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pCi/g wet for raGl~LC)~.ldC~.~.C~d$~ in .;oocl.ikem:~ collected i.n 1969 ~vere:

60 90 13”) 6CC0
reef fish, CO–2.6, SL--.o&r Cs--.l3; ~~elagic fish, --94;

60 ~@ 60
spiny lobster, CO–.12; ‘_Ji.arlt Clarlls, (20–24 ; curlews, co_.g<-1
137 60 i37 .. 60 137

CS–380 ; turnstones, co–7.’l, ~’— J<.; terns, Co–1.1, C~–_08W

Average concentrations of
90

Sr i.n th~ muscle of c:oconut cra’bs from

Bikini and Eneu Islands ‘.”~~re12 pCi/g wet and .05 pCi/g wet,

respectively. Tlnere al-e no striking cliff-ererices between average

compared with values reported in 1.967. :?~-edov.inant radionuclides
~~ ;2G 65 9Q 125s=

in undisturbed soils in i969 are :.’,J C~o,r Zn , 1 r
137 207._i

Cs and In the crater sedii~.ent~;55~c , 60C0, 90sr, and.

207 Bi predominate. There are qu.antit; ut.;.v~ and qualitative differ–

ences in radionuclide cor.te,n-tassoci~r~ed ;~ith the feeding habit of

fish and there appears to “be afi iricCeaSing concentration of some

radi-onuclides with increasing age of fish and clams. The radio-

nuclide content of ‘oird species presents a sharp con~raskl ~0’~h

qualitatively and quantitutivel.y, associated with feeding habit.

It appears that some
60 207

Co and Bi is being transported eastward

by the bottom current in the lagoon. Silver–108m, previously

unreported in fallout, was found in the “nepatopancreas of the

spiny lobster. Tritium levels in groundwater are wit-bin the range

of values for continental surface water samples. The present

levels of radionuclides and their distribution at Bikini are not

likely to change significantly except for decrease in amounts,due

to physical decay.
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IN’I’XODUCTION

Bikini f~tol.1;V. JS a site for atmospheric testc. of r:uclc:lr

devices from 1946 to 195S. The population of 165 Bikinians ‘#iaS

moved from the atoll. in Marcht 1946, first to Rongerik Atoll,

then to Kwajalein Atoll; in November, 19~-8, the Eikini. people

moved to Kili Isla P.d. The land area at Ki.li is about one–tent’n

t’nat at 13i-k.iniAtoll and there is no l.aqosn. Therefore, dccess

to Kili. is difficult, 0fkC313 impossible, and seafoods are scarce.

The results of a radiological res~:rvey of ‘BilkiP.i in 1964

by the University of Wash.incjton’s Laboratory of Radj.atior, Eiolo>y

indicated t’rmt 13i’kinimig’ht ‘be radioloq.ically sate for permailent

habitation (lJelander, 1967; Nelander et al.,1967). A request

fro~l the High Commissioner of the Trust Territories of tb.e

Pacific to tine 14tomic Energy Commission in 1966 to rehabilitate

Bikini resulted in an extensive survey of the atoll in t-he

spring of 1967. This survey emphasized external radiation

measurements, including in situ gamma-ray spectrometry, alt”nough.—

some food items were collected to supplement data from. the 1964

survey. The 1967 survey party included personnel from the

Atomic Energy Commission’s Health

l)~vi.sion of Bi-olocjy and Medicine,

and Safety Laboratory, the

the U. S. Naval Rad~ological

$4’J.2L=..%I ii%,/.
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mfen:; c l)~hora-i-.o]:y, the Trus-L ‘Territory, and the University

of ‘dashing::on.

‘lM(! d,atd ‘.’/L:rc :;ummarizcd by 131~Y1and were presented to a

panel of” [;:.:pcz-t;:;‘1:;!<t‘1;1-13lcd by DFJI$’I;(”or,,va].~l:~~i~nOf potential

radiological ha:<~~rds. Mos-t of the participants in the 1967

survey attended t’he presentation to provide details not included

in the summary.

The panel. concluded that Bikini could be safely reoccupied,

but recommended some restrictions and suggested things to be

done to rehabilitate the atoll. These included restriction of

coconut cza-bs f~om the diet, because they contain high concen-

90~r
trations of , and. covering t-ne village acea at Bikini Island

with coral gravel from the beaches, which is consistent with local

custom and proy~icies a shield against radiation from the soil.

The panel also recommended that old structures and other such

debris from -k’hetests be removed from the islands and beaches

and that the island be further monitored during the cleanup.

Additional monitoring was necessary because dense vegetation on

Bikini and Eneu Islets, especially, made it impractical to

survey more than a few transects across the islands in 1967.

The panel’s recommendations were made to the Chairman of

the Atomic Energy Commission,who informed the Secretary of the

Interior, the administrator for the Trust Territory of the

Pacific.
. .
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the clea~]–up portion of the rehabilitation program, which was

carried out under guidelines approved by the AEC Division of

Operational Safety. ilt the request of NT700, the U. S. Public

Health Service took the responsibility for external radiation

measurements, and for the collection and analysis of those land

plants that are food items; the U of W Laboratory of Radiation

Ecology was asti.edto sample and analyze other biological and

environmental samples in 1969. Additional samples were collected

in 1970, with the emphasis on air filters and soil samples. The

former were analyzed and reported by the U.S. PHS (SWRHL-lllr).

