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soil samples collected on Bikini Island in April and December, 1974.

i

|
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A1l samples were oven-dried, ground and a portion compressed in polyvinyl
chloride (PVC) pipe 2 inches in diameter and either %'or 1" inch deep that was
used as a sample holder for radionuclide measurement., Fifty grams of tissue or
68 grams of soil could be compressed into the 2" x 1" container. The density
of the biological and soil samples was 1.0 and 1.35, respectively, These
samples were then analyzed for gamma-emitting radionuclides.

The gamma-emitting radionuclides in the samples counted on the Nal crystal
were determined by a method of least squares, The radionuclides values in the
samples counted on the Ge (Li) detector were calculated by hand or with a com-
puter by adding the counts in five channels under a peak in the spectrum,sub-
tracting the appropriate background counts, and applying correction factors
to convert counts to picocuries (pCi}. A set of previously reported reference
spectra for the different geometries and radionuclides were used. All values
were corrected for decay to the date of collection.

Iron-55, Strontium-90 and Plutonium Analyses

§o1vent extraction, electrodeposition, and X-ra6 spectrometry were used
for 59Fe determinations. To measure 90sp content, 90Y was chemically separated .
from 90Sr, collected on a filter paper and counted with a low-level beta counting
system, Plutonium was extracted by ion exchange, electroplated on platinum
discs, and analyzed by alpha spectrometry with systems using surface barrier
alpha detectors and pulse-height analyzers. Chemical yield was determined by
use of 242py as a tracer.

Error Limits

90 For a single sample, the error given for all radionuclides listed, except
Sr, 55Fe and 239,240py, are two-sigma, propagated, counting errors., The

error values for 90Sr, 55Fe, and Pu includes the two~sigma counting error and

an analytical error, The error term for more than one sample is one standard

deviation and disregards counting error,

Limits of Detection

Many factors influence the limit of detection, including the type of de-
tector and analyzer, the presence of other radionuclides, the duration of the
counting period, the size and density of the sample, and the geometry relation-
ship of the sample and detector. Hence, the 1imits of detection varied consid-
erably for various radionuclides and types of samples, but can be summarized
by stating that the detection 1imits were approximately as follows:

By gamma detection

40K 2.1 pCi/g or less
238U 0'4] n n
]Oszh,1255b,]37Cs,152Eu,]55Eu,207Bi,235U,24]Am 0.12 pCi/g or less

By beta detection
905r 0.2 pCi/g or less

\‘j{i"‘”“w -

Doy



By X-ray detection
55Fe 0.04 pCi/g or less

By alpha detection

239,240, 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
IsTland 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 + 1 standard deviation for
several samples. The data will first be presented atoll by atoll and will
then be summarized by comparisons between atolls by selected sample types.
A1l data are given as picocuries per gram of dry weight, except where
expressly noted.

Christmas Island

The sites at which samples were collected in August, 1975, are shown in
Figure 2. Samples were analyzed for gamma-emitting radionuclides only. Seven-
teen naturally occurring or fallout radionuclides were detected in the samples
analyzed, but only naturally occurring 40k and 238U, and the fallout radionu-
clide 137Cs were present in more than 20% of the samples. Values for these
three radionuclides are given in ABpendix Tables 1 (plants), 2 (fish and inver-
tebrates) and 3 (soil). Usually 40K was the most abundant ra?ignuc]ide in a
sample and of the eleven fallout radionuclides deteﬁted only 3/¢s was present
in concentrations greater than 1 pCi/g. Levels of 37¢s 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 Tess than the naturally occurring radionuclides."

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 radionuclides, 20Sr and
239,240py 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 37¢s 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
239,240py 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 ]385, gOSr, 24]Am, and 239’240Pu in the top 10 cm

of soil from the soil profiles on Bikini Island.

