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ABSTRACT 

This report is prepared to have, in one document, a summary of all 
available data on the concentrations of radionuclides in samples of fish that 
were collected for our analysis from Bikini Atoll between 1977 and 1984. 
Some results have been presented in other published resorts, and more 
detailed discussions of previously unpublished results are planned for 
future publications. Therefore, only a brief discussion of some results are 

137 provided herein. As found in other qlobal studies, Cs is most highly 
accumulated in edible flesh of all species of fish, the lowest fractions are 

137 found in the bone or liver. The mean concentration of Cs in muscle of 
reef fish from the southern part of the atoll is comparable to the Qlobal 
fallout concentration measured in market samples of fish collected from 

an Chicaqo, I K , U.S.A., in 1982. Sr is qenerally associated with 
non-edible parts of fish, such as bone cr viscera. Twenty-five to fifty 
percent of the total body burden of Co is accumulated in the muscle 
tissue; the remainder is distributed amonq the liver, skin, and viscera. 
The mean concentration of Co in fish has been decreasinq at a rate 

207 faster than radioloqical decay alone. Most striking is the ranoe of 3i 
concentrations amonq different soecies of fish collected at the same time 

207 and place. Highest concentrations of Bi were consistently detected in 
the muscle (and other tissues) of goatfish and some of the oelaqic lagoon 
fish. In other reef fish, such as mullet, surqeonfish, and parrotfish, 

Bi was usually below detection limits by qamrna spectrometry. Over 70 
207 percent of the whole-body activity of Bi in qoatfish is associated with 

the muscle tissue, whereas less than 5 percent is found in the muscle of 
mullet and surqeonfish. Neither Pu nor Am is significantly 
accumulated in the muscle tissue of any species of fish. Apparently, 
238 

Pu is in a more readily available form for accumulation by fishes than 
°Pu. Based on a daily ingestion rate of 200 a of fish flesh, dose 

rates to individuals throuqh the fish-food ingestion pathway are well below 
current Federal quidelines. 
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INTRODUCTION 

Bikini Atoll is located in the northern Marshall Islands at about 
11°36' N, 165°22' E. The atoll now consists of 23 small coral islands 

2 surrounding a lagoon 35 km long, 21 km wide, and 630 km in area. The 
average depth of the lagoon is 45 m. The total land area of the atoll is 
6.2 km . The Marshallese island names and the code letters and numbers 
we have assiqned 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 
used by the United States as testing grounds for nuclear devices from 1946 
to 1958, The U.S. code names for the nuclear tests are shown in 

2 3 Table 2, and the approximate locations ' of these tests are indicated 
in Fiq. 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 4 Eneu Islands . Most of the tests were detonated on barqes anchored in 
the lagoon or on the reef. Two tests were air drops, two were underwater, 
and three were surface explosions. Different quantities of the radioactive 
fission and activation oroducts, generated during the explosions, were 
deposited on the laqoon and on the islands of the atoll. 

The U.S. moratorium on testinq beqan on October 31, 1958, and marked 
the end of all nuclear testing at the atoll. However, even today 
quantities of lonq-lived 'fission oroducts such as Cs, 5r, Eu, 
and j mCd; activation products such as Fe, Co, and Bi; and 

238 239 240 241 241 transuranium radionuclides such as ' ' ' Pu and Am persist 
in the atoll's environment. They are accumulated to different levels by 
indiqenous terrestrial and aquatic plants and orqanisms that may be used as 
food by oeoDle. 

In the marine environment, the contaminated laqoon sediments are the 
major source of man-made radionuclides for fish and other marine 
orqanisms. In 1977, we initiated detailed studies at Bikini Atoll to 
define the physical, chemical, ana bioloqical transport mechanisms and the 
fate of transuranic and other lonq-lived radionuclides in this environment. 
> variety of species of fish was collected for radionuclide analysis. One 
objective of our studies was to provide an updated assessment of 
radioloqical dose to individuals via the marine food pathway, fish beinq 
one of the major marine-food oroducts in the Marshall Islands. Data from 
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Table 1. Present islands of Bikini Atoll. 

Assigned island locator 
letter and number 3 Marshallese name 

B-l Nam 
B-J? Iron j 
B-3 Odrik 
B-4 Lomilik 
B-5 Aomen 
8-6 Bikini 
B-7 Bokantauk 
B-8 Iomeler 
6-9 Enealo 
B-10 Rojkere 
8-11 Eonjebi 
B-12 Eneu 
3-13 Aerokoj-Aerokojlo! 
B-14 8ikdrin 
B-15 Lele 
B-16 Eneman 
B-17 Enidrik 
B-18 Lukoj 
B-19 Jelete 
B-20 Adrikan 
B-21 Oroken 
B-22 Bokoetoktak 
B-23 Borkdrlul 

a Underlined islands designate fishing sites. 
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Table 2. Announced nuclear detonations at Bikini Atoll. 

Map ref. 
Test Oate Type (Fiq. 1) 

Able 6/30/46 Airdrop A 
Baker 7/24/46 Underwater A 
Brovo 2/28/54 5urface B 
Romeo 3/26/54 Barqe B 
Koon 4/6/54 Surface <_> 

Union 4/25/54 Barqe D 
Yankee 5/4/54 Barqe D 
Cherokee 5/20/56 Airdrop E 
Zuni 5/27/56 Surface C 
Flathead 6/11/56 Barqe F 
Dakota 6/25/56 Barge F 
Navajo 7/10/56 Barqe D 
Tewa 7/20/56 Barqe G 
Fir 5/11/53 Barae B 
Nutmeq 5/21/58 Barqe H 
Sycamore 5/31/58 Barqe B 
Maple 6/10/58 Barqe I 
Asoen 6/14/58 Barqe B 
Redwood 6/27/58 Barge I 
Hickory 6/29/58 Barqe H 
Cedar 7/2/58 Barqe B 
Poplar 7/12/58 Barqe J 
Juniper 7/22/58 Barqe H 
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Figure 1. Bikini Atoll showing assigned island locator letters and numbers, 
locations of nuclear tests, and soil-disposal sites. 
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g this assessment were published in 1982, Our 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-qoinq 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 maqnitude of radionuclide concentration factors 
for different species of fish, the changes in body burdens of radionuclides in 
fish with time, tissue distributions of different radionuclides in different 
species of fish, the differences in radionuclide concentrations in fish from 
different reqions 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 prooram at Bikini Atoll, supported by the Office of Health and 
Environmental Research of the Department of Enerqy, was phased out in 1985. 
Some of the results qenerated from this proqram have been discussed in 

6-10 published reports . However, there remain a qreat deal of data on 
radionuclide concentrations in fish that are not 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 that 
we collected from Bikini fttoll between T977 and 1984. This document and 
previously published reports ~ contains nearly all of the historical data 
on concentrations of radionuclides in fish from Bikini Atoll since the 
initiation of nuclear testina. 

The radionuclides for which data are reported include all those detected 
by qamma spectrometry. In addition, the concentrations of Sr, Cd, Pu, 
239+240 p i J j 241 A m^ 2 1 0 ^ 2 1 0 p b > a n ( j 210 B i g r e r e p o r t e d f o r t h o s e s a m p l e s w h e r e 

radiochemical analysis was performed. 



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 
identification system in Fia. 1 rather than the Harshallese name only for 
convenience.) Larqe pelaoic fish were collected on sport fishinq oear while 
trollinq in the laqoon. All fish were returned to the research ship, 
seqreqated by species, sealed in plastic baqs, and frozen. The samples were 
shipped by air to Lawrence Livermore National Laboratory (LLNL), Livermore, CA, 
for processing. Over 1550 fish representing different reef and pelaqic soecies 
were caught for analysis at Bikini Atoll between 1977 and 1984. 

SPECIES COLLECTED, FEEDING HABITS, AND TROPHIC-LEVEL RELATIONSHIPS 

The principal species collected are commonly eaten hy the Marshallese 
people. These fish are relatively abundant, have different feeding habits, 
and, in seme cases, represent species for which previous radiological data 
were available for comparison. The feeding habits and trophic level 

18 assignments described below are from descriptions by Hiatt and Strasburg. 
Mullet, Crenimugil crenilabis and Neomyxus chaptalii, are herbivorous, 

detrital feeders that inqest considerable quantities of bottom sediment alonq 
with their food. Convict surqeonfish, Acanthurus tnostequs, are herbivorous 
browsers that feed on small alqal fronds and filamentous algae that grow on 
reef rock or on the base of dead coral. Mullet and surqeonfish belonq to the 
second trophic level. Goatfish, Mulloidichthys samoensis, consume fossorial 
and other benthic fauna, including small clams, crustaceans, other 
invertebrates, and small fish. This species belonos to the third trophic 
level. Parrotfish, Scarus sordidus, are common reef-dwellinq, qrazino 
omnivores that feed on live coral heads and occasional algae. Par>-otfish are 
placed in the fourth traphic level because their food source (live coral polyps 
that feed on zooplankton) is assigned to the third trophic level. 

Larger benthic, midwater, and surface carnivores were also occasionally 
collected near islands from the laqoon. Jacks, Caranx melampygus (Ulua) and 
Elegatis bipinnulatus (rainbow runner), are fast-swimminq carnivores that feed 
on small fish and sguid. Eleqatii. bipinnulatus may occasionally eat swirwnnq 
Crustacea. Snappers, Aprion virescens (grey snapper) and Lutjanus bohar (red 
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snapper), are hovering, midwater-t.o-surface carnivores. Another snapper, 
Letherinus kallooterus (oigfish), is a bottom dweller that feeds primarily on 
benthic Crustacea. Jacks and snappers are in the fourth trophic level. Tuna, 
Euthunnus affinis (bonito) and G.ymnosarda nuda (Ooq Tooth Tuna), and mackerel, 
GramtnatorcynuS billineatus, are larqe, rapid-swimming carnivores that feed on 
small fish and any other Drey of proper size. They represent soecies 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 beqan with counting and partially thawinq 
the fish from each location. The total weight, length, and sex of each fish 
was recorded. Each fish was dissected into muscle tissue, bone (cranial, 
thoracic, vertebrae, ribs, pelvic and pectoral qirdle), skin and scales (fins 
discarded), stomach (qizzard) contents, liver, and remaining viscera that 
generally included larqe and small intestines with contents, stomach wall, 
spleen, kidney, and mesenteries. The concentrations determined in the viecera 
samples a:-e reorettably 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 'weiqht classes) and 
of different sexes. Because mixinq masked any differences in concentration 
related »o weiqht (size), sorting of different size classes for processing was 
accomplished, in so^e instances, to assess the relationship of radionuclide 
concentration with weiqht. We were unable to relate any differa.ces in 
concentrations of specific radionuclides with sex. Gills were separated from 
the fish but not analyzed. Our excerience at Bikini and Enewetak Atolls 
showed that qills 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 weiqht was determined, eac"1 pooled fish tissue sample was 
dried in ovens at 90°C to constant dry weiqht and ashed in muffle furnaces at 
450 CC, The only samples not propared in this way were the sample-: to be 

210 analyzed for ?<-. In those cases, wet tissues and organs were used. 
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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 
fish. As the program progressed, dose assessment became an important issue, 
so our attention focused on the analysis of edible muscle tissue from fish 
collected at different locations. Later our interests shifted to evaluate the 
concentrations in muscle amonq different soecies collected simultaneously from 
the same laqoon 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 
orqan 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 qamma spectrometry at LLNL using a variety-of Ge(Li)-
diode detector systems. Counting times were usually 1000 min or lonqer for 

19 each sample. A general purpose computer program, called GAMANAL, was used 
for the data reduction of all qamma-ray spectra. In GAMANAL, the observed 
photopeak in the measured spectra is compared with a library of qamma-ray 
fission and activation products and naturally occurrinq radionuclides to 
identify the radionuclides in the sample. The program then applies correction 
factors for sample size, density, counting time, countinq geometry, and decay 
to convert the measured counting rate to pCi/g of sample on the date of 
collection. The proqram also aenerates an upper-limit amount of specific 
spectral radionuclides based on those spectral regions where siqnals 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. 

After gamma analysis, a number of samples were selected for radiochemical 
analysis for 9 0 S r , 1 3 7 C s , 1 1 3 m C d , 238,239,240^ 2 4 1 A m > 2 1 0 p o > 2 1 0 p b > a n d 

210 
Bi. Activities of these radionuclides were measured using either alpha-

9 



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

Tissue or orqan - mean dry/wet wt ratio 
Fish common Gizzard 

name Muscl e Bone contents Viscera Skin i Liver 

Mullet 
Crenimuqil 0.23 + .01 0.60 i .07 0.62 + .05 0.35 + .07 0.53 i .05 0.24 _+ .05 
Neomyxus 0.23 + .01 0.58 i .03 0.58 +. .03 0.41 + .06 0.51 + .03 0.28 + .03 

Surgeonfish 0.22 ^ .01 0.59 j: .03 0.15 + .04 0.19 + .04 0.38 ± .03 0.23 + .03 
Goatfish 0.23 i .02 0.52 +. .05 0.22 + .08 0.29 + .05 0.50 + .05 0.25 + .03 
Parrotfish 0.22 ^ .04 0.56 i .02 0.44 + .09 0.41 + .04 0.43 _+ .03 0.40 + .12 
Ulua 0.24 +_ .01 0.65 + .02 0.19 + .03 0.26 + .03 0.41 + .03 0.27 + .03 
Jack 0.24 + .01 0.62 + .05 0.25 i .03 0.25 + .02 0.38 + .05 0.25 _+ .04 
Rainbow runner 0.26 + .01 0.62 + .03 0.22 +_ .02 0.32 + .05 0.48 +. .02 0.33 + .07 
SnapDer 0.23 ^ .01 0.61 _+ .05 0.11 +_ .04 0.23 + .01 0.44 + .07 0.27 + .03 
Mackerel 0.24 +_ .01 0.54 + .03 0.26 + .02 0.25 +. .02 0.35 + .02 0.26 + .03 
Bonito 0.29 + .01 0.64 + .02 0.24 ^ .02 0.22 + .01 0.56 +, .01 0.32 + .02 
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Table 4. Mean percent of whole body weight of tissues and organs of fish. 

or organ 
Mean % 

Tissue or organ Crenimugil Neomyxus Surgeonfish Goatfish Snapoer 

Muscle 58.9 55.3 66.3 66.3 76.7 
Bone 6.9 5.5 8.0 8.0 9.1 
Skin 7.1 
Scales 7.0 
Skin + scales 14.1 14.1 11.6 11.6 9.3 
Eye 5 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 i.a 1.4 1.6 0.7 
Liver + viscera + gizzard 13.6 7.9 
Viscera + aizzard 12.7 17.9 7.2 6.5 1.8 
Viscera + 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 

Table 5. Detection limits (1°) of selected aarrana-emitting radionuclides in 
the Bikini Atoll environment as a function of sample size. 

pCi/sample - 1000 min counting time 

Sample size 
(g) 

40„ 60 Co 110m A q 125 S b 137 C s 155 E u 207,,. 241 Am 

3 ± 2 10 1.0 1.0 1.2 0.5 0.9 0.8 1.5 
10 ± 5 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 
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spectrometer systems or low-backqround beta detectors. Measurements of these 
radionuclides were conducted because some were .iudqed to he of potential 
significance for dose assessments and others were analyzed to meet specific 

137 programmatic objectives. The Cs was often radiochemically separated from 
muscle tissue and analyzed to confirm the measurements made by qamma 
spectrometry, which, in turn, orovided 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 
(NBS) samples. 
Appropriate statistical analysis of the results. 

