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ABSTRACT

A survey of the radiocactivity in the sea 1n the region of
the North Equetorial Current from the Marshall Islands to the
Marianas Islands was made in September 1956. The expedition
wes sponsored by the United States Atlomic Energy Commission,
Division of Blology and Mediclne, and carrled out by the Applied
Fisheries Laborstory, University of Washington, with the support
and cooperation of the United States Navy.

Plankton samples were taken by obligue tows from 200 meters
and water samples were taken from the surface, 25, 50, 100, and
150 meters at 74 stations. The general pattern of distribution
of radioactivity shows & sharp decrease east of Bilkini and a |
gradual but irregular decrease west of Eniwetok. A slight de-
gree of contamination is indicated as far to the west as Quamn,
the western extremity of the survey. Non-fission products
account for a large proportion of the radioactivity in plank-

ton and fish samples.
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SURVEY OF RADIOACTIVITY IN THE SEA AND IN PELAGIC MARINE
LIFE WEST OF THE MARSHALL ISLANDS SEPTEMBER 1-20, 1956

INTRODUCTION

The amount of radloactivity in the sea and in pelagic

marine life during and following weapons tests at the Paciflilc

Proving Ground has been the subject of reports by United States
and Japanese laboratories,
Following the 1354 test series, the Japanese survey ship,

Shunkotsu-Maru, mede a general survey of the amount and dis-

tritution of radioactivity in sea water and in some of the me-
rine life 1n the reglon west of the Marshell Islands. The re-
port of the Japanese aurvey1 Iindicated that measurable amounts
of radiocactivity were to be found in the sea even as late as
the spring of 1955.

Operation Tr0112 was oonducted during the spring of 1955
to measure the level of radioactivity in the sea and the move-
ment of the water maes containing the radiocactivity. This was
a Joint operation of the New York Operations Office, U. 8.

Atomic Energy Commission, Scripps Institute of Oceanography,



University of California, and the Applied Fisheries laboratory,
University of Washington.
The findings of Operation Troll, the 17,419 mile corulse
of the Taney from Pebrusry 25 to May 3, 1955, wvere summarized
as follows:
1. Sea water and plankton samples show the exlstence
of widespread lov-level activity in the Pacifilc Ocean.
Water activity ranged from 0-570 d/min/liter and plank-
ton from 3-140 d/min/g wvet welght.
2, There is some concentration of the activlty in the
main current streams, such as the North Equatoriel Cur-
rent. The highest activity was off the coast of Luzon
sveraging 120 d/min/liter down to 600 m (April 1, 19555.
3, Analyses of fish indicate no activity approaching
the maximum permiseible level for foods. The highest
activity in tuna fish was 3.5 d/min/g ash, less than 1
percent of the permlssible level.

4, Measurements of plankton activity offer & sensitive
indication of activity in the ocean.

5. 8imilar operations would be valuable in assessing

the activity from future teets and in gathering valu-
able data for oceanographic studles.

The Division of Biology and Medicine of the U. S. Atomlc
Energy Commisaion requested the Applied Fisheriles Laboratory
of the University of Washington to conduct surveys of the open
sea during 1956 to determine "(a) the levels of introduced ra-
dioactivity resulting from the tests in the water, plankton,
and fish, and (b) how far the activity extends westward in the

North Equatorial current.”



The first of the two surveys was operating at sea, June
11-21, 1956, during the weapons testing program. The results

3
of this survey are summarized in UWFL-46 . The summary of this

report states:

A survey to determine the amount of radioactivity in
the waters satout Bikinl and Fniwvetok Atolls was made
during the period June 11 to 21, 1356.

A grid of stastions about 45 mlles apart coverinﬁ
78,000 gquare miles of ocean between 10" 15' N to 14° N
and 159° to 166 E wes covered by the survey. The dis-
tance traveled wss 3.370 miles.

Radloective meterlals were found in the plankton
samples from every statlion. The highest plankton counts,
1,100,020 d/m/g (wet weight) were obtained near Bikini
Atoll, and the lowest, 1,300 d/m/g, in the northwestern
part of the survey ares,

The average value for plankton was 71,000 d/m/g
wvhich was 7,100 times the average surface water value.

Water samples were collected at surface and at depths
of 25, 50, 75 and 100 meters.

The average radioactivity of water was 10,000 d/m/1
at the surface and 3,900 d/m/1 at 100 meters.

The second survey of the 1956 series was conducted during

September, about six weeks after the termination of the weapons

testing program, during which time decay and dispsrsion of the
radioactivity had taken place. As in the first survey, the
U. 8. Navy assigned a naval vessel, in this case the USS Marsh

(Destroyer Escort 639), to be used as the survey ship. This



survey operated from the Marshall Islands vestvard to Guam

between 9° N and 15° N.

