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RADIONUCLIDE CONCENTRATIONS IN FISH AND
INVERTEBRATES FROM BIKINI ATOLL

ABSTRACT

This report is prepared to have in a single document a summary of all of
the available data on the concentrationg of radionuclides in samples of fish
and invertebrates that were collected freom Bikini Atoll between 1977 and 1984
for our analysis. Some results were presented in other published reports, and
more detailed discussions of previously unpublished results are planned for
future publications. Therefore, only a brief discussion of some results is
provided here. As in other global studies, '37Cs was found in the highest
concentrations in edible flesh of all species of fish and in the lowest
concentrations in the bone or liver. The mean concentration of 137Cs in
muscle of reef fish from the southern part of the atoll is comparable to the
globai-fallout concentration measured in market samples of fish collected from
Chicago, IL, U.S.A., in 1982. Strontium-90 is associated generally with
non-edible parts of fish, such as bone or viscera. Twenty-five to fifty
percent of the total body burden of 60Co is accumulated in the muscle tissue;
the remainder is distributed among the liver, skin, and viscera. The mean
concentration of 60Co in fish has been decreasing at a rate faster than
radiological decay alone. Most striking is the range of 2078i concentrations
among different species of fish collected at the same time and place. Highest
concentrations of 207Bi were consistently detected in the muscle (and other
tissues) of goatfish and some of the pelagic lagoon fish. In other reef fish,
such as mullet, surgeonfish, and parrotfish, 207Bi was usually below detection
Timits by gamma spectrometry. Over 70% of the whole-body activity of 2078i in
goatfish is associated with the muscle tissue, whereas less than 5% is found.

~in the muscle of mullet and surgeonfish. Neither 239+240py nor 241Am is

accumulated significantly in the musclie tissue of any species of fish.
Apparently, 238py is in a more readily available form for accumulation by
fishes than 239+240py. Based on a daily ingestion rate of 200 g of fish
flesh, dose rates to individuals through the fish-food ingestion pathway are
well below current Federal guidelines.
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Bikini Atoll is
11°36' N, 165°22*' E.

located
The atoll

INTRODUCTION

in the northern Marshall

Islands at about
now consists of 23 small
surrounding a lagoon 35-km long, 21-km wide, and 630 km? in area.
depth of the lagoon is 45 m.

coral islands
The average

The total land area of the atoll is 6.2 km2.

The Marshallese island names and the code letters and numbers we have assigned
for reference to the islands of the atoll are shown in Table 1.

Bikini Atoll is one of two sites in the northern Marshall Islands wused
by the United States as testing groudﬁs for nuclear devices from 1946 to
1958. The U.S. code names for the nuclear tests! are shown in Table 2, and
the approximate locationsZ2.3 of these tests are indicated in Fig. 1. The
locations in Fig. 1 designated by the letter "K" are old disposal sites for
island debris removed in the 1969 cleanup of Bikini and Eneu Islands.4 Most
of the tests were detonated on barges anchored in the lagoon or on the reef.

Two tests were air drops,

two were under water,

Table 1. Present islands of Bikini Atoll.

and three were surface

Assigned Assigned '
island locator Marshallese island locator Marshallese .
letter and numberd name letter and numberd name

