallout from Bravo which contaminated
the other atolls. Kwajalein Atoll is further south and has even lower amounts of
radioactivity. With slight variations, the differences between atolls exhibited
by the soils can also be seen in Pandanus leaves, a representative plant sample
(Figure 7) and in mullet, a representative fish (Table 5).

Christmas Island which was contaminated by a different series of tests
than the Marshall Islands had lower amounts of fallout radionucl ides than
any atoll we surveyed in the Marshalls during 1974 and 1975. The naturally
occurring radionuclides 40K and 238u were the predominant radionuclides in
samples from Christmas Island.

Comparison of Radioactivity between Islands in Bikini Atoll
Differences in the radioactivity between areas of Bikini Atoll are most

apparent in the soil data in Table 4. Soil from Nam Island next to Bravo Crater
contains the highest amounts of 137CS, 90Sr, 241Am and 239>240Pu of any soil
we collected in 1974 and 1975. Samples of soil from Bikini Island contained
about one-third the 9@5r and 137cs, and one-tenth the 241Am and 239,240Pu found
in soil from Nam. The 137Cs/90Sr and 241Am/239S240Pu ratios are similar in
the soil from Nam and Bikini (between 1 and 2) indicating that the major
source of radionuclides on these two islands was the same test and was probably
the Bravo test of 1 March 1954.

Enidrik Island in the southern part of Bikini Atoll had less g%r, 137CS
and 241Am in the surf e soil than did Bikini Island, but Enidrik soil had

?$s240pu Theratios of these radionuclideS in the soilabout twice as much 2
from Enidrik were 0.25 for 13~Cs/90Sr and ~10 241Am/239~240Pu. These ratios
are quite different from those found in soil from Nam or Bikini islands and
indicate a different source for the fallout orIEnidrik. The most likely
source was the test series on the west end of Eneman Island, which lies
about 1000 meters east of Enidrik.

Radioactivity in fish collected from the shallow areas around four islands
of Bikini Atoll does not vary as markedly or as consistently as does the radlo-
ac,tivity in the soil. Mullet (Table 5) collected near Bikini Island had higher
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and 137Cs and lower amounts of 55Fe than did mullet from Nam.
surgeoy and mullet (Appendix Table 22) from Nam had higher
and 13 Cs than did convict surgeon fron Eneu Island the least

contaminated area of Bikini Atoll. It is likely that the mullet range more
widely within the lagoon than do the smaller convict surgeon, hence mullet
captured in one area may have accumulated the radionuclides while in
another area.

Comparison hf Radioactivity between Islands in Rongelap Atoll
At Rongelap Atoll radlonucllde concentrations in the sol~ increase as one

moves northward along the east side of the atoll (Figure 5, Table 4). Of the
islands sampled at Rongelap Atoll, soil from Rongelap Island has the least
amount of radioactivity, while soil from the northern islands of Lukuen,
Gejen, and Lomuilal has the most. Islands (Menu, Kabelle) on the east
side of the atoll have intermediate amounts of radionuclides in the surface
soil. This soil distribution pattern corresponds with the fallout pattern
determined shortly after the Bravo test at Bikini Atoll on 1 March 1954.
On the second of March 1954 gamma dose rates were estimated to be 3.5
roentgens per hour (r/hr) at Rongelap Island, 19 r/hr on Kabelle Island,
and 35 r/hr on Lomuilal Island in the northern part of the atoll (Held,-----
lYb5).

Ratios of 137Cs/90Sr and 241Am/239,24~pu
are similar (1 to 2) to the ratios found in soil “
at Bikini Atoll again indicating the major source
the Bravo test.

in soil from Rongelap Atoll
rom Nam and Bikini Islands
of these radionucl ides was

.,

..

Radioactivity in the biota also varied with island. Coconut crabs (Appendix
Table 6), fish (Appendix Table 9) and plants (Appendix Table 13) from the
southern islands of Rongelap Atoll had less radioactivity than did similar
samples from the northern island. However, the amounts of radioactivity in the
biota did not differ as much as was noted for the surface soil. Cesium-137
and 90Sr amounts in soil from the northern islands were 4 or more times the

~Y9~s and 90Sr amounts in plants and coconut crabs from these two areas were -
nts found in soil from Rongelap Island, while the usual differences in

factors of 2 to 4.

Differences in Radioactivity due to Sample Type
As noted for surve s since 1964 (Welander, et al,,1967;Held, 1971; Lynch

et al.,1975), 9°Sr and !37cs are the primary radionuclides in iologic
! 9J9:$topusoil samples from the terrestrial environment. In addition 24 Am and

are important in soil , especially from Bikini and Rongelap atolls, both because
of the quantity of these radionuclides present in soil and because they are
alpha-emitting radionuclides, which have a higher potential health hazard than
most of the gamma-emitting radionuclides. Of the plants sampled, Pandanus
leaves are the best indicator species for 137CS because they concentrate 137CS,
are abundant and are easily sampled throughout the year. The fruit of the
Pandanus contains greater amounts of 137CS than do the leaves, however, the
fruit is available for only part of the year. Pandanus leaves may also be
used as an indicator for ‘OSr, if coconut crabs are not available. The exo-
skeleton of this crab contains the most 90Sr of any sample type analyzed, however,
coconut crabs are not present in all areas. When available coconut crabs are
also good indicator organisms since they integrate 137C
wide area on an island, whereas the Pandanus integrate !3?~sw~~~ ~~s~”~~jmf~m a
relatively small area of an island.
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In the marine environment the neutron-i,nduced radionuclides, 55Fe and
6CIC0,were predominant together with na urally Occ