12 



RESULTS AND DISCUSSION 

Collection information, such as island sampled, common and scientific 
names of fish, number of fish oooled per sample, sex, averaae whole body 
weiqhts, and averaqe lenqths, is presented in the odd-numbered tables in the 
Appendix. There is an odd-numbered table for each collection period. Each of 
these tables is followed by an even-numbered table showing the radionuclide 
concentrations in the separated tissue; and organs from the species 
collected. The radionuclides detected most frequently in the muscle tissue 
and other orqans by qamma spectrometry included (in addition to naturally 
occurrinq K), Cs, Co, and Bi. Occasionally the radionuclides 
1 5 5 E u , 2 4 1 A m , 1 2 5 S b , 1 0 8 r aAq, 1 0 2 m R h , and 1 1 3 m C d were also detected (by gamna 
spectrometry) in the viscera, liver, or stomach (qizzard) content samples of 
fish collected from the more contaminated reqions 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 
islands sampled (island locator letter and number) are shown in Fiq. 1. All 
concentrations are listed relative to dry weight but the dry/wet weiqht 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 qiven in Table 4 for species 
representing 3 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 comoute 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. 

1 3 7 C s 

137 The results in Table 6 show that most Cs accumulated by fish from 
the atoll is found associated with the edible flesh; the lowest fractions are 

137 associated with bone or liver. Concentrations of Cs in the flesh of all 
four species are approximately equivalent to the concentration in the 
reconstructed whole body. There is no straightforward relationship between 

13 



Table &. Reconstructed total bodv radioactivity associated * U h tissues and organs analyzed and ff.easure-3 
muscle-tissue concentration. 

Reconstructed Measured 

Common name Island 
t of total body activity in tissue 01* Orqjn whole fish 

concentration 
muscle tissue 

Common name Island Gizzard 
whole fish 
concentration concentration 

Radionuclide of fish locator Muscle Bone Skin Liner Viscera concents PC i/kg wet wt pCi/kq wet 

••"cs SuraeanHsh B-10 75 0.7 15 0.5 2 0.7 12 47 
Mullet 8-1 53 0.3 13 2 26 1 206 198 
Goatfisti B-?; EB <0.9 7 <0,4 17 <0.2 47 48 
bnaooer B-23 92 <0.3 4 <a.2 (1.7 10.01 123 147 

»ir SumeonFish B-10 2 46 10 0.2 34 1 23 0.62 
Kullet B-5 O.Ofi 2 3 0.07 82 8 518 0.52 
Goatfish B-17 2 10 29 0.05 22 <0.1 109 3.2 
Snapper B-l 0.9 63 34 <0.l <0.1 <0.02 19 0.23 

6 0 C o Suraeanf isr. B-10 36 6 19 12 17 4 47 26 
Mullet s-23 28 3 17 22 2S 0.5 810 410 
Goatfish B-17 38 2 12 5 JS 0.3 462 263 
Snapper B-23 as 0.1 14 25 11 0.1 331 206 

2 0 7 B i Surqeonfish B-10 <18 <13 <9 33 19 O 2 0.6 
Multet S-Z3 5 1 a 5 76 5 54 4 
Goatfish B-17 67 i 10 ] 10 <0.1 ,.25 226 
Snaooer 8-23 SI <0.1 3 2 2 •=0.0] 279 330 

239*2">0 P u Surqeonfish B-10 0.2 5 3 2 BO 4 29 0.! 
lullet 3-23 0.2 0.5 0.5 5.3 E2 7 3SO 1.1 
Goatf isn 3-17 0.1 0.7 0.9 0.3 90 n.i 44 0.07 
Snapper B-l a 26 50 11 6 0.3 2 0.1 

2 4 l A m Sjraeonfish a- in 0.1 I 2 1 P5 5 12 .03 
Null-it 3-23 0.9 0.? 0.5 4 69 21 E9 1.0 
Goatfish 8-17 o.; 1 1 1 £9 0.2 14 0.03 
Snapper B-i 2 21 M 17 5 0.3 1 0.04 

Muscle, s*in. oone, liver, viscera ana utrzara contents account tor 93-Q3X of toti) ftsh weight. 
from 1978 collections. Concentrations in aills, eves, and reproduction oroans were not determined, 

b 
} — ^ — ^ ^ — ^ — ^ ^ ^ _ v " t i f f Ha nf ul .r t 1 A hr^rlu . , . t I 

DCI 
kq wet wt 

Data is 

(I *** tissue ". tissue of whole hodv wt) 

I i tissue of who3e body *»t whole fi$h 
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137 larger fraction of the total Cs in muscle tissue that is found in the 3rd 

the troohic position of the fish and their muscle burden of Cs. The 
laraest fraction of the Cs is found in the muscle tissue of the 4th 
troohic level fish, snapper, and the lowest fraction in the 2nd troohic level 
fish, mullet. However, surqeonfish, also a 2nd troDhic level sDecies, have a 
larger fraction of the total 
troohic level fish, qoatfish. 

The data on the concentrations of Cs in the muscle tissue of fish 
are presented here in several ways to helo in the interoretation of results. 

137 Table 7 contains a summary of the mean and range of Cs concentrations {no 
corrections were made for radioactive decav) in the muscle tissue of reef fish 
from different islands and of oelaqic soecies from the laqoon during the 8-year 
period. Concentrations of Cs in the muscle tissue of all species of fish 
during this period ranged from 7 to 460 oCi/kq wet wt. The maximum 

137 concentration of Cs in flesh, 460 oCi/kq wet wt, was measured in 
surqeonfish collected from island S-l in 1983 and the mean concentration in 
the flesh of all reef fish durinq the 8 year period was 113 pCi/kq wet wt. 
The computed annual whole body dose equivalent rate to individuals from 

Cs in the fish inqestion food pathway would have been less than 1 mrem. 
(Assuming a consumption rate of 200 q of fish flesh per day and a 
concentration of 113 pCi/kg wet wt). 

137 Between 1977 and 1984, generally hiqher concentrations of Cs were 
measured in muscle of reef fish from the northwest auadrant of the atoll (8-1 
to B-5), and the lowest levels were found associated with reef species from 
the eastern reef of the atoll. In 1982, marine fish fillets purchased from 
stores in the Chicaqo area of the United States, contained 23±2 pCi/kg of 

Cs derived from qlobal fallout . Table 7 shows that the mean 
137 concentrations of Cs in fish from islands B-10 to 8-23 is now comparable 

to the fallout levels in the store purchased fish. 
Table 8 shows several examples of the different concentration for Cs 

(pCi/kq wet wt) measured in the muscle tissue of different reef sPecies 
collected from the same island durinq different years. The mean concentrations 
determined for all laqoon SDecies durirq yearly intervals are shown in 
Table 7. There does not appear to be any precise trend indicating that the 

137 concentrations of Cs in the muscle of these fish have been chanqinq over 
the years at some consistent rate. There also aooears to be no clear trends 
of consistent differences in concentrations amonq the different reef soecies 
simultaneously sampled from the same location (see Appendix). In 1978, for 
example, at island B-l, the hiqhest concentration amonq the different reef 
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Table 7. Mean concentrations of Cs in the flesh of reef and Delacn'c fish 
from different islands and durinq different collection periods. 

1 3 7 C s (oCi/kq wet wt.) 
Island Ircator of samples Mean Ranqe 

11 265 + 111 3 130-460 
9 181 *• 138 a 40-370 
12 66 + 70 a 12-240 
3 26 + 18 a 14-50 
6 24 + 20 a 7-62 
2 16 + 7 a 11-21 
6 12 + 2 8 a 12-90 
2 33 *_ 16 a 20-4 ? 

13 164 + 113 b 60-380 

B-l 
b-5 
B-6 
B-10 
8-12 
8-13 
B-l 7 
B-23 

Pelagic species 

All reef fish (all laqoon locations) 

1977-1973 
1980-1981 
1982-1984 
1977-1984 

28 119 
11 146 
12 97 
51 113 

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

Mean concentration from all pelaqic species collected between 1977 and 
1984. 
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Table 8. Concentrations of Cs in the muscle tissue of fish collected 
from locations at Bikini Atoll at different times. 

1 3 7 C s (pCi/kg wet wt) 

Mullet Surqeonfish Goatfish Mullet 
(Crenirauqil) (Acanthurus) (Mulloidichtys) (Neomyxus) 

Period Sampled B-1 8-6 8-1 B-5 B-6 B-77 

40 
133 226 21 12 

1/77 263 
11/78 397 
9/80 51 
?/81 2Z7 60 
8/83 287 
9/84 53 

320 
430 43 

12 

16 13 

soecies was measured in mullet (Crenimuqil). At Island B-1 in 1983 and at 
B-6 in 1980, the concentration in surqeonfish exceeded the measured 
concentration in mullet and qoatfish. In 1984, the measured concentration 

137 of Cs in the muscle tissue of qoatfish was larger than the 
concentration measured in any of the Delaqic SDecies collected off the 
island; however, at B-6 and B-23 in 1978 and at B-6 in 1980, the 
concentration in qoatfish was lower than the levels detected in pelaqic 
species from the respective islands. 

Unless there is some unforeseen impact on the lagoon, such as the 
disposal of uncontained, contaminated soil to the laqoon floor, there should 
be no significant chanqe in the mean concentration of Cs in the flesh of 
fish collected from Bikini in the near future (other than a continuous 

117 reduction from radioactive decay). Any concentrations of Cs in the 
muscle tissue of fish caught at the atoll in future years should fall below 
the upper limit noted in the last 8 year period. Hence, future dose rates to 
individuals from Cs in the fish-food pathway may be predicted with a 
reasonable degree of certainty from a knowledqe of the islands to be fished, 
the consumption rate of reef and pelagic fish, and Darts of the fish normally 
eaten. 
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9 0 S r 

90 Concentrations of 5r were measured in the tissues from a small subset 
of the fish, primarily from the collections made in 1978. Inspection of 
Table 6 shows that most of the Sr accumulated by fish is, unlike Cs, 
associated with non-edible oarts such as bone and viscera. In surqeonfish, 

90 goatfish, and snaoper, most of the body burden of Sr is found in the bone 
90 tissue. In mullet, however, the viscera contains the major fraction of Sr. 

90 90 
The hiqh concentration of Sr in the viscera is Drobably due to Sr 
associated with the bottom sediments, which are inaested with food and are 
present in the intestinal tract. Intestinal tract contents were not separated 
from the viscera sample. 90 Concentration of Sr in the muscle tissue from all fish ranged from 0.2 
to 5.7 pCi/kg wet wt. The mean concentration in muscle tissue is 1.7 pCi/kg wet 
wt. At this concentration and a consumption rate of 200 g of muscle tissue/d, 

90 the resulting mean dose-equivalent rate from Sr in the marine fish-food 
30 ingestion pathway is less than 0.1 mrem/y. Concentrations of Sr associated 

with muscle tissue are less than 3% of the concentration in the reconstructed 
90 whole fish (Table 6). Estimated dose-equivalent rates of Sr from muscle 

only or from whole fish inqestion will differ by orders of magnitude. 
Therefore, it is misleading to use whole fish (or eviscerated whole fish) 
cor 
90 c 

90 concentration data for Sr to estimate radiological dose to individuals from 
Sr in the marine fish-food pathway. 

5 0 C o 

Between 1958 (the end of nuclear testing at the atoll) and i984, Co 
levels in the atoll environment have decreased by a factor of 5 from radioactive 
decay alone (t,,~ = 5-26 y ) . However, measurable concentrations of Co are 
still found in fish and other aquatic organisms. In fish, 25-50* of the total 
body burden of Co is present in the muscle tissue with most of the remainder 
distributed among the liver, skin, and viscera (see Table 6). The levels of 

Co in the muscle tissue of reef fish from different reqions in the atoll 
137 differ somewha*. in the same way as that of Cs except that fish from the 

southwest portion of the atoll contain concentrations comparable to those in 
fish caught in the northwest quadrant of the atoll. Concentrations of Co in 
the muscle tissue of bottom-feedinq mullet and qoatfish were consistently higher 
than levels in other reef species, such as surgeonfish and parrotfish, and in 
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pelaqic species caught from the same island of the atoll. This pattern is 
repeated when concentrations in other tissues and organs of the different 
species are compared. 

