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the limits of detection, with the method used, for samples
distant from the crater. The use of larger samples, chemical
separation‘and more sensitive counting methods would make it
poscsible to determine 60Co:2071‘3i ratios in sediments, lagoon
water and organisms in different parts of the lagoon. These
ratios would indicate whether iransported radionuclides were
primarily in solution or on particles. If the ratios remained
constant, that would be a strong indication of transport on
particles. The results of analyses of selected samples for
2O7Bi b? gamma-ray spectrometry and by chemical separation are
compared in Table 19. Bismuth-207 will be a useful tracer in
the future because it has a long half-life, 30 years compared
to 5.2 years for 6OCO.

Plutonium-239, with a half-life in excess of 24,000 years,
is another potentially useful tracer at Bikini. The presence

239,240 207 . . . . .
P 7B1 (Table 12) in goatfish viscera is con-

of u and
sistent and probkably results from direct ingestion of fine
particles of sediment during feeding. Two samples of goatfish
. ] , . 239_ .
viscera ccllected at Nam I. in 1969 contained Pu in concen-
. Y L 238
trations of 13 pCi/gy dry and 29 pCi/g dry. The absence of Pu
in goatfish viscera as compared with the sediment merely reflects

a low concentration of this radionuclide, below the limits of

detection.
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Although none of +he 1969 or 1970 samples were analyred for
63 L
the X-ray emitter Wi, this radionuclide was found in concen-
trations of 80 d/m/g dry welght 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.
D . 63 _. . 60

In addition, the clam kidney accumulated Ni, as 1t does Co,

and is therefore an indicator organism for the presence of 63N1.

Another long-lived radionucilide, lO8mAg’ 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 radionuclide was first detected from the gamma-ray spectrum
of the hepatopancreas of spiny lobsters collected in 1569
(Fig. 4). 1Tne <piny lobster hepatopancreas is a known concen-
trator of silver isotopes (Seymour, 1963). Thus, 108mAg is
another potentially useful long-lived tracer, with its indicator
organism.

Tritium in well water is present at low concentrations; the
maximum value found in 1969 was 14 pCi/ml, or 4300 tritium units,
at Nam I., whereas at Bikini and Eneu Islands the concentration
was 2 pCi/ml, or approximately 600 T. U. (Table 15). Samples
taken in 1970 {rom 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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Table 4

0co

125Sb

137CS

Along Centerline
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Pabhle 5

Gamma-Fmitting Radionuclides in Soil from Well Point
Bikini Island, Collected June 1970

60 125 137

Soil 557 Depth Co Sb Cs
Cm

1 60 - .5 32 * 1.7 66 * 9.2 243 *
2 .5- 1.0 30 * 1.5 60 * 8.6 274 +
3 1L.0- 1.5 15 = .74 23 + 4.1 302 %
4 1.5- 2.0 6.3 1.1 23 % 8.0 264 *
5 2.0- 2.5 7.8+t .95 18 * 6.6 239 £
6 2.5- 3.0 2.2 .77 8.2+ 4.7 218 =
7 3.0- 3.5 l.6% .74 13 + 6.0 205 £
8 3.5- 4.0 ns 22 +21 147 =%
9 4.0- 4.5 ns 5.3% 4.2 145 +
10 4.5- 5.0 1.7+ .39 3.4% 2.0 111 ¢

}...l
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Table 6
Plutonium and Cesiim-137 in the Surface One Inch of
Bikini Atoll Soils and Bravo Crater Sediment
pCi/g dry
239,2 2 1
N 39 40Pu 38Pu 37CS
Bikini Island
1967
Soil Pit 1 5.1 &+ 0.3 ns 360 + €
" " 5 117 + 7.4 ns 1200 *+ 18
" " 6 36 + 2 ns 49 + 1
1969
Well Point 1 130 * 8 ns 1220 * 8
" " 2 27 & 2 ns 499 * 3
" " 3 i1l + 5 ns 1740 = 15
1970
1st BL* N to Centerline
Row 24 Undisturbed 13 74 + 9 ns 299 + 2
Disturbed** 13 27 + 3 ns 156 £ 3
1st BL N to 2nd BL N
Row 30 Undisturbed 20 65 * 8 ns 323 £ 5
Disturbed 21 56 + 8 ns 170 = 3
lst B1 S to 2nd BL S
Row 36 Undisturbed 18 87 + 14 . ns 470 £ 9
Disturbed 18 28 * 4 ns 228 £ 3
Camp area to Lagoon Rd.
Row 66 Undisturbed 14 le =+ 2 ns 175 + 2
Disturbed 14 6.2 + 0.9 ns 90 = 1
Base Camp, Random
Sample i6 3.9 £ 0.5 ns 6.2 to 18
Eneu Island
1969
Camp Blandy .71% 0.1 ns 6.0+ 0.3
1970
North Central
Undisturbed 5 35 + 4 ns 156 + 2
Disturbed 4 3.0 + 0.4 ns 21 + 0.5
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Table 6 (continued)

