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Flg. 1. Chart of the Collett plankton stations.







the radiochemical procedures a "control" sample was prepared

in which 0.02uc of W85 was added to a 300-mg portion of dry
Puget Sound fish and then processed in the same manner as the
test samples. The samples were filtered and the filtrates were

passed through cation resin columns prepared 1ln the followlng

manner,

Preparation of the resin column

Dowex 50%, a sulfonated polystyrene fesin of the cationic
type, of mesh size 100 - 200, was washed three times wlth 6N '
HC1l, rinsed three times with distilled water and twice with
dllute HCl. The resin suspension was placed in a glass column
6 mm in diameter and 100 mm in length contalning a glass wool
plug in a constriction at the base of the tube. Three column
volumes of 0.2N HC1l were run through the resin until the eluate

was clear and the desired flow rate was obtained.

% Avallable from Dow Chemical Co., Midland, Michigan
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per cent of the total gamma activity. The determinations of the
levels of Rulo3~Ru106 and Cell‘Ll-CelL”‘L are not as accurate as those
obtained for the other isotopes because of the overlapping gamma

peaks.

The ratio of Rul®> to Ru106 was calculated in the followlng
manner. The .624 MEV peak of Rul06 was determined in selected
samples and the contribution of the .513 MEV peak from the same
isotope was calculated. This value was subtracted from the com-
posite .498 MEV gamma peak of Rul®> and the .515 MEV peak of Ru106
in selected samples, and the remainder wags assumed to be contrib-
uted by RulO3,

The ratio of cel®l to cel*# yas calculated in a similar
way. The 0.08 MEV and 0.03 MEV peaks of CelHt yere determined in

/
selected samples and the contribution of the .134 MEV Ce 144
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Flg. 2. Gamma spectrum curves of plankton samples collected
at stations 3, 38 and 39 during the Collett survey.
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included Ujelang Atoll. Plankton from three statlions between
the latter contaminated body of water and Eniwetok did not
exhibit the W185 peaks. The third area where plankton was
found to contain w185 was east and southeast of Bikini Atoll
and included Rongelap Atoll.

The results of ion-exchange chemical separations for
all radioisotopes on four plankton samples, two fish tilssue
samples, and the gamma curve analyses for eight plankton
samples are shown (Table 1 and Fig. 3). 1In Table 1, the dis-
integration rates of the plankton are given. In plankton
samples from stations 36 and 3, w85 contributed 60 per cent
and 83 per cent respectively of the total radloactivity.
These samples did not contain U227 nor was it detected in any

185. In the plankton samples in

plankton sample contailning W
which w185.was absent, the radioisotopes of the transition
elements Co, Fe, and Zn and the fission products Baluo—Laluo
contributed almost all of the radiocactivity.

The gamma spectrum analysis for w185 in those plankton
samples containing the isotope is shéwn at the bottom of Table
l. The highest levels of w185 were found in plankton samples
from stations 38 and 39.

In Table 1, the disintegration rates per ml of plankton
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A - Silverstein plankton

B - Collett plankton

Gamma spectrum curves of combined plankton samples
of the Collett and of the Silverstein_survey which
was conducted three weeks Tater. WIC5 was present
at a high level in the plankton from the Collett
survey but was absent in the plankton from Tthe
Silverstein survey. The Collett samples contalned
hlgher "levels of radioactIvity Than did the Silver-
stein samples and the gamma curves are not indIcative
ol The relative gamma activity in the two samples.
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colloidal dispersion (£0.2u) and was present'in the filtrate
fraction of the water samples. 2r92-Nb95 was also found at
higher levels in the filtrate fraction than on the filter
papers but the ratio was not as high as in the case of w185.
In an average of the five samples approximately two per cent
of the w185 and 30 per cent of the 7r95-Nb95 remained bn the
filter papers;

The distribution of W'85 and zr95-mp95 on the filter
papers and in the filtrates at the time of analysis probably
does not represent the condition dt the time of collection.
Some leaching of radioisotopes would have occurred in plank—
tonic organisms which died during the interval between collec-
tion and analysis. A comparison of the distribution of radio-
activity 1n the above samples with phat in aliquots of the
same samples filltered at the date of collection indicates that

this may be the case. The data are as followus:

