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1. INTRODUCTION

A radiological survey was conducted from September through November of

1978 to assess the concentrations  of persistent man-made radionuclides in the

terrestrial and marine environments  of 11 atolls and 2 islands of the Northern

Marshall Islands. The atolls and islands include Rongelap, Utirik, Taka,

Bikar, Rongerik, Ailinginae, Likiep, Jemo, Ailuk, Mejet, Wotho, Ujelang and

Bikini. Concentrations  of radionuclides  on specific islands of Bikini Atoll

have been well documented.1'4 However, little radiological information is

available for the remainder of the atoll or for other atolls that were

considered  most likely to have received fallout from nuclear tests conducted

at the Pacific Proving Grounds between 1946 and 1958.

map

logi

The survey consisted, in part, of an aerial radiological reconnaissance  to

the external gamma-ray exposure rates over the islands of each atoll. The

stic support for the entire survey was designed to accomodate this

operation. As a secondary phase of the survey, shore parties collected

appropriate  terrestrial and marine samples to assess the radiological dose

from pertinent food chains to individuals residing on the atolls, or who may

in the future reside on some of the presently uninhabited atolls, or who may

now collect food from these atolls.

Over 4000 terrestrial and marine samples were collected for radionuclide

analysis from 76 different islands. Soils, vegetation, indigenous animals,

and cistern and groundwater were collected from the islands. Reef fish,

pelagic species, clams, lagoon water, and sediments were obtained from the

lagoons.

.
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A considerable  amount of radionuclide concentration data has been

* doses via the marine food pathway.

Other reports in the series planned, include a description of our
I

analytical quality-control  program, coordinated  by Dr. C. D. Jennings of the

Western Oregon State College, and radionuclide  concentrations  in components  of

the terrestria 1 environment. Some reports will contain the analytical results

and dose assessments for individual atolls while others will contain results

from several atolls. In addition, some of the results are being planned for

publication  in international scientific journals. The final report will

include assessment of the total dose from the major exposure pathways from

external gamma, ingestion from food chains and inhalation.

Provided herein (except for Bikini Atoll) are all available concentration

generated from the analysis of these samples. Results from different phases

of the program will appear in separate reports. In the first report5 of the

UCRL Series - 52853, the general operation  of the survey is described. The

second report' summarizes the radionuclide  concentrations  in cistern water

and groundwater  and the radiological dose assessment from ingestion of water

from atoll supplies. Part 37 summarizes the average concentrations  measured

in fish and clam muscle tissue and provides an estimate of the radiological

data for 137Cs, "Sr, 23g+240Pu, 238Pu, 241Am as well as naturally

occurring 40K and other gamma emitting radionuclides  in tissues and organs

of different species of fish collected  from the atolls. The results in this

report were used to prepare UCRL-52853, Part III. Results from Bikini Atoll

will appear in a separate report.



2. FISH COLLECTIONS

a. Collection Method

Throw nets were used exclusively to catch reef fish at the atolls. Large

pelagic and benthic fish were collected in the lagoons on sport fishing gear,

using feathered jigs and baited hooks. The fish were returned to the research

vessel, segregated by species, placed in plastic bags and frozen. The samples

were shipped frozen to LLNL for storage and eventual processing.

b. Species Collected, Feeding Habits and Trophic Level Relationships

The principal species were collected based on the following reasons: they

are commonly eaten by the Marshallese; relatively  abundant at all atolls; have

different  feeding habits; and for some, represent species for which previous

radiological data was available at Enewetak and Bikini for comparison. It was

not always possible to obtain a sufficient number of the same species at every

location because of lack of time, unavailability  of a species at certain

times, wrong tidal conditions for sampling, and depletion of some species from

overfishing at inhabited  atolls. Mullet Crenimugil crenilabis and Neomyxus

chaptalii are herbivorous and detrital feeders that ingest considerable

quantities of bottom sediment along with food. Convict surgeonfish Acanthurus

triostegus  are herbivorous browsers feeding on small algal fronds and

filamentous  algae that grow on reef rock or.'
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on the base of dead coral. The unicornfish  Naso lituratus,  also a herbivore,

browses on larger seaweed growing on sandy and rocky areas. Rabbitfish

Siganus rostratus are herbivorous browsers but will occasionally feed on

fleshy items found in garbage dump areas. Rudderfish Kyphosus cinerascens  are

strictly herbivorous browsers. All of the above fish belong 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 belongs to the third trophic level.8
.