This report presents the results of the Laboratory’s analyses.

SELECTION OF SAMPLES AND SAMPLING SITES

The sampling program was based on the objective of ob-

taining data for evaluation of potential radiological hazards

to man. The samples were limited, for the most part, to things

that might be eaten by returning Bikinians, except for land

plants. Additional samples, for example soils, crater sediments

and groundwater, were taken to provide data for estimating the

future distribution and amounts of radionuclides in the biota.
. .

The fish collected are in two main categories: the reef

fish and the pelagic or “troll-caught” fish.
‘ s&’~QA~wX@;,;$

The ree’ff$ ne~.--—–-..-
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Of the ]morc th::n 700 :;pecies of reef fis’nes at Bikini Akol.1,

we seleci-ed &hrI~e species commonly c~t:en by “the Marsh allese anc~

representative of Lhrcc feeding ha~].its: the mullet, * a plank-ton

feeder; the cGi~vict surgconfis’n, a grazing herbivore; and the

goatf ish , a bottom-feeclin.g carnivore . The specific radionuclides

found in fish and their concentrations are often associated with

feeding habit; ‘hence this was a necessary consideration in

selecting samples representative of the kinds of fish that

be eaten when the Eikinians return. .> fourth kind of reef

would

fish,

groupers, was also collected as representative of the higher

order carnivores.

The trol~–caugklt fis-hes are all ;~ig”h–order carnivores and

fall into two broad subcategories: resident lagoon fish, ulua

and dogtooth tuna, and migratory fish, yellor~fin tuna. All were

caught in or near Eneu Pass. Bikinians who were part of the

clean-up crew cut filets.from the yellowfin tuna and preserved

them by salting. They said tuna is one

and, presumably, would fish for tuna if

The invertebrates sampled were the

of their favorite fish

they return to Bikini.

spiny lobsters (langouste) ,

coconut crab and “giant” clams (Tridacna sp., and Hipp opus

hippopus). Some of the species of Tridacna never exceed a few

*
For a list of common names and scientific names,- s,ee r
Table 20. . .
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ccnLilr[c!L(.’rsj.]~11.:n:jth,an(l only the sma l.ler species were found

in tl)c vicinity of- Nam (Charlie) Tslet. The larger species

In response! to a special request to check the levels of

radioactivity at Aerokoj Islet, received during the survey, the

land hermit crab,
90~r

a known concentrator of , was collected.

Since coconut crabs are botln an indicator organism and a food

item, they would have been sampled instead of hermit crabs, but

coconut crabs were not found on Aerokoj.

Thousands of terns nest at Bikini Atoll, mostly on the

western islets. Both the birds and their eggs will be used as

food . The terns almost always feed at sea, outside the lagoon

or reefs. On the other hand, t-he curlews and turnstones feed

alonq the shores and on the reef, and the curlew also eats the

seeds of an endemic shrub, Scaevola serica, or the beach magnolia.

Althoug-h tune curlews and turnstones are transients and are

present in small numbers, at most a few hundred, they contain

the highest levels of radionuclides among the birds- Curlews,

turnstones, noddy terns, and fairy terns were sampled.

Rats are not used as food but they are the only mammal

living on the atoll, and a few were taken to determine their

radionucliae content.

Groundwatcr was collected by driving half–inch pipe with

well points into the soil. The well-point sites “on Bikini and



Encman Is land:.;wcJ:c in areas found to be the most radioactive

by the U. S. Pul~lic Health Service personnel. q On Nam 1. the

well point was driven in a low area near the center of the

island. Existing wells were sampled at Eneu. Attempts to obtain

groundwater at Aeroko-j were unsuccessful. Water samples were

collected from existing wells at Eneu I. and from the cisterns

constructed at Bikini 1. in 1969.

In 1969, soil samples were taken by one-inch depth i.ncre–

ments to depths of ten inches or more near each well point.

All depth increments for two sets of samples from Eneman were

analyzed but only t-he surface one inch

were analyzed. In addition to samples

well points, surface samples also were

of other sets of samples

from soil pits at the

taken at Aomen and Oroken.

Sediments from the Bravo Crater were taken by dredge from depths

of 40, 1.20, 140, 160 and 190 feet.

In 1970, composite soil samples were taken to a depth of

one inch from undisturbed and disturbed areas along rows shown

in Fig. 1 at Bikini I. and on representative transects east

and west of the air strip at Eneu I. (Fig. 2 ). The subsamples

combined in each composite sample were taken at intervals of

100 paces with coring devices of 3.5 inches diameter and one-inch

depth. One north–south transect and one east-west transect were

resampled and the subszimples were retained and analyzed indi-
. .

vidually to indicate the variability between subsamples. Samples

from soil profiles were taken at well points 1, 4, and 5.
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ANALYTICAL MET11ODS

Gamma –l<ay Spectronetr~—. —— —

Al]. of the samples were analyzed by gamma-ray sp@ctrometry -

They were countccl for at least 100 minutes with a 3 x 3–inch

NaI(Tl) crystal used in conjunction with a 256-channel analyzer.

Selected samples were counted for 1,000 minutes, either with a

3 x 3-inch detector or a detector system consktingof two opposing “

5 x 5-inch crys-iial~ operating as a summing spectrometer.