Per cent of actlivity on filter

Water sample Flltered at date Flltered
ptatlons : of collection January 13, 1959
No. 3 32 5
No. 31 13 ' 2
No. 37 17 0.1
No. 38 12 0.2
No. 39 25 5
e
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The per cent of activity remaining on the fllters in
those samples filtered at date of collection (August 8 - 14,
1958) 1s 5 to 170 times that found in the samples filtered
January 13, 1959. Thus a conslderable amount of leaching

occurred during the intervening period.

of plankton from the Collett survey, other specimens collected
at Eniwetok, Bikini, Rongelap, Ujelang, Utirik and Wotho
Atolls in the Marshall Islands, Kapingamarangi Atoll in the
Caroline Islands, Tarawa Atoll ;n the Gilbert Islands, and
Kusaie and Ponape Atolls in the Senyavin Islands were examined
by gamma spectrometry for the photopeak (0.055 MEV) of Wi85,
The isotope was found only in samples from Eniwetok, Blkini,

Rongelap and Ujelang Atolls.

Eniwetok Atoll Samples

Chemical separations were made on Scae&ola leaves from
Belle Island by ion-exchange and precipitation methods. In the
anions from the lon-exchange column only the peaks of energy
represented by w185 and Zr95-Nb95 were observed 1n the gamma
spectra. Rul03+106_gy 1034106 yeore driven off by heat in the
ashing process. In the precipitation separation, which.is

specific for tungsten, only the 0.055 MEV photopeak and the 0.03
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Fig. 5. Gamma spectrum curves of Scaevola leaves taken

at Belle Island (Eniwetok Atoll) on June 20, 1958,
and of chemical separations from the leaf samples.
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¥ Two types of surface soll samples were taken -- top inch and
top two inches. 1In the top inch samples, one cubic inch of
soll was considered to represent one square lnch of exposed
surface. In the two-inch samples, two cubic inches were

assumed to represent one square inch.
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Table 2. Summary of the disintegration ratrs of gamma-emitting radioisotopes at date of collection
Values given in d/m/g dry weight.
wlds CoS7  celdl-184 103106 (137 .35 0058 o0
ENIWETOK ATOLL
Janet I April 28, 1358
Sida -~ -- - - 1,200 - - --
August 20, 1358
Ipomoea leaves 12,000 -- 750 730 1,100 Jc0 - .-
Fimbrystilis tops 200,000 -- 5,100 €,500 -~ 5,800 -- --
Messerschmidia leaves 11,000 -- 150 180 180 240 -- --
*Soil 2,300,000 -- 740,000 650,000 -- 620,000 - --
Vera I, June 25, 1358
Caulerpa 23,000 -- 43,000 13,000 -—- 230,000 -- --
