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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the
United States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report, or that
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not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from
the use of any information, apparatus, method, or process disclosed in this report.

As used in the above, “person acting on behalf of the Commission” includes any em-
ployee or contractor of the Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides access to, any information pursuant to his
employment or contract with the Commission.

This report has been reproduced directly from the best available copy.

Printed in USA. Price $1.75. Available from the Office of Technical Services,
Department of Commerce, Washington 25, D. C.
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ABSTRACT

A survey of the radioactivity in the sea 1in the region of
the North Eguetoriel Current from the Mercshall Islands to the
Marianas Islands was made Iin September 195€. The expedition
w&s sponsaored by the United States Atomic Energy Commission,
Division of Bilology &nd Medicine, and carriled out by the Applied
Pisheries Laborstory, University of Washington, with the support
and cooreration of the United States Navy.

Plankton samples were taken ty oblique tows from 200 meters
and weter samrles were taxen from the surface, 25, 50, 100, aEg
150 meters at 74 stations. The genersl pattern of distributiﬁﬁ
of radiocactivity shows a8 sharp decrecsse east of Biklnl and a
gradual but irreguler decrease west of Eniwetok. A slight de-
gree of contamination 1s indicated as far to the wvest as Quam,
the western extremity of the survey. Non-fisslon products
account for a large proportion of the radioactivity in plank-

ton end 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, 1356

INTRODUCTION

The amount of radiocactivity in the sea and in pelagic

marine life during end following veapons tests at the Pecific

Froving Ground has been the subt ject of reports by United States
ol
and Jespanese laboratories. ‘
Folloving the 1354 test series, the Japanese survey ship,

Shunkotsu-Maru, mede 8 general survey of the amount and dis-

tritution of radioactivity in sea water and in some of the ma-
rine life in the reglon west of the Marshall Islands. The re-
port of the Japanese aurVeyl indicated that measurable amounts

of radiosctivity were to be found in the sea even &8 late as

the spring of 1955.
_ DOE ARCHIVES
Operation Trolle'was oonducted during the spring of 1955
to measure the level of radioactivity in the sea and the move-
ment of the water mass containing the radiocactivity. This wvas

& joint operation of the New York Operations Office, U. 8.

Atomic Fnergy Commasion, Scripps Institute of Oceanography,



University of California, and the Applled Fisheries Laboratory,
Universgity of Washington.
The findings of Operation Troll, the 17,419 mile crulse

of the Taney from Pebruary 25 to May 3, 1555, were summarized

as follows:
1. Sea vater and plankton samples shov the exlstence
of widespread lov-level activity in the Pacific Ocean.
Water activity ranged from 0-570 d/min/liter and plank-
ton from 3-140 d/min/g vet welight.
2. There is some concentration of the activity in the
main current streems, such as the Rorth Equatoriel Cur-
rent. The highest activity vas off the coasst of Luzon,
everaging 130 d/min/liter down to 600 m (Arril 1, 1955).
3. Analyses of fish indicate no actlvity approaching ..
the maximum permissidble level for foods. The highest '
activity in tuna fish was 3.5 d/min/g ash, less than 1
percent of the permissible level.

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

5. 8imilar operetions would be valuadle in assessing

the activity from future tests and in gathering valu-
able data for oceanographlc studles.

DOE ARCHIVES
The Division of Biology and Medicine of the U. 3. Atomic
Fnergy Commission requested the Applied Fisherles lsboratory
of the University of Washington to conduct surveye 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 st sea, June
11-21, 1356, during the weapons testing program. The results

3
of this survey are summarized 1n UWFL-46 "~ . The summary of this

report statee:

A survey to determine the amount of radioactivity in
the waters at»ut Bikini and Fniwvetok ftolls vas made
during the period June 11 to 21, 1356.

A grid of ststions about 45 mlles agart ooverinﬁ
78,2230 gquere miles of oceen betveen 10° 15' N to 14° N
and 159° to 16€° B wes covered by the survey. The dis-
tance traveled wes 3.370 miles.

Radioective meterials vere found in the plankton
gamples from every station. The highest plankton counts,
1,100,020 d/m/g (wet weight) were obtained near Bikinl_

Atoll, and the lowest, 1,300 d/m/g, in the northwestern
part of the survey &res,

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

Water samples were collected at surface and at depths
of 25, 50, 75 and 120 meters.