B-1 Nam B-13 Aerokoj-Aerokojlol

B-2 Iroij B-14 Bikdrin

B-3 Odrik B-15 Lele

B-4 Lomilik B-16 Eneman

B-5 Aomen B-17 Enidrik

B-6 Bikini B-18 Lukoj

B-7 Bokantauk B-19 Jelete

B-8 Iomeler B-20 Adrikan

B-9 Enealo "B-21 Oroken

B-10 Rojkere B-22 Bokoetoktak

B-11 Eonjebi B-23 Borkdrlul

B-12 Eneu

a Names and codes underlined designate islands with fi§hing sites.
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Table 2. Announced nuclear detonations at Bikini Atoll.
Map ref.
Test Date Type (Fig. 1)
ge
Able 6/30/46 Air drop A
ed Baker 7/24/46 Under water A
Brovo 2/28/54 Surface B
Romeo 3/26/54 Y Barge B
Koon 4/6/54 o Surface C
Union 4/25/54 Barge D
Yankee 5/4/54 Barge D
Cherokee 5/20/56 Air drop E
Zuni 5127156 Surface C
Flathead 6/11/56 Barge F
Dakota 6/25/56 Barge F
Navajo 7/10/56 Barge D
Tewa 7/20/56 Barge G
Fir 5/11/58 Barge B
Nutmeg 5/21/58 Barge H
Sycamore 5/31/58 Barge B
Maple 6/10/58 Barge I
Aspen 6/14/58 “Barge B
Redwood 6/27/58 Barge I
Hickory 6/29/58 Barge H
Cedar 7/2/58 Barge B
Poplar 7/12/58 Barge J
Juniper 7122758 Barge H

explosions. Different quantities of the radioactive fission and activation
products, generated during the explosions, were deposited on the lagoon and on
the islands of the atoll. o
The U.S. moratorium on testing began on October 31, 1958, and marked the
end of all nuclear testing at the atoll. However, even today quantities of
long-lived fission products, such as 137Cs, 90sy, 155gy, and '13mcq;
activation products, such as 55fe, 60Co, and 2078i; and transuranium

5000551 3
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B-22
B-237 t:f;;
8-213_20 ﬁ %

B-11

B-14 B-12—
B-19 B-18 % ?'Z F

B-15 B-13

C H

B-17

Figure 1. Bikini Atoll showing assigned island locator letters and number
locations of nuclear tests, and soil-disposal sites.

radionuclides, such as 238py, 239%y,- 240py, 241py, and 241Am persist in 1
atoll's environment. They are accumulated to different levels by indigen
terrestrial and aquatic plants and animals that may be used as food by peoj

In the marine environment, the contaminated lagoon sediments are t!
major source of man-nade radionuclides for fish and other marine organisi
In 1977, we initiated detailed studies at Bikini Atoll to define the physi
chemical, and biological transport mechanisms and the fate of transuranic
other long-lived radionuclides in this environment. A vériety of species
fish was collected for radionuclide analysis. One objective of our stud
was to provide an updated assessment of radiological dose to individuals
the marine food pathway, fish being one of the major marine-food product:



the Marshall Islands. Data from this assessment were published in 1982.% OQur
second objective was to evaluate the biological accumulation and behavior of
the transuranium isotopes at the atoll. This task continued through 1985.

In conjunction with on-going studies at Enewetak Atoll, the collections
and analyses of fish samples were conducted with several additional research
objectives in mind. Among these objectives were studies to assess the .
differences in the concentrations of specific radionuclides in fish from
different trophic levels, the magnitude of radionuclide concentration factors
for different species of fish, the changes in body burdens of radionuclides in
fish with time, the tissue distributigns of different radionuclides in
different species of fish, the differences in radionuclide concentrations in
fish from different regions of the atoll, and the usefulness of the current
data for modeling concentrations of radionuclides accumulated by species of
fish in similar or different marine environments. _

The marine program at Bikini Atoll, supported by the Office of Health and
Environmental Research of the Department of Energy, was phased out in 1985.
Some of the results generated from this program were discussed in published
reports.6-10 However, a great deal of data on radionuclide concentrations in
fish have not been included in the documents referred to above. This report
is prepared to have, in one document, all available data on the concentrations
of radionuclides in samples of fish and invertebrates that we collected from
Bikini Atoll between 1977 and 1984. This document and previously published
reports®-17 contain nearly all of the historical data on concentrations of
radionuclides in fish from Bikini Atoll since the initiation of nuclear
testing.

The radionuclides for which data are reported include all those detected
by gamma spectrometry. In addition, the concentrations of 90Sr, 113mcqg,
238py, 239+240py, 241pm, 210pg, 210py, and 2108i are reported for those
samples where radiochemical analysis was performed.