Most of the biological samples were oven dried, ground and

compressed in polyvinyl chloride (PVC) pipe to. a volume resulting

in a density of 1.0. Small samples, spiny lobster

for example, were ashed, dissolved in hydrochloric

hepatopancreas

acid, and

sealed in PVC pipe. Oven–dried soil samples were compressed to

a density of 1.35 in PVC pipe.

Spectrum resolution was done by Schonfeld’s (1965) method

of least squares. A set of previously prepared reference spectra

for the different geometries and radionuclides was used. All

values were corrected for decay to the date of collection. The

error given for individual values is the 95% error.

Strontium-90 Analy~es

Strontium–90 was determined by measuring the equilibrium

90
concentration of its Y daughter. Yttrium-90 was separated

by solvent extraction and precipitation techniques (Petrow,1965),
.-

with stable yttrium serving as both a carrie”r and a yield de-

-----
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Iron-!;5 Analyses—.

IL-OIA-55VJaS sc:paratecl and purified ‘by a co.:~i-n”a~~~~l Of

solvent extraction and el.ectrodeposition techniques (Palmer and

Beaslcy, 1967) . Recoveries generally exceeded 90%. Counting

was done by X–ray spectroscopy with a proportional counter in

conjunction v;ith a multichannel analyzer.

Bismuth-207 Analyses

were

used

The solvent extraction techniques of Sill and Willis (1965)

207Bi
used for separating and purifying . Bismuth-212 was

as a yield determinant.

Plu’coniurh-238, 239 Analyses

Plutonium-238, 239 was separated by a combination of solvent

extraction a-nilanion exchange techniques (YlcCowan and Larsen,

1960; Kressin and Waterbury, 1962), with electrodeposition as

the final step in the separation. Plutonium-236* was used to

determine yield. A quantitative separation of plutonium from

the corallire soils and sediments is exceptionally difficult and

236
it is therefore essential that Pu be

nant and that counting be done by alpha

Tritium Ailalvses

used as a yield

spectrometry.

determi–

Well water samples were measured for tritium content by a

liquid scintillation technique with a minimum level of detection

of 200 tritium units.

* Provided by the USAEC Health and Safety Laboratory, New York.
.-
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RESULTS AND DISCITSSION

The predominant radionuclides in the terrestrial organisms

1 -,
.J 7

Cs and
!)Osr

are 1 whereas the marine orcjanisms contain mainly

60 55Fe
CO ai~d * The concentrations of these radionuclides in

ed~.blc portions of organisms range from undetectable amounts to

the following maximum values:

from

crab

clam

same

When

137CS
2260 pCi/g dry in the muscle tissues of a curlew

Nan I.

90
Sr – 204 pCi/g dry in the hepatopancreas of a coconut

from Bikini I.

60
Co – 219 pCi/g dry in muscle and mantle tissue of a giant

taken near Bikini 1.

55
Fe – 40,900 pCi/g dry in the liver of an ulua.

The range in the concentration of a radionuclide in the

tissue from the same species at the same islet is wide.

detectable amounts of radionuclides are present, the minim~

and maximum values often differ by factors of four or five and

sometimes by a factor of ten. The values for concentration of

radionuclides in individual samples are given in Tables 1

through 19.

Dry weights were used for the basic calculations because

the true water content of some smples i.s difficult to determine.

The average concentrations of radionuclides were converted to
. .

a wet-weight basis for convenience in calculating daily intake
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from the d.ict; the conversions were made by using average wet

to dry weiqht ratio:; for each kind of sample.

In general, there are no striking differences between the

1967 and 1969 average values of radionuclides for edible portions

of foods of marine origin, including the sea birds. The difier–

ences tend to show a decline in radionuclide content, but there

are not sufficient data to provide a basis for a reasonable

estimate of rates of decline becauzs of the large variability

in the data and the many poorly defined factors involved in the

uptake and retenticn of radionu”clides by organisms in the natural

environment of Bikini. Some basic biological information, such

as rates of growth and life spans of the fishes are not known

and

the

for

are

the chemical form in which the radionuclides are present in

lagoon waters can only be surmised. We do not even know,

example, whether the radionuclides and theit stable isotopes

present in the same chemical form. Furthermore, there are

no uncontestabie data on t},e trace element content of lagoon

waters and probably will not be until the techniques of sampling

and processing seawater samples is greatly improved- However,

some hypotheses can be made and conclusions can be drawn from

certain data.

All of the fallout radionuclides at Bikini are found in

the surface of undisturbed soils. The predominant radionuclides

55Fe 60 9osr 125Sb
are co,

137
Cs and

207
t t r Bi (Tab-les 1-5).



In the crater seclimerits only four predominate :
55Fe 60 90~r

1 co, t

207Bi
and 1 although others are present in small quantities.

The soils and sediments are the principal reservoirs of radi,o–

nuclides at Bikini.

The concentrations of radionuclides, other than plutonium,

in surface soil samples collected in 1969 are given in Table 1.

The samples were taken from areas where the highest gamma dose

rates were measured and hence are maximum values. Differences

in proportions of different radionuclides at the islets sampled

137
are obvious. ~Le ~nusudlly low concentrations of Cs relative

to other radionuclides in the Eneman samples result from periodic

flooding of the area by tidal water and consequent leaching away

137of Cs (Tables 2 and 3).

The results of gamma-ray spectrum analyses of the composite

and individual samples collected in 1970 are given in Table 4.