In Table 9 are shown mean concentrations in the muscle of reef and pelaaic 
fish collected from the lagoon during different periods between 1977 and 1984. 
The mean concentration of Co in the muscle tissue of fish has been 
decreasing at a rate faster than that from radiological decay alone. When 
appropriate data were found, a comparison was made between the concentrations i 
specific tissues and orqans measured in the 1977-1984 collections to those 
detected in the same tissues of the species collected from the same locations 
during 1964 and 1969. ' A least squares fit of the appropriate present and 
historical data shows that the mean level of Co has been declining in the 
tissues of fish from Bikini with an effective decay constant of 
0.22 _+ 0.05 y (effective half-life of 3.2 y). The effective decay constant 
is the sum of the physical decay constant (0.1317 y" ) and an environmental 
loss rate term that reflects the removal rate of Co. This removal rate is 
usually expressed as the ecoloqical half-life (or decay constant) and has a 
value for Co of 7.8 y. The disappearance of Co from Bikini laqoon and 
its availability to fishes is controlled both by radiological decay and by 
processes of remobilization, transport, and dilution. If Co continues to 

60 decline in the environment at the present rate* the mean concentration of Co 
in the edible muscle tissue of fish from the laqoon should be less than 
20 pCi/kg wet wt by the year 1990. 

fid 
Table 9. Mean concentrations of Co in the muscle tissue of reef and 
pelagic fish collected at different times 

Collection 
Number of 

O UCO (0C1/ kg wet wt) 
year Number of Mean Range in 

intervals samples concentration concentrations 

1977-1978 27 235±209 19-897 
1980-1981 12 146±110 31-430 
1982-1984 12 60±S1 7-180 

1977-1978 4 166±124 55-324 
1981-1984 6 81256 43-199 

All reef species 

All pelaqic species 



2 0 7 6 i 

?fl7 The presence of Bi (t.,_ = 33.4 y) was first reported in marine 
21 samples obtained from the Pacific Proving Grounds in 1961. It was formed 

207 206 
possibly from a series of nuclear reactions such as Pb(p,n) or Pbfp.v), 
assuming stable lead was present durinq testinq as shielding material near 

?? 207 
the nuclear devices. Other than a recent report describinq Bi as a 
component in qlobal fallout debris , it has not been detected elsewhere as 
a component of any waste discharqed to aquatic environments from nuclear 
facilities. 

Most strikinq was the ranqe of concentrations found in tissues and 
organs amonq different species of fish collected at the same time and place 
(see Appendix). For three species of reef fish, mullet, surgeonfish, and 207 parrotfish, Bi in most parts of the fish was usually below detection 
limits by gamma spectrometry. However, the radionuclide was consistently 
detected in the muscle and other organs of goatfish and the pelagic lagoon 

207 • fish. Over 70 percent of the whole-body activity of Bi in goatfish and 
pelagic fish is associated with the muscle tissue, whereas less than 5 
percent (when detected) is found in the muscle of mullet and surgeonfish. 
Between 1977 and 1984, the concentrations in goatfish muscle ranged from a 
high of 1360 pCi/kg wet wt to a low of 17 pCiAg wet wt, with the lowest 
levels found in fish collected from the eastern reef of the laqoon. There 

207 was no clear trend in the data to indicate that the concentration of Bi 
in the muscle of goatfish was changing with time at some constant rate. At 
B-1 and B-5, for example, the levels in muscle tissue were siqnificantly less 
during the period of 1981-1983, compared to the concentrations measured in 
1978. On the other hand, at B-6 and B-12, the concentrations measured in the 
muscle tissue of goatfish collected in 1984 were no different than the 
concentrations detected in 1978. 

TRANSURANIUM RADIONUCLIDES 

Several reports on the concentrations of the transuranium elements in 
q io 24 8ikini fish have been published by this laboratory. * * Only previously 

unpublished results and a few highlights from published data will be 
discussed in this report. 
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In Table 6 the data show that both " ' uPu and Am are not 
significantly accumulated in the muscle tissue of any species of fish. Less 
than 1 percent of the total body burden of both 2 3 9 + 2 4 0 p u and Am is 
associated with the muscle tissue of all reef species. Somewhat higher 
fractions, but lower concentrations, were found associated with muscle tissue 

239+240 241 of pelagic species. The distributions of Pu and Am among the 
other tissues of the reef ana pelagic species are also different. For 
example, the bone and skin of reef fish contain much less of the total body 
burden than that of snapper. These differences appear to be independent of 
location and the level of contamination and much more dependent on species. 

Arithmetic mean concentrations of Pu, "°Pu, and Am in 
edible muscle tissue from all fish collected at Bikini during different 
periods between 1977 and 1984 are shown in Table 10. The results also show 
that there has been essentially no change in the mean concentration of 
070+240 

"Pu during the years of collection. Mean concentrations of the 
transuranic radionuclides in the flesh of fish from Bikini Atoll are a 
fraction of a pCi/kg wet wt. Barring any major impact on the lagoon 
environment that might affect the availability of the transuranic 
radionuclides to marine organisms, ^ean concentrations in the flesh of fish 
collected over the next 10 to 20 years should not differ greatly from present 
day values. The 30-y committed-dose equivalent to the bone marrow of 
individuals from the transuranic radionuclides in the fish-flesh-ingestion 
pathway (using 200 g/d as the ingestion rate and the mean value for flesh 
concentration) ranges from 3 to 6 mrem. This range results from increasing 
the adult gut-transfer coefficient for plutonium from 1 x 10 to 

-4 239+240 
5 x 10 . In fish with relatively high body burdens of Pu, the 
23S 239+240 

Pu to Pu activity ratio in the muscle and other internal organs 
was usually higher than the activity ratio found in the material ingested by 
the fish. In many cases, the error associated with the measurements of 

Pu was large, and it could be argued that the differences among the 
samples were not real. However, the patterns repeat themselves regardless of 
the error associated with counting, indicating that the trends found for the 
different ratios among the tissues anH gut-content samples of the fish are 
real. This indicates the possibility of discrimination between isotopes of 
Plutonium, which is difficult to accept from a purely chemical viewpoint. 
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Table 10. Summary of transuranic concentrations in the flesh of all fi;h 
from Bikini Atoll. 

pCi/kg wet wt a 

Period 239+240 P u 2 3 8 P u 2*l A a i 

Arithmetic 
mean 1977-1978 0.39±0.34 

1977-1981 0.37±0.32 
1977-1984 0.29±0.30 0.020±0,021 0.18±0.28 

Ranqe in 
values 1977-1984 <0.007-1.1 <.002-0.08 <0.01-1.1 

a If the radionuclide was below limits of detection, the concentration 
is not included in the average. 

steps were taken to analyze if discrimation between the isotopes of Plutonium 
was takinq place. Gizzard and intestinal contents were removed from samples 
of mullet collected from the more.contaminated regions of Bikini and 
equilibrated with seawatar for 5 hours. (Five hours is usually the normal iime 
for the ingested material to pass through the qut of mullet,) From this 

233 239+240 experiment, the uPu: Pu activity ratio was determined in the solid 
phase and in solution. Five sets of results are shown in Tabl* 11. In every 
case, more T*u relative to Pu is measured in solution, which 

23H indicates that Pu in the material ingested by fish must be in a more 
readily soluble form than 2 3 9 + 2 4 0 P u . 

239+240 241 The concentrations of Pu and Am in fish from the laqoon 
differ markedly from organ to organ and species to species. Less than 20 
percent 
239+240n 

percent of the samples showed the same relative amounts of Am and 
Pu in the body oarts analyzed. Concentrations of Plutonium i.i most 

fish parts from any location collected during different years have comparable 
concentrations showinq that the fish maintain restricted feedinq territories. 

241 239+240 The concentration ratio of Am to Pu in muscle, bone, skin, or 
liver was always either equivalent to or less than the ratio in the gut 
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Solid ohase 

0.0081 
0.048 
0.003 
0.010 
0.0034 

contents or viscera. If the internal body burdens of transuranic nuclides are 
accumulated by the fish through the cut, then it could be concluded that in 

241 239+240 
most cases there is a discrimination against Am relative to Pu 
in different tissues. 

nIO P^Q+240 
Table 11. Activity ratios of cooPu-. c Pu in liquid and solid phases 
of gut contents after equilibration with seawater. 

Liquid phase Sol id:1iquid phase 

0.13 0.062 
0.11 0.43 
0.14 0.021 
0.22 0.045 
0.27 0.13 

Curium-242,243,244 have been detected in some fish tissues from Bikini. 
Concentrations of * Cm are a few percent of the 3 9 + 2 4 0 P u concentrations 

?42 239+240 
and ' Cm is less than 1 percent of the Pu levels in the entire fish. 
The detection of Cm (t, ,, = 163 d), approximately 25 years after the end of 
testing, indicates the presence of a parent radionuclide, Am, in the 
environment. 

OTHER RADIONUCLIDES 

Concentrations of 1 1 3 m C d and naturally occurring 2 1 0 P u , 2 l 0 P o , and Z l 0 B i 
determined in fish samples are listed in the Appendix. Discussions of the 
concentrations and significance of these radionuclides at Bikini Atoll have 

C T Q 
been presented in the literature ' ' and will not be repeated here. 
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SUMMARY 

Over 1550 fish representing species from all trophic levels were 
collected from reqions of Bikini lagoon between 1977 and 1984. Concentrations 
of gamma-emitting radionuclides accumulated in the different tissues and 
orqans of these fish were determined. A number of samples were selected for 
the radiochemical analysis of 9 0 S r , 1 1 3 r aCd, " 8 , 2 3 9 , 2 4 0 ^ 241 f l m > 2 1 0 ^ 
°Pb, and °Bi. Activities of these radionuclides were measured in the 

tissues using appropriate alpha-spectrometer systems or low-backqround beta 
detectors. All the radionucl-.de-concentration data are tabulated in the 
Appendix. 

A reasonable data base was developed over the 8-year period to define 
adequately the ranqe in concentrations of the different radionuclides in 
edible muscle tissue and other orqans of fish from the lagoon at Bikini 
Atoll. Unless there is some unforeseen impact on the lagoon that would 
significantly alter the environmental concentrations of the different 
radionuclides, there is little reason to expect that concentrations of the 
different radionuclides in fish in future years will exceed the upper 
concentration limits determined over the last C-year period. The present mean 
levels of radionuclides in edible muscle tissue of fish can be used with a 
reasonable degree of confidence to predict the maqnitude of future 
radiological doses to individuals from the marine fish-food pathway at Bikini 
Atoll. 

ACKNOWLEDGMENTS 

The collection and publication of the data in this report was made 
possible through the efforts of a qroup of people too numerous to list. They 
include the crew on the research vessels, Liktanur I and II, and a number of 
individuals associated with Lawrence Livermore National Laboratory who 
assisted in the field collections and sample processing. This work was 
performed under the auspices of the U.S. Department of Enerqy under contract 
number W-7405-Eng-4B. 

24 



REFERENCES 

U.S. Dept. of Energy, Announced United States Nuclear Tests, U.S. 
Department of Energy, Nevada Operations Office, Las Vegas, NV, NVO-209 
Rev. 2 0982). 

H.L. Beck, B.G. Bennett, and T.F. McCraw, External Radiation Levels on 
Bikini Atoll - May 1967, U.S. Atomic Energy Commission, Health and Safety 
Laboratory, NY, NY, HASL-190 (1967). 

W.R. Schell, F.6. Lowraan, and R.P. Marshall, Geochemistry of Transuranic 
Elements at Bikini Atoll, Transuranic Elements the Environment, W.C. 
Hanson, Ed., U.S. Deptartment of Energy, Washington, DC, DOE/TIC-22800, 
(1980}p. 541-577. 

A.E. Smith and W.E. Moore, Report of the Radiological Clean-up of Bikini 
Atoll, U.S. Environmental Protection Agency, Western Env. Geo. Lab., Las 
Vegas, NV, SWRHL-lllr, (1972). 

W.L. Robison, M.E. Mount, W.A. Phillips, M.L. Stuart, S.P. Thompson, 
C.L. Conrado, and A.C. Stoker, An Updated Radiological Dose Assessment of 
Bikini and Eneu Islands at Bikini Atoll, Laurence Livermore National 
Laboratory, Livermore, CA, UCRL-53225 (1982). 

V.E. Noshkin, K.M. Wong, R.J. Eagle, and D.L. Anglin, "Concentrations of 
1 1 3 m C d in the Marine Environment," Nature 287, 221-223 (1980). 

V.E, Noshkin, K.M. Wong, R.J. Eagle, and D.L. Anglin, Detection of 
Cadmium Radioactivity in the Marine Environment, Impact of Radionuclide 
Releases into the Marine Environment (International Symposium, October 
6-10, 1980,Vienna), IAEA (1981). 

V.E. Noshkin, K.M. Wong, R.J. Eagle, and T.A. Jokela, "Concentrations of 
2 0 7 B i and 2 1 0 P b - 2 1 0 B i - 2 1 0 P o Disequilibrium in Fish," Pacific 
Science 38 (4), 350-355 (1984). 

25 



V.E. Noshkin, K.M. Wong, R.J. Eagle, and W.L, Robison, Comparative 
Concentrations of 1 3 7 C s , 9 0 S r , 239+240 P u a n d 2 4 1 A m > T i s s u e s o f 

Fish from the Marshall Islands, Symposium in Environmental Research for 
Actinide Elements, Department of Enerqy, Hilton Head Island, South 
Carolina, November 1983 (in press). 

V.E. Noshkin, R.J. Eagle, K.M. Wong, and T.A. Jokela, "Transuranic 
Concentrations in Reef and Pelagic Fish from the Marshall Islands," 
Impacts of Radionuclide Releases Into the Marine Environment. 
{International Symposium, October 6-10, 1980) IAEA (1981). 

A.D. Welander, K. Bonham, R.F. Palumbo, S.E. Gessel, F.G. Jackson, R. 
McClin, and G.B. Lewis, Bikini-Enewetak Studies, 1964. Part II 
Radiobiological Studies, Laboratory of Radiation Biology, Univiversity of 
Washington, Seattle, WA, UWFL-93 (1967). 