SacE~ o

COLLECTION METHODS

Throw nets were used exclusively to catch reef fish in shallow water from
the islands noted in Table 1. (We used the letter and number island
fdentification system in Fig. 1 rather than the Marshalliese name only for
convenience.) Large pelagic fish were collected on sport fishing gear while
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trolling in the lagoon. All fish were returned to the research ship,
segregated by species, sealed in plastic bags, and frozen. The samples wer:
shipped by air to Lawrence Livermore National Laboratory (LLNL), Livermore, (
for processing. Over 1550 fish representing different reef and pelagic
species were caught for analysis at Bikini Atoll between 1977 and 1984.

SPECIES COLLECTED, FEEDING HABITS, AND TROPHIC-LEVEL RELATIONSHIPS
1 4

The principal species collected are those that are commonly eaten by tt
Marshallese people. These fish are relatively abundant, have different
feeding_habits, and, in some cases, represent species for which previous
radiological data were available for comparison. The feeding habits and
trophic level assignments described below are from descriptions by Hiatt an
Strasburg.18

Mullet, Crenimugil crenilabis and Neomyxus chaptalii, are herbivorous
detrital feeders that ingest considerable quantities of bottom sediment alor
with their food. Convict surgeonfish, Acanthurus triostequs, are herbivorol
browsers that feed on small algal fronds and filamentous algae'that grow ol
reef rock or on the base of dead coral. Mullet and surgeonfish belong to tl
second trophic level. Goatfish, Mulloidichthys samoensis, consume fossoria
and other benthic fauna, including small clams, crustaceans, other
invertebrates, and small fish. This species belongs to the third trophic
level. Parrotfish, Scarus sordidus, are common reef-dwelling, grazing
omnivores that feed on live coral heads and occasional algae. Parrotfish a
placed in the fourth trophic level because their food source (live coral pol
that feed on zooplankton) is assigned to the third trophic Tevel.

Larger benthic, midwater, and surface carnivores were also occasionall
collected near islands from the lagoon. Jacks, Caranx melampygus (Ulua) ar
Elegatis bipinnulatus (rainbow runner), are fast-swimming carnivores that fe
on small fish and squid. Elegatis bipinnulatus may occasionally eat swimmi

crustacea. Snappers, Aprion virescens (grey snapper) and Lutjanus bohar (r
snapper), are hovering, midwater-to-surface carnivores. Another snapper,
Letherinus kallopterus (pigfish), is a bottom dweller that feeds primarily
benthic crustacea. Jacks and snappers are in the fourth trophic level. Tur

Euthunnus affinis (bonito) and Gymnosarda nuda (Dog Tooth Tuna), and macker:

Grammatorcynus billineatus, are large, rapid-swimming carnivores that feed

6
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small fish and any other prey of proper size. They represent species of the
fifth trophic level. In the remainder of this report, common names rather
than scientific names will be used for convenience.

SAMPLE PROCESSING AND ANALYSIS

Sample processing and analysis began with counting and partially thawing
the fish from each location. The total wehght, length, and sex of each fish
was recorded. Each fish was dissected in%o muscle tissue, bone (cranial,
thoracic, vertebrae, ribs, pelvic and pectoral girdle), skin and scales (fins
discarded), stomach (gizzard) contents, liver, and remaining viscera that
generally included 1érge and small intestines with contents, stomach wall,
spleen, kidney, and mesenteries. The concentrations determined in the viscera
samples are regrettably less descriptive than those for other tissues because
of the matrix of organs and tissues represented. In some instances, however,
a finer division of the visceral components was made. Each separate tissue and
organ of the species from the same catch was pooled. It was necessary to pool
tissues from a particular catch for analysis because of the low concentrations
of transuranic radionuclides anticipated in edible muscle tissue. This
resulted in the mixing of fish from several populations (weight classes) and
of different sexes. Because mixing masked any differences in concentration
related to weight (size), sorting of different size classes for processing was
accomplished, in some instances, to assess the relationship of radionuclide
concentration with weight. We were unable to relate any differences in
concentrations of specific radionuclides with sex. Gills were separated from
the fish but not analyzed. Our experience at Bikini and Enewetak Atolls
showed that gills were frequently contaminated with sediment. Gills are not
eaten and questionable information would be gained from their analysis because
of the possible contamination.