In general, radionuclide concentrations are lower in bulldozed

areas than in undisturbed areas. The exceptions to this gener–

ality are not surprising, since the lowest and highest values

for individual samples from single transects differ by factors

of more than ten. Fallout radionuclides in undisturbed atoll

soils remain concentrated at the surface for many years (Held

et al., 1965: Welanderr 1967). The surface ten centimeters at

well-point four at Bikini Island were sampled by one–half centi-

meter increments in 1970, and the samples show a gradient of



decreasing radionucl. ide content with increasing depth (Table 5) .

Soil samples analyzed for plutonium were generally selected

from areas containing the highest concentrat~ons of gamma–

emitting radionuclides. Exceptions were samples from the camp

area at Bikini I. and along the runway at Eneu I.

The results of the plutonium analyses are given in Table 6;

137
Cs concentrations are included in the table because they

137 239,240
indicate a correlation between Cs and Pu concentrations

in samples from Bikini 1.

The ratios of
239,240PU to 238

Pu approach 2:1 at Eneman 1.

and are about 15:1 in Bravo Crater sediment. Bikini soils con-

238
tained no detectable Pu, although t$.ey contained the highest

239,240
concentrations of Pu of the samples analyzed.

The radionuclides are available to the land animals through

the vegetation, or other animals, where there is selection of

specific radionuclides, or t“nrough direct ingestion of soil.

Similarly, the marine animals may ingest radionuclides by eating

another organi.sr, or by ingesting sediments. In addition, the

marine organism may absorb radionuclides directly from the waterl

or radionuclides may be adsorbed on the surface of the organism.

Althoug’n adsorption i.s an important means of contamination of

organisms by fresh fallout, it is probably n.o longer important

at Bikini, where the last significant fallout occurred in 1958.

The astronomically large surface area presented by. the masses



of branc]ling coi-als and their associated flora and fauna must

h~vc uemoved ill].~]dsorl]able radionuclides not already remo17ed

from the water by the plankton soon after fallout.

The land organisms contain primarily the long-lived fission

137 90
products Cs and Sr (Welander, 1967; Welander et al., 1967;

Smith and Moore, 1971) . As expected, these radionuclides are

found associated witin those tissues or organs which contain

potassium and calcium, respectively, since cesium and potassium

behave similarly in metabolism, as do strontium and calcium.

We determined the
137

Cs content of tissues of rats collected a’t

137
Bikini in 1969 and 1970, and the range of Cs concentrations

in pCi/g dry weiq-ht was 340 to 830 in muscle tissue; values for

muscle, lung, liver and bone are given in Table 7-

The coconut crabs which are terrestrial, except during

their larval stages, contain mostly
137

Cs from among the gamma–

90
emitting radionuciides (Table 8) and are concentrators of Sr

(Table 9) .

The spiny lobster, a strictly marine crustacean, contains

137 90 60C0
no detectable Cs or Sr and only small amounts of

(Table 10) .

There are quantitative and qualitative differences in the

radionuclide content of organisms associated with feeding habit.

The goatfish, a bottom–feeding carnivore,

207
and Bi than the convict surgeonfish, a

60C0
contains more

grazing -herbivore,



or the mullet, clplankton feeder (Tables 1~-, 12 and Is) . Higher

6G
order ca].-nivores, the grouper and uIua, also contain more CO

(Table 14) than the convict surgeonfish; however, the differ-

ences may be associated with age as well as with feeding ‘nabit.

The smaller, and presumably younger, reef fish of a species

90
contain less So than the larger fish of the same species

(Table 15) . Presumably, the 90 Sr is being accumulated through–

out the life of the fish and a ste~dy state has not been reached.

Another example of increasing concentration of a radio–

nuclide probably associated with age is the concentration of

60
Co in the kidney of the giant clams Tridacna sp.

hin~o~us (Table 16). BV far the hiqhest levels of

and Hipp opus

60C0
, as much

as 4,000 pCi/g dry, in

kidney of these clams.

of 60Co in the kidney,

60
environment where co

60C0
in the kidney, if

is not a concentration

filter feeders.

any organism at Bikini Atoll are in tb.e

Obviously, there must be an accumulation

and the longer the clam lives in an

60
is available, the more Co it acc-umulates

has a long biological half-life. This

through the food web, since the clams are

The radionuclide content of bird species presents a sharp

contrast, ‘both qualitatively and quantitatively, associated with

feeding habit (Table 17). The fairy terns and noddy terns feed

mostly at sea outside the lagoon and contain small amounts 0<

fallout radionuclides, less than the amount of naturally occurring
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401<
They cont~]in barely detectable amounts of

137c~ me
● *

curlew, on the other hand, feeds on the reef and on Scaevola Sp .

seeds, and consequently contains relatively large amounts of

137CS
t as much as 2,300 pCi./g dry in muscle. The turnstones

also feed along the beaches and on the reef, and contain bcth

60 137CS
Co and The source of

137
. Cs for the turnstones is not

known, although it could be by direct ingestion of sand particles.

The yellowfin tuna, which are feeding on essentially the same

60
organisms as the terns, contain a-bout the same levels of Co ,as

the fairy terns. The
60

Co levels in the noddy terns are somewhat

higher but still are of the same order of magnitude. Thus, the

area in which an animal is feefiir.g is a factor affecting its

radionuclide center.t, as expected, in relation to the distance

from the source of the radionuclide. The source of
60

Co for the

tuna must be Bikini Atoll and not worldwide fallout, because we

analyzed tissues from 214 tuna, including 75 yellowfin tuna,

taken from t-he Japanese tuna fishery during 1968 and 1969, and

found no
60

co (NVO-269-7, lvnnual Report). In contrast, the 55Fe

concentrations in the dark muscle of the tuna from the Japanese

fishery ranged from 3.3 to 1600 pCi/g dry; most of the values

fell in the range of 101 to 500 pCi/g dry, similar to the valu~s

for yellowfin tuna from Bikini (Table 18). It appears, therefore,

that a major amount of the
55 ‘

Fe in the Bikini tuna is from world–
.-

wide fallout.