The average radioasctivity of vater was 10,000 d/m/1
&t the surface and 3,900 4/m/1 &t 100 meters,

DOE ARCHIVES
The second survey of the 1956 serles was conducted during

September, about six weeks after the termination of the weapons
testing crogram, during whioh time decay and dispersion of the
radioactivity had taeken place. As in the first survey, the

U. 8. Navy assigned a navsl vessel, in this case the USS Marsh

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



survey orerated from the Marshsll Islands westward to Quam
betveen 9° N and 15° N.
The findings of this second survey are reported on the

folloving pages.
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FLANS, EQUIPMENT AND OPERATICKS AT SEA

The amount of radioactlivity in the ses vater and in ma-
rine 1ife in the region near Bilkin! and Fnivetok Atolls during
and following the 1956 stomic testing program, &s well as the
movement and dispersal of the radioactivity after completion of
the test program, ves evalueted by two radioblological-oceano-
grarhic surveys. The first survey, mede from the Walton in June
195€, covered fifty-three stations in an area betwveen 11o N and
14° N, 180 miles west of Eniwetok and 30 miles east of Bikinl
(UWFL-46) > .

The second survey, made from the Msrsh, covered TY stations?,
in an ares bounded by 9° N and 1:° N and aspproximstely 145° E andr
166° E (Pig. 1). This area is within the North Equatorial Cur-
rent, wvhich flovs westward. In planning the track for this sur-
vey it was necessary to cons.der the areas of fallout, the direc-
tion and rate of drift of the North Equatorisal Current (tasken as
ten miles per twenty-four hours for vlanning purposes), the fuel
requirements of the ship and refueling facilities, which were a-
vailable only at Kwajelein and Guam.

Installation of equipment sboard the Marsh was started at
Enivetok August 28 and the survey started September 1. The first
leg, from Enivetok to Guam, was completed on September 7. Marine
organisms were collected from the reef on the eastern side of
Quam to supplement the oceanlic collections. The second leg, from
Guam to Kvs jalein, covered the period from September 9 to Septem-

ber 17. This period was interrupted for twenty-four hours begin-

DOE ARCHIVES
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ning September 10 whlle the Marsh was engaged in a sea-air res-
cue mission. The third leg, from Kvajalein to Eniwvetok, was

started September 17 and completed September 20.

Equipment

The collecting equipment used on the Marsh was 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 UWPL-46.

Space belov decks for quarters and eqQuipment conslsted of
the after compartments for officers' quarters, chlef petty offi-
cers' quarters and crev's berthing. ol

The ms jor items of equipment wvere

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

2. A pover vinch feeding a 3/16-inch steel ¢able over an
A-frame and davit for use vith 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. DOE ARCHIVES
Three nuclear radistion detection instruments.

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

ment.

/9



Operstion of the Ship

"One boller operation was maintained during the survey, to

onsure maximum fuel-economy, except while entering and leaving

port. Speedes between stations . . . vere as follows: first leg
twelve knots, . . .; second leg fifteen knots, . . .; third leg
eleven knots, . . .."* The shir's speed was gradually reduced

vhen coming on station during which time the dbathythermograph
drop was made. When the speed was one to two knote and the ship
vas 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 ceme
to a dead mtop vhile the water bottle casts were made. Cruising
speed wes graduslly resumed f»ollowing completion of the collec-

tionr.

COLLECTION AND PREPARATION OF SAMPLES

Planktion, water and fish samples and continuoug measure-
ments of the activity in the surface water wvere taken. These
samples and their prepsretion were the same sas for the Walton
survey with the followving exceptions. DOE ARCHIVES

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

be belov the thermocline. The plankton volumes were determined

* Quoted from letter from Commanding Officer, USS Narsh (DE 699)

to CTG 7.3, 23 September 193¢6.
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10

by using & 100/110-ml caseia volumetric flask instead of a grad-
uated c¢ylinder. All samples except fish were processed aboard
ship immediately after being colleocted. PFish vere frozen aboard
ship, dissected &and dried at the Enivetok Marine Biological Lab-
orstory, and ashed and counted at the University of Washington,
The water supply for the rrobe tank for continuous monitor-
ing, instesd of being taxen from the fire mains as on the Walton,
vas suoplied by & Marlow Centrifugal Pump, Model No. 12, EEL-9,
operated at its full capacity of 50 gallons per minute. Chemicel
pum- 8 c¢f lesser capacity which had been furnished with the tenk
vere tried but were inadeguste. One and one-half-inch pipe was P
used for intake and discharge. The pipe was velded to the deck '
and hull of the ship and the free end of the intake pipe vas
held against the force of the water by & chsain leading to a
stanchion on deck. Fven with these precautions and generally
good salling conditions, the pipe broke on the last day of the

cruise,

METHODS OP ANALYSIS

All counting, vith the exception of fish samq}el, wvas done
aboard ship within a fev hours after the time of collection.