After the wet weight was determined, each pooled fish tissue sample was
dried-in ovens at 90°C to constant dry weight and ashed in muffle furnaces at
450°C. The only samples not prepared in this way were the samples to be
analyzed for 210pg, 1In those cases, wet tissues and organs were used. ‘

The scientific objectives for the analysis of fish in the Marshall Island
Program changed over the years. For example, initially fish were collected to
assess the concentration of radionuclides in tissues of different species of

7
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Table 3. Mean dry/wet weight ratios of fish tissues and organs.

Tissue or organ - mean dry/wet wt ratio

Fish common Gizzard
name Muscle Bone contents Viscera Skin Liver

Mullet

Crenimugil 0.23+0.01 0.60%0.07 0.62+0.05 0.35+0.07 0.53+0.05 0.24=0.05

Neomyxus 0.23+0.01 0.58+0.03 0.58+0.03 0.41+0.06 0.51+0.03 0.28+0.03
Surgeonfish 0.22+0.01 0 59:0.63 0.15+0.04 0.19+0.04 0.38+0.03 0.23+0.03
Goatfish 0.23+0.02 0.52+0.05 0.22+0.08 0.29+0.05 0.50+0.05 0.25+0.03
Parrotfish 0.22+0.04 0.56+£0.02 0.44:0.09 0.41=0.04 0.43=0.03 0.40=0.12
Ulua 0.24x0.01 0.65x0.02 0.19+0.03 0.260.03 0.4120.03 0.27:0.03
Jack 0.24+0.01 0.62+0.05 0.25+0.03 0.25+0.02 0.38+0.05 0.25=0.04
Rainbow runner 0.26+0.01 0.62«0.03 0.22+0.02 0.32=0.05 0.48«0.02 0.33+0.07
Snapper 0.23x0.01 0.61+0.05 0.11x0.04 0.23=0.01 0.44x0.07 0.27+0.03
Mackerel 0.24+0.01 0.54=0.03 0.26+0.02 0.25+0.02 0.35+0.02 0.26+0.03
Boni to 0.29+0.01 0.64+0.02 0.24+0.02 0.22+0.01 0.56+0.01 0.32+0.02

fish. As the program progressed, dose assessment became an importaht issue,
so our attention focused on the analysis of edible muscle tissue froﬁ fish
collected at different locations. Later our interests shifted to evaluate the
concentrations in muscle among different species collected simultaneously from
the same lagoon location. As a result, not every tissue and organ Separated
from the fish collected over the years were processed for radionuclide
analysis.

The mean dry/wet weight ratios for the tissues and organs most frequently
analyzed are shown in Table 3. The dry/wet weight ratios of the stomach
contents are of particular interest, because the differences noted attest to
the different feeding habits of different species. The percentage that the
organ or tissue was of the whole body fresh weight was also determined for
several species. These values are given in Table 4.

The ashed samples were transferred to aluminum or plastic containers,
sealed, and analyzed by gamma spectrometry at LLNL using a variety of Ge(Li)-
diode detector systems. Counting times were usually 1000 min or longer for
each sample. A general purpose computer program, called GAMANAL,!9 wag used
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Table 4. Mean percent of whole body weight of tissues and organs of fish.