One of I:he pr~ ~~cipal sources of r(idionuclides at

is Eravo Crater in the reef adjacent to and southwest

Figure 3 shows a garoma-ray spc:ctrurn of sediment taken

Bikini

of Nam 1.

from a

60 207
clepth of 160 feet. .Cleariy, co arid Bi predominate among

137
the gamma emitters. As descrj.bed orI page 11, Cs is the most

abundant raclionuciiiie in soils, -ana an intermediate condition

exists at the .southv;estern end of E~.eman 1. , where a low area

137
is occasionally overwashed by seawter~ and the Cs is being

leached from the soil.

60 207,.,
The retention of Co arid J4 ]>],the sediments is

reflected in the
,- +eeaimg goatfish in the~act that. “:fiekc’chmr,-..

60
vicinity of the craters cont;iin +=e~i~imes more Co than the

herbivorous convict surgeonfisti anc p?.anktcn-–teeding mullet.

However, sone
60

CO ja ~ei.ng tr,znspcjrted eastward, by the bottom

current in the laqoor~ either .in solution or associated with fine

(colloidal’?) particles, because the difference in
60

Co content

betweer. convict surgeonfish and mullet in the vicinity of the

Bravo Crater and i6 miles ea:twarcl near I?ikini 1. is

60C0
factor of less tF1r.rl+~~-~- At the sarie time, the

in goatfish from ~.ear the cr=ter and those at Bikini

a factor oi about ten.

only by a

concentrations’

I.differ by

60 ,--- 207Bi
lagoon is similar to that of Co, but since the levels of

60
are lower than those of Co by a factor of about 20, we are at
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tht! limits of dckection, with the method USe Cl, for samples

distant from the crater. The use of larger samples, chemical

separation and more sensitive counting methods would make it

60C0 207
possible to determine : Bi ratios in sediments, lagoon

water and organisms in different parts of t’ne lagoon. The se

ratios would indicate whiether transported radionuclides were

primarily in solution or on particles. If the ratios remained

constant, that ‘would he a strong i:-.dication of transport on

particles. The results of analyses of selected samples for

207
Bi by gamma–ray spectrometry and by chemical separation are

coi~pared in Table 19. Bismuth–207 wiil be a useful tracer in

the f’ut-irebecause it has a. long half-–life, 30 years compared

to

.
2s

of

60C0
5.2 years for .

P1’utonium-239, w-ith.a half-life in excess of 24.,000 years,

anot”ner potentially- useful tracer at Bikini.” The presence

239,24(3PU _nd 207
a Bi (Table 12) in goatfish viscera is con–

sistent ad probably results from direct ingestion of fine

particles of setiiment during feeding. ~o samples of goatfish

239
viscera cell.ected at Nam 1. in 1969 contained Pu in concen–

trations of 13 pCi/g dry and 29 pCi.~’gdry. The absence of
238

Pu

in goatfis’n viscera as compared with the sediment merely reflects

a low concentration of this radionuclide, below the limits of

detection.
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~ +-he 1969 or 1970 s:’mples were analyzed forAltholugh none 01

63
the X–ray emitter Ni, this radionucliile was found in concen–

trations of 80 d/in/g dry weight in Bravo Crater sediment col–

lected in 1967 (Beasley and Held, 1969). Nickel–63 is of parti-

cular interest as a tracer since it has a half–life of 92 years.

63 60C0
In addition, the clam kidney accumulated Ni, as it does t

63
and is therefore an indicator organism for the presence of Ni.

10.!3m
Another long-lived radionuclide, Ag, with a half-life

of approximately 125 years, has been identified for the first ‘

time among the radionuclides at Bikini (Beasley and Held, 1970) .

This rad.ionuclide was first detected from the gamma-ray spectrum

of the ‘nepa’cop.]ncreas of spiny lobsters collected in 1969

(Fig. 4). Tne spiny lobster hepctopancreas is a known concen–

108m
trator of silver isotopes (Seymour, 1963) . Thus , Ag is

another potentially useful long–lived tracer, with its indicator

organism.

Tritiurn in well water is present at low concentrations; the

maximumL value found in 1969 was 14 pCi/ml, or 4300 tritium units,

at Nani 1., whereas at Bikini and Eneu Islands the concentration

was 2 pCi/ml, or approximately 600 T. L“. (Table 15) . Samples

taken in 1970 irom well-points 4 and 5 and from the cistern at

Bikini and from the well and cistern at Eneu all contained less

than 400 T. U. These values fall within the range of tritium
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conccn~rations in surface waters of the United States ‘in 19G6

reported by Mogllissi and Porter (1968) . Koranda (1965) has

4Sho’dn that there is approximately 10 times more tritium in

bound water than in loose water in soils at Eniwetok Atoll, but

that there is little exchange of the bound water with the loose

water. Hence, it .isprobable that there will be no major changes

in the tritiuln concentration of well water at Bikini Atoll.