_pCi/g dry
239,240 238 137
N Pu Pu Cs
Fneman Island
1969
SW Corner, 0-1" depth 79 *3 49 #* 19 =6
8-9" depth 9,.,3%0.4 4.,1+0,2 3.4*0.5
Bravo Crater
1969 60 *2 4,01

N Number of subsamples in composite sample
ns Not detectable

¥ BIL = Baseline
*%* Bulldozed planting strip

NOTE: Multiplication of the above values by
3 x 10% will give an approximate value

in units of pCi/mZ2.
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Table 7
Cesium—137 in Rat Tissucs Collected at Bikini
June 1969 and June 1970
1969
Number of Rats
Location in Pooled Sample Tissue pCi/g dry
Bikini I. 5 Muscle 466 * 7
Reroko]j I. 1 Muscle 2.4 = 0.
" 1 Remainder l.6 * 0.
1970
Bikini T.
Camp Area 9 Muscle 827 * 10
" " Lung 705 = 15
" " Liver 627 + 10
" " Bone 187 = 1.9
Centerline Road
Sample 1 19 Muscle 340 +* 5,3
" 2 " " 513 £ 5,
" 1 " Iung 525 * 9.8
" 2 " " 405 * 3.5
" 1 " Liver 402 + 1.
" 2 " | " 417 + 4,2
" 1 " Bone 334 + 5,
" 2 " " 221 + 2.9
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Table 9
STROITTLUM-00 T SAMPIIS COLIECTED
AT BIKINL ATOLL, MARCH, JUNE, AUGUST, 19069 40
Average Valucs and Range
(1) pCi/g dry pCi/g wet(Z)
N Avg. Range Avg.
Coconut Crabs
Muscle
Enyu I. 13 2.0 (0.6-3.4) 0.05
Bikini I. 6 50.1 (16.4-99.0) 12
Oroken I.(“) 5 8.9 (4.9-14.9) 2.1
Rukoji I. '~ 3 75.2 (36.6-144) 18
"Liver"
Enyu I. 13 9.6 (3.0-28) 5.1
Bikini I. 6 117 (38.3-204) 62
Oroken I.(?) 5 21.3 (15.4-30.0) 11
Rukoji 1.7 3 116 (57.2-164) 61
Skeleton
Enyu I. 8 97.2 (72.6-113) 75
Bikini I. 6 1410 (912-2035) 1100
Oroken I.(q) 5 346 (184-571) 270
Rukoji I. '~ 3 2330 (1200-3870) 1800
Troll Caugnht Fish
Yellowfin Tuna (4)
Light muscle 3 <0.1 (£0.1-0.29) <.03
Dark muscle 3 <0.1 ' < .03
Bone 3 <0.1 < .04
Ulua (Jack)
Light muscle 3 <0.1 <.03
Dark muscle 3 < 0.1 <.03
Bone 3 1.4 (1.1-1.9) 0.6

(L) Number of individuals.
Converted from dry weight by using average wet:dry
weight ratios.

(3) Collected May, 1967.

(4) Two samples contained <0.1 pCi/g dry and one sample contained
0.29 + 0.06 pCi/g dry. We think the sample was contaminated
when being ground.



Table 10
’ 41

Gamma-Fmitting Radionuclides in Spiny Lobsters
Collected at Bikini Atoll, June 1969

Average Valucs

pCi/g dry
No. of
. 6
Island Tissue Samplcs 40K OCo
Avyg. Range Avg. Range

Enyu Muscle 5 12 8.7-15 .30 nd-.45

"Livexr" 5 nd 10 6-12

Skeleton 5 3.0 2.2-4.0 .22 nd-.80
Namu Muscle 8 13 8.8-17 .75 .37-1.1

“Liver™" 8 nd 28 15-37

Skeleton 8 3.3 nd-5.5 .32 .14-.58

Remainder 8 5.0 2.7-8.5 1.9 .75-2.8
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Nanhle 13