A.O. Welander, "Distribution of Radionuclides in the Environment of 
Enewetak and Bikini Atolls," Symposium on Radioecology, D.J. Nelson and 
F.C. Evans, Eds-, U.S. Atomic Energy Commission, Washington, DC, 
CONF-670503, (1964). 

E.E. Held, Radiological Resurvey of Animals, Soils and Groundwater at 
Bikini Atoll, 1969-70, U.S. Atomic Energy Commission, Nevada Operations 
Office, Las Vegas, NV, NVO-269-8 Rev. 1, (1971). 

E.E. Held, "Fallout Radionuclides in Pacific Ocean Tuna," Radionuclides 
in Ecosystems (Symposium. Oak Ridge Tenn, 1971) D.J. Nelson, Ed., U.S. 
Atomic Energy Commission, Washington, DC, Conf. 7100501-11 (1973). 

A. Nevissi and W.R. Schell, , , 2 1 0 P o and Z 3 9 P u , 2 4 0 P u in Biological 
and Water Samples from the Bikini and Enewetak Atolls," Nature 2j5, 
32.1-323 (1975). 

O.D.T. Lynch, Jr., T.F. McCraw, V.A. Nelson, and W.E. Moore, Radiological 
Resurve.y of Food, Soil, Air and Groundwater at Bikini Atoll, 1972, U.S. 
Energy and Research Development Administration, Washington, DC, ERDA-34 
(1975). 

26 



17. V.A. Nelson, Radiological Survey of Plants, Animals and Soils at 
Christmas Island and Seven Atolls in the Marshall Islands, Progress 
Report for 1974-1975, U..S Atomic Energy Commission, Nevada Operations 
Office, Las Vegas, NV, NVO-269-32 (1977). 

18. R.u. Hiatt and D.W. Strasburg, "Ecological Relationships of the Fish 
Fauna on Coral Reefs of the Marshall Islands," Ecol Monographics 30, 
(1965). 

19. R. Gunick and J.B. Niday, Computer Quantitative Analysis by Gamma-Ray 
Spectrometry; Vol. 1. Description of the Gamanal Program. Lawrence 
Livermore National Laboratory, Livermore, CA, UCRL-51061 (1972). 

20. J.O. Karthunen, Cesium-137 in Various Chicago Foods, Environmental 
Measurements Laboratory, NY, NY, EML-413 (1982), pp. HI-3. 

21. F.G. Lowman and R.F. Palumbo, "Occurrence of Bismuth-207 at Enewetak 
Atoll," Nature 193, 796-797, (1962). 

22. T.M. Beasley, "Lead-210 Production by Nuclear Devices: 1946-1958." Nature 
224, 573 (1969). 

23. A. Aarkrog, H. Dahlgaard, E. Holm, and L. Hallstadius, "Evidence for 
Bismuth-207 in Global Fallout," J. of Env. Radioactivity 1, 107-117 
(1984). 

24. V.E. Noshkin, R.J. Eagle, K.M. Hong, T.A. Jokela, J.L. 8runk, and K.V. 
Marsh, Concentrations of Radionuclides in Reef and Lagoon Pelagic Fish 
from the Marshall Islands, Lawrence Livermore National Laboratory, 
Livermore, CA, UCIO-19028 (1981). 

27 



t 

Appendix 

28 



Table A - l . 1977 Fish co l le t " ions - B ik in i A t o l l . 

Island Month 

locator col lected Common name Sc ient i f i c name 

B-1 January ttutlet treniimigSl crenilatais 
B-2 January Mul let Crenlmuq^l t ren i l ah is 

6-12 January Mullet Crenimuqil creni lahis 
B-13 January Mullet Crenlmugil crani lahis 
B-l January - Mullet Heomyxus chaptal i i 
fl-10 January Mullet Heomyxus chapta l j i 
B-17 January Mullet Heqmyxus chaptal i i 

" n /d " means not determined. 

Average Averaqe 
Number of whole body standard 

individuals wet wt length 

pooled/sample (gm) (mm) Hale Female 

8 ~ n / d a 3?5 1 • 7 
21 n/d 287 11 io 
11 n/d ?71 1 10 
22 n/d 279 0 2? 
11 n/d 221 5 5 
43 n/d 226 11 32 
50 n/d 229 9 47 



1*!>\e F*-2. 1971 Concentrations of radionuclides In fish tissue - Bikini Ato l l . 

Samole Island 
10 locator Tissue 

Dry/wet 4 0 K , 
weight (x !0 J ) 

nCi/ko, dry weiqht 4 

name: Hullet - Crenimuqil 

2896 
289? 
289B 
2699 
2900 
2901 
2902 

2aeo 
2681 
2832 
2883° 
28B3C 

2683l: 

2883° 
2864 
2885 

2660 
2667 
2862 
2863 
2854 
2665 
2861 

Huscle 
Bone 
Vtscerab 

Stomach cont. 
Ovary 
GUI 
Skin 

0.253 
0.565 
0.414 
0.645 
0.23? 
0.189 
0.532 

0.245 
0.629 
0.317 

, 0.637 
0.637 

Huscle 
Bone 
\Mscerab 

Stomach cont. 
Stomach cont. 
Stomach cont. 0.637 
Stomach cont. 0-637 
Ovary 0.256 
Gills 0.229 
Testes 0.213 
Skin 0.509 

Huscle 
Bone 

0.235 
0.575 

Viscera" , 0.311 
Stomach cont. 0.568 
Ovary 0.3)5 
Gills 0.226 
Skin 0.500 

15.1 (2) 
1.3 (13) 
4.0 (8) 
2(35) 

10 (16) 
2-2 (12) 
4.7 (4) 

16.4 (1) 
0.9 ( U ) 
5.9 (3) 
1.6 (24) 

9(30) 

1.8 (13) 

4.6 (1) 

16.0 (2) 
0.5 (18) 

5.7 (2) 
3.0 (21) 
7.3 (10, 
2.3 (21) 
4.0 (3) 

1.5 (5) 
19.0 (3) 

6300 (2) 
7340 (1) 

58 (2) 
120 (25) 
134 (7) 

2.2 (5) 
38.0 (3) 

13700 (6) 
253D0 (5) 
2550O (5) 
28700 (5) 
2840O (6) 

46(5) 
200 (25) 

630 (5) 
110 (24) 

0.56 (6) 
6.9 (3) 

710 (1) 
1070 (5) 

10 (6) 
32 (25) 
82 (10) 

6 .8 (17 ) 

1040 (3) 1200 (2) <4 <0.02 
38 (23) 540 (7) <5 0.93 (8) 
750 (5) 41S0 (1) 140 (12) 29.5 (3) 
740 (8) 680 (6) 190 (IB) 53 (3) 
540 (29) 7400 (5) 300 (29) 0.9 (50) 
150 (19) 6350 (1) <10 1.0 (28) 
320 (5) 1610 (1) 23 [26) 5.6 (6) 

1550 (2) 1110 (1) <2 0.10 (25) 
55 (14) 280 (41 «4 \.W (M 

1660 (14) 7500 (1) 104 (11) 590 (2) , 0 2"Rh 50 (20) 
1840 (3) 1710 (4) 252 (10) 1090 (2) """Till 95 (19) 

U20 (2) 
1240 (2) 
1250 (2) 

1140 (28) 14100 (3) <aoo. J (40) 
120 (IS) 2200 (2) <9 7.0 (6) 

1470 (15) 10500 (9) <100 19 (24) 
430 (3) 1030 (1) <3 6 (14) 

110 (6) 320 (6) <2 <0.01 
<6 90 (13) 12 (26) 
53 (12) 1400 (2) 41 (11) 4.3 (6) 
<40 220 (18) <30 9.4 (12) 
<40 1060 (6) <30 <0.4 
<30 550 (6) 86 (IB) 0.5 (23) 
35 (20) 260 (4) <4 5.8 (8) 



l a o l e A-2. (Continued) 

pCi/kg dry weiqtit* 

Sample Is land Dry/wet , n K . , „ „ , „ , , , , , , , n ? m , , „ 
1U loca tor l i s s u e wclqlit ( x l u ' l 239'?«n,, u " V m U ' c s ™Co ™ 7Bi ? W P u 

Njme: Mullet - Crenimuqil (continued) 

2851 8-13 Muscle 0.238 16.5 (1) 0.311 (11) (IB (5) 273 (5) <2 <0.M 
285! Skin 0.529 3.7 (3) 16 (17) 17 (28) 320 (3) <4 0.32 (13) 
2853 Bone 0.552 0.0 (10) 7.7 (3) <5 110 (7) <3 0.33 (7) 
2854 Viscera b 0.309 7 . 1 ( 2 ) Ml) (3) 3 1 ( 2 2 ) 2 1 4 0 ( 3 ) 2 6 ( 2 0 ) 7 . 0 ( 1 0 ) 
2055 Stomach c o n t . 0.709 1.3 (30) 11.10 (4) <30 <40 <20 20.0 (4) 
2856 Ovary 0.298 9.0 («.) 12 14) 5 .0 (6) <?0 1700 (4) <10 0.5 (35) 
2858 G U I s 0.241 1.3 (18) 2 7 ( 7 5 ) <?0 9 8 0 ( 1 ) <10 1 . 0 ( 1 1 ) 

Name: Mullet - Neomyxus 

MSA 458 8-1 Muscle 0.244 1 2 . 2 ( 2 ) 3 . 3 ( 3 ) 950(3) 2080(3) <12 0.03(261 
459 Bone 0.476 

460 Gizzard c o n t . 0.552 981)0 (?) 1100(23) 1400(20) <I50 46.1 (3) 
461 Gizzard 0.185 
462 Liver 0.237 
463 Intestine 

cont . 0.450 3.5 (22) 1115(7) 1660(6) 210(16) l 5 5 E i i 2B80IIO) 
464 Viscera' 1 0.423 
465 Scales 0.676 
466 Skin 0.342 

2880 B-10 Muscle 0.316 13.0 (2) 
2889 
2890 
2891 
2892 

2893 
2894 
2895 

Bone 0.5 (21) 8.2 (2) 
Viscera6 0.33B 4.9 (4) 2000 (1) 
Stomach cont. . 0.568 2.0 (15) 2970 (5) 
Ovary 0.334 5.5 (5) 25 (2) 
Testes 0.210 15 (35) 33 (12) 
Gil ls 0.1B2 2.7 (14) 61 (2) 
Skin 0.5)3 4.4 (4) 8.1 (5) 

55 (10) 670 (2) 7.2 (30) 0.04 (70) 

<5 110 (9) <5 0.13 (21) 

65 (16) 165D (1) 77 (10) 11.7 (3) 

<20 300 (8) 60 121) 14.9 (7) 

<20 2300 (2) <10 <0.07 

c300 2400 (16) <200 2 .3 (70) 

<20 1340 (4) 80 (25) 0 .8 (50) 
20 (24) 550 (4) <4 0.15 (26) 



Table A-2. (Continued) 

Island 
locator 

Dry/wet 
Tissue weight 

pf.t/kq dry weinht 3 

Sample 
ID 

Island 
locator 

Dry/wet 
Tissue weight (x in ' l Z3i)«24(^1|| 2 4 'Am I37 . s M C 0 ™ 7Bi "«( .„ Other 

Name: Hullet . Neomyxus (continued) 

2872 B-17 Muscle n.237 11.4 (2) 3.7 (5) 0.4 133) 167 (4) 1590 (1) 22 (11) 0.3? (2?) 

28? J Skin 0.490 4.5 12) I5.n (1ft) 64 113) 1550 |1) « HI) l.?0 (13) 
2B74 Viscera" 0.392 3.7 (3) 3050 (3) 450 (4) 30O0 11) 920 (2) 510 (2) , 0 ? n V h ISO (6) 
2075 Stomach cont. 2.0 (7) 5600 |7) 1010 (?) 1230 (2) 210 (7) 1050 (1) " l ? "\ lh 2)0 13) 
2076 Ovary 0.331 4.9 (4) 7" (5) 40 (29) 5200 11) 42 (21) 9.4 (6) 
2877 Gil l 0.170 3.3 (11) 190 |6) <.30 3900 (2) 70 [27) 23 (7) 

2878 Testes 0.228 50 (15) MOO 5400 (10) ^300 7.5 150) 
2879 Bone 0.606 1.1 (14) 16 (5) ^8 410 (3) •.1 1.4 (8) 

Numbers in parenthesis are the 1 o counting error expressed as percent of the value listed. 
Viscera sample includes gizzard (stomach). Intestine with contents, and l iver. 
Replicate analysis. 
Viscera sample includes remainder of G. I . tract witiiout contents and gonads. 



Table A-3. 1978 f i sh col lect ions - Bi ,kini A t o l l . 

Island Month i 
locator col lected Coin nan name Sc ien t i f i c name P( 

R-l November Mullet Crenimuqi 1 crcni labis 

U-5 November Mullet Cronl' iuqil creniUt i is 

H-13 November Mullet Crenimuqil c ren i l . i l i i i 
B-17 November Mullet Creninuigil c ren i l i b i s 

B-l November Mullet Neoinyxus chaptaI i 1 

li-5 November Kul let Neomyxus c l iaptal i i 

B-l? November Mullet Neomyxus chaptali i 

B-17 November Mullet Neomyxus ch. ip la l i i 

B-23 November Mullet Neomyxus chsota l i i 
B-1 November Surqeonfish Acanthurus tr iostcous 
fl-5 November Surqeonfish Acanthurus triostequs 

B-6 November Surgeonfish Acanthurus triostenus 
B-10 November Surgeonfish Acanthurus triostequs 
D-12 November Surgeanfish Acanthurus triostequs 

B-13 November Surgeonfish Acanthurus triostequs 

B-l November Go&tfisfc Mulloidichthys samoens! 