Ipomoea stems and flowers 15,000 -- 21,000 3,000 -- 2,700 -- --
Messerschmidla leaves 14,000 - €, 700 8,300 -- 20,000  -- --
September 27, 1958
Tridacna visceral mass - 3,000 -- 270,300 .- 82,000 20,000 1,500
August 26, 1958
Scaevola fruit 890 - 790 £00 - 870 -~ -
Belle 1. May 10, 1358
3Scaevola leaves -~ - - - 540 - - -
Messerschmidia fruits and
flowers - - - - 540 - - -
June 20, 19
Scaevola leaves
(fair protection) 1,600,000 - 110,000 220,000 -- 350,000 -- -
Scaevola leaves
(poor protection) 7,300,000 -- 750,000 1,300,000 .- 1,700,000 -- -
August 20, 192
Scaevola leaves 180,000 - 13,000 21,000 1,800 26,000 - --
Messerachmidia leaves 380,000 -- 17,000 20,000 4,500 30,000 -- --
Triumfetta leaves 440,000 -- 44,000 31,000 5,500 44,000 - -
Portulaca leaves 650,000 - 20,000 24,000 12,000 23,000 -- -
#3011 - top inen 13,000,000 .- 1, 100,000 2,000,000 ~=  3000,000 -- --
#5041l - & - 10 inchea 270,000 - 4,600 1€,000 trace 14,000  -- -
Polysipnonia 1,100,000 hbdd "ne 380,000 -- 750,000 wwe it
Spyridia filamentosa 1,000,000 "ee Ll 300,000 -- 480,000 ##+ La i
Padina commersonii 310,000 e —e 580,000 -- 1,500,000 #e+ (223
Hallimeda stuposa 600, 000 “na ane 110,000 .- 170,000 »=s e
Leroy I. June 28, 1358
3caevola leaves e - 420,000 440,000 -- 1,100,000 -- --
Keltn I. August 0, 1358
Scaevola leaves 1,100 -- 310 350 -- 620 - -
Messerschmidla leaves -- .- -- trace trace trace -~ --
Henry I. May 8, 1358
Scaevola leaves - - -- -- - - - -
June 23, 1958 ‘
Scaevola leaves 2,500 - 2,200 7,500 - 11,000 -- -
Messerschmidia leaves 24,000 -~ 5,100 5,900 - 11,000 -- -
Coconut meat - -- -- -- 10 38 -- --
August 20, 1958
Scaevola leaves 510 - 840 680 - 1,000 -~ --
Messerscnmidia leaves -— -- -- - 450 -- -- --
#5011 - top inch - - 3,500 12,000 -- 7,500 -- --
Yellowwood Crater June 5, 1958
3ludge from oottom 3,500,000 -- 330,000 730,000 - 530,000 -~ --
RONGZLAP ATOLL August 8, 1958
3caevola ieaves 35,000 -- 1,%00 1,400 -- 1,300 -- -
July 27, 1358
Breadfruit - - - -- 100 1€0 - -
APTOWIoot - - - -- 130 -- - -
Coconut milk - - - P 23 - - -
UJZLANG ATOLL Julv 19, 1958
Gcaevola leaves 2,000 -- 280 430 -- 440  -- -
Messerschmidia leaves 1,400 - 180 370 -- 360 - -
#3501l - top inch 1,000 -- 1,500 2,800 -- 810 - --
BIKINI ATOLL
Nan I, August 28, 1958
Clerodendron leaves 3,800 .- 310 310 - 310 -- -
Scaevola leaves 7,500 - 240 290 - 320 -- -
Pandanus - inside of fruit - -- - -- 210 - -- -
Udotea indica -- -- 16,000 3,400 -- 9,200 -~ .-
#5011 - top 2" 6 13,000 trace 18,000 5,200 850 -- 2,30 trace
Acanthurus liver 1%‘,‘030 -- 3,800 -- -- .- -- 17,000 780