&
~~ring 40K , Tridacna clams

remain the best indicator species for 6 Co, while Fe is most abundant in the
liver or viscera of fish, especially large pelagic fish,

Change in Radioactivity with Time
With the passage of time since the tests which produced most of the

fallout on the atolls surveyed, the radionuclides initially deposited in
the environment have been concentrated or diluted by many processes, Some
of these natural processes are physical-decay rate, weathering of fallout
particles, transport by rainwater, wind or wave-and some are biological-
selective uptake or discrimination by the plants and animals which inhabit
the contaminated areas. In addition man has redistributed radionuclides by
his physical disturbance of the land during construction of houses and planting
of food crops (i.e. Bikini, Eneu and Rongelap islands).

60c0, 90Sr, and 137csA summary of the change with time in the amount of
in selected sample types from Bikini and Rongelap atolls is given in Tables 6
and 7. Since samples were not collected in the same locations or for the same
purpose during the 20 year span covered in the tables, the data are not ;~~ictlY
comparable or useful in calculating ecological half-life in all cases,
small number of samples for some species and normal biological variability
also contribute to the fluctuation in the amount of radioactivity measured,
However, the general trends indicated by the majority of the data are still
distinct.

In general, both the number and amounts of radionuclides have decreased
in the soil and biota at both Bikini and Rongelap atolls. Several radionuclides
54Mn, 57c0, 65zn, 144Ce, which were present at Bikini Atoll in 1964 (Welander,
etal., 1967) were not detectable in 1974, Amounts f the dominant radionuclides

~0.Srand 137CS) were signi-at Rongelap in 1958-59 and at Bikini in 1964 (60C0,
ficantly less in 1974-75 although they were still abundant.

On Bikini Island the amount of 90Sr or 137CS measured in coconut crabs in
1974 is 30 to 60 percent of the amount measured in 1964. This rate is signi-
ficantly greater than the decrease expected from decay alone, hence other pro-
cesses must also be actin .

?
One of the possible factors acting to reduce the

availability of ‘OSr and 37cs to coconut crabs on Bikini Island was the physical
mixing of the soil during the rehabilitation of the island. This disturbance
and physical decay reduced the amount of radioactivity in the surface soil by
almost an order of magnitude between 1964 and 1974. However, the rate of
decrease of ‘OSr in coconut crabs from Rongelap Atoll (undisturbed between
1957 and 1974) is similar to that seen at Bikini Atoll, hence the soil mixing
on Bikini ma not have been an important factor in determining the rate of

6decline of 9 Sr in the coconut crab on Bikini.

SUMMARY

The DOS portion of LRE’s Pacific Radioecology program began on 1 July
1974. The purpose of the program is to determine the kinds and amounts of
radionuclides in biological and environmental samples from the Central Pacific,
especially the Marshall Islands. Five field trips were conducted for this
program, between April 1974 and August 1975. About 600 samples were collected
and about 600 y-spectrum, 70 iron-55, 300 strontium-90, and 200 plutonium
analyses were performed.



Table 6

Mean concentration of ‘OSP and/or 137CS in plants,

coconut crabs, and surface soil from Bikini Atoll,

1964-1975.

Radionuclide
Collection Collection Number of concentration

Sample type Location Date Samples pCi/g, dry

137CS ‘OSr
Pandanus, leaves 290 r

11 18
II II

Coconut, leaves
11 11
II 11

Coconut crab, muscle
11 11
II II

Coconut crab, exoskeleton
11 II
II It

Soil, O-1 inch
11 11
11 11
II 11
11 II
II 11

280
510

140
430
160

940
760
380

190
130
70

920
540

1200
160

1;:

Soil, O-1 inch
11 11

11 It

11 11

Mullet, muscle
11 evisc. whole
II evisc. whole
II evisc. whole

Noddy tern, muscle
11 II
II II

Bikini I.
11
II

Bikini I.
II
11

Bikini I.
II
II

Bikini I.
It
II

Bikini I.
11
II
1!
11
II

Nam 1.
11
II

11

Nam 1.
II
II
11

Nam I.
Oroken
Nam I.

1964
1972
1974-5

1964
1972
1974-5

1964
1969
1974

1964
1969
1974

1964
1967
1969
1970
1972
1974-5

1964
1969
1972
1974

1964
1969
1972
1974

1964
1969
1974

several

:

several

1:

;
1

1
6
1

2
3

5:
9

15

2
1
4
5

b
b
b
b

b
b
b

. . .