Algae collected from the wall of the drained cistern a:

Bikini I. 95 95hmin June 1970 contained 100 pCi/g dry weight of Zr– ,

presumably from the French nuclear tests in the South pacific-

Marine algae collected at the same time from the reefs at Eneu I.

95
coil’cained 0.1. pCi/g of zr-” 1~ dry weight.

Bikini can be expected to remain a useful area for the study

of the redistribution of radionuclides for at least several

decades. This is especially true since rapid advances are being

made in the technology of radionuclide detection.

The present ievels of radionuclides and their distribution

at Bikini are not ii’kely to change

decrease in amounts from physical

significantly except for a

decay. Exceptions are

expected where physical disturbances occur during the replanting

on land. If one of the rare typhoons should strike Bikini, there

would be a major redistribution of the fine sediments, either a

redistribution within the lagoon, a flushing from the lagoon,

.-
or both.
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Gamma-Emitting Radionuclides in Soil from Well Point 4,

Bikini Island, Collected June 1970

60C0 125Sb 137c~
Soil #5”1 Depth

cm,

1
2

3
4
5
6

7
8
9

10

0 - .5
.5- 1.0

l.@- 1.5
1.5- 2.0
2.0- 2.5
2.5– 3.0

3.0- 3.5
3.5- 4.0
4.0- 4-5
4.5- 5.0

32 + 1.7 66 t 9.2

30 * 1.5 60 t 8.6
15 k .74 23 * 4.1
6.32 1-1 23 ? 8.0
7 <8& .95 18 t 6.6
2. 2t .77 8.2? 4.7

l-6f .74 13 ? 6.0
~~ 22 *21

ns 5.3* 4.2
1.7* .39 3-4f 2.0

243 2 4.9

274 t 4.6
302 5 4.1
264 5 4.7
239 k 4.1
218 2 4.4
205 f 3.7
147 ?12
145 k 3.7
111 k 1.7

?,!5

.-



Table 6

36

Plutonium and Cesiim-137 ir, the Surface One Inch of
Bikini Atoll Soils and Bravo Crater Sediment

pCi/q dry

239, 240PU 238PU 137c~
N

Bikini Island
1967

Soil Pit 1
11 11 5
11 It 6

1969

Well Point 1
II 11 2
[1 11 3

1970

1st 13L* N to Centerline
Row 24 Undisturbed

Disturl~ed**

1st BL N to 2nd EL N
Row 30 Undisturbed

Disturbed

1st B1 S to 2rld BL S
ROW 36 Undisturbed

Disturbed

Camp area to Lagoon Rd.
Row 66 Undisturbed

Disturbed

Base Camp, Rendom

Sample

Eneu Island
1969

Camp Blandy

1970

North Central

Undisturbed
Disturbed

13

13

18
18

i6

5
4

5.1 ? 0.3
117 ? 7.4
36?2

35*4
3-0 f 0-4

ns
ns
ns

ns
ns
ns

ns
rls

ns
ns

ns

ns

ns

ns

ns

rls

ns

rls

. .

470 * 9
228 5 3

175 k 2
gofl

G.2 to 18

156 t 2

21.t 0.5
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Table 6 (continued)

37

pCi/q drv

239, 240PU 238PU 137
N Cs

Eneman Island
1969

SW Corner, O–l” depth 79 *3 49 *2 19 +6

8-9” depth 9.3+0-4 4.ltO.2 3*4~o*5

Bravo Crater
1969 60 f2 4*0-P1

N Number of subsamples in composite sample

ns Not detectable
+: BL = Baseline

** Bulldozed planting strip

NOTE : Multip~ication of the above values by

3xi0 will give an approximate value

in units of pCi/m2.
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Table 7

Cesium-127 in Rat Tissues Collected at Bikini
June 1969 and June 1970

1969

Location

Bikini 1.

Aerokoj I.

II

Number of Rats
in Pooled Sample

5

1

1

1970

Bikini 1.

Camp Area

11

11

II

Centerline Road

Sample 1

11 2

:1 1

II 2

II 1

11 2

11 1

1: 2

19

1!

11

II

11

11

II

Tissue pCi/cj dry

Muscle 466 t 7

Muscle 2.4 f 0.6

Remainder 1.6 f 0.4

Muscle

Lung

Live r

Bone

Muscle

Is

Lung

II

Liver

11

Bone

11

827 f 10

705 * 15

627 t 10

187 t 1.9

340 + 5.3

513 k 5.9

525 f 9.8

405 k 3.5

402 f 1.9

417 * 4.2

334 k 5.4

221 ? 2.9

.-



Average Values

~and Tissue-—

Bikini Muscle
“Jj\7er”

Ske letofi

Enyu Muscle
“Liver”

Ske Leton

Oroken MUS I:Ie
“Liver”
s“~elcton

39

pCi/g dry

60C0 137c~

No. of
Samples Avq . Ranqe Avg. Range-.—

6 2.7 1.1-3.5 759 ~2$.1-933

6 14 5.2-23 305 122-470

6 nd* rid-.34 134 86-209

3.3 .59 nd–1.3 70 32-240

13 2.6 .76-4.8 29 11-95

1.3 .06 nd–. l8 9.9 3.9-30

5 .70 -47–1.1 89 52-123

5 3.5 2 .0-6-4 74 39-118

5 .09 nd–. l6 24 17-28

* A single significant value was 0.34 3 0.27

,

.-
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Coconut Crabs

Muse].e
Enyu I .