; Mean Radionuclide Concentration in pCi/g, dry + SD a
Profile ; ]37Cs 905r _ 24]Am 239’240Pu

1 36+ 6.2 19+ 2.5 0.7 + 0.2 0.5+ 0.1

2 23+ 2.5 15 + 6.4 0.6 = 0.2 0.8 + 0.1

3 250 £ 120 250 +110 9.9 + 4.8 5.9 + 3.8

9 B3 + 28 60 + 11 2.4 + 1.3 4.3 + 2.1
10 230 £ 22 © 440 + 38 1 +£1.7 26 £ 5.8
1 9.6 5.2 12+ 3.8 0.2 + 0.1 0.4 £+ 0.2
12 120 + 20 210 + 67 7.6 1.9 18 =+ 5.8

A 46 + 30 61 + 14 1.7 £ 1.3 4.0 + 3.3

C 14 + 18 46 + 34 0.9+ .9 0.9+ 1.7

D 80 + 51 150 + 31 11 +£5.3 11 =15

E 57 + 6.8 99 + 15 3 0.6 6.7 + 1.3

G 45 + 13 38+ 1.9 2.7 £ 0.1 3.8+ 2.0

1 168 + 31 110 + 41 7.9 £ 1.6 na

L 150 + 1 280 + 67 19 +48 38 + 8

N 42 + 25 35 + 20 4.4 + 3.0 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 c¢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. Al1 samples were analyzed for gamma-emitting radionuclides
and selected samples were analyzed for J0Sr and 239,240p,. The results of
these analyses are shown in Appendix Tables 7 (soil), 8 (plants), and 9 (fish).

Six fallout radionuclides, 60Co, ]37Cs, ]55Eu, 241Am, Pu, and 905r, were
easily measured in the soil samp]es from Ailinginae. Maximum values for all
of these radionuclides were found in surface soil samg&e #1 from Ucchuwanen
These values 1n pC1/g of drg wei ht were as follows: 37¢s (44),
155y (2 6 Am 3.6) 9,240p ) and 90sr (M In th1s and other
samples 1 Cs and Sr were the most abundant radionuc11des Values for these
two radionuclides were usually between 1 and 10 pCi/g and theijr ratio within
a single sample was usually near 1. The mean value for 239,240py in the five
surface samples analyzed was 3.5 pCi/g.

In the plants from Ajlinginae 40g 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 rad1onuc]1de which was easily detectable in all the
samples. Values for 90Sy 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 Snalyzed for gamma-emitting
radionuclides and 90Sr. Naturally occurring 40K was measured in all the
samples 88 concentrations ranging from 0.5 to 10 pCi/g of dry weight. Cesium-
137 and ®“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 Ailinginae. Potassium-40 and 90gp.
levels were almost equal. In the muscle 137Cs values were 12 pCi/g while
Osr values were less than 0.5 pCi. The exoskeleton had 90Sr Tevels of 22
and 42 pCi/g. The two edible hepatopancreas samples had 137¢s levels of 3.1
and 12 pCi/g,but 90Sr values were 0.3 pCi/g.

Rongerik Atoll

Soil, plants, and fish were collected on and around Eniwetak Island,
Rongerik Atoll, in November 1974. Al1 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 (sail). ‘

of the seven f81lout radionuclides commonly found in the surface soil
samples 137Cs and 90sr were present in the h1ghest concentrations. Cesium-

137 values ranged from 1.9 to 55 pC1/? of dry 586 while 3Usr values ranged
from 7 to 35 pC1/g Mean 5a1ues for 137Cs and 29Sr were 19+16 and 18+11 pCi/g,
respectively. The 1 Cs/ Sr ratio for the surfgge samples in Appendix Table
9 was 0.9+0.3. Plutonium -239, 240, 241Am and Eu concentrations for these
six samp]es averaged 3.9+2.5, 2.5+1. 3, and 1.9+1 pCi/g, respectively. Cobalt
-60 and 125Sh values were less than 0.9 pCi/g (dry).
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in the southern part of the atoll.