The findings of this second survey are reported on the

following pages.
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PLANS, EQUIPMENT AND OPERATIONS AT SEA

The amount of radiosctivity in the sea vatef and in ma-
rine life in the region near Bikinl and Enivqtok Atolls during
and following the 1956 atomic testing program, &s well a8 the
movement and dispersel of the radioactivity after completion of
the test program, was evaluated by two radioblological-oceano-
graphic surveys. The first survey, made from the Walton in June
1956, covered fifty-three stations in an &area between 11° N and

14° N, 180 miles west of Enivetok snd 30 miles east of Bikini

(UWFL-46) 3 .

The second survey, made from the Marsh, covered T4 stations
in an area bounded by 9o N and 150 N and approximately 145°>E and
166° E (Pig. 1). This ares is within the Korth Equatorial Cur-
rent, which flows westward. In planning the track for this sur-
vey 1t was necessary to consider the areas of fallout, the direc-
tion and rate of drift of the North Equatorial Current (taken as
ten miles per twenty-four hours for planning purpoaea), the fuel
requirements of the ship &and refueling facilities, which were a-
vailable only at Kwajaleln and Guam.

Installation of equipment aboard the Marsh was started at
Eniwetok August 28 and the survey started September 1. The first
leg, from Eniwetok to Guam, was completed on September 7. Marine
organisms were collected from the reef on the eastern side of
Guam to supplement the oceanlc collections. The second leg, from
Guam to Kwajalein, covered the period from September 9 to Sepﬁem-

ber 17. This period was interrupted for twenty-four hours begin-
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ning September 10 while the Marsh was engaged in & sea-air res-
cue mission. The third leg, from Kwa jalein to Eniwetok, was

started September 17 and completed 3eptember 20.

Equipment

The collecting equipment used on the Marsh wvas the same as
that used on the Walton. Installation was approximately the same.
Photographs of the major items of equipment installed aboard the
Walton appear in UWFL-46.

Space below decks for quarters and equipment consisted of
the after compartments for officers' quarters, chilef petty ‘of fi-
cers' quarters and crew's berthing.

The major items of equipment were

1. A continuous surface water monitoring probe with tank
and water connectlions, a ﬁnit designed and constructed
by the Health and Safety Laboratory of the New York
Operations Office.

2. A powver wlnoh feeding a 3/16-inch steel éable over an
A-frame and davit for use with plankton nets and water
sampling bottles.

3. A steel platform extending two feet over the portside
of the ship under the davit to provide space for work
vith nets and water sampling bottles.

4, A temporary chemistry laboratory.

5. Three nuclear radiation detection Instruments.

6. A bathythermograph which was part of the ship's equip-

ment.



wvhen coming on statlion during which time lhé datnyihermoglapll
drop was made., When the speed was one to two knots and the ship
wvas headed with the wind off the port bow the portscrew was
stopped and the plankton net was dropped. A speed of about one
knot was maintained during the plankton haul. The vessel came
to a dead stop while the water bottle casts were made. Cruising
speed was gradually resumed following completion of the collec-

tions.

COLLECTION AND PREPARATION OF SAMPLES

Plankton, water and fish samples and contlnuous measure-

ments of the activity in the surface water were taken. These

samples and their preparation were the same as for the Walton
survey with the following exceptions.

Water samples were taken from the surface, 25, 50, 100 and
150 meters to make certain that at least the deepest bbttle would

be below the thermocline. The plankton volumes were determinsed

* Quoted from letter from Commanding Officer, US2 Mersh (DE 699)
to CTG 7.3, 23 September 13%6.
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by using & 100/110-ml caseia volumetric flask instead of & grad-
uated cylinder. All samples except fish were processed aboard
ship immediately after being colleoted. Fish wvere frozen aboard
ship, dissected and dried at the Eniwvetok Marine Bilological Lab-
oratory, and ashed and counted at the University of Washington.
The water aupply for the probe tank for continuous monlitor-
ing, instead of being taken from the fire mains as on the Walton,
was supplled by a Marlow Centrifugael Pump, Model No. 12, HEL-9,
operated at its full capacity of 50 gallons per minute. Chemical
pumrs of lesser capacity which had been furnished with the tank
vere tried but were inadequate. One and one-half-inch pipe was
used for intake and discharge. The pipe was welded to the deck
and hull of the ship and the free end of the intake pipe wvas
held against the force of the water by a chain leading to a
stanchion on deck. Even with these precautions and generally
good sailing conditions, the pipe broke on the last day of the

cruise.

METHODS OF ANALYSIS

All counting, with the exception of fish aamq}en, vas done
aboard ship within a few hours after the time of collection.
Counting Fquipment. Samples were prep}red on l}-inch stain-

leas steel plates and counted with 2-inch Anton tubes in a 3-inch
lead Anton pig with Nuclear-Chicago Model 181 scalers. Baok-
ground varied from 17.3 to 37.1 c/min.