Mean %
Tissue or organ Crenimugil Neomyxus Surgeonfish Goatfish Snapper
Muscle 58.9 55.3 66.3 66.3 76.7
Bone 6.9 5.5 8.0 g.0 , 941
Skin 7.1
Scales 7.0 o
Skin and scales 14.1 14.1 11.6 11.6 9.3
Eyes 1.2 0.7 1.2 2.6 1.8
Ovary 1.0 2.4 1.5
Testes 1.8 1.2 1.1 0.23
Gill 1.8 1.4 1.6 0.7
Liver, viscera, and gizzard 13.6 7.9
Viscera and gizzard 12.7 17.9 7.2 6.5 1.8
Viscera and liver 11.8
Viscera 10.9 16.1 6.5
Gizzard - ‘ 1.8 1.8
Liver 0.9 1.7 0.7 0.4 0.5
Gizzard contents 0.7 0.7 0.7 . 0.08 - 0.03

for the data reduction of all gamma-ray spectra. In GAMANAL, the observed
photopeak in the measured spectra is compared with a library of gamma-ray
fission and activation products and naturally'occurring radionuclides to
fdentify the radionuclides in the sample. The program then applies correction
factors for sample size, density, counting time, counting geometry, and decay
to convert the measured counting rate to pCi/g of sample on the date of
collection. The program also generates an upper-limit amount of specific
spectral radionuclides based on those spectral regions where signals would be
seen if the radionuclide were present in detectable quantities. Our minimal
detectable concentrations (based on a counting time of 1000 min) for each of
the longer-lived, man-made, gamma-emitting radionuclides routinely or

occasionally detected in samples from the Marshall Islands are shown in
Table 5. :

5000563 9
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Table 5. Detection limits (1o) of selected gamma-emitting radionuclides in
the Bikini Atoll environment as a function of sample size.

pCi/sample - 1000 minutes counting time

Sample size

(g) 40g 60co  110myg 1255,  137cs  155gy 207 241pq
3= 10 1.0 1.0 1.2 0.5 0.9 0.8 1.5
10 = 15 1.6 1.8 1.7 0.8 1.4 1.5 2.5
70 = 30 20 2.4 3.2 2.9 1.2 2.4 2.2 4.0
160 = 60 30 3.6 4.5 4.6 1.8 4.0 3.2 7.5

After gamma analysis, a number of samples were selected for radiochemical
analysis for 90sy, 137¢s, 113mcq, 238,239,240py, 241am, 210pg, 210pp, and
210Bi. Activities of these radionuclides were measured using either alpha-
spectrometer systems or low-background beta detectors. -Measurements of these
radionuclides were conducted because some were judged to be of potential
significance for dose assessments and others were analyzed to meet specific
programmatic objectives. The 137Cs was often radiochemically separated from
muscle tissue and analyzed to confirm the measureménts made by gamma
spectrometry, which, in turn, provided a useful laboratory calibration for
quality control.

Quality of data has always been an important aspect of our analytical
measurements. As a standard practice, 5 to 10% of our time is devoted to
quality-assurance work in all projects involving analytical measurements.
This quality-assurance work includes )

. Analysis of background samples and blanks.

. Instrument calibration.

. Duplicate sampling and analysis.

° National and international interlaboratory standardization.

. Replicate measurements.

. Analysis and calibration traceable to National Bureau of Standards

samples.

. Appropriate statistical analysis of the results.

10



RESULTS AND DISCUSSION

Collection information, such as island sampled, common and scientific

names of fish, number of fish pooled per sample, sex, average whole body

weights, and average lengths, is presented in the odd-numbered tables in tie

Appendix. There is an odd-numbered table for fish for each collection period

and a final odd-numbered table for invertebrates. Each of these tables is

followed by an even-numbered table showing the radionuclide concentrations in
the separated tissues and organs from the species collected. The

radionuclides detected most frequently in the muscle tissue and other organs
by gamma spectrometry included (in addition to naturally occurring 49K) 137Cs,
60co, and 207Bi. Occasionally the radionuclides 155cu, 241am, 1255, 108mag,
102mph, and 113mCg were also detected (by gamma spectrometry) in the viscera,

liver, or stomach (gizzard) content samples of fish collected from the more

contaminated regions of the atoll. The concentrations of the transuranics and

other radionuclides in tissues and organs analyzed by wet chemical methods are
also listed. The locations of the istands sampled (island locator letter and
number) are shown in Fig. 1. All concentrations are listed relative to dry
weight, but the dry/wet weight ratios provided may be applied to convert
concentrations to a wet-weight basis.