Soil samples were co]]ected from six islands 1n RongelaB Qtol]. Five
gamma-emitting radionuclides, 90Co, 125sb, 137¢s, 155gy and 44lAm, were
measured in most samples. Strontium-90 and 239, 0Pu were also easily

Sasured in the samples analyzed for these radionuclides. Cesium-137 and

Sr were the most abundant of Ehe above radionuclides as shown in Figure 4.
Americum-241, 239,240py, and 1°°Eu were the next most abundant radionuclides.
ghey were mmon]y present in concentrations between 10 and 50 pCi/g while

OCo and 1 Sb values were less than 10 pCi/g. At Rongelap Atoll, soil from
the northern islands of Lomuilal, Lukuen and Gejen had the highest radio-
nuclide values of the six islands sampled. The amounts of radionuclides in
soil from Rongelap Island were about a factor of ten lower than amounts in
soil from the northern islands.

Bikini Atoll

Samples were collected at Bikini Atoll in April and December 1974 and in
April 1975 for analysis in our Laboratory. One coconut crab, Tridacna clams,
nine species of fish, plants, and extensive soil prof11§§ were taken for gamma-
spectrum analysis. Selected samples were analyzed for 90sy, or Pu.
Results of these analyses are shown in Appendix Table 6 (coconut crabs), 14
(Tridacna clams), 22 and 23 (fish), 24 and 25 (plants), and 26 through 37

(soil).
1. Animals and plants

A single coconut crab captured on Bikini Island by an inhabitant of the
is]and was Burchased by us in 1974. In the muscle from this large crab the
7¢s and 90Sr values were 380 and 16 pCi/g of dry weight, respectively.
Sixteen hundred pCi of 905y per gram were found in the exoskeleton of this
crab. Plutonium-239, 240 concentrations in the three tissues analyzed were .
about 0.02 pCi/g. Few coconut crabs remain on Bikini Island due to the
destruction of the native vegetation during the rehabilitation of the island.

Tridacna clams from the lagoon near Bikini Island contained 60co in
kidney tissue in amounts up to 322 pCi/g of dry weight. Cobalt-60 concen-
trations in the other tissues from this c] were 155 %han 20 pCi/g. Values
for other fallout radionuclides inc]uding Sr and Pu were less than
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0.3 pCi/g.
Nine species of fish were collected from fo s1t88 at B1k1n1 Ato]]
0f the fallout radionuclides commonly detected ( 90syr, and

239,240py) iron-55 was the most abundant with va]ues up to 520 pC1/g of
dry weight. Concentrations of 60Co 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 60Co per gram. Cesium-137 values were mostly
bel?w 1 pCi/g, however, the convict surgeon from Nam contained about 4.5 pCi
Cs per gram Most of the fish tissues analyzed also contained less
than BCT/g of 90sr and 239,240py. The highest values of 90sr (2.6 pCi/g)
and 239, 40Pu (5.6 pCi/g) were measured in the viscera of mullet from Nam.
Other than 5 Fe naturally occurring 40K was the most abundant radionuclide
in the fish tissues analyzed. The average va]ug of this radionuclide was 9
pCi/g versus 47, 2.6, and 0.65 pCi/g for 95Fe, ©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 fru1t had a 137Cs level of 3,670
pCi/g, while the edible portion had 3,520 pCi of !37Cs and 255 pCi of sy
0f the plant tissues analyzed 90Sr levels were highest (251 to 446 pCi/g)
in the leaves of the new breadfruit plants.

Cesium-137 values in coconut Teaves were usually gyeater than the 137Cs
value in surface soil from the same area. The h1ghes¥ 7Cs values in plants
were not, however, from the areas having the highest 7Cs concentration in
the soil. 1In fact one of the higher 137Cs values was in coconut fronds from
the area (Pit #11) which had the lowest 137Cs value in the surface soil.

Plutonium-239,240 values were less than 1 pCi/g in the plant tissués
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-
nuctides, 90Sr,* and plutonium,* while selected samples were analyzed for
55Fe. Results of all analyses, except 22Fe, are shown in Appendix Tables
26 tggough 32 (Bikini), 33 (Enidrik) and 34 through 36 (Nam). Results of
the 29Fe 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 90sy 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., Prof11es #1 and N) significant quantities of
some radionuclides, espec1a11§ 0sr, are found as much as one meter below
the surface. The decline of Sr (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 90Sr values decrease least rapidly with depth.