Threadfin Polydactylus sexfilis feed strictly on benthonic fauna and also'

il belong to the third trophic level. Parrotfish  Scarus sordidus are common

reef-dwelling, grazing omnivores feeding on live coral heads and occasional

algae. Parrotfish are in the fourth trophic level.*

Larger benthic, midwater, and surface carnivores

collected from the lagoons. Grouper Epinephelus  sp.

the third trophic level8 that feed on small fish and

Caranx melampygus and Elegatis bipinnulatus  (rainbow

were also occasionally

are benthic carnivores of

invertebrates. Jacks

runner) are fast swimming

carnivores  that feed on small fish and squid. Elegatis bipinnulatus  may

occasionally eat swimming crustacea. Jacks are in the fourth trophic

level.8 Snappers Aprion virescens (grey snapper) and Lutjanus bohar (red

snapper) are hovering midwater-to-surface carnivores. Another snapper

Letherinus kallopterus (pigfish) is a bottom dweller feeding primarily on

benthonic  crustacea.8 Tuna , Thunnus albacares, Gymnosarda  nuda, Euthynnus

affinis (bonito) and mackerel Grammatorcynus billineatus  are large, rapid

swimming carnivores feeding on small fish and any other prey of proper size.

They represent species of the fifth trophic level.8
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3. SAMPLE PROCESSING AND ANALYSIS

The fish samples from each location within an atoll were numerically

counted and partially thawed in the laboratory. The total weight and standard

length or fork length and sex of each fish was recorded and the average weight

and length for each pooled sample was determined. Each fish was dissected

into muscle tissue, bone (cranial and thoracic, vertebrae and ribs, pelvic and

pectoral girdle), skin and scales (fins discarded), stomach contents,  liver,

and viscera. The viscera included large and small intestine with contents,

stomach wall, spleen, kidney, and mesenteries. Each separate tissue and organ

of the species from the same catch was pooled. Gills were separated from the

fish but not analyzed. Our experience prior to 1978 showed the gills of reef

fish sometimes were contaminated  with sediment. Since the gills are not

usually eaten and any probable contamination  from occluded sediment would

overshadow any useful scientific information, we excluded the gills from

analysis. After the wet weight was determined, each tissue sample was dried

in ovens at 90°C to constant dry weight, and dry ashed (for approximately 72

hrs.) in muffle furnaces at 45OOC.

Samples were transferred to aluminum containers, sealed, and analysed by

gamma spectrometry. Gamma-spectrometry  measurements  were made on all

separated samples at Lawrence Livermore National Laboratory (LLNL) using a

variety of Ge(Li)-diode detector systems. Counting times were usually 1000

minutes or longer for each sample. A general-purpose  computer program called

GAMANAL was used for the data reduction of all generated spectra. The program

searches a library of long-lived products of nuclear explosions, activation

products and naturally occurring radionuclides  in order to identify

radionuclides  from any observed photopeak in the gamma spectra. It also

.

.
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generates an upper-limit amount of specific radionuclides  based on those

spectra regions where signals would be seen if the radionuclides  were present

in detectable quantities. A more complete description of the gamma equipment

used, calibration, sensitivity  of detection, uncertainties and methods for

setting upper limits is given in NVO-140.'

After gamma analysis the samples were either sent to a contractor

laboratory  or retained at LLNL for radiochemical  separations of

238y23gT240Pu,  241Am, "Sr and 137Cs. Except for 137Cs, these are

nuclides that can not be detected by gamma spectrometry and that are judged to

be of potential significance for the dose assessment. 137
Cs was

radiochemically  separated from muscle tissue and analyzed to confirm the

measurements made by gamma spectrometry  which in turn provided a useful

inter-laboratory  calibration for quality control based on identification  of a

radionuclide  by two independent analytical methods. Separation techniques

used at LLNL are published" and those used by the contractor  lab are

summarized  in NVO-140.' A number of coded duplicates, blanks and standard

samples were included with the regular samples analyzed at LLNL and at the

contractor  laboratory. All available quality control results for the marine

samples demonstrated  that the analytical performance  was extremely good. A

full discussion of all the quality control data for the 1978 survey results is

in preparation. 11
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4. RESULTS