Representative whole fish concentrations of several radionuclides were
reconstructed from the tissue and organ concentration data, and the
percentages of the respective tissues to whole body weight are given in
Table 4 for species representing three trophic levels (surgeonfish, mullet,

trophic level II; goatfish, trophic level III; snapper, trophic level IV)

collected from different islands of the atoll in 1978. These values were used

to compute the percent of the whole body activity associated with the

respective tissues. The results from these calculations are shown in Table 6
and are discussed in the following sections.

CESIUM-137 IN FISH

The results in Table 6 show that most '37Cs accumulated by fish from the
atoll is found associated with the edible flesh; the lowest percentages are
associated with bone or liver. Concentrations of !37Cs in the flesh of all

four species are approximately equivalent to the concentration in the

reconstructed whole body. There is no straightforward relationship between

5000565 o
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Table 6. Reconstructed total body radioactivity associated with tissues and organs analyzeda and measured
_ muscle-tissue concentration.

Reconstructed Measured
: Percent of total body activity in tissue or organ whole fish muscle tissue
Common name Island Gizzard concentration concentration
Radionuclide of fish locator Muscle Bone Skin Liver Viscera contents pCi/kg wet wt pCi/kg wet
137¢s Surgeonfish B-10 75 0.7 15 0.5 2 0.7 . 42 47
Mullet 8-1 53 0.3 13 2 26 1 206 198
Goatfish 8-27 68 <0.9 7 <0.4 17 <0.2 47 48
Snapper 8-23 92 <0.3 4 <0.2 0.7 10.00 123 147
90gr Surgeonfish B8-10 2 46 10 0.2 34 1 23 0.62
Mullet B-5 0.06 2 3 0.07 82 8 518 0.52
Goatfish 8-17 2 40 29 0.05 22 <01 109 3.2
Snapper B-1 0.9 63 34 <0.1 <0.1 <0.02 . 19 0.23
60¢o Surgeonfish B-10 36 6 19 12 17 4 'Y 26
Mullet B-23 28 3 17 22 25 0.5 810 a0
Goatfish B-17 38 2 12 5 35 0.3 462 263
Snapper B-23 48 0.1 14 25 1 0.1 3N 206
207g; Surgeonfish B-10 18 <13 <9 33 19 A3 2 <0.6
Mullet B-23 5 1 4 5 76 5 54 4
Goatfish B-17 67 4 10 1 10 <01 225 226
Snapper B-23 81 <0.1 3 2 2 <0.01 279 330
239+240py Surgeonfish B-10 0.2 5 3 2 80 4 29 0.1
Mullet B-23 0.2 0.5 0.5 5.3 82 7 380 1.1
Goatfish B8-17 0.1 0.7 0.9 0.8 90 0.1 44 0.07
Snapper B-1 4 26 50 11 6 0.3 2 0.1
241 pm Surgeonfish B-10 0.1 2. 2 1 85 5 12 .03
Mullet 8-23 0.9 0.2 0.5 4 69 21 69 1.0
Goatfish 8-17 0.1 1 ] 1 89 0.2 14 0.03
Snapper B-1 2 24 51 17 5 0.3 1 0.04

3 Muscle, skin, bone, liver, viscera, and gizzard contents accoupt for 93 to 98% of total fish weight. Data are from 1978
collections. Concentrations in gills, eyes, and reproductive organs were not determined.

——pCi .