The mean concentrations of 137Cs, 905r and 241Am and 239 240Pu in the
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 rad1ngc11de

8110weg in order of decreasing abundance by 137Cs, 239,240py, 241am,
Co and 125gp,

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 102"Rh was more abundant at one

site.

Radionuclides in soils from Nam wers ?resent in greater quantities (i.e.
90sr, 1,160 pCi/g; 239,240py, 637pCi/g; 241Am, 470pCi/g, dry) than on Bikini
Island, but the relative abundance of the radionuclides 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 scoty terns was also co]]ect?g on Nam. The muscle
of thsae birds conta1ned the following radionuclides: <0.1; 60co,
Sr, 0.04; and 40k, 8.5 801/9, dry weight. The eggs of these 8drds
conta1ned "137¢s (0.1 pCi/qg), 4.2 pCi/g), 60co (0.06 pCi/g) and

(0.07 pCi/g).

SO
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Tomparison ot Raaioactivity petweeh lsianas i Bikifi ATOTI
Differences in the radicactivity 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, 90Sy, 241am and 239,240py of any soil

we collected in 1974 and 1975. Samples of soil from Bikini Island contained
about one-third the 90Sr and 137Cs, and one-tenth the 241Am and 239,240Py found
in soil from Nam. The 137Cs/90Sr and 241Am/239,240py 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 90Sr, 137¢Cs
and 241am in the surfgge soil than did Bikini Island, but Enidrik soil had
about twice as much 239-240p;  The ratios of these radionuclides in the soil
from Enidrik were .25 for 137Cs/90sr and ~10 241Am/239,240py, These ratios
are quite different from those found in soil from Nam or Bikini islands and
indicate a different source for the fallout on Enidrik. The most likely
source was the test series on the west end of Eneman Island, which Ties
about 1000 meters east of Enidrik,

Radioactivity in fish collected from the shallow areas around four 1slaqu
of Bikini Atoll does not vary as markedly or as consistently as does the rqdlo—
activity in the soil. Mullet (Table 5) collected near Bikini Island had higher
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Table 4. Mean concentration of ]37Cs, 9OSr, 24]Am and 239’240Pu in surface

soil samples collected in 1974 and 1975 on Christmas Island in the
Line Islands and on six atolls in the Marshall Islandsa.

Mean concentration in pCi/g, dry (qlb

137
Collection Site Cs 90, 2
C

Christmas Island <.08(8) na ns© na

239’240Pu

Wotho Atoll
Wotho Island 1.1+ 0.1(1) 0.3+ 0.7(1) 0.08

i+

0.06(1) 0.16% 0.06(1)

Utirik Atoll
Utirik Island 2.8+ 1.6(5) 2.7+ 1.7(4) 0.27+ 0.06(5) 0.77+ 0.15(4)

Rongerik Atoll

Eniwetak Island 19 + 16(9) 18 + 11(6) 3.4 £ 2.7(9) 3.9 + 2.5(5)
Ailinginae Atoll

Mogiri Island 8.4+ 2.2(2) 5.6 1.9(3) 1.5 £ 1.3(2) 3.1 + 2.0(3)

Ucchuwanen " 24+ 29(2 7.6+ 4.8(2) 2.0 + 2.2(2) 4.0 + 4.3(2)
Rongelap Atoll

Rongelap Island 30 + 13(6) 8 + 1(1) 1.6 + 1.0(6) 3.1 + 3.5(5)

Mellu " 19 £ 0.7(2) 120 =+ 36(2) 21+ 4.2(2) 32 +5(2)

Kabelle * 79 + 68(4) 140 + 78(3) 20 +10(4) 14 +16(3)

Lukuen " 110 + 61(6) 270  +140(5) 24+ 9(6) 46  +12(3)

Gegen " 130 + 88(3) 260 +140(3) 45  17(3) 61  +29(3)