U-5 November Goatfish Mulloldicl i t l iys sawiensi 

B-6 November 

November 

Goatfish 

Goatfish 

Mulloidictithys samoensi 

11-10 

November 

November 

Goatfish 

Goatfish Mulloidichthys sarooensi 
8-12 November Goatfish Mulloldichthys samoensi 

B-13 November Goatfish Mulloidichthys samnensi 

B-17 November Goatfish Mulloldichttiys sanioensi 

B-23 November 
November 

Goatfish 
Parrot f ist i 

Mulloidichtl iys samoensi 

B-17 
November 
November 

Goatfish 
Parrot f ist i Scarus sordidtis 

Lagoon ttaveffher Snapper ftpr-on vivescens 
(near Bravo 
Crater) 

Awrrflije Average 
lluiiihei' ctf whole Uody standard 
.hlivi.ln.i ls wet wt lenqtli 
inlecl/ifl.niile (qm) (iwn) 

I? 611 29fl I I 1 
II 712 501 5 3 
II 492 275 1 5 
0 545 ?97 t) 9 

IB 1(U 208 13 5 
?4 1111 20? 1? I? 
21 209 212 13 8 
III 177 ?04 9 9 
35 151 193 ?3 1? 

4 62 1119 0 4 
20 65 108 12 8 
5i 64 103 31 24 
4(i 68 ]0fl 30 16 
64 64 1111 15 19 
31 1)8 116 8 23 

33 91 162 25 1 
22 147 187 II II 
34 127 180 26 13 
42 111 173 32 10 
42 91 166 38 4 
31 88 115 8 23 
37 93 171 I I 25 
47 86 160 36 11 

5 840 293 0 5 
; 2270 520 t 1 



Table A-3. (Continued) 

island 
locator 

Month 
collected Common name S c i e n t i f i c name 

Average Average 
Number nf whole body standard 

individuals wet wt length 
pun led/sample (qui) (inn) Male Female 

Lagoon 
(H of B-6) November 

Lagoon 
(Off B-?3) November 

Lagoon 
(Near Bravo 
Crater) November 

Lagoon 
(w of 8-6) November 

Snapper I .lit Janus holiar 

Snapper lut janus hjihar 

Jack Caranx JSJK 

Mackerel Grammatorcywis in 11 i neat us 

2971 S30 

!2H 1(10 

ll?6 190 

1879 56; 



Talile A-4. 1978 Concentrations of rarttomicl Ides in f ish tissue - (11k hit A t o l l , 

Island 
locator , . h nssue 

Ory/wct 
we f glit 

pCi/kg dry wei i | l i t a 

Sample 
II) 

Island 
locator , . h nssue 

Ory/wct 
we f glit (x l ' l ) 

?39*?'ll)n ™m , W C S 6»C0 207 e | " " p . , Other 

[lame: Mullet - Creniniuqil 

9131 U-l Muscle 0.245 14.2 (2) 7.6 (5) 1620 (1) 3660 (1) 16 (21) 0.045 (25) 

9134 Uune 0.648 0.6 (18) 9] (3) 20.9 (4) 37 (2J) 1160 (2) <6 l.?0 (4) 

9135 Stomach cunt. 0.654 1.4 {22) IK100 (20) 5400 (29) 910 (4) 730 (5] 190 (11) 44 (4) 

9136 Viscera 0.413 3.0 (3) 1221) (?) 1001) (2) 4510 (1) 130 (11) 

913! Skin 0.569 4.0 (5) 13 (2) 1(1.3 (3) 390 (4) 3450 (1) <6 8.36 (1?) 

9138 Liver 0.253 16.2 (6) 1450 (8) 79ZO0 (1) 460 (15) m"l\g 340 (14| 

7245 B-5 Muscle 0.257 13-9 (1) 1.09 (7) 1450 (1) 947 (1) <3 0.031 (30) 

7246 Bone 0.611 1.2 (14) 4? (6) 80 (12) 440 (5) <7 1.0 (13) 

7247 Stomach cnnt. 0.598 1.7 (23) lOfinO (3) 5150 (1) 1100 (2) 760 (5) 40 (33) 210 (1) 

7248 Viscera 0.431 3.8 (6) 4011(1 (20) 930 (4] 2110 (1) 1920 (2) 48 (15) I4» (1) 

7249 Skin 0.575 4.4 (4) 15.0 (6) 4.2 (7) 400 (4) 890 (3) <5 0.41 (30) 

7250 Liver 0.291 10.6 (8) 1810 (2) 740 (4) 720 (12) 33400 (1) <60 39.5 (3) 

7212 li-13 Muscle 0.232 0.36 (7) 0.032 (35) 

7213 Bone 0.593 0.90 (4) 0.22 121) 

7214 Stomach cont . 0.639 1260 (3) 610 (3) <?0 155 (26) 60 (32) 23.9 (6) 

7215 Viscera 0.404 4.5 (4) 740 (3) 98 (2) 50 (16) 630 (3) 35 (13) 11.6 (2) 

7216 Skin 0.552 4.9 (4) 4.2 (S) 19 (30) 250 (6) «5 0.08 (10) 

7217 Liver 0.241 17.8 (8) 840 (2) 333 (2) <90 20000 (1) <70 20 (16) 

7293 B-17 Muscle 0.222 16.3 (1) 1.25 (6) 0.3 |80) 400 (2) 640 (2) <3 0.08 (22) 

7294 Bone 0.616 1.4 (11) li (5) 5.6 (4) <9 UO (28) <6 2.1 (11) 
mCa 0.0? (33) 

7295 Stomach conC . 0.305 210 (4) <!00 <500 «300 9.4 (20) 

7296 Viscera 0.212 14.3 (2) 147 (3) 160 (6) 5060 (1) 50 (21) 11.2 ; i 3 ) 

7297 Skin 0.539 4.9 (4) 11.0 (6) 100 (10) 590 (3) <6 1.1 (15) 
7298 Liver 0.228 21.0 (7) 560 Wl 29300 (2) 360 (20) , Q 8 > J 210 (k . ) 



Table A-4. (Continued) 

Sample Island . 
II) locator Tissue weiqlit (xlO ) 

Nairn.*: r l u l l e t - NGonmyxus 

r.n u- 1 M u s c l e 0 .244 11 .9 ( 2 ) ?.? ( 6 ) 0.511 (12) 

9128 Hone 0 . 5 8 4 27 ( 4 ) 9 .7 ( ' ) 

0129 S tomach c o n l . 0 . 5 6 7 7130 ( 3 ) 5701) ( 4 ) 

9130 V i s c e r a 0 . 4 5 7 3.2 ( 4 ) 3350 ( 3 ) 2110 ( 4 ) 

9131 S k i n 0 . 5 5 1 5 . 3 ( 4 ) 1 1 . 3 ( 7 ) 3 .6 (13 ) 

113? L i v e r 0 . 2 6 5 11.4 ( 6 ) 11.4 ( 7 ) 

1224 B-5 H u s t l e 0 . 2 4 3 10 .3 ( 2 ) 1.1 (12 ) 0 .34 (1?) 

7225 Bone 0 . 5 7 2 21 .5 ( 4 ) 1 0 . 8 ( 5 ) 

7226 Stomach c u n t . 0 . 4 9 7 5(100 ( 2 1 W f l t l U-) 

7227 V i s c e r a 0 . 4 4 1 3.2 ( 4 ) 6200 ( 5 | (WOO ( 5 ) 

722U 5k i n 0 . 5 5 8 12 .8 ( 4 ) 8 . 0 ( 7 ) 4 . 5 ( 7 ) 

7229 L i v e r 0 . 2 7 8 11 .3 ( 5 ) 1030 (5 ) 230 ( 4 ) 

7194 B- 12 M u s c l e 0 . 2 4 7 11.9 U ) 

7195 Hone 0 . 5 4 B 0 .6 ( 2 3 ) 

7196 Stomach c o n l . 0 . 4 9 3 4 .4 ( 1 6 ) 

7191 V i s c e r a 0 . 4 6 6 3 .0 ( 3 ) 

7198 S k i n 0 . 5 4 0 4 . 5 ( 3 ) 

7199 L i v e r 0 . 2 9 3 

7299 8--17 M u s c l e 0 . 2 4 1 8 .9 ( 9 ) 

7100 Rone 0 . 5 6 6 0 . 8 (19 ) 

7301 Stomach c o n t . 0 . 6 5 1 3 ( 3 6 ) 

7302 V i s c e r a 0 . 4 6 5 4 . 3 ( 4 ) 

7303 S k i n ' 0 . 5 2 6 5 . 1 ( 4 ) 

731'4 t i v e r 0 . 2 4 6 12.3 ( 9 ) 

pCI/lcg dry woiqJit d 

" ' C S 6 0 C O 
2 0 7 B , 

? 3 B P e Ot l i e i 

(110 ( 2 ) 1760 ( 1 ) <5 c . 0 3 9 » S r 2 . 0 ( 3 5 ) 

<?0 450 ( 5 ) < !3 0 . 4 7 ( 2 6 ) " " S r 711 ( 4 ) 

610 ( 1 6 ) BOO ( 1 4 ) 180 ( 2 8 ) 5 6 . 3 (H) 9 » S r 4 4 / 0 ( 3 ) 

660 ( ? l 2220 ( ? ) 150 ( 6 ) 2 2 . 6 ( 1 ) 'V 2320 13) 

350 ( 5 ) 1440 ( 2 ) ( 7 < 0 . 0 4 ™Sr 164 ( ? ) 

690 ( 1 1 ) 43800 ( 1 ) 180 ( 2 5 ) 

247 ( 3 ) 1000 ( 1 ) <4 0 . 0 7 ( 8 0 ) " " S r 2 . 2 ( 2 5 ) 

0 . 4 7 ( 2 4 ) W S r 304 ( 3 ) 

1 2 ) 0 ( 7 ) 1160 \!\) <60 143 ( 4 ) " » 5 r 125110 ( 3 ) 

410 ( 3 ) 1690 ( 1 ) JO ( 2 1 ) 150 ( 6 ) ' ' " S r 5400 ( ? ) 

150 ( 1 2 ) 2100 ( ? ) <7 < 0 . l '">Sr ino (2) 
170 ( 2 5 ) 26600 ( 1 ) <40 2 6 . 7 ( 1 7 ) "V 110 (31) 

16 ( 1 1 ) 403 ( 2 ) <3 

<9 50 (?2 ) <5 

<40 430 (111 <J0 

20 ( 2 2 ) 380 ( 2 ) 24 ( I I ) 

< 8 320 ( 3 ) <5 

•£ 50 5160 ( 2 ) <40 

< 9 210 ( 6 ) C7 

380 ( 1 9 ) 1100 (11 ) 190 ( 2 5 ) 

116 ( 1 0 ) 1420 ( 1 ) 99 ( 9 ) 
1 0 2 " f c h 24 (J4) 

50 ( 2 2 ) 600 ( 3 ) <6 • 

« 7 0 111600 ( 2 ) 190 ( 2 6 ) 



Table A-4. (Continued) 

pCi/kt] dry wel<]litd 

sample 
ID 

Island b Dry/wet 
locator Tissue weight 

Name: Mullet - tleoxmyxus (cont'd) 

7305 B-23 Muscle 0.232 

7306 Bone 0.569 
73117 Stonach cont. 0.709 
730U Viscera 0.426 

7309 Skin 0.659 

40.. 
(*103> " ' * ? i " V „ 

10.9 |2) 4.7 (3 | 

0.4 121) 61 (4) 
1.3 (2?) 5000 (20) 
3 . 3 ( 4 ) 4100 ( ? ) 

4 .6 (4) 22 (5) 
1 1 . 4 ( 6 ) 4110 (?) 5 3 0 ( 7 ) <50 35400(1 ) 5 7 0 ( 7 ) 129 (?) " " ' % 8 0 ( 2 6 ) 

4.7 (3) 95 (7) 1770 (1) 19 (20) 0.14 (1.1) 
6.7 (4) <6 700 (?) 111 (22) 2.3 (0) 

?950 (3) 190 (11) 740 (4) 490 (4) 155 [4) 
630 (3) 160 111) 2680 (1) 540 (2) 140 (?) 

4.6 (5) <o 1780 (?) 25 (20) 0.7 (18) 
530 (7) <60 35400 (1) 570 (7) 129 (?) 

Name: Surgeonfish - Acanttmrus 

9159 B--1 Muscle 0.222 14.3 (3) 5 (70) 2.4 (28) 600 (1) IO50 (21 <10 <0.5 ""Sr ?6 (53) 

9160 Done 0.642 40 (7) " (11) <50 «70 <40 1.1 (67) , n S r 950 (3) 

9161 Stomach cont. . 0.220 6400 (19) 4000 (63) <900 

9162 Viscera 0.206 17 (7) 1580 (3) 310 (6) 6750 (2) 47G0 (3) 240 (21) 10 (20) 9°5r 850 (4) 

9163 Skin 0.393 6 (30) 4600 (5) 6511 (19) <ao 
9164 Liver 0.231 1400 (37) 7200 (11) <500 

7257 11-•5 Muscle 0.211 1B.0 (1) 0.6 (30) 0.5 (27) 1070 (1) 260 (5) <4 0.3 (50) 0 0 5 r 6 (27) 

725B Bone 0.471 30 (7) 7-3 (d) 160 (13) 8 (24) <10 <0.3 , n S r 710 (3) 

7259 Stonach cont. 0.125 21 (18) 4810 (4) 2840 (4) <300 <900 <200 140 (14) ' J 0 5r 1590 (5) 

7260 •iscera 0.143 16.4 14) 790 (7) 4270 (2) 70 (42) 

7261 Skin 0.394 8 (B) 25 (11) 6 (16 ) 780 (6) 470 (9) <20 <0.i 9 0 S r 184 (4) 

7262 Liver 0.231 14 (24) 320 (7) 150 (9) <200 8100 (6) <200 11 (50) ^ S r <60 

7352 B -6 Muscle 0.219 14.1 (2) 760 (2) 90 (7) <3 

7353 Bone 0.601 0.4 (32) <7 <I0 <6 
7354 Stomach cant. . 0.128 25 (4) 1220 (5) 1700 (6) 150 (23) 

7355 Viscera 0.141 19 (3) 1050 (2) 2320 (2) 101 (7) 



Table A-4. (Continued) 

Sample Island . 
Ill locator Tissue' 