Bikini I.

Oroken I.
Rukoji I.

(j)

“Liver “
Enyu 1.

Bikini i.

Skeleton
Enyu I.

Bikini I.

Troll Caught Fish

Yeliowf”in Tuna
Light muscle

Dark muscle

Bone

Ulua (Jack)
Light muscie

Dark muscle

Bone

—.

Average Values and Range

~,(1)
pCi/g dry

. Avg. Range

13

6

5
3

13

6

5

3

8

6

5

3

2.0

50.1

8-9

75.2

9-6

117

21.3
116

97.2

1410

346

2330

(0.6-3.4)

(16.4-99.0)

(4.9-14.9)
(36.6-144)

(3.0-28)

(38.3-204)

(15.4-30.0)

(57.2-164)

(72.6-113)

(912-2035)

(184-571)
(1200-3870)

3 <0.1 (<0.1-0.29)(4)

3 <0.1

3 <0.1

3 <0.1

3 <0.1

3 1.4 (1.1-1.9)

pCi/g wet (2)

Avg.

0.05

12

2.1

18

5.1

62

11

61

75

1100

270

1800

<.03

<.03

<.04

<.03

<.03

0.6

weight ratios-

(3) Collected Blay, 1967.
(4) Two samples contained <O.1 pCi/g dry

0.29 f 0.06 pCi/g dry. We think the

when being ground.

and one sample contairiea

sample was contaminated

. .
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Gamm --llmit’~in~jI{z.Lc7ion~l~l.i~~s in Spiny ~b~t~rs
COll CCtcc3 d.. Bikini Atoll, June 1969

Average Values

pCi/g dry

No. of 40K 60C0
Island Tissue Samples

Avg . Ranqe Avq . Range

Enyu Muscle

!\Liv~r ,1

Ske leton

Namu Muscle

“Livel “

Skeleton

Remainder

5 12

5 nd

5 3.0

8 13

8 nd

8 3.3

8 5.0

8.7-15

2.2-4.0

8.8-17

rid- 5.5

2.7-8.5

.30 rid-.45

10 6-12

.22 nd–.8O

.75 .37-1.1

28 15-37

.32 .14-.58

1.9 .75-2.8

●

✎✍
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pCi/g dry

GO 137 207Bi
Tis:,ii&’ c 0 C5
——. —..—— —..——

Evisccratc3 ‘b”.’l-!o].eIs + .~~ -72 i “23—

viscera 146 -~ .90 _ .42.93+

Muscle 12 ~ .29 .78 ~ .,26

Lis,~~Y 327+ 2,5 rls—

Bone _ .125.3 + _ “09.45 +

Kidr,ej~ 349 + 6.9 ns—

G IT 214 + 1.2 _ .53.89 -!-—

Ovary 179 ~ 1.4 ns

Skin 26 ~ .51 ns

Rema ins 35 ~ .73 ns

44

1.8 ~, .16

3.9 ~ .49

7.2 ~ .23

13 ~1.3

1.1 ~ .09

18 +_ 2.9

15 ~ .66

3.8 ~ .72

3.1 ~ .27

3.1 ~ .37

. .
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Tab?.e 15 46

Strontium-90 In Eviscerated Wvlole Reef Fish

Collect-cd at Bikini Atoll, June 1969

Sample No. of fish
Number Species Location in sample Ilenqth pCi/q dry we iqht——

25609 Convict Nam 4 158-175mm 0.86 f 0.05*

surgeon

25611 “ “ “ 6 130-155mm 0.37 f 0.02

25613 “ “ “ 15 112–135mm 0.27 t 0.04

25615 “ “ “ 25 95-llomm 0.14 f 0.02

25617 “ “ “ 19 90–lo5mm 0.09 ~ 0.03

25621 Grouper Nam 3 41,62,78mm 0.29 f 0-06

(muscle)

25622 Mullet “ 16 150–175mm 0.50 f 0.05

25624 Mullet “ 15 160-200mm 0.35 * 0.04

25628 II~llullet 8 195–260mm 0.33 k 0.04

25619 Flagtail “ 8 193-214mm 0.23 & 0.04

25661 Goatfish “ 4 200-250mm 0.93 f 0.03

25663 Goatfish “ 3 230–250mm 0.61 f 0.03

25605 Convict Bikini 16 94–l15mm 0.16 f 0.04

surgeon

25607 “ “ II 4 132-152mm 0.16 t 0.04

25630 Piullet 1, 5 220-255mm 0.12 f 0.04

25632 .Mullet
11 13 150–175mii 0.05 ? 0.04

25634 ,1Mullet 5 250–300mm 0.12 f 0.04

25657 Goatfis-h “ 2 185,190mm 0.07 * 0.02

25659 Goatfisll “ 8 190–220mm 0.05 i 0.02

* Error is 1 O_—

.-



Table 16

CO-60

Tridacna and Hippopus (Giant Clams)

Collected at Bikini Atoll, June 1969(1)

Average Values

pCi/g dry

Islet Tissue n Avg. Range

Bikini Muscle and mantle 5 115 49-219

Viscera 5 116 41-193

Kidney 5 2350 1390-4000

Nam Muscle and mantle
J2) ~4

16-134

Viscera
4(2) 64

30-118

Kidney
4(2)

1020 375-2150

(1) No other gamma-emitting radionuclides were detected
except naturally occurring 4oK.