Correction Factora. The same correctlion factors wvere used

as for the Walton data, the details of which are given in UWPL-46.
AT AN
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The total correction factors to convert counts per minute to
gisintegrations per minute were 3.5 for plankton, 4,0 for water,
and 3.3 for filter papers. Negative values are given wherever
tne count was less than background. No correction was made for
decay since the counting was done essentially lmmediately after
collection and the values given are as of the time of collec-
tion. Decay curves are shown in Figure 2.

Gamma Rey Spectra. GCarmma ray spectra were run at the Uni-

versity of Washington laboratories in Seattle on a single chan-
nel, sutomatic advance, gamma spectrometer. The spectrometer
consists of a Nuclear-Chicago Model 1810 radiation analyzer, &
Nuclear-Chicago Model DS-3 scintillation well counter, & Tracer-
lab Superscaler, & Nuciear-Chicago Model C-111 printing timer,
and an automatic baseline advance device bullt at Seattle.

Spectrum ranges of 0.5, 2.0, and 4.0 MEV were used.

RESULTS OF SURVEY

Plankton

The highest value of radloactivity in plankton, 21,000
d/m/g wet, was found st station 55 about 80 miles north of Eni-
wetok and the lowest value, 27 d/m/g, was found lmmediately south
of Guam. This lowest value was slightly lower than the value ob-
tained near the same station during Operation Troll (39-61 d/m/g),
indiceting that Guam was near the westernmost extremity of the
radioactive contamination which resulted from Operation Redwing.
A slight degree of contamination 1s indicated by comparison with

plankton samples from Puget Sound and off the Queen Charlotte
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Islands, which ranged from 0-16 d/m/g. Activity in the water,
novever, lmmedlately south of Guam was sabout three times high-
er at the time of the Marsh survey than during Operation Troll.

The distribution of plankton activity is shown in Figure 3
and Table 1. Pigure 4 is a graphic presentation of the data
from Table 1. There i3 a sharp decregse in actlivity east of
Bikini and a gradual but irregular decrease west of Eniwetok.
Activity levels in plankton samples from immediately east of
Bilkini are about the same as those in the vicinity of Guam.

The plankton tows were made to a depth of about 200 meters,
vhich assured complete sampling of the stirred layer. It 1s gen-
erally accepted that the stirred layer exists only above the
thermocline, a region in which temperature decreases rapldly
with increase in depth. Bathythermograph casts were made at
each station to determine temperature changes with depth. Un-
fortunately the only bathythermograph which was operable &t sta-
tions 1 - 30 was only able to measure temperature$ to a depth of
200 feet. Thie situation wes remedied at GQuam and from that
point on temperature messurements were avellable to 400 feet.
From the later deta and the results of the Walton and Troll sur-
veys it 1s evident that in general the upper level of the ther-
mocline wag just below 100 meters.

The average of the ratios of plankton activity to water
activity was 2500; possible reasons for variations in this
value are discussed on pages 27-33.

Water

The activity of the water from all depths 1s presented 1in
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Texle 1. The sums of the values of activity of the residue from
Lo
2

11ter of =ea weter and of the flltered water, less K for

one
eech statlon and depth are given in Table 2. Figure 4 s a graph-

ic presentetion of the data from Table 1 elong with the plankton
valuees. It 18 evident from this figure that although the abso-
lute values for the verious derths or kinds of samples are differ-
ent, the general pattern of horizontal distributlon of activity

18 approximately the same. The distribution of activity in the
surfece vater samples ls plotted in Figure 5.

The highest levels of total activity in the surface water
(residue on filter peper plus fllterable portion, less Kao) were
found tetween Fnlwetok and Ujelang, and the lowest value nerth-
east of Bikini. These values were 19,000 d/m/1 and 48 d/m/1.
Velues in the vicinity of Guam are 4 to 20 times the lower velue,
indicating that some contamination from Operatlion Redwlng had
reached thls far. Possible interpretations of the relation-
ship between water and plankton activity are discuassed on pages
27 -'33.