Ory/wpt 
weight 

oCi/kn. dry weitlht'1 

Name: Surqeoiifisli - Acantlmrus (cont'd) 

7356 
7357 

7271 
727? 
7273 
7274 

Skin 

l^ver 

Muscle 
Hone 
Stomach cont 
Viscera 
Skin 
l iver 

0.110 
0.259 

8.1 (5) 
1!..? C ) 

0.214 11.1 (2) 

0.592 
0.1B8 16 («) 
0.173 fi.O |3) 
0.395 6.9 13) 
0.245 12 (15) 

103 14) 

(1.5 (7(1) 
33 (4) 

nno (5) 
20B0 (3) 

20 ( ; ) 
310 (7) 

690 (3) 160 (9) <9 
13 (fin) 370 111) 3200 (4) 400 (7) 1.7 (77) l.»l% 63 (19) 

D.I (56) 220 (4) 120 (14) <J 0.1? (51)1 '"sr 2.9 (27) 
3.' (1) <7 60 (17) <7 0.34 (43) '"'Sr 222 ()) 

4(14 (5) 76(1 (35) 1350 (7) <60 14 (34) ""sr 230 (17) 
(190 (3) 76 (8) 690 (2) 38 (17) 14 (7) " nSr 700 (4) 
5.1 (11) 138 (6) 193 (6) s5 <0.7 WSr 48 (5) 
7B (10) <100 3300 (5) 440 (17) 8 (50) 9 n5r <30 

7188 
7189 
7190 
7191 
7192 
7193 

Muscle 
Hone 
Stomach cont 
Viscera 

Skin 
Liver 

0.220 
0.596 
0.1119 
0.177 
0.381 
0.229 

13.4 I I ) 

0.5 (22) 
17.3 (3) 
7.0 (2) 

12 (11) 

283 (2) 

<7 
390 (3) 
177 (6) 
<70 

101 (fi) 

<ll 
960 (2) 
135 (5) 

2100 (5) 

<5 
67 (9) 
<9 

<60 

7219 
7220 
7221 
7222 
7223 

Bone 
Stomach cont. 
Viscera 
Skin 
Liver 

0.215 
0.593 
0.176 
0.198 
0.410 
0.249 

7.4 (30) 
10.2 (3) 
8.2 [3) 
9.3 (14) 

0.27 (8) 
.11.5 (4) 
890 (2) 
560 (4) 

8.0 (7) 
181 (3) 

<1 

360 (3) 
770 (3) 
<3 
40 (24) 

<100 
93 113) 

123 (8) 
<60 

10C10 (15) 
1450 (2) 

180 (7) 
2750 (4) 

<100 
108 (9) 

<7 
550 (10) 

0.25 (27) 
20 (1?) 
10.6 15) 
0.2 (70) 
2.5 (22) 

Name: Goatfish - ttulloidichthys 

912' 
9122 

Muscle 
Bone 

0.220 
0.517 

18.2 (2) 0.84 (24) 0.34 (21) 673 (3) 2600 (1) 6IS0 (2) <O.I s"Sr 15.6 (51 
13.7 (?) 9.9 (9) 128 (16) 930 (3) 7B0 (4) 0.4 (83) , nSr 2030 (3) 



Table A-4. (Continued) 

Island 
locator Tissue" 

dry/wet 
weight 

pCi/kq dry weiqht' i 

Sample 
10 

Island 
locator Tissue" 

dry/wet 
weight (x in 1 ) f'ti Am , 3 7 C s f 0 Co J I " B I ? 3 S Pu Other 

flame: Goatfish - MNlloidtchthys (cont'd) 

9123 U-l Stomach coot. 0.195 <7(10 105(10 (1) 55(1(1 (11) 
912.1 Viscera (1.251 4.9 (11) 213 (3) 197 (11 430 (13) 22300 (4) (120 (?) 7.5 (13) ' J \ r 47 (13) 
9125 Skin 0.551 5.7 (4| 8.5 (9) 1.9 (9) ?00 (13) 30.10 (?) 1740 (?) <.Ofi 9 f l 5r 1350 (?) 
9126 tlver 0.210 21.(1 (3) 7.1(1 (5) 15(1 (IB] 150 ( in) 107000 (1) 17800 (?) 27 (20) mSr 90 (46) 

7251 0-5 Muscle 0.225 2.10 (4) 1650 (2| 400 Id) 
7252 Bone 0.514 <?0 WO (4) 60 (?8) 
7253 Stomach cont. , 0.270 
7254 Viscera 0.244 14.8 <M 400 (33) 51700 (1) 960 (9) 
7255 Skin 0.531 7.1 (31 60 (26) 2600 (1) 153 (6) 
7256 tlver 0.269 20.0 (7| <2(l0 71300 ( 1 | 750 (131 

7370 B-6 Muscle 0.219 18.9 (1) 95 (6) 300 (3) 81 (4) 
7371 Bone 0.505 0.7 (26) 90 (12) 10O (13) <1 
7372 Stomach cont . 0.177 <400 <S00 <400 
7373 Viscera 0.251 15.1 (4) 140 (23) 6B90 (2) 200 (11) 
7374 Skin 0.547 6.9 (3) 27 (26) 460 (3) 40 (15) 
7375 tlver 0.257 14.3 (8) <70 11100 (2) 210 (25) 

7263 B-10 Muscle 0.213 17.6 (1) 65 (6) 192 (3) 103 (3) 
1264 Bone 0.514 0.7 (19) <7 <10 18 (27) 
7265 Stomach cont . 0.208 <4O0 <600 <100 
7266 Viscera 0.214 16.8 (4) <30 2770 (?) 160 (14) 
7267 Skin 0.513 <J <10 30 (41) 

7268 tiver 0.241 17.7 (9) <70 6940 (2) 200 (28) 



Table A-4. (Continued) 

Island 
locator , . b 

Tissue 

Dry/wet 
weiqht 

pCi/kq dry v ie i cM a 

Sample 
ID 

Island 
locator , . b 

Tissue 

Dry/wet 
weiqht (xlO-1) 239»240p i | Am ' " c s 6 0 C0 2 0 ' B I " « P U Other 

Maine: Goatfish - MuUuididit l iys (coot 1 

•1) 

72O0 B-12 Muse I e 0.222 16.6 (1) <.n) 0.05 (41) 86 (6) 430 (2) 195 (2) <0.(16 9 n S r 1.9 (18) 

7201 Bone 0.521 0.8 120) 3.3 (12) 1.5 (11) <10 70 (28) 30 (24) <0.06 9 0 S r 240 (3) 

7202 Stomach cont. 0.203 150 (10) 55 |4I) <500 <ano <400 <1 9 0 S r 700 (57) 

7203 Viscera 0.291 12.1 (5) 264 (1) 143 (5) 100 (34) 3880 (2) 410 (6) 4 (25.) 9 , , S r 79 (8) 

7204 Skin 0.512 7.2 (3) 1.5 (10) l.S (10) 30 (27) 520 (3) 68 (9) <0.1 9 0 S r 107 13) 

7205 l i v e r 0.249 20 (16) <200 8620 (5) 370 (30) 

7206 B-13 Muscle 0.219 
7207 Bone 0.505 3.2 (7) 0.09 (75) 

7208 Stomach cont. . 0.187 25 (37) 9 (40) 25 (30) <500 3500 (29) <400 

7209 Viscera 0.210 18.7 (4) 28 (4) 12 (70) <40 6930 (2) 1010 (4) 1.1 (20) 

7210 Skin 0.537 6.9 (2) 1.90 (3) 20 (37) 540 (3) 220 (6) 0.07 (15) 

7211 Liver 0.230 22 (9) 171 (3) 56 18) •=100 14200 (4) 1080 (9) a.2 (161 

7281 B-17 Muscle 0.229 15.1 (2) 0.32 (23) 0.13 (31) 211 (4) 1150 (2) 990 (2) 0.17 (46) ™Sr 14 (71 

7282 Bone 0.548 0.5 (32) 7.3 (8) 4.< (7) <9 230 (19) 230 (5) 0.7 (30) 9 0 5 r 1000 (2) 

7283 Stomach cont. 0.364 178 (16) 80 (16) <400 5000 (24) C400 <10 9 n S r <300 

7284 Viscera 0.361 8.4 (4) 1690 (4) 130 (4) 346 |10) 6900 (1) 980 (3) 226 (4) TO5r 1000 (3) 

7285 Skin 0.448 5.1 (11) 7.6 (8) 2.1 (8) 60 (31) 1080 (3) 440 (5) 0.8 (30) 9 " s r 610 (3) 

7286 Liver 0.220 17.6 (17) 400 (6) 137 (8) •=200 27400 (1) 2930 (6) 30 (21) 9°Sr 60 (90) 

7311 B-23 Muscle 0.214 18.3 (1) 225 (6) 1800 ( ! ) 2000 (1) 

7312 Bone 0.485 0.5 (27) t l O 710 (3) 480 (3) 
7313 Stomach cont . 0.214 <700 1220O (8) <700 

7314 Viscera 0.217 16.4 (4) 110 (42) 31300 (1) 5690 (2) 
7315 Skin 0.545 6.9 (3) 50 (23) 2640 (2) 1070 (2) 
7316 Liver 0.282 



l ab le A-4. (Continued) 

Sa>»|)lt.' Island . 
10 locator 1 issue" 

Hry /wt 4 n K 
welqht (xlO '"""W 

Flame: 1'arru i t f i sl i - Scarus 

7211? B- 17 Musele 0.2011 w.* m 
7ZJ1U Bone CI.HID 1.42 ( •» 

72119 Stumach c o n t . n . M i 

72911 V i s c e r a n . M « 3 .4 ( S I 

7291 S k i n o .46? 5 . 6 ( 5 ) 

7292 l i v e r 0 . 4 0 1 3 . 8 ( 7 ) 

Name: Snapper -

Bravo Muscle 0.47 (10) 0.15 (15) 

7329 C r a t e r Gone 0 . 6 5 3 1.3 ( B ) 0 . 9 ( 6 ) 4 - 9 ( 5 ) 

7330 Stomach c o n t . 0 . 1 5 3 14 ( 4 2 ) 130 (1(1) 90 (11 ) 

7331 V i s c e r a 0 . 3 4 6 3 .2 ( 4 ) 1 1 . 3 ( 5 ) 0 . 1 ( 7 ) 

7332 S k i n 0 .54 7 6 . 8 ( 5 ) 1 9 . 7 ( 5 ) 12.4 ( 6 ) 

7333 L i v e r 0 . 2 7 7 1 3 . 4 ( 9 ) 16? ( 4 ) 148 ( 6 ) 

7340 U o f Musc le 0 . 2 1 7 18 .5 ( 1 ) 0 . 3 (25 ) < 0 . 1 

7141 B-6 Bone 0 . 6 7 1 1 .0 ( 1 9 ) 1 1 . 9 | 5 ) 

7342 Stomach c o n t . . 0 . 0747 «20 <20 

7143 V i s c e r a 0 . 2 5 7 7 . 8 ( 4 ) 92 ( 4 ) GO ( 1 6 ) 

7344 S k i n 0 . 5 6 8 60 ( 8 ) 

7345 L i v e r 0 . 2 4 7 16 ( 1 0 ) 140 (12 ) 480 120) 

7 346 O f f Musc le 0 .204 2 0 . 7 ( 2 ) 

7347 B-23 Bone 0 .647 1.7 ( 2 2 ) 

7348 Stomaclt c o n t . . O.0915 

7349 V i s c e r a 0 .237 6 , 4 ( 5 ) 1112 ( 3 ) • 78 ( 5 ) 

pCi/kg dry we iqh t a 

67(1 (?) 

2nd 400 ( 2 6 ) <90 

1116 ( 6 ) 290 ( 0 ) iB an 
l f . 3 ( 7 ) 3411 ( 5 ) c'J 

120 ( 1 6 ) 5011 ( 4 ) <10 

0 . 0 4 ( 7 5 | , ) n S r 1.0 ( 2 0 ) 

46 ( 1 7 ) 73 ( 6 5 ) 730 ( 2 ) <.04 , JV 2115 ( 3 ) 

<30O w t i o ( 6 ) 13(10 ( 2 2 ) < l n 9 H S r • l i l l l 

160 ( 9 ) 5460 ( 1 ) 1570 ( ? ) 0 . 4 ( 4 5 ) ' " ' S r < 1 

39(1 ( 5 ) 59(1 ( 4 ) 1640 ( ? ) < 0 . 1 ' J l , 5 r 127 (3) 

700 ( 2 2 ) 127000 ( 1 ) 9370 ( 7 ) 2 . 6 ( 4 1 ) " " S r <20 

?30 ( 4 ) 380 ( 4 ) 50 ( 1 0 ) 

<10 i n n ( i i ) <9 n . 1 4 ( 5 5 ) 

<600 4000 ( 2 4 ) <6|10 

60 ( 2 7 ) 4270 ( 1 ) 60 ( 1 6 ) 1.8 ( 2 5 ) " 3 l t d 90000 ( 2 9 1 

50 ( 4 2 ) <10 <9 2 ( 5 0 ) 

<100 32200 ( 1 ) 660 ( 1 7 ) 6 ( 9 0 ) I13m<. d , . 2 x l 0 6 ( 1 7 ) 

720 ( 3 ) 1010 ( 2 ) 1620 ( 2 ) 

<6 <6 <7 

M 5 0 5600 ( 1 1 ) ' 4 0 0 

200 ( 1 0 ) 8670 ( 1 ) 950 ( 2 ) . 5 . 7 ( 1 2 ) 9 0 S , 1 2 0 ( 7 ) 



Table A-4. (Continued) 

pCi/kq dry weight* 

bomple Island . Dry/wet WK 1 

10 locator Tissue weight (xltV) 

Nome: Snapper - Apr ion (cont.) 