Lomuilal " 210 + 70(7) 240 +130(7) 28 +10(7) 31 +16(2)
Bikini Atoll

Bikini Island 110 +100(15) 130 "+130(15) 6.1 £ 5.7(15) 11 £12(14)

Nam " 270 +350(5) 390 +450(5) 65 +73(5) 80  +85(5)

Enedrik * 9.3+ 8.2(4) 40 + 46(4) 2.4 £ 1.9(4) 23 +6.9(4)

a. Only data from samples collected more than 50 m from the beach were used in
this tabulation.

b. n is the number of samples used to compute the mean. Single sample (n=1)
errors are two-sigma, propagated, counting errors, whereas the error for
more than one (n>1) sample -is one standard deviation of the mean.

€. na = not analyzed; ns = not significant.
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amounts of 60Co and 137Cs and lower amounts of 55Fe than did mullet from Nam.
However congact surge09 and mullet (Appendix Table 22) from Nam had higher
amounts of 90Co and 137Cs 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 Tagoon than do the smaller convict surgeon, hence mullet
captured in one area may have accumulated the radionuclides while in

another area.

Comparison of Radioactivity between Islands in Rongelap Atoll

At Rongelap AtolT radionucTide concentrations in the soil 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 (Mellu, 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 ?5 r/hr on Lomuilal Island in the northern part of the atoll (Held,
1965).

Ratios of 137¢s/90Sr and 241Am/239-240py in soil from Rongelap Atoll
are similar {1 to 2) to the ratios found in soil from Nam and Bikini Islands
at Bikini Atoll again indicating the major source of these radionuclides was
the Bravo test.

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
?ggunts found in soil from Rongelap Island, while the usual differences in

Cs and 90Sr amounts in plants and coconut crabs from these two areas were

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), 90sr and 137Cs are the primary radionuclides in ?iologicg; ang
soil samples from the terrestrial environment. In addition Am and 239,240py
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 137¢s,
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 onlv part of the year. Pandanus leaves may also be
used as an indicator for 90Sr, if coconut crabs are mot available. The exo-
skeleton of this crab contains the most 90Sr of any sample type analyzed, however,
coconut crgbs are not present in all areas. When available coconut crabs are
also good indicator organisms since they integrate 137¢ 3s well 90sr, from a
wide area on an island, whereas the Pandanus integrate i3 Cs and 88Sr from a
relatively small area of an island. ~
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In the marine enyironment the neutron-induced radionuclides, 55Fe and
60Co, were predominant together with naBura]]y occggring 40K, Tridacna clams
remain the best indicator species for 60co, while 99Fe 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).

A summary of the change with time in the amount of 60co, 90sr, and 137¢s
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 strictly
comparable or useful in calculating ecological half-life in all cases. The
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, 57Co, 65zn, 144Ce, which were present at Bikini Atoll in 1964 (Welander,
et al., 1967) were not detectable in 1974, Amgunts gf the dominant radionuclides
at Rongelap in 1958-59 and at Bikini in 1964 (60Co, 90Sr and 137Cs) were signi-
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 per cent 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 90Sr and 137Cs 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 90Sr 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 maﬁ not have been an important factor in determining the rate of
decline of 90Sr 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.

A
()