At every depth sampled the particulate matter retained on
the filter had lower levels of activity than did the filterable
fraction; this was true also for the Walton samplee with the
exception of the surface water, in which the particulate matter
contalned 58 percent of the activity. The average values of ra-
dloactivity in the two fractions and the percentages from both
the Marsh and Walton date are presented for comparison in Table
3. In both sets of data the particulate matter contributes

about three times as much of the total activity In the surface






Table 2. (continued)

Station _ Surface 25m 50m  100m _ 150m  400m
41 166 a7 59 0 84
42 5180 4902 4872 448 250
n 278 197 206 87 100
ua 3180 1980 1917 224 108 1369 (from 450m)
45 1040 1451 1258 119 189 '
u6 2653 1788 2054 g4 99
mn 300 154 245 -15 ~36
4 ol 262 235 -23 4
49 52 596 73 -26 46
50 1732 1328 1205 88 138 91
51 1020 816 1487 70 121 51
52 340 35 1240 110 249 155
53 82 26 670 26 212 86
54 2863 2600 2670 .59 730 242
55 1549 1374 3356 838 318 133
56 3006 2746 2800 216 562 331
5 436 458 523 gé 134 131
5% 268 2U6 283 102
59 4624 4052 4009 723 180
60 66 150 164 127 77
61 131 171 137 75 -3
€2 1326 138 143 805 113 331
23 125 103 149 85 96

4 . - - - -

65 199 31 144 158 82
66 114 35 119 106 86
67 L8 22 85  -36 37
68 155 143 812 8 2h
69 72 67 112 1 86
70 103 59 95 60 126
71 541 603 277 17 63
72 202 291 989 192 112
73 84 118 146 1403 100
T4 8o 130 250 783 243

Bottle did not close.
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and the actudl levéls Ol radloacriVily presen. 1O HUE WETEl a8
determined from samples taken curing the Marsh eipedition (Pig. 7).
" The lack of sensitivity might possibly have been due to faulty

"A" and "B" batteries in the probe assembly although this is not
likely. The instrument was sensitive to a ¥ source inserted into
the calibration port several times throughout the duration of the
trip.

Although the instrument, in its present form, cannot be used
for detecting low levels of contaminstion the following modifl-
cations might be made to increase 1ts sensitivity and usefulness.

1. Incorporate suiltable voltege stabllization circults in
the filament, B+, and high voltage supplies (the ship-
line supply fluctustes from 80 v to 135 v).

2. Rerlace the present crystal and photdmultiplier with a

| 7-inch dlameter unit.

3. Rebuilld the water tank to minimize vibration effects on
the escintilletion probe and increase the volume of wa-
ter around the probe.

L, Inocorporate intermediate ranges into the control box
with the following ranges: 5, 30, 50, 300, 500 and 3000
microroentgens.

Pish

Levels of radioactivity in fish tlssues are given I1n Table
b, They are remarkably uniform in the three skipjack taken nesar

station 23; the liver has the highest level of activity, 186 d/hﬁg
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Table 4. Radioactivity of Pish Caught on the Morsh Survey
d//g (wet)

SkipJjack Taken Near Station 23:
Light Muscle Dark Muscle Liver

Specimen "A'" 92 %gg igg
" "B "

" "¢ gO 1 gé 200

Average B2 186

Flying Fish Taken from Stomach of Skipjack (Spceimen "A" above):

Muscle Liver
119 --
Flying Pish Taken Near Station 54:
Muscle Liver
360 T460

Homogenate of Tlssues from Pifty Reef PFish Taken at Guam:

Muscle Liver
Aliquot 1 70 167
2 105

" 3 1 6
Average I?U 187
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DISCUSSION OF SURVEY DATA

The ratio of the radiocactivity in plankton to that in
wvater on a basis of equal welghts is highly variable from sta-
tion to station and from collection date to cocllection date.

Some of the variabllity 1is probably due to inaccuracies in
water sample values. A single value for water 1s probably less
reliable than a single value for plankton because of the method
of sampling and the lower level of activity in the water; when
the water value 18 based on the sverage of several observations
the comparisoq»is fairly reliatle, but a comparison based on a
single wvater value 1s less relisble. The average of ratios for
all stations of the Marsh survey wes 2500 (minimum 29, maximum
18,000). The average ratios for the Walton and Troll surveys
vere 7,000 and 300 respectively.

Several factors may enter into the reductlion of the plank-
ton-water ratio with time. One factor may be that selective up-
take by the plankton is less evident from relatively fresh fall-
out msterial, where a wide spectrum of radioisotopes 1s avall-
able. A decreasing ratio with time after fallout, evident from

comparing the Walton, Marsh and Troll data, supports this possi-

bility. Furthermore, the western stations (14 - 42) of the
Marsh survey, which would tend to have older fallout material
than the eastern stations, have a lower ratio of plankton ac-
tivity to water activity than do the eastern stations. The
values and their standard errors are 475 ¥ 98 and 3716 o754