C1' x % tissue of whole body wt) .

kg wet tissue pCi whole fish
L % tissue of whole body wt kg wet wt

(L
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Table 7. Mean concentrations of 137Cs in the flesh of reef and pelagic fish
from different islands and during different collection periods.

137¢s (pCi/kg wet wt)

Island locator Number of samples Mean Range
B-1 1 265 + 1112 130-460
B-5 ' 9 181 + 1383 40-370
B-6 12 . 66 + 702 12-240
B-10 . 3 " 26 + 183 14-50
B-12 6 24 + 208 7-62
B-13 2 16 + 73 11-21
B-17 6 42 + 283 12-90
B-23 2 33 + 169 20-45
Pelagic species 13 164 + 1130 60-380

A1l reef fish (all lagoon locations)

1977-1978 28 119
1980-1981 : 11 : 146
1982-1984 12 97
1677-1984 51 113

3 Mean concentration for all mullet, surgeonfish, goatfish, and parrotfish
collected between 1977 and 1984.

Mean concentration from all pelagic species collected between 1977 and
1984.

the trophic position of the fish and their muscle burden of 137¢cs.  The
largest fraction of the !37Cs is found in the muscle tissue of the fourth-
trophic-level fish, snapper, and the lowest fraction in the second-trophic-
level fish, mullet. However, surgeonfish, also a second-trophic-level
species, have a larger fraction of the total !37Cs in muscle tissue than is
found in the third-trophic-level fish, goatfish.

The data on the concentrations of 137Cs in the muscle tissue of fish are
presented here in several ways to help in the interpretation of results.
Table 7 contains a summary of the mean and range of 137Cs concentrations (no
corrections were made for radioactive decay) in the muscle tissue of reef fish

50005b 1
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from different islands and of pelagic species from the lagoon during the 8-ye
period. Concentrations of 137Cs in the muscle tissue of all species of fist
during this period ranged from 7 to 460 pCi/kg wet weight. The maximum
concentration of 137Cs in flesh, 460 pCi/kg wet weight, was measured in
surgeonfish collected from island B-1 in 1983, and the mean concentration it
the flesh of all reef fish during the 8-year period was 113 pCi/kg wet
weight. The computed annual whole-body dose-equivalent rate to individuals
from 137Cs in the fish ingestion food pathway would have been less than 1 mrc
(assuming a consumption rate',of 200 g of fish flesh per day and a
concentration of 113 pCi/kg wet weight).

Between 1977 and 1984, generally higher concentrations of 137Cs were
measured in muscle of reef fish from the northwest quadrant of the atoll (B-
to B-5), and the lowest levels were found associated with réef species from
the eastern reef of the atoll. In 1982, marine fish fillets purchased fron
stores in the Chicago area of the United States, contained 23+2 pCi/kg of
137Cs derived from global fallout.20 Table 7 shows that the mean |
concentrations of 137Cs in fish from islands B-10 to B-23 are now comparabl:
to the fallout levels in the store-purchased fish.

In Table 8 are shown several examples of the different concentration fc
137Cs (pCi/kg wet weight) measured in the muscle tissue of different reef
species collected from the same island during different years. The mean
concentrations determined for all lagoon species during yearly intervals ar
shown in Table 7. There does not appear to be any precise trend indicating
that the concentrations of 137Cs in the muscle of these fish have been
changing over the years at some consistent rate. There also appears to be
clear trends of consistent differences in concentrations among the differen
reef species simultaneously sampled from the same location (see Appendix).
1978, for example, at island B-1, the highest concentration among the
different reef species was measured in mullet (Crenimugil). At Island B-1
1983 and at B-6 in 1980, the concentration in surgeonfish exceeded the
measured concentration in mullet and goatfish. In 1984, the measured
concentration of 137Cs in the muscle tissue of goatfish was larger than th
concentration measured in any of the pelagic species collected off the islan
however, at B-6 and B-23 in 1978 and at B-6 in 1980, the concentration in
goatfish was Tlower than the levels detected in pelagic species from the
respective islands.
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