* d/m/in?
## w185 ot detected due to high compton interference
#¢8 Pregent in high amount )

i Zz=7e
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Table 3. Per cent of total radioactivity contributed by gamma-emitting isotopes at date of collection.

celdl  p,103
HIBS 0057 pallh Ry 106 q‘137 795 mse mso Total d/m/z
ENIVETOX ATOLL
Janet I. April 28, 1958
Sida -- .- -- -- 100 -- -- - 1,200
August 20, 1958
Ipomoea leaves 77 -- 5 5 7 6 - -- 15,560
Pimbrystilis tops 92 -~ 2 3 -- 3 -- - 217,400
Messerschmidia leaves 93 - 2 1 1 2 -- - 11,790
3011 53 - 17 15 -- 14 - - 4,310,000
Vera I. June 25, 1958
Caulerpa 7 -- 15 6 - 72 -- -~ 321,000
Ipomoea stems and flowers 36 - 51 7 - 6 -- - 41,700
Messerschmidia leaves 28 - 14 18 - 40 .- - 49,500
September 27, 1958
Tridacna visceral mass -- 1 -- 72 -- 22 5 trace 376,500
August 26, 1958
Scaevola fruit 29 -—- 23 20 -- 28 - - 3,060
Belle I. May 10, 1958
Scaevola leaves - .- - - 10C .- - - 540
Messerschmidia fruits and
flowers - - -— - 100 - -—- - 540
June 20, 1958
Scaevola leaves
(fair protection) 70 - 5 10 -- 15 - .- 2,280,000
Scaevola leaves
(poor protection) 67 - 6 11 - 16 -- -- 11,850,000
August 20, 1958
Scaevola leaves 73 -- 8 8 1 10 - - 247,800
Messerschmidia leaves 84 -- 4 4 1 7 - - 451,520
Triumfetta leaves: 78 - 8 5 1 8 - - 564, 500
Portulaca leaves 89 -- 3 3 2 4 -~ -- 735,000
#3011 - top inch 68 - 6 10 -- 16 -—- - 19, 100,000
#3011 - 8-10 inches 89 -- 2 5 -- 5 -- - 304, 600
Leroy I. June 28, 1358
Scaevola leaves -- -- 21 23 - 56 -- - 1,960,000
Keith I. August 30, 1958
Scaevola leaves 46 - 13 15 -- 26 - - 2,380
Messerschmidia leaves - - - - - - - -- 0
Henry I. May 8, 1958
Scaevola leaves - - - - - - - - 0
June 23, 1958
Scaevola leaves 11 -—- 10 32 -- u7 -—- - 23,200
Messerschmidia leaves 52 -- 11 13 - 24 - -~ 46,000
Coconut meat -- -- -- -- 21 79 00 00 48
August 20, 1958
Scaevola leaves 17 - 28 22 . 34 - - 2,440
Messerschmidia leaves -- - - - 100 - - - 450
#350i1 - top inch - - 33 41 - 26 -- - 29,000
Yellowwood Crater June 5, 1958
Sludge from bottom 67 - 6 15 - 11 -- - 5, 210,000
RONGELAP ATOLL August 8, 1958
Scaevela leaves 89 - 4 4 - 3 - - 393, 200
July 27, 1958
Breadfruit -- - - - 39 61 - - 260
Arrowroot - . - - 100 - -- - 130
Coconut milk -- = - - 100 << - - 29
UJELANG ATOLL July 19, 1258
Scaevola leaves 64 - 9 14 - 14 - -~ 3,150
Messerschmidia leaves 61 - 8 16 - 16 - - 2,310
#3011 - top inch 17 -- 25 46 - 13 - -- 6,110
BIKINI ATOLL
Nan I. August 28: 1258
Clerodendron leaves 92 -- 3 3 - 3 - - 10, 730
Scaevola leaves 90 -- 3 4 -- 4 -- - 8, 350
Pandanus - inside of fruit - - - - 100 ta - - 210
Udotea indica -- -- 57 12 - 32 - - 28,600
#3011 - top 2" 2n65 33 -- 46 13 2 -- 6 -- 39, 350
Acanthurus liver 43 - 10 - - -- - 45 2 37,580

* d/m/1in<
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At Janet Island, which was washed by the water wave from the
detonatilon, W185 accounted for 53 per cent of the total radio-
activity in top soil (Table 3). The contamination by this

isotope is assumed to have been produced in the May 26

~ detonation.
Analyses were made of soll samples taken at two depths
(top inch and 8-inch to 10-inch depth) at Belle Island to
determine the relative rate of leaching of W185 through coral
soil in comparison to that of Ce, Ru and Zr. Based on these

samples, the radioelements leached through the soll in the

following order (Fig. 7).

Per cent of activity at 8 - 10
inches compared to surface activity

wi85 2.1
Ryl03+106_ g 103+106 8
zr95-Nb95 .5
Celll+llhl_p Al1+1lk oy

w185 1leached from the top. inch of soil to a depth of
8 to 10 inches two-and one-half times as fast as radioruthenium,
four times the rate of radiozirconium and five times as fast as
radiocerium. The above conclusions are valid only 1f all four
of the radioelements were deposited on the ground at approxi-
mately the same time.
,}\\’ 5
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- Spyridia 1,000,000 d/m/g
Padina 910,000 &/m/g -
Halimeda 600,000 d/m/g

The W185 activity in the algae samples is related to
the surface area-to-weight ratio in the four specles. Polysi-

phonia and Spyridlia are branching, finely divided forms and

have the greatest surface area per unit weight. Padina is
flabellate wlth a smaller surface area and Halimeda is a heavy-
Jointed calcareous form wlth the least surface area per unit

weight. The limited data available on the levels of W °2 in

present mainl -y ot surluury;, dIitnough a greater number o1l

Ssampies woull pe ficcessa™ TO SNow Witn dertalnty tmat' tnis
is the case. The levels of w185 in the algae were higher

than those in the land plants at the same island (Table 2).
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and 82 per cent respectively of the total disintegration rate
of the gamma-emitting lsotopes. At Ujelang, in the same
speciles, W185 accounted for 61 per cent and 64 per cent
respectively of the total disintegration raté (Table 3). The
presence of w185 on the leaves at UJelang indicates that the
radioactivity found in these samples 1s from recent fallout
(Fig. 8).