respectively.
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There 1s, however, another factor which appears to be of
considerable importance. Thils 1s the effect of distributlon
of activity in the water with depth on the actlvity in the
plankton sample. The plankton sample 1s taken from a water
layer &t a depth of 200 meters to the surface. The water sam-
ples are taken at discrete depths down to 150 meters. The fol-
lowing uncertainties are therefore inherent in the sampling
method. First, there 18 not a uniform decrease of activity
with depth (Figs. 8 and 9). There are, indeed, changes with
depth which range from a sharp decrease from the surface to
25 meters to the other extreme where there are sharp increases
at a derth of 100 meters. Secondly, since the water samples
are taken at discrete Lntervals of 25 to 50 meters, the pre-
sent data do not permit ruling out the possibility that ex-
tremes of activity in narrow regions distort the total picture
at a given station elther by being missed completely or being
overemphasized. And thirdly, there {8 no guarantee that the
plenkton is uniformly distributed throughout the depth which
1s samyled by the plankton net. There is, for example, some
evidence that a change in the vertical distribution of the
plankton population occurs from hours of daylight to hours of
darkness. The diurnal-nocturnal difference 1n ratio of activ-
1ty in surface plankton (material on filter papers) to that in
the surface water is significant at stations 1-30, which for
the most part show a sharp decrease in activity in the water
from the surface to 25 meters, and no subsequent increase. No

such significant difference was found at the remaining stations,
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) at each depth sampled.

Fig. 8. Relative radioactivity of water (filter and filterable fraction less K*°

Marsh samples.

Maximum” value at each station taken as 100.
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Fig. j ; - .
9- 3 Relative radioactivity of water (filter and filterable fraction, less K*) at each depth sampled.

Maximum value qt each station taken as 100. Walton samples.
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where variable levels of activity with depth wquld mask any
diurnal-nocturnal variation that might exist.

The change of relative radloactivity of the water with
derth is variable but appears to fall into regional patterns.
It 1s likely that at the time of the Marsh survey those regions
containing the highest relative activity levels in the deeper
layers were regions primarily affected by fallout, while those
regions having the bulk of the radioactive materials in the sur-
face layer were reglons to which the radloactive materials in
solution had been carried by surface currents. It would follow
that by the time of the survey vertical mixing had not taken an
important part in redistribution of the radioactive materials;
possible exceptions may occur in the immediate vicinity of the
Marshall and Marianas Islands.

This interpretation which 1s based on the assumption that
most of the radioactive materiasl went into either a true solu-
tion or a suspension of very small colloidal particles soon
after fallout is supported by the fact that most of the activi-
ty passes through & Millipore filter (Table 3). However, dif-
ferences in specific gravity of the particles would result in
the same type of distribution. It 1s possible that relatively
higher values near the surface for stations to the westward are
accounted for, in part, by fallout of lower specific gravity
than that of fallout nearer the test site. The particles of
lover specific gravity would be assumed to have gone into com-

plete solution while still near the surface.
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Figure 8 represents the activity at each of the five depths
sampled relative to the highest activity at each station of the
Marsh survey, and Figure 9 represents the same thing for the
walton survey.

In general, the presence of relatively higher levels of
aotivity at greater depths at the Walton statlions corresponds to
the situation at the Marsh stations except in the area south and
vest of 12° N and 157° E, where the Marsh stations had a marked
preponderance of aoctivity in the surface water., The Walton sur-
vey was made during the test series when radiocactive materials 1in
the water had‘had only a few days or at most, a few weeks, to be
moved by ocean currents from the area of fallout. In addition,
the bulk of the activity was found to the north and northwest of
the test site. Barnes6 reports that the aurface iayers in this
region move about three times faster than the layers at 300 me-
ters, and Yoshidarrshows the westward velocity of the surface
vater as about 1% times the velocity at 40 meters at 17o N. It
seems .possible, therefore, that the Marsh stations south of 12O N
and vest of the test site represent, for the most part, & region
which received its radiocactivity via the ocean currents. Stations
4 to 9 are exceptional in this reglon but they are also stations
vith high levels of activity (Figs. 3 and 5, and Table 1), prob-

ably due to fallout from tests made after the completion of the

Walton survey.

There are unusually 'high levels of radloactivity at depths
of 50 m to 100 m at the three stations immediately east of Eni-
vetok and at station 68 vhich is about 2° N of Bikini. The

L0
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unusual condition st these stations may be due to sampling. If
the condition 1s real, some of the factors which may be involved
include differences in rate and set of currents adjacent to the
atolls, turbulence, and eddies north of Bikini. ’

Careful analysis of the bathythermograph records would be
required before any possible relationship between the distribu-
tion of activity and the thermocline could be determined. It
appears, however, that 100-m samples were taken below the ther-
mocline at most, if not all, stations. Samples were taken at
400 m or 500 m at ten stations east of 159° E and had levels of
activity comparable to thoese at 100 m and 150 m at the same

stations (Table 1).
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RESULTS AND DISCUSSION OF RADIONUCLIDE ANALYSIS

Fission product separations (see UWFL-33 for techniques)9
and gamma spectrometric determinstions were made on plankton
samples collected during the Walton and the Marsh surveys.
plankton samples collected from the Walton in June 1956 were
analyzed chemically June 30 and August 29 of the same year.
gimilar samples collected from the Marsh in 1956 vere analyzed
poth for fission products and certain radioactive non-fission
product isotopes during the last week of December 1956 and the
first week of Jsnuary 1957.