The percentages of organ or tissue to whole body fresh weight were

determined for several species indigenous to the atolls and are given in

Table 1. This table, along with the radionuclide  concentrations, permits one

to calculate concentrations  in any desired assemblage of fish tissues. In

Tables 2-25, pertinent collection  information (such as: islands sampled at

each atoll, names of fish, numbers of male and females pooled per sample,

average whole body weights and standard lengths) is first tabulated for each

atoll and then followed by a table of the radionuclide  concentrations  in the

separated tissues and organs. The data are arranged by atoll in alphabetical

order. The location of the island sampled within an atoll (island locator

number) can be found by referring to the maps of the atolls provided in

UCRL-52853, Part l.5

Estimated maximum whole body dose rates computed from these results for

individuals consuming 200 gramsof fish flesh daily range from 0.028 mrem/yr

at Mejit to about 0.1 mrem/yr at Rongelap; the bone marrow dose rate range

from 0.024 at Mejit to 0.12 mrem/yr at Rongelap'. These annual dose rates

can be compared for perspective to the current U.S. Federal guidelines for

whole body and bone marrow of 500 mremlyr for an individual and 170 mrem/yr

for a population average.

-8-

“_,
i . :



5. DISCUSSION

Radionuclide  concentrations  in muscle tissue are summarized in Tables 26

e
and 27 from the results in Tables 2-25 to show average concentration  in the

different  fish species from each atoll. Inspection of these tables shows that

. 90
concentrations  of Sr in muscle tissue are very low (for the most part

being undetectable  in many of the samples analyzed) and that there is little

difference  in the average concentration  in muscle from the different fish from

, all atolls. This is not the case for 137
Cs and

239+240pu*
Concentrations

of 23gt240Pu in second trophic level species (mullet and surgeonfish) from

Rongelap also differ significantly  from concentrations  in,these species from

1s.the other atol

At all ato

concentrations

11s the muscle tissue of all reef species contain higher

of 239+240Pu than the amounts found associated with muscle

from pelagic lagoon fish. The regularities  and differences that the results

provide with respect to tissue distributions,  trophic level relationships,

feeding habits and environmental concentrations of the transuranics  has been

discussed. 12 The food chain behavior of 23g+240Pu does not parallel that

of 137cs . Where the flesh of mullet are found to have highest levels of Pu

among all species analyzed, 137Cs concentrations are lowest in the flesh of

the bottom feeding fish such as mullet and goatfish at all atolls. Also

unlike 239+240 Pu, highest average concentrations of '37Cs are found in the

muscle of the pelagic fish. A full discussion  of the 137Cs concentrations

-9-



in fish and how these relate to environmental and biological factors is in

preparation. It is sufficient to point out herein that 137Cs and

2 39+240 Pu is accumulated in higher concentrations  in some species than in

others and this observation relates to the capacity individual species of fish

have to accumulate these radionuclides  from the environment.

Recent measurements  of radionuclide  concentrations  in fish flesh and other

marine dietary items from a variety of national and international  sources are

summarized in Tables 28 and 29. Several obvious generalizations  can be made

by comparing  these independent results to the analysis of fish flesh

concentrations  from the Marshall Islands. The average concentrations of

90Sr in the flesh of any species from the atolls fall within the range of

consumed as food in the United States

and Japan.

The "Sr is approximately  2 to 3 t imes less in fish from the atolls than

the average "Sr concentration  found in fish products imported to the United

States for consumption. Average '37Cs concentrations  shown in Tables 26 and

concentrations  found in fish typically

27 are also within the range of levels associated with U.S. dietary marine

foods and are significantly  less than concentrations  encountered with many

commercial fish consumed in the United Kingdom. Except at Rongelap,

concentrations  of 137Cs in mullet are generally lower than the concentration

presently detected in the flesh of another species of mullet from the east

coast of the United States. Except for the second trophic level fish from

Rongelap, 239+240 Pu levels in fish are also comparable to concentrations  in

- 10 -



similar types of species consumed in the United States. Concentrations  in

mullet and surgeonfish from Rongelap are lower than average levels in pelagic

fish consumed in the United Kingdom.

Plutonium and americium concentrations  are somewhat higher in the flesh of

fish collected at some atolls than levels expected in muscle tissue of fish

feeding in global fallout contaminated  environments.  The source of these

radionuclides, in addition to global fallout, is the residual material which

was deposited in the lagoon sediments during the test years. The transuranics

are now remobilized to the water column and entering the marine food

chains. 12 However, the estimated doses from Pu and Am are a very small

fraction of the estimated total doses via the marine pathway which in turn are

only a small fraction of the current guidelines. 7

An individual in the United States consuming  200 gms of marine fish per

day (the consumption rate used for dose computations in the Marshall Islands)

containing  radionuclide concentrations  typically found in the U.S. marine

dietary items, would receive a radiological dose very similar to the dose for

residents at Rongelap,  Utirik, Ailuk, Likiep, Mejit, Wotho and Ujelang from

the marine food chain.
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