(2) Two samples consisted of 3 individuals pooled and one
sample consisted of 2 individuals pooled.



‘I’able17

Gamma-Emitting Radi.onuclides in Birds
Collected at Bikini, 1969

Average Values

pCi/g dry pCi/g wet*

60C0 137CS 60C0 137CS

Species and NO. of

Tissue Samples Avg. Range Avg. Range Avcj. Avg.

Curlew
Muscle

Liver

Turnstone**

Muscle
Liver

Noddy tern***

Muscle
Liver

Fairy tern***
Muscle

Liver

3

3

1

1

1
1

1
1

2.8 rid-6.3

5.9 nd–11

23

40

4
7.6

.87

1.2

1174
520-
2260

.94

992
605-
1510

2.1

165 7.7

98 14

.46 1.3

nd 2.7

nd .29

nd .42

395

348

56
34

.15
nd

nd
nd

*Ca~culated from pCl,/g dry using average wet:dry ratiOS.

**Tissues from 6 birds pooled.
*** ~t 11 5 “ “ .

.-
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Iron–55 in Biological Samples Collected at

Bikini Atoll, June 1969
Average Values

pCi/g dry

Collection Common Tissue No. of

Site Name or Organ Samples Avq. Ranqe

Bikini I.

Enyu I.

Bikini I.

11

Enyu 1.

Nam I.

11

11

Enyu I.

Nam 1.

ErAyu 1.

Enyu Pass

1s

11

11

Surgeon

Goatfish

N.ullet

Goatfish

Surgeon

Goat Fish

Nluilet

Surgeon

Goatfish
Grouper

II

11

Yellowfi.n

tuna

Ulua

Dogtooth

tuna

Yellowfin
tUrla

Ulua

Dogtooth

tuna

Whole

(Eviscerated)

Whole
(Eviscerated)

Viscera

11

,4

:1

II

It

Piuscle

II

Liver

Light muscle

II II

11 II

Dark muscle

II 11

11 81

2

2

3

2

2

2

3

3
2

4

1

4

16

3

1

16

3

1

52

81

108

416

199

1250

237

297
526

13

38

18-’85

74-87

22-228

391-442

148-250

828-1670

122-348

239–404-
366-686

7.7-18

14,700 9,090-25,600

29 8.5-62

210 72-214

116

334 108-867

2,950 1,290-3,630

915-
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Tabie la (colltinueii)

pCi/g dry

Collection Common Tissue No. of

Site Name or Orqan Samples Avq . Rancre
—

Nam I.

Nam I.

11

11

1:

Oroken I.

II

1*

11

1:

Giant clam

Cur lew

Turnstonc

Curlew

Turnstone

Noddy tern

Fairy tern

Noddy tern

t! II

Eggs

11

(1) Six birds pooled.
(2) Five “ “

Kidney

Muscle

Muscle

Liver

Liver

NiUSCl E2

Ii

Liver

11

Alllumin

Embryo & yolk

3

3

1

3

1(1)

1(2)

1(2)

1(2)
.

182 133-287

72 18-143

312

2610 312-5810

2820

497

425

1220

l(~) 763

2(3) 12

1(3) 300

9.1-15

(3) Nine or ten eggs pooled per sample.

. .
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Bismul:l]-207 j.n soils and Sediment Collected
at Bikini Atoll , 1969

Sample Location Type pCi/g dry

. Gamma Chemical
Spectrum Analyses

(T ❑ 957.)

25408 Eneman

25500 1 Eneman
25500 2 II

25504 1 Bikini
25504 2 11

25506 1 Bikini
25506 2 81

25652 1 Namu
25652 2 II

Soil 8-9” 0.39? 0.40

Soil O–l” 8-9 +4.5*

Soil O-1” None
Well point 3

Soil O-1” None
Well point 1

Crater 50.Ofl-2

Sediment

0.62f0.25

0.79f0.26
0.96f0.51

0.74+0.26
0.46t0.36

1.07to.31

0.60t0.26

56.8 50.6
53.3 *0.6

* High val-ue due to the presence of 102Rh which was not
included in the reference spectra.

.-
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. .

,“.’
Collec~ed at llikini Atoll, 1969

.
.- ,.---

.Common NaWe—.

. Algae

Barracuda

Clam

Clam, “killer

Clam, horsefoot

Coconut crab

Convict surgeonfish

Crab, hermit

Crab, shore

Curlew

Goatfish

Grouper

lMul.1.et

parrotfish

Pilotfish

Rat

Skipjack

Snapper

Spiny lobster (langouste)

Tern, Zairy

Tern, noddy

Tuna, dogtooth

Tuna, yellowfin

~rnstone, ruddy

Ulua (jack)

;$ c J

/- ‘.J #
<.

Scientific Name

Caulerpa urvilliana

Sphyranea sp.

Tridacna crocea

Tridacna squa.mesa

Hipp opus hipp Opus

Birqus latro

Acanthurus triostequs

Coenobita perlatus

Grapsus grapsus

Numenius tahitiensis

ILulloidichyhys auriflamma

Epinephelus sp.

Neomyxus chaptali

Scaridae

Kyphosus cinerascens

Rattus sp.

Euthynnus yaito

Lutjanidae

Panulirus spa

Gygis alba

wous stolidus

Gymnosarda nuda

Thunnus albacares

Arenaria interpres

Caranx sp.

. .