7350 Off 5k In 0.559 3.11 (1?) 
7KI B-23 Liver o.23n Ill (21) 

2.2 (15) ?.!(?•.) inn (16) (170(3) IRQ (6) 
<?cui smno ( l ) (alio (5) 

Name: Jack - Caranx 

73?? Near Kuscle 0.242 18.0 (2) 11160 (2) I HO 12) 500 (2) 
7323 Bravo Done 0.638 1.11(12) 1.6 (311) <IO <20 3 0 ( 3 6 ) 1 . 0 ( 2 3 ) 5 l l S r 9 8 ( 3 ) 
7324 Crater Stomach cont. 0.123 45 (2H) < 700 113110(B) <500 
7325 Viscera 0.209 1 6 . 2 ( 6 ) 54 19) 14 (141 7110(10) 11800 (2 ) 5 7 0 ( 1 1 ) 2 . 7 ( 5 0 ) , 0 S r <3 
7326 Skin 0.517 (1 .6 (65 ) 1 . 3 ( 1 3 ) <0.2 '"hr 1 2 2 ( 7 ) 
7327 Liver 0.228 14 (26) <2I>0 9160 (4) 850 (?0) 

Name: Mackerel - Grammatorcvnus 

7334 4 miles Muscle 0.236 1 9 . 9 ( 1 ) 3 3 4 ( 3 ) 2 2 7 ( 5 ) 1 7 ( 2 5 ) 
7335 « of Bone 0.572 1 . 2 ( 2 0 ) 0 . 6 ( 5 0 ) 0 . 8 ( 3 1 ) <10 4 0 ( 3 0 ) < 1 0 <0.2 " V 36 ( ID) 
7336 8-6 Stomach cont. 0.160 <600 <5(M <500 
7337 Viscera 0.243 1 5 . 5 ( 6 ) 170 (24 ) 2 5 8 0 ( 3 ) 3800(3) '"""Ag 160(16) 

90 
7338 Skin 0.364 11.6 (4) 3.8 (21) 4 (29) 230 (13) 530 (6) < 17 «0.5 Sr <9 
7339 l i v e r 0.285 18 <200 6000 (7) 1600 (12) 

/ Number in parenthesis is the 1 a counting error expressed as percent or ttie value listed. 
1 Viscera sample for all of the 1978 collection includes the stomach but does not include: the stomach contents, intestines or reproductive organs. 



Table A-5. 1980 Fish collections - bikini Atoll 

Island 
locator 

Month 
col lected Common name Sc ient i f i c flume 

rfmiitifM* of 
iculivtduaU 

nonleu/samnle 

Average 
whole hotly 
wet vit 
((jin) 

Average 
standard 
length 

(inn) 

M K]4 ?86 

r •)?! H I 
.1') 15/ 19U 

1 ??6? 500 

W-6 

U-6 
U-6 

September 
September 
September 
September 

Mullet 
N u l M 
Goatf isli 
Snapper 

CreniTHiqil creni latiis 
Crcniimigil c ren iU l i i s 
MillloTdichttiys SiiinoRnsis 
LeU'eriniis fcallopterus 

Male Female 

4 ; 
4 3 

IS I I 



Talile A-6. 191)0 Concentrations of radionucl i clt? s t» fish t issue - Bikini Atol l . 

Island 
Locator Tissue 

liry/Wet 
wei'ilit 

pUAn dry wp iqht a 

Sample 
1U 

Island 
Locator Tissue 

liry/Wet 
wei'ilit (•m 1) I'il ». ' " . : s M C 0 ? l " B i ? "Vv i Oti-.fiT 

Name: Mullet - Crenimuqtl 
ws* m 6-f, Hustle .?(.! 15.1 1?) II.1) (14) 21)0 (31 670 (1) < 3 

373 Hone .51)3 
374 Gizzard Cont. .59? 4.1 (3(1) 
375 Gizzard 0.231 
376 Liver 0.281 
377 latest. Coat. 0.487 3.5 (17) 530 (7) 760 |?) < ?n 
379 Scales 0.611 
380 Skin 0.413 

MSft 008 B-E Muscle 0.256 14.6 (2) 414 (4) 873 873 (3) <5 
849 Bone 0.393 
650 Gizzard Cunt. 0.632 4000 (4) 314 (27) 380 (16) < 60 2? (4) ' " t u 600 (18) 
851 Gizzard 0.212 11.2 (11) 240 (23) 2nno (6) < 60 
85? l iver 0.265 13.5 (19) 720 (2) 29D (40) 10(140 (3) < 100 11 (7) 
853 Viscera 0.368 5.9 (6) 2000 (5) 352 (8) 1840 (2) 37 (30) 10 (5) , M T u 430 (15) 
SS4 Incest. Colt. 0.558 2.5 (20) 418 O i l 699 (5) < 25 ' ^ F u 570 (14) 
855 Scales 0.670 2-5 (9) 50 (34) 557 (3) < 12 
856 Skin 0.412 5.4 (15) 140 (27) 2425 (15) < 33 

Name: Goatfish - rlulloldlchtliys 

MSA 841 8-6 Muscle 0.234 17.0(2) 52 [14) 134 (8) 80 (7) 
642 Bone 0.325 0.8 (40) < 25 91 (25) 
643 Intest. Cont. 0.586 5.1 (35) 213 (2) <I40 340 (37) <1I5 1.1 (13) 
844 Viscera 0.278 7.1 (2) 66 (2) < 19 850 (4) 94 (14) 0.5 (15) 
845 Liver 0.254 15 (17) 138 (3) <180 3118 (8) 1.5 (30) 
84 6 Scales 0.606 3.7 (7) < 15 99 (15) 
847 Skin 0.343 10.2 (10) < 50 352 116) 



Table A-6. (Continued), 

pCi/kq dry weiqlit 3 

Sample Island llry/Het " n K 3 

ID Locator Tissue weiqht (xlo ) 

Name: Snapper - tetlierinus 

USA 164 B-6 Muscle 0.234 
165 Bone 0.540 1.1 (?!)) 
166 St . contents 
167 Viscera 0.262 7.1 (9) 
16B Skin 0.518 7.6 (22) 
169 Liver 0.33U 
182 Huscle 0.234 19.7 (2) <n.O? 
\83 Muscle 19.4 (3) tn.lfi 

B1 (37) 2080 (3) 160 (18) 
<no 132 (40) <60 

301) (8) 160 ()?) 130 |9) 
0.14 150) 270 (10) 150 (26) 150 (10) 

Numbers in parenthesis are the 1 o counting error expressed as percent of listed value, 



Table A-7, 19P1 Fish co l l ec t i ons - Uiicini A t o l l . 

Is land Month 
locator co l lec ted tftilnnori nJme Sc ien t i f i c it dim? 

tVveraqe 
Number nf whole body 

iiuH vidua Is wet wt 
pooled/sample U«i) 

ftveraqe 
standard 
Tenqth 

[ma) Hale Female 

li-1 February Mullet 
B-b February Mullet 
ti-6 February Mullet 
(J-6 February Hullet 
B-U February Mullet 
B-5 February Surgconfish 
U-5 February Goatfish 
a-s February Parrotfish 
Lagoon February Mackerel 

Creniimiqil c rpn i l ah i s 

Crenimuqil c r r i u l a h U 

Creniniuqil c r e t t i l a h l i 

Heomyxus chap ta l i i 

Hcnmyxns chapta l i I 

AcanUmms t r iostoqus 

Mul lo i r i ic t i t l iys Sfliiinfiisis 

Scams snrdidus 

Gramnatorcynns [ t i l l ici^atus 

.11 

44 

711 

911 

1314 

176 

76 

l?fi 

MS 

11U 

3?0 

391 

?17 

231 

114 

I M 

?f7 

410 

1 

0 

?5 

Id 

?2 
1 
0 

1? 

in 
2 



Table A-o. 1981 Concentrations of rad IONIC ltrios tn fi&ii tusno - l i l k tn l A t n l l . 

pCf/kq dry weight 3 

Sample 
ID 

Island 
locator Tissue 

Dry/wet 
weiqlit 

40 K 

(•in1) 2]9>?«n 
Pu 

241. 13 7. Am I s f"Vo ?07 e ( ? W P U 

Name: Mullet - Creniniuqil 
MSB 356 8-1 Muscle 0.?51 13.7 (?) M l (6) 900 (3) R77 (?) <4 0.045 (40) 

357 Uone 0.573 

358 Gizzard cont. (1.305 62011 (?n) < JIIOD 5300 (4(1) <?100 1? (25) 
359 Gizzard ft.21? 
360 Liver 0.?46 
361 Viscera com. 0.191 
362 Viscera 0.?42 
363 Scales n.598 
364 Skin 0.365 

MSA IBS B-5 Muscle 0.284 12.3 (2) 1200 (2) 610 (2) <5 
10? Bone 0.681 O.fl (37) <3 150 (13) <20 
IBS Viscera 0.364 6.4 (4) 1450 (2) 2490 (?) 120 (9) 
189 Scales 0.650 3.7 (6) 300 (6) 290 (5) <9 
190 Skin 0.333 6.0 (13) 990 (6) 1800 (4) <30 
191 Liver 0.249 9 (34) 1200 (23) 25900 (2) <20<1 

MSA 253 6-6 Muscle 0.256 14.? (2) 0.86 (10) 0.14 (10) 234 (4) 510 (2) <4 0.02 (75) 
254 Uone 0.561 0.8 (34) . <20 230 (9) <20 
255 Stomach cont. 0.617 1.5 (24) 4430 (3) 230 (16) 230 (13) 70 (26 ) 25.7 (2) 
256 Viscera 0.379 2.5 (5) 131 (6) 570 (2) 30 (13) 
257 Skin 0.337 B.2 (6) \20 (21) 1110 (4) <20 
258 Scales 0.662 1.5 (4) 20 (20) 199 (3) <4 
259 Liver 0.257 12.4 (13) 700 (15) 15700 (3) 200 (33) 

9.0 ( I I ) 220 (20) 1460 (3) 



Table A.a- (ContinuDd) 

Tissue 
Dry/wet 
weinht 

Sample Island 
ID locator Tissue 

Dry/wet 
weinht (»10 J) ?3<H74«p 

Name: Bullet - Neomyxns 

MSA 41)1 0-6 Muscle 0.2311 11.3 (61 11.97 (4) 
•102 Bone 0.535 0.9 (30) 

409 Liver 0.218 nsn (?| 
"Of, Viscera 0.367 940 ( ) | 

MSA 530 11-13 Muscle 0.265 11.5 (2) 
403 Gizzard cont. 0.S63 221111 ( 1 ) 

405 Gizzard 0.494 won ( i ) 

Hame: Surqeonftsh - Acanthiirus 

MSA 224 0 -5 Kusc le 0.222 14.1 (4) 0.97 (n) 
225 Bone 0.570 
226 Stomach cont. 0.108 12 (35) 4050(2) 
221 Viscera 0.159 17.2 (?) 
228 Skin 0.464 7.3 (10) 
229 Liver 0.306 

Name: G o a t f l s h - Nulloidiclithvs 

MSA 233 D-5 Muscle 0.232 16.5 (2) 1.22 (5) 
234 done 0.491 
235 St. content 0.484 4 (37) 12000 (5) 
236 Viscera 0.269 13 (9) 
237 Scale 0.599 3.2 (10) 
238 Skin 0.312 9.6 (8) 
239 Liver 0.264 12 (22) 

nCi/ki] ilry weiqt i t a 

' i n P i , 

\n (in) 370 (8) <S 
<I5 80 (21) 

14 (lf,| 

7:1 (4) 

43 (14) 171 (8) <i 

19 (4) 
14 (4) 

2640 (2) 

1440 (3) 460 (7) <?0 0.0? (901 
<30 150 (16) <20 

<40ll 57RO (13) <200 154 (3 ) 
1560 (10) 77811 (2) 130 (36) 
500 (12) 470 (4) <30 

<500 11900 (5) 1200 (24) 

0.S6 (6) 360 (51 
<20 
750 (20) 
600 (19) 
<20 
240 (22) 

<20O 

I860 (2) 
870 (6) 

9200 (3) 
21800 (1) 

970 (3) 
3870 (2) 

30900 (2) 

240 (4) 

45 (1) 
500 (18) 
540 (12) 

40 (28) 

120 ( 2 5 ) . 
<200 

0.07 (321 

648 (2) 



Table A-8. (Continued! 

pCi/kq dry weight" 

Sample Island Dry/wet ""K , ?™.?,|0 741 11? SO ?nj )lll_ 
ID locator Tissue might (xlO 3) ™'"%, " \ m

 n ' c s

 6 " c 0

 2 0 , B i " "p„ 

Name: Parrotflsh - Scarus 

MSA 240 B-5 Muscle 0.216 19 .3 (3 ) 1.311(7) 0 . 3 7 ( 1 6 ) 1 0 8 0 ( 4 ) 190(11) <20 0 .04(45) 
241 Bone 0.465 I.R (29) 
242 Sumach cont. 0.429 3 .4 (24) 13200(3) 
243 Viscera 0.491 9.7 (27) 
244 Skin 0.252 IS (16) 
245 Scales 0.532 3.0 (15) 
246 t i»er 0.515 

Name: Mackerel - Graimatorcvnus 

MSA 247 tagoon Muscle 0 236 20.4 (!) 0.09 (35) 
?40 Done 0.465 
250 Viscera 0.253 
251 Skin 0.353 10 (23) 

0.37 (16) 1080 (4) 190 (11) <20 
<30 140 (21) <30 
960 |6) 1570 (4) 120 (231 
1620 (10) 3200 (6) <100 
8M1 (15) 560 (20) <90 
260 (13| 270 (1(1) <20 

<200 1140 (22) <100 

420 (5) 270 (7) 30 (32) 
<90 <90 <70 
<400 4500 (9) <300 
<200 620 (19) <I00 

Number in parenthesis are the 1 o counting error expressed as percent of listed value. 



Table A-9. 1982 Fish co l l od ions - B ik in i Mi l l 1. 

Island 
locator 

Month 
co l lected Cannon n&wa 

U-6 March Mullet 
H-& June Mullet 
U-?? June Ulna 
B-22 September Ulua 

Average Average 
iliimhor of whale body standard 

individuals wet wt length 
St tent W t Tiw-ft iMirtWiWsample \w) b»«) Male Female 

Hnnmyxiit chaptali j 31 199 ??3 
HL'iimyxiii c l i J p t . i l i i 33 ?/ll ?3? 