Gapma-cni L ing Radionuclides in Geatfich Cellected at
Nen Isiand, Bikini Atoll, May 1970

pCi/g dry
Tissue 60Co l37Cs 2O7Bi
Evisceratcda whole 1z i_.éS .72 + .23 1.8 + .16
Viscera 146 + .90 293 + .42 3.9 + .49
Muscle 12 + .29 .78 + .26 7.2 + .23
Liver 387 + 2.5 ns 13 + 1.3
Bone 5.3 + .12 .45 + .08 1.1 + .09
Kidney 349 + 6.9 ns 18 + 2.9
GIT 214 + 1.2 .89 + ,53 15 + .66
Ovary 179 + 1.4 ns 3.8 + .72
Skin 26 + .51 ns 3.1 £ .27
Remains 35 £ .73 ns 3.1 £ .37
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Table 15

e

Strontium-90 in Eviscerated Whole Reef Fish
Collected at Bikind Atoll,

June 1969

46

Sample No. of fish

Numbcr Species Location in sample Length pCi/g dry weight
25609 Convict Nam 4 158-175mm 0.86 = 0.05%*

surgeon
25611 " " " 6 130-155mm 0.37 £ 0.02
25613 " " " 15 112-135mm 0.27 * 0.04
25615 " " " 25 95-110mm 0.14 £ 0.02
25617 " H " 19 90-105mm 0.09 = 0.03
25621 Groupex Nam 3 41,62,78mm 0.29 + 0.06
(muscle)
25622 Mullet " 16 150-175mm 0.50 =+ 0.05
25624 Mullet " 15 160~-200mm 0.35 £ 0.04
25628 Mullet " 8 195-260mm 0.33 + 0.04
25619 Flagtail " 8 193-214mm 0.23 = 0.04
25661 Goatfish " 4 200~250mm 0.93 = 0.03
25663 Goatfish " 3 230-250mm 0.61 + 0.03
25605 Convict Bikini 16 94 -115mm 0.16 £+ 0.04
surgeon

25607 " " " 4 132-152mm 0.16 = 0.04
25630 Mullet " 5 220-255mm 0.12 £ 0.04
25632 Mullet o 13 150-175mm 0.05 * 0.04
25634 Mullet " 5 250-300mm 0.12 + 0.04
25657 Goatfish " 2 185, 190mm 0.07 * 0.02
25659 Goatfish " 8 190-220mm 0.05 = 0.02

* Exrror is 1 O
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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 4(2) 74 16-134
Viscera 4(2) 64 30-118
Kidney 4(2) 1020 375-2150

(2) Two samples consisted of 3 individuals pooled and one
sample consisted of 2 individuals pooled.
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Table 17

Gamma-Lmitting Radionuclides in Birds
Collected at Bikini, 1969

Average Values

pCi/g dry pCi/g wet*
60CO 137CS 60Co 137CS
Species and No. of
Tissue Samples Avg. Range Avg. Range Avg. Avg.
Curlew 590~
Muscle 3 2.8 nd-6.3 1174 5260 .94 395
Liver 3 5.9 nd-11 992 00>~ 2.1 348
) 1510 :
Turnstone**
Muscle 1 23 165 7.7 56
Liver 1 40 98 14 . 34
Noddy tern***
Muscle 1 4 L 46 1.3 .15
Iiver 1 7.6 nd 2.7 nd
Fairy tern***
Muscle 1 .87 nd . .29 nd
Liver 1 1.2 nd .42 nd

*Calculated from pCi/g dry using average wet:dry ratios.

**Tigsues from 6 birds pooled.
*** 131 1] S 1 13



Table 13 49

Iron-55 in Biological Samples Collected at
Bikini Atoll, June 19069
Average Values

pCi/g dry
Collection Common Tissue No. of
Site Name or Organ Samples Avg. Range
Bikini I. Surgeon Whole 2 52 18-85
(Eviscerated)
Enyu I. Goatfish Whole 2 81 74-87
(Eviscerated)
Bikini I. Mullet Viscera 3 108 22-228
" Goatfish " 2 416 391-442
" Surgeon " 2 199 148-250
Enyu I. Goatfish " 2 1250 828-1670
Nam I. Mullet " 3 237 122-348
" Surgeon " 3 297 239-404
" Goatfish " 2 526 366-686
Enyu I. Grouper Muscle 4 13 7.7-18
Nam I. " " 1 38
Enyu I. " Liver 4 14,700 9,090-25,600
Enyu Pass Yellowfin Light muscle 16 29 8.5-62
tuna
" Ulua " " 3 210 72-214
" Dogtooth " " 1 116
tuna
" Yellowfin Dark muscle 16 334 108-867
tuna
" Ulua " " 3 2,950 1,290-3,630
" Dogtooth " " 1 915 - -