25

200
63

130
270
137CS

6,4

::;
0.3

0.5
<.1

NA
150

NA
NA
13

;;
16

2300
1400
1600

930
NA
520
NA
NA
130

NA
18

NA
390
60C0

98
12
9
2

11
4
0.9

a. These data were taken from the followina rer)orts:
Collection Date

1964
1967, 1969, 1970

Report “
Welander, et al., 1967
Held, 1971

1972 Lynch et al., 1975
1974-5 This report

b. Composite sample of several individuals
.., “.,

‘., “.

. m
\

%,.k ‘. i
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Table 7

Mean concentration of 137CS and ‘OSr in Pandanus and 90Sr in
coconut crabs collected at Rongelap Atoll from 1957 - 1974.

Mean Concentrationa
in pCi/g, dr
137 {0

Cs Sr
Sample

l@S-

Pandanus leaves
11
II
11
11
It

II
II
81
11

Coconut crab, muscle
11
II

!1

11

Coconut crab, exo-
skelton

11

11
11

11
11

Collection
Area

Rongelap I
11
11
11
II
81

Kabelle I
11
II

Collection
Date

Number of
Samples

1958
1959
1961
1963
1971
1974

9
19
16
13
3
1

114 25
87
101
69 15
15
13 11

1958
1961
1963

4
1
1

360 46
120
170 42

Lomuilal, Lukuen I 1974 43 40

Rongelap I
Arbar, Busch I
Kabelle I
Kabelle I

11

1957-58
1974
1955
1957-58
1974

12
4
1

14
3

14

12:b
47
4.8

Arbar I
11

1959
1974

480
64

Menu I
II

1959
1974

2
1

1100
240

Kabelle I
11

1959
1974

3
3

1600
190

a. These data were taken from the following sources:

Collection Date Source

1955 Donaldson, 1955
1958-1971 LRE, unpublished data
1974 This report

b. 27 pCi/g, wet,multiplied by a wet/dry ratio of4,5.
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Results of the analyses indicate that ‘OSr and 137CS are dominant in the
terrestrial environment and, in addition, 241Am and 239!240Pu are also important
in the soil from Bikini and Rongelap atolls. Cobalt-60 and 55Fe are predominant
in the marine environment together with naturally occurring 40K.

Amounts of radioactivity vary between atolls and between islands within an
atoll in relation to the distance from the test sites. Bikini atoll has the
highest amounts of radioactivity, but the northern islands of Rongelap Atoll
have only slightly lower amounts. Rongerik and Ailinginae atolls and the
southern islands of Rongelap Atoll have similar amounts of radioactivity,which
are lower than Bikini by factors of 5 to 10 or more. Values at Utirik Atoll
are lower still, but are higher than amounts at Wotho and Kwajalein atolls,
Christmas Island in the Line Islands has the least amount of radioactivity of
the areas surveyed for this report.

Radioactivity on Bikini and Rongelap atolls has declined significantly
with time and should continue to do so due to physical and biological processes.

i..
\ *t
.
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69
Appendix Table 37

Iron-55 and Stable Iron in Soil Collected on Bikini and Nam
Islands in December 1974.

Sample % 9
55Fe(pCi)

Location Depth (cm) Fe(mg)

Bikini Island

Pit #9
II

I 11

! Pit #10
II

I II

I Pit #11
II

I II
II
II

II

It

II

II

1!

Pit #12
11
11

11

It
81

II

11

Nam Island

Site #1
Site #2
Site #4
Site #13

O-2.5
2.5-5
5-1o

0-2.5
2.5-5
5-1o

0-2.5
2.5-5
5-1o
10-15
15-23
23-30
30-35
35-42
42-55
55-75

0-2.5
2.5-5
5-1o
10-15
15-25
25-50
50-75
75-100

0-2.5
0-2.5
0-2.5
0-2.5

1.6 tO.3
1.6 tO.2
0.74k0.24

83 *0.8
5 fo.3
3.6 ~0.2

0.25?0.23
0.49*0.24
0.14+0.17
3.2 20.26
3.1 *(3.21

<0.4
<0.4
<0.4
<0.3

2.2 to.3
4.2 t004
1.9 fo.3
5.2 +1.2
4.8 *().4

nsC
0.24*0.15

ns

17 ?0.4
34 *2

185
83 ::

1.3 +().3
0.33 +0.02
0.34 ?0.04

0.10 *0.04
0.16 *0.06
0.27 kO.06

0.30 *0.06
0.23 50.02
0.29 tO.06
0.10 *0.04
0.09 *0.01
0.18 *0.06
0.32 iO.06
0.30 fo.04
0.18 fO.02
0.14 tO.06

<0.8
3.8 ~o-5

nab
1.3 fool
2.8 Io.3
0.18 tO.01
0.075*0.01
0.40 *0.04

0.74 to.lo
0.46 *0.06
0.35 ?0.04
0.10 *0.02

a. Errors are two-sigma, propagated, counting errors.

830
31
13

0.83
2.1
0.48
32
34
<2.2
<1.3
<1.3
<1.7

<2.8
1.1

4;0
1.7

3.2

b. na = not analyzed.
c. ns = non-significant. The net sample count is less than the two-sigma,

propagated, counting error.

*U. S. GOVE RNMENT PRINTING OFFICE: 1977–7849.,