Caranx melanpynus 1 1070 
Ciran* mnlanpygus 2 ?0?0 flM 

http://cliJpt.il


Table A-10. 1902 Concentrations of ratlionucl irtes in f i sh t issue - n Ik in t M u l K 

Island 
locator Tissue 

Dry/wet 
weight 

pC i/kq dry weinl i t 3 

Sample 
[11 1 

Island 
locator Tissue 

Dry/wet 
weight 

40 r 

(x lO 1 ) 
?39»24npu ™M l 3 7 C s ""CO *>hi " 8 p u 2"Vo 

Name: Mullet - Heomyxus 
MS5 363 B-6 Muscle 0.222 13.6 (2) 1.40 (2) 94 (S) 231 (6) <4 U!« (3} 

361 Bone 0.514 8.7 (3) 99 (17) 0.13 (30) 3B0O (3) 

365 Gizzard cont. 0.535 1620 (2) 600 (20) 11 (11) 1500 (4) 
366 Gizzard 0.222 9.2 (13) <90 340 (19) 

367 Viscera cont, 0.362 3.0 (8) 1440 (2) 600 (13) 720 (14) 240 (9) 40(25) 10.8 (8) 5900 (3) 

368 Viscera 0.278 740 (2) 240 (9) 4.9 (7) 750 (2) 

369 Scale 0.633 

370 Skin 0.359 

371 Liver 0.234 4110 (3) 7.7 (7) 44000 (3) 

MSC 372 B-5 Muscle 0.226 13.2 (2) 300 (3) 590 (2) <4 
373 Bone 0.513 <20 122 (16) 

374 Gizzard cont. 0.338 14 (5) 810 (?4) 1120 (14) 

375 Gizzard 0.224 3.4 (37) 8.2 (10) 510 (15) 1490 (5) 

376 Viscera cont, , 0.248 
377 Viscera 0.241 
378 Scales 0.619 
379 Skin 0.334 5.4 (15) 120 (20) 870(6) 

380 Liver 0.248 



fable A-10. (continued) 

pCi/kq dry *te.q..ta 

Sample Island Ory/wet 
ID locator Tissue weight (x lo ' l '•"•''"'t 

Name: U' lua - caranx 
MSA 967 B-22 Muscle 0.227 20.4 |3) 

968 Skin 0.452 4.3 (1?) 
969 Stomach 1 in. 0.21S 6.8 (7) 
970 Liver 0.265 8.9 (16) 
971 Spleen 0.260 12 (43) 
972 Pyloric caeca I 0.213 fl.7 (11) 
973 Gonad 0.190 7 (40) 
974 Viscera cont. 0.168 
975 Viscera wall 0.236 4.6 (30) 

KSC. 42\ B-22 Muscle 0.22 13.B (?) 
423 Viscera 0.24 
426 Skin 0.29 7.1 (12) 

»w 

w o (4) ?15 [«> 490 (ID) 
330 (12) 330 (10) 230 (11) 
420 (7) 1560 (2) 626 (4) 
240 (40) 36520 (1) 4120 (31 

<300 1000 (9) 8150 (4) 
400 (15) 1700 (4) (170 (5) 
473 (28) 2710 (8) 1610 (10) 

2220 (17) <400 
300 (25) 1740 (12) 1240 (6) 

1640 (2) 246 (5) 166 (5) 

970 (8) 326 (15) 435 (10) 

Numbers in parenthesis are the 1 o counting error expressed as percent of listed valui 



Table A - l l . 1983 Fish co l lec t ion - Bik in i A t o l l . 

Island Month 
Locator CoUectei Cwmon name S t i e n t i f H name 

Average Average 

Ntimhor of wliole tiody standard 
individuals wet wt length 

pooled/sample (qm)* {mm) 

B-l August Mul let 
B-5 August Mul let 
B-1 August Mullet 

B-l August Surgeonfish 
B-l August Surgeonfisb 
B-l August Surgeonfish 
B-5 August Surgeonfish 
B-12 August Surgeonfisli 
B-W August Surgeonfish 
B-) August Goatfish 
B-6 August Goatfislt 
B-6 August Goatfish 
0-6 August Goatfish 
8-12 August Goatfish 

Crenimugil crenilal>is 
Crenimugil creni labis 
Heomyxus c l iaptaln 
Ac ant hums trinstegus 
ftcanthurus t r i tn tcg i is 
ftcanthurus tr io' i tgi j i is 
Acanthiirus tr iostegus 
Acanthurus triosteqits 
Acanthurus triostequs 
Mulloidichthys samoensis 
Hulloidichthys samoensis 
Mulloidichthys samnensis 
Hulloidichthys samoensis 
Mulloldlctithys samoensis1' 

I I 
<i 
S 

3D 

3? 

6 

6 

70 
II 

7 
5 
5 
6 

1!19 203 4 
716 

2?5 
133 n 
l i f t 17 
113 

1?3 

M9 
181 
203 
103 

Not determined for a l l samples. 



UUX* ft-U . \9B! I tcnt£Yj\ra l ions of rad! ioniicnil«s tn ns l i t issue - R H i n i A t o l l . 

p f i / k i j dry weiqht 

sample 
ID 

I$laiHl v 

locator Tissuo 
Dry/wpt 
weight d in 1 ) " , , , : " 1 , V „ >"r., fi,Vn ? 0 7 n i 

? 3 l k ?'°ph •"%, 7 "Vo 

N ame; Mullet -• Creniinin]i 1 

HSG Sfi) B-1 Muscle f).?20 14.9 13) I I .? ; (19) S40 (?) 311) |?fi) <3 1611 (.1) 
569 Viscera 0.230 12.9 (6) r,60 (») 7110 (5) 

MSH 117 e-i Liver 110 (13) o'.n (71 3IUK1 (5) 

HSII 115 11-5 Muscle <3 1W. 13) 
DO l i ue r MO (?n) MOO (3) 

Name: Mullet - Neoroyxus 

HSH 113 B-l Muscle 36 (6) ?00 (HI ?|10 (3) 

116 Liver 1330 I3> 75(iri (4) lnann ( l ) 

Name: Surqeonfish - Acanthurus 

MSG 516 B-l Muscle 0.224 16.0 (2) 

517 Skin 0.348 8.2 (7) 
518 Viscera 0.102 12.4 (5) 
519 Liver 0.205 <10 
520 Stomach cont . 0.146 <20 

MSG 521 B-l Muscle 0.222 14.9 (2) 0.60 (! 
524 Viscera 0.192 13.a (>) 396 (1] 
526 Stomach cont . 0.147 12(10(2) 
527 Intest. cont. 0.154 <30 1840 (I) 
522 Bone 0.499 <30 110 (20) 
523 Skin 0.340 6.B (12) <m (S) 230 (2M 

2060 (1) 150 (6) 17 (31) 
840 (5) 340(B) <30 

1210 ( 3 | 2000 (2) 240 (9) 
800 (35) 4200 (8) 1700 (17) 

2200 (3) 

1830 (2) 200 (7) <10 0.006 (42) 

1400 <M 2170 (3) 1BO <1») 3.6 (6) 
8 (32) 

2800 (35) 3600 (22) 17 (12) 



laMe A-)?. (Continued) 

p l l / lq dry weight 

Sample Inland HrWwst , n v. 
iocator Tissue weight (xlO ) 

1. 2W?40„. ?0?B i ?3Sr,u ?lt 

Surqeonfish - Acanthurus (cont'd) 

HStl 124 B-l Muscle 

121 Liver 
MSG 666 Bone 

HSU 123 B-5 MuseID 
120 Liver 

MSG 665 Bone 

HSII 126 B-12 Muscle 
MSG 661 Bone 

403 Stomach Coot. 

7 (20) 71) |3n) ?6 (3) 
1220 (6) MID (9) 2150 (3) 
2120 (3) 3O20 (1) 

<4? (R) 12D |?n) 20R (3) 
3550 (3) 16(100 (7) 23noa ( i ) 
3IHD (3) 1261) (1) 

10 (5) 50 | I M 34 (3) 
1510 (3) 4170 (1) 

179 (31 4600 (1) 

M5G-621 8-17 Muscle 0.207 16.6 (2) 
615 Liver O.209 16 (30) 

616 Viscera 0.174 11 (17| 

Name: Goatfish . Mulloidiciithys 

MSG 576 B-l Muscle 0.226 21.1 (4) 
581 Viscera 0.210 12 (36) 

MSH 135 Liver 

210 (6) 31 (25) 
• <300 900 (31) 

230 (40) 500 (20) 

720 (6) 800 (4) 
<300 14700 (3) 

4300 (4) 
5200 (4) 

340 (3) 24100 (1) 



Tabic A-1?. (Continued) 

\i\'MV\\ dry wef(ihta 

Sample Island llry/wet H ^ 
10 locator Tissue weight (xW ] n% 

Name: CDatflsli - Miilloidichthy!, (cont'd) 

Mill 136 H-6 Muscle 
use ao\ uiine 

an? Bone 

mi, U6 8-6 Muscle 
MSB 803 Bone 

004 Bone 

HSn 130 B-6 Muscle 
MSB 005 Bone 

806 Bone 

MSB 130 B-12 Muscle 
MSB 490 Liver 

603 Bone 
488 Intest. cont. 
489 [ntest. cont. 
487 Intestine 

.1 «'.) 

1 (30) 

i?nn (3) 
o/o (i) 
790 (3) 
80 (?5) 

m) in) 
1/3" (31 
7461) (3) 

170 (il) 
11811 (J) 
4430 (31 

•i«a O ) 
ma (3i 
4161) (3) 

6110 (S) 
?simo I D 

1410 ( ) ) 
59000 (1) 

145000 (1) 
5000 (3) 

Numbers In parenthesis are the 1 a counting error expressed as percent of listed value. 



Idblo ft-13. 19M Fish col lect ions - l l i k i n i A t o l l . 

locator 
Hor.th 
Collected Scientific n.n 

II-1? 
B-W 
U-6 
B-6 
li-1 
B-12 
B- l 
B - l 
B - l 
B - l 

September 
September 
September 
September 
September 
September 
September 
Septemher 
September 
September 
September 

M u l l e t 
Mullet 
Mullet 
Godtfish 
Goatrisii 
Goatf isli 
Ggatflsh 
Kainbnw Runner 
Snapper 
Uniiitn 
Ulna 

t._rj*" inniii i_L i r i^ i l ' i 'L l i 
tleoniymis rJ'«2{lL*liU 
Ncnmymn c[n)ji_tji_U_i_ 
Mulloti l icl it l iy^ SJtniien^i'; 
Mulloidir.iitl iys ^.vnjimisi^ 
Miil lotdiclithys t .unpens is 
HiiHoifUclitttys ijiimcjnsis, 
Elanatis ^£. 
Lethrimis kaUupterns 
Euthynnus atf intts 
Cardnx sg,. 

Avprane Averaqe 
Number of whole bmly standard 

unnled/sample (5111) (rim) Male f e m a l e 

1? nnn 3?6 
35 ?w ?3I 
31 194 ?111 
?f. 9? 167 
5!l 49 IIS 

7? 134 1H7 
13 134 ITO 

1 1SI6 551 
1 ?•>?? 5?'J 
1 11?9 455 
n 15R? 430 



Taule A-14. llJ04 Canceutratmiis of i^Uouucl wU"> U\ ft\, l i t issue - RiVin 

Sample Island Uiy/hf t 4<V , 
11) lucator Tissue winiilii ( x l f l J ) 

Name: MulU-t - Oenitmnji I 

M J 734 ll-ft Muscle «.;''U> 16.0(1) 

Name: Mullet - fleomyxus 

H5J 70fl 8-12 Muscle n,?14 
709 Stomach cont. 0.3<J? l.f l (36) 

HSJ 730 B-17 Muscle 0.242 12.3 (?) 

731 Stomach cent. 0.465 

Nairn*: ooatfistt - MutlordlcltUiyj 

MSJ420G-6 Muscle 0.226 19.) (?) 0,30 (12) 

Muscle 0.232 18.2 (2) 0.(5 (17) 

Muscle 0.229 
Stomach cant. 0.545 

HbJ 422 B- 6 

MSJ 706 B-•1 
707 

HSJ 415 B. • 1 2 

416 
Muscle 0.21B 20.9 (2) 0.14 (17) 
Stomach cont. 0.395 

Name: Rainbow Runner - Elaqatis 

MSJ 291 B.l Muscle 0.226 19.7 (2) 0.09 (16) 

(10 (36) 

b? (13) 16B (7| 
?B0 (?1> 11" (261 

07 (16) 150 (10) 190 (6) D.02 (70) 2300 (5) 

51 (?4) Ud («) 140 (I) '1HD I D 

1500 (22) 140(10 (3) 21600 (?) 

92 (18) 110 (lfl) 220 (7) 4300 (3) 

200 (8) 190 (11) <20 3WI (3) 



TaUle A-ia.. (Continued) 

pCt/kg dry wpiqhl* 

Sample Island Ury /w t J°J , m<?ii).^ ? i ) \V. 6 0 f n 20? n , 2 3 V , ?\%n 

ID locator Tissue weight U l ( l ] P« km i s to HI vu Co 

Name: Snapper - Lethrlims 

HS.I 292 B-1 Hu«cl< 0.2'jJ 19,4 (?.} n.dfi (11) Win (3) i ;o ((1] 13(1 (fl) 33? ( t ) 

Name: Uonito - Euthynnus 

MSJ ?93 B-1 MuSCle Q.3I12 13.1 (A) 0.2? (H) W<) (3) 66" (3) 590 (2) 3100 (1) 

Name; Ulua - Carann 

HSJ 291 8-1 Hu«cl« 0 . 2 « W - M M fl.23 \Wi ?90 (?) 400(2) 160(2) 431)0 (?) 

Numbers in parenthosts are the 1 d counting errur expressed as percent of l i s ted value. 