tuna
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Sitc Name or Organ Samples Avqg. Range
Enyu Pass Yellowfin Liver 16 374 75-894
tuna
" Ulua " 3 23,400 8,190-40,900
" Dog tooth tuna" 1 1,528
Bikini I. Coconut Muscle 3 5.2 2.4-9.4
crab
Enyu I. " " 9 3.3 1.1-7.2
Oroken T. " " 5 13 5.6-15
Bikini I. " "Liver" 2 74 65-82
Enyu I. " " 5 28 15-44
Oroken 1I. " " 5 54 38-60
Enyu I. Spiny Muscle 3 1.4 .96-2.1
lobster
Nam I. " " 5 11 5.5-17
Enyu I. 8 "Liver" 3 74 59-96
Nam I. b " 5 205 32-420
Enyu I. " Skeleton 2 1.0 ns*-2.1
Nam I. " " 3 2.8 ns - 4.4
Nam I. " Remainder 5 18 4.0-32
Bikini I. Giant clam Muscle & 5 27 16-51
mantle
Nam I. " " " 3 85 43-1083
Bikini I. " " Viscera 5 47 35-58
Nam I. " " " 4 105 ns - 219
Bikini I. " " Kidney 5 469 163-709

* Jess than the 95% counting error. Taken as zero in computing
average.
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Table 18 (coutinued)

pCi/g dry

Collection Commnon Tissue No. of

Site Name or QOrgan Samples Avg. Range
Nam I. Giant clam Kidney 3 182 133-287
Nam I. Curlew Muscle 3 72 18-143

" Turnstone Muscle 1 312

" Curlew Liver 3 2616 312-5810

" Turnstone Liver 1(1) 2820
Oroken I. Noddy tern Muscle 1(2) 497

" Fairy tern " 1(2) 425

" NModdy tern Liver 1(2), 1220

" " " " 1(2) 763

" Eggs Altumin 2(3) 12 9.1-15

Embryo & yolk 1(3) 300

(1) Six birds pooled.
(2) Five " "
(3) Nine or ten eggs pooled per sample.



Table 19

Bismuth-207 in Soils and Scdiment Collected
at Bikini Atoll, 1969

Samplec Location Type pCi/g dry
. Gamma Chemical
Spectrum Analyses

- (xr = 95%)

25488 Eneman Soil 8-9" 0.3930.40 0.62+0.25
25500 1 Enenan Soil 0-1" 8.9 +4.5% 0.79+0.26
25500 2 " 0.96%0.51
25504 1 Bikini Soil 0O-1" None 0.74%0.26
25504 2 " Well point 3 0.46%0.36
25506 1 Bikini Soil O-1" None 1.07+0.31
25506 2 " Well point 1 0.60+0.26
25652 1 Namu Crater 50.0+1.2 56.8 £0.6
25652 2 " Sediment ’ 53.3 +*0.6

* High value due to the presence of l02Rh which was not
included in the reference spectra.
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¢ Table 20

List. &Ff Common and S&icntific Names of Organisms,

L Collected at Bikini Atoll, 1969
. LU ‘ "

Common_Name - Scientific Name

N Algae Caulerpa urvilliana
Barracuda Sphyranea sp.
Clam Tridacna crocea
Clam, killer Tridacna squamdsa
Clam, horsefoot Hippopus hippopus
Coconut crab Birgus latro
Convict surgeonfish Acanthurus triostegus
Crab, hermit Coenobita perlatus
Crab, shore Grapsus gfapsus
Curlew Numenius tahitiensis
Goatfish Mulloidichyhys auriflamma
Grouper Epinephelus sp.
Mullet Neomyxus chaptali
Parrotfish Scaridae
Pilotfish Kyphosus cinerascens
Rat Rattus sp. |
Skipjack Euthynnus yaito
Snapper Lutjanidae
Spiny lobster (langouste) Panulirus sp.
Tern, fairy Gygis alba
Tern, noddy ' Anous stolidus
Tuna, dogtooth Gymnosarda nuda
Tuna, yellowfin Thunnus albacares
Turnstone, ruddy Arenaria interpres

Ulua (jack) Caranx Sp.