'In addition to the chemical analyses, gamma spectrum
carves were made on two Walton plankton samples, one of whioch
was collected just north of Bikini Atoll (station 9D), and the
other in the open sea (8C) about 65 miles northwest of Bikini
Atoll.

In general, the observed percentages of total beta activi-
ty contributed by the various fission products, corresponded ap-
proximately to those expected on the basis of the Hunter and
Ballou curves}

Of the Walton samples, chemical analyses vere made on
vlankton from nine stations: 1E, 3A, 4D, 7D, 8A, 94, 9C, 9D and
1UB (Teble 5). Variation in isotope percentages 1s great be-
twveen samples and no deflnite pattern of varilation is evident

between the different collectlng areas. If the averages of all
samples are comparsd with the expected percentages (based on an
average 30-day interval following detonatlon), the results are

&3 fOllOus:
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Isotope Observed TFxpected Ratlo observed percent
percent  percent expected vercent
z0°” 5.8 8.2 1/1
Triv. R.E. 13.0 19.5 1/1
Rul®3:106 ) gnl% 8.9 5.7 31
'031“1’144, Prlhu 26.0 13.2 21
Baluo 3.1 10.8 1/4

In addition to the great individual variation, differences
vere also observed in the total smount of activity accounted for.
At statlons 9C and 9D, both of which are within 45 miles of Bi-
kinl Atoll, only about 80 percent of the total beta activity vas
eccounted for as fission products. On the basis of a gamma spec-

trum run on sample 9D about 5 percent of the total gamma activi-
65

ty was Zn No evidence of cobalt isotopes was found. On the

other hand, in the germa spectrum curve of plankton from station

8C. 65 miles northwest of Bikini, the non-fission product iso-
topes 0058’60, Zn65 and posslbly 0057*, accounted for more than
50 percent of the total cumma activity on November 26, 1956%*%.
(Fig. 10).

O0f the Marsh samples, chemical separations for fission prod-

uc-s and zinc and cobalt were made on plankton from stations 5,

42 and 55 (Table 6).

* The chemig?l and resin column data indicate the possible
rresence of Co”!. The garma spectra maﬁe on the separaté?ns,
however, indicate that the isotope is V49 rather than Co-/.

**  The techniques employed for identifying the different co-
balt isotones involve the 'use of chemistry, lon exchange resin
columns, beta energy determinations, and gamms spectrometry.
The technigques and results obtained for various biological sam-
Ples will be published in s later paper.
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Station 5 i# located 160 miles sbuthvest of Fniwvetok and
station 55, 90 miles due north of Eniwetok (Fig. l). Plankton
from stations 5 and 55 yilelded similar radiochemicel analytical
results and 1n addition have almost identical gamma spectra,
which are essentially thc same as thet of the plankton samples
from one of the neighboring stations, 54 (Fig. 11).

Station 42 was taken 470 miles west of Eniwetok. The lso-
topic content of plankton from this station was clearly differ-
ent from that of stations S, 53 and 55 on the bases of both

chemical and gamma spectrum analysis.

Comparisons of the relative activity of the different 1so-
topes from plankton at statlons 5, 55 and 42 as determined by
chemlical analysis with the expected activity based on the

Hunter and Ballo&ocurves are as follows:

Isotope Expected Observed percent at statlons
percent * 5 and 55 42
s5r09,90 7.5 0 1.5
Csl37 <1. 0 0
pal37,140 <1. <1. <1.
Celm‘--l"rlu4 16. 8.2 20.
Triv. R.E. 15. 4.5 5.1
RulDB, Rulos-Rhlo6 5.0 3.0 3.0
Zr22 12.5 28. 21,
coo 158,60 0 3.0 31.
Zn65 0 s ] e 6.0
A Based on an average 8-month interval following detonation.
65

* e According to the gamma spectrum, Zn accounts for approxi-
mately 50 percent of the totsl activity at stations 5 and 55.



r-

on s

1000

100

C/M

Fig. Il.

Cs'37 STANDARD
/ 0.67 MEV

i \WATER 54 7

Co®® STANDARD
[.17 MEV 1.33 MEV

’(L ,®
¥ ‘V' \\.