In the Ujelang soil, on July 19, W85 contributed only
17 per cent of the total radioactivity in comparison with 89
per cent for the same lsotope at Belle Island corrected to
the same date., Janet Island soil contalned w185 at a level
of 48 per cent of the total activity corrected to July 19
(Table 3). The low value at Janet Island in comparison to
that of Belle Island is due to the former island's having been
waéhed by the water wave. The low ratlo of tungsten at Ujelang
Atoll in comparison to that of samples from both Belle and
Janet Islands suggests that a signifilcant part of the radlo-
activity in Ujelang soil was from earlier fallout, the new
fallout, containing w185, contributing only part of the total
actlvity. A similar siltuatlion was observed in the soll sample

from Henry Island at Eniwetok Atoll.
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Fig. 8. Gamma spectrum curves of Scaevola leaves from Ujelang
and Rongelap Atolls and of Messerschmlidla leaves from
UJelang Atoll.
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on Scaevola leaves collected at Rongelap on August 8, 1958, |
(Table 3, Fig. 8) and 90 per cent on leaves of the same specles
collected at Nan Island (Bikini) on August 28. Thus, the con-
tamination on the plant leaves at boﬁh Bikini and Rongelap

Atolls may be assumed to be due to recent fallout. 1In topsoil

from Nan Island, w185 accounted for only 33 per cent of the

total; the isotope was not detected in soill from Rongelap

(Table 3). The ratios of w185 in the soil samples from Nan

Island and Rongelap Atoll indicate that a sigﬁificant part

of the contamination was due to earller fallout.
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SUMMARY

1. Chemical separations by ion-exchange resin columﬁ and
precipitation techniques were made on selected samples
collected at the Eniwetok Test Site during the éummer of 1958.
The chemically separated radioactive isotopes were identified
by determination of maximum beta energles, gamma energies, and

half life.

2. The presence of w185 and other gamma-emitting isotopes on
or in other samples from the Enivetok Test Site and from the
nearby populated atolls of Rongelap and Ujelang was determined

by means of gamma spectrum analysis of whole samples.

5. w185, first observed on plankton collected approximately
150 nauvtical miles northwest of Eniwetok, contributed up to

83 per cent of the total activity of the gamma-emitting iso-
topes in the sample. Plankton specimens contamlnated by W185
were taken in two other general areas, one approximately 90
nautical miles southwest of Eniwetok and another southeast of
Bikini Atoll. Plankton taken outside these areas did not
contain radiotungsten nor was it found in any plankton samples

collected three weeks later in the same area.
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4., Scaevola leaves from Belle Island (Eniwetok Atoll)

contained a high amount of wl85 (67 to TO per cent of total

‘activity). In ion-exchange separations this lsotope was

observed only in the anion fractions. Only the 0.055 MEV
and 0.03 MEV gamma eniergy peaks of W185 were found 1in a

precipitation separation specific for tungsten.

5. In soil samples from Belle Island collected August 20,
1958, w185 appeareﬁ to leach to a depth of eight to ten
inches, two and‘one—half times as fast as radioruthenium, four
times the rate of radiozirconium, and five times as fast as

radiocerium.

6. The rate of removal of w185 from Scaevola leaves by rain
and wind is not significantly different from the average of

the other radioisotopes.

7. The level of w185 on algae samples collected at Belle
Island on August 20, 1958, was higher than that on land plants,

based on activity per unit welght.

8. In a dogtooth tuna specimen taken from Enlwetok lagoon

on June 22, 1958, w185 was found in the spleen and llver.

| Other fish sampled failed to show the presence of this isotope.
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9. w185 contaminaticn on plant leaves and 1in the soll at
Ujelang Atoll was low in comparison to that at Eniwetok

Atoll

10. The level of w185 on Scaevola leaves at Rongelap Atoll
on August 8, 1958, was higher than that at Nan Island
(Bikinl), Keith, Henry, and Leroy Islands (Eniwetok) and

Ujelang Atoll.

11. w185 was not detected in the internal parts of any of

the plant samples examined in this survey.
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