Table 6

90 137

Mean concentration of “~Sr and/or Cs 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 9(]Sr
Pandanus, leaves Bikini I. 1964 several 290 120
" " " 1972 2 280 NA
" " " 1974-5 4 510 150
Coconut, leaves Bikini I. 1964 several 140 NA
K " " 1972 8 430 NA
" " " 1974-5 14 160 13
Coconut crab, muscle Bikini I. 1964 1 940 55
. o " 1969 6 760 50
. " " 1974 1 380 16
Coconut crab, exoskeleton Bikini I. 1964 1 190 - 2300
" " " 1969 6 130 1400
" " " 1974 1 70 1600
Soil, 0-1 inch Bikini I. 1964 2 920 930
" " " 1967 3 540 NA
" " " 1969 3. 1200 520
" " N 1970 50 160 NA
" " " 1972 9 80 NA
" ! " 1974-5 15 110 130
Soil, 0-1 inch Nam I. 1964 2 200 NA
" " " 1969 1 63 18
" " " 1972 4 130 NA
" Y " 1974 5 270 390
137¢s 60¢o
Mullet, muscle Nam I. 1964 b 6.4 98
" evisc. whole " 1969 b 0.8 12
" evisc. whole " 1972 b 0.7 9
" evisc. whole " 1974 b 0.3 2
Noddy tern, muscle Nam I. 1964 b 11
! " Oroken 1969 b 0.5 4
! " Nam 1I. 1974 b <.1 0.9
a. These data were taken from the following reports:
Collection Date Report
1964 Welander, et al., 1967
1967, 1969, 1970 Held, 1971
1972 Lynch et al., 1975
1974-5 This report
b. Composite sample of several individuals
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Table 7

Mean concentration of 137Cs and 2°Sr in Pandanus and °°Sr in
coconut crabs collected at Rongelap Atoll from 1957 - 1974,

Mean Concentr'a’ciona
in pCi/g, dr%
137 0

Sample Collection Collection  Number of
Type Area Date Samples Cs Sr
Pandanus leaves Rongelap I 1958 9 114 25
! " 1959 19 87
" " ' 1961 16 101
" " 1963 13 69 15
" , " 1971 3 15
! " 1974 1 13 11
" Kabelle I 1958 4 360 46
" " 1961 1 120
" , " 1963 1 170 42
" Lomuilal, Lukuen I 1974 2 43 40
Coconut crab, muscle Rongelap I 1957-58 12 14
" Arbar, Busch I 1974 4 2b
. _ Kabelle 1 1955 1 120
" Kabelle I 1957-58 14 47
" " 1974 3 4.8
Coconut crab, exo-
skelton Arbar I 1959 2 480
" " 1974 2 64
" Mellu I 1959 2 1100
! . 1974 1 240
" Kabelle I 1959 3 1600
" " 1974 3 190

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 of 4,5.

Ly \ {‘l‘
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Results of the analyses indicate that 905r and 137Cs are dominant in the
terrestrial environment and, in addition, 241Am and 239,240py are also important
in the soil from Bikini and Rongelap atolls. Cobalt-60 and °5Fe are predominant
in the marine environment together with naturally occurring 40k.

Amounts of radioactivity vary between atolls and between islands within an
atol]l 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 Kwajatlein 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.

-t
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Appendix Table 37

Iron-55 and Stable Iron in Soil Collected on Bikini and Nam

Location

Islands in December 1974.

Sre(pci)® Fe(mg)

Depth {cm)

S5Fe(pCi)
Fe(mg

Bikini Island

Pit #9
Pit #10

Pit #11

Pit #12

Nam Island

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

o

WWoOOoOOo w U1 w O —t =

(e S0 — s

o o

“U. S. GOVERNMENT PRINTING QFFICE: 1877-784-9%.

Errors are two-sigma, propagated,
na = not analyzed.

€. ns = non-significant.
propagated, counting error.

g, dry g, dry
6 0.3 1.3 0.3
6 +0.2 0.33 0.
74+0.24 0.34 0

+0.8 0.10 £0
+0.3 0.16 =0
+0.2 0.27 0
25+0.23 0.30 0
49+0.24 0.23 0
.14+0.17 0.29 +0
2 +0.26 0.10 =0
1 +0.21 0.09 0
<0.4 0.18 =0
<0.4 0.32 0
<0.4 0.30 =0
<0.3 0.18 =0
0.14 =0

2 0.3 <0.8
2 £0.4 3.8 0.

9 +0.3 nab
2 +1.2 1.3 0.
8 0.4 2.8 0.
nsc 0.18 0.

24+0.15 0.07

ns 0.40 =0
0.4 0.74 0
+2 0.46 =0
+4 0.35 0
+2 0.10 0

counting errors.

23
74
530
830

The net sample count is less than the two-sigma,