Liaaed

1

lllLlJ

\ \MARSH
*PLANK-
TON 54

l!IlIJ

'\ FLYING

\, FISH
LIVER

0.2 0.4

Gamma spectra of samples of sea water ,

liver from Marsh station 54.

plankton , and flying fish

1N



2.5 and 10 times higher at 475 or -~ 18 ab3seént av 5 alld 5o,

but present at 42 at a level of about 20 percent that expected

10
from the Hunter and Ballou curves. On the besls of the gamma

spectrum curves, however, the apparent radlochemical determina-

4 144
tion of Cel u-Pr in sample 42 1s too high.

In plankton from all three stations the trivalent rare

0
earths are present at about 30 percent and Ru103, Ru106~Rhl 6

at about 50 peréent of the expected levels. Zr95, on the other
nand, 1s present at & level about twice that expected.

The total recovered activity in the chemical separations 1is
grester than that usually found. This may be due to error in
counting the original sample introduced by the presence of appre-

¢ciable amounts of 0057, 0058, Co60 and Zn65

, 811 of which emit
relatively low energy beta particles in comparison to those from
mixed fisslion products.

The gamma spectra of plankton from Mersh stations 5, 5S4

and 55 indicate a low percentage of cobalt lsotopes, but a high

level of Zn65 (approximately 50 percent of the total gémma emis~
4
sion) along with Cel 4—Prlu, ZrQS-Nb95 and Ru106~Rh106 (rig. 11)

oa e tf_ '-.-— » 1 Iid -

P e —

R

kafter filtration through a Mi{1llipore filter, for plenkton, and
a flying fish liver (Pig. 11). The curves for the plankton and
fish liver are similar. All of the detectable gamma activity

in the water, however, was contributed by Zr95-Nb95.
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tive filtrate, the Fe (OH)3 scavenge from the ashed plankton

sample, and the cobalt separation on the same specimen (Fig. 12).

The total plankton sample has a lowver Zn65 component than that
found in sample 54. In addition Celyk_Prlhb’ Ru106—Rh106 and
ngs-Nb95 contributes little of the total gamms radiation

(Fig. 12). The major part of the gamma activity is contributed

6 59

O; also a limited amount of Fe is present.

by 0057, 0058 and Co
The cobalt in plankton sample 42 is partly soluble in neu-
trel formalin and 1s found in high amount in the filtrate. Al-

Ly
1 _Prlh4 5

though some evidence of the Ce eaksa are present in the

plankton curve on the low MEV renge, the curve on the flltrate
gives only the co” ! pesk (Pig 12, inset). This peék is also
shown by the cobalt separstlon from plankton sample 42 in the
same figure.

In summary, the gemma-spectra findings on non-fission prod-

ucts in both the Welton and Marsh planxton samrlses are as

fcllows:

Station Levels of non-fission product isotopes
Zn°> Cobalt 1sotopes Fe>Y
Walton 8-C + + e n.d.
9-D  low n.d. n.d.
Marsh 5 + t low A.4.
54 + 4 low n.d.
55 + o+ low n.d.

42 ¢ + ¢ +

¢+ & very high
+ high
n.d. not detected

(AN
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In both the Walton and Marsh plankton samples, marked vari-
ation in ratios of the different fission and non-fission radio-
jsotopes 18 evident and cannot be explainéd on the bésia of pre-
sent evidence. However, at least two factors may be contribut-
ing to the variation and each of the two could mask the possible
effect of the other. These factors include, (1) heterogeneity
in composition of the plankton collected at the verlous stations,
end (2) variation in availatle isotopes in given areas due to
local fallouts from different types of nuclear devices, and from
differences in time of firing.

Plankton is composed of many types of organisms including
dinoflagellates, diatoms, protozoa, copepods, ostiracods, euphau-
sids, amphipods, coelenterates, siphonophores, worms, pteropods,
heteropods, primitive chordates, and the eggs and larvae of fish,
The fraction of the total mass contributed by any one group can
vary widely in different areas. .It 1s known that specles differ-
ences in uptake of isotoves do occur. Yoshii (1956) 1 observed
that radiocactive isotovpes 1n copepods and primitive chordates
collected in the spring of 1954 in the vicinity of the Marshall
Islands, differed both in beta energy and rate of decay, and

Kavabata (1956)2

stated "Although the mechanisms of the accumu-
letion of radloisotopes in planktons and their action in the
organisms are still vague, 1t 1s, by 8ll means, of importance
that certain planktons selectively accumulate specific radio-

active elements of minute amount in the sea water in their

bodies."
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include studies on the different speciles comprising the samples,

especlally with regard to differential upteke of 1isotopes.
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FouRd between rniwetox Bnd UJELUNg 4na tne 1ovea! value, &8

d/m/1. northeast of Bikini.

6. BSea water filtered through millipore filters had higher

levels of activity than the residue on the filter paper.

7. Microplankton 1s probably the principal source of the

radiocactive particulate metter.

8. The change of relative radloactivity of the water with

depth 1s variasble but appears to fall iInto regional patterns.
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Appendix Table 2.

54

Relative Radiosctivity with Depth at Each

Marsh Station
(Highest value &t each depth taken as 100)

Station surface 25m 50m 100m 150m
1 100 12 2.4 8.0 4.3
2 100 2.5 1.4 1.0 .73
3 100 4.1 2.3 15 1.0
i 100 3.7 1.6 -- -.75
5 100 31 80 21 4.8
6 100 47 54 6.1 3.2
7 100 54 32 7.5 8.8
8 100 48 80 10 5.0
9 100 35 35 11 5.8

10 100 16 6.9 4.5 3.2
11 100 8.0 8.3 5.3 4.1
12 100 20 21 4.2 2.8
13 100 18 18 3.4 2.7
14 100 13 5.9 2.9 3.3
15 100 27 22 12 5.2
16 100 12 11 8.4 5.4
17 100 12 13 7.6 2.6
18 100 14 9.0 3.5 1.2
19 100 17 21 5.1 A1
20 100 3.8 5.3 1.4 1.0
21 100 8.9 3.0 1.3 2.0
22 100 12 8.0 3.0 4,2
23 100 10 7.3 9.3 §,1 -
c 100 6.4 10 5.3 6.2
25 100 -.94 9.4 1.9 6.2
26 102 5.3 3.2 .73 .80
37 100 4.6 3.0 4.0 3.0
28 100 7.4 5.7 1.3 3.1
29 100 22 6.9 .14 13
30 100 11 6.2 4.0 5.6
31 100 37 10 20 18
32 100 41 65 14 48
33 100 €3 48 35 56 .
34 100 T4 by 15 26
35 100 28 -- -7.0 -10
36 100 -- -- -- --
37 100 T4 54 -15 5.8
38 62 100 93 58 24
39 81 80 95 100 64
40 100 51 25 -. 67 3.1
41 100 58 36 13 51
4o 100 35 94 8.7 4.8
43 100 71 T4 31 36
Ly 100 62 60 7.0 3.4
45 100 75 65 6.1 9.7
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Appeny ' x Table =

Stetion Surface 25y

100
100
100
100
100
69
27
100
109
46
100
83
95
100
40
77
100
84
100
96
56
19
64
82
90
20
€.
1)

(continyeq)

59m

67
51
86
70
77
55
43
84
91
4]
91
38
87
38
91
120
10
69
16
29
26
18
62
b7
100
29
3.4
17

77
82
8.6
70
10:¢
100
63
93
100
93
100
100

100
92
11

100
72

120

100

100

100
75
46

100
190
32

120m 150m
3.5 3.7
-5.0 -12
"'7.6 lu
-3.1 5.4
5.1 8.0
4,7 8.1
309 2
27 22
21 25
25 9.5
7.2 19
17 26
31 36
16 3.9
(44 L7
uh -1.8
61 8.4
57 64
79 41
89 T2
-42 by
7.1 3.0
72 77
48 132
2.8 10
19 11
100 7.1
100 31



Appendix Table 3.

(Highest vel

Relative Radloasctivity with De
walton Station

pth at Each

ue at esch depth taken &s 100)

Station Surface 25m 50m 75m 100m
1A 3.6 hy 100 17 1.4
B 1.6 100 0 0.86 --

C 100 T4 47 0 0
D 100 19 0 19 0
E g4 100 8.1 3.9 0
2 A 100 -- 81 - 0
B 98 100 71 62 --
C 49 T4 100 4.7 5.8
D 50 3.3 100 3.3 --
E 100 13 63 5.4 0
3 A 78 0 100 107 100
B 31 100 -- 0 8.6
C 34 80 100 0 12
D 100 59 15 18 L. 4
E 100 41 39 34 4.1
L A 83 0 100 50 --
B 100 1.0 0 0 3.8
C 100 73 69 45 12
D 100 11 0 32 71
E 100 76 26 39 55
5 A 100 17 13 12 11
B 100 67 78 L7 2.3
c 100 42 31 61 2u
D Ly 56 31 100 12
E 100 40 35 24 28
6 A 49 100 54 21 12
B 100 24 18 8.5 12
C 18 100 7.7 19 4.5
D 100 52 55 3 66
E 120 31 32 33 9.0
7TA 100 62 33 73 8.1
B 100 23 23 15 3.2
C 100 -- 81 -- 29
D 89 77 82 100 85
E 100 30 71 52 5
¥ 100 -- 26 -- 18
8 A T4 79 102 1k 13
B 57 -- 100 - 1.1
C b2 -- 100 -- 1.1
D 100 -- 59 - 4.9
E 79 100 55 24 14
F 100 - 56 —