Counting Fquipment. Samples were prepared on 1§—1nch stain-

less steel plates snd counted with 2-inch Anton tubes in & 3-inoh
lead Anton pig with Kuclear-Chicago Model 181 scalers. Bsok-

RCHIVES
ground varied from 17.3 to 37.1 c/min. DOE A

Correction Fectora. The same correction factors vere used

as for the Walton data, the details of vhioch are given in UWPL-46. /0
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The totel correction fectors to convert counts per minute to
dtsintegretions per minute were 3.5 for plankton, 4.0 for water,
and 3.3 for filter paspers. NKegstive values are given vherever
tnhe count was less than bscxkground. No correction vas made for
decay since the counting wes done essentially lmmedlately after
collection &and the values given are as of the time of collec-
tion. Decay curves are shown in Figure 2.

Gemms Rey Spectra. QCGamms ray spectra were run &8t the Unl-

versit; of Washington laboratorlies in Seattle on a single chan-
nel, sutomstic advance. gemma spectrometser. The spectrometer
corsists of a Nuclear-Chicago Model 1810 radiation &nalyzer, &«
Nuclear-Chicago Model D3-3 scintillation well counter, & Treacer-
lat Superscaler, & Ruclear-Chicego Model C-111 printing timer,
and an asutomatic baseline advence device bullt at Seattle.

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

RESULTS OF SURVEY

Plapkton

The highest value of rudiosctivity in plankton, 21,000
d/m/g wet, was found &t station 55 sbout 80 miles north of Eni-
wvetok and the lowest value, 27 d/m/g, was found immediately south
of Guam. This lowest value wss slightly lower than the vsalue ob-
tained near the same station during Operation Troll (39-61 d/m/g).
{ndicsting that Guem was nesr the westernmost extremity BOEWRCHIVES
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 !9
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Islands, which raenged from 0-16 d/m/g. Activity in the water,
hovever, immedlately south of Ouam was about three times high-
er at the time of the Marsh survey than during Operation Troll.

The distritution of plankton activity is shown in Figure 3
and Table 1. Pigure 4 18 & graphic presentatlion of the data
from Teble 1. There 1s a sharp decrease in activity east of
Bikini and & gredual but irregular decrease west of Enivetok.
Activity levels in plankton samples from immediately east of
Bikini are about the same as those in the vicinity of Guam.

The plankton tows were mede to & derth of about 200 meters,
vhich assured comrlete semrling of the stirred layer. It 1s gen-
erally accepted that the stirred layer exists only ebove the?/
thermocline, a region in which tempersture decreases rapldly
wvith increase in depth. Bsath;thermograph castes were made at
each station to determine temperature changes with depth. Un-
fortunately the only bathythermograph which was operable &t sta-
tions 1 - 30 wae only able to meesesure temperature$ to a depth of
200 feet. This situation wes remedled at Guam and from that
point on temperature mecsurements were aveilsble to 400 feet.
From the later dete snd the results of the Walton and Troll sur-
veye 1t 1s evident that in general the upper level of the ther-
mocline was just below 100 meters. DOE ARCHIVES

The average of the ratlos 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 is presented in

/9
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Terle 1. Thke sums of the velues of activity of the residues from
one liter of mee weter and of *he filtered weter, lees K 3, for
eech etation and derth are given in Tadle 2. Pigure U4 1= a greph-
ic presentetion of the dete from Tetle 1 elong with the plankton
velues. It is evident from thils figure thet elthough the ebsc-
lute values for the various derthe or kinds of samples are differ-
ent, the general pattern of horifzontal distributlon of actlivity

e approximately the same. The distribution of activity in the
surfece vater samrles le plotted in Figure 5.

The highest levels of total activity in the surface water
(residue on filter peper plus filtereble portion, less KMO) were
found tetween Fnivetok and Ujelang, and the lowest value nortgf’
east of BRikini. These velues were 12,000 4/m/1 and 48 d/m/1.
Velues in the vicinity of Guam are 4 to 20 times the lower velue,
indicating thet some contamination from Operetion Recwing had
reeched this fer. Pcssible interpretations of the relatlion-
shin between water and plankton ectivity ere discuassed on pages
27 - 33.

At every depth sampled the particulete matter retained on
the filter had lower levels of ectivity than did the filterable
fraction}Athis was true also for the Walton samples with the
“*" DOE ARCHIVES
exception of the surface water, in wvhich the particulate matter
conta lned 58 percent of the activity. The average values of ra-
dioactivity 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

25
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2. Radioactivity of Water (filter + water, less K O)

20

(Values in disintegrations per mlnute per liter)

Station Surface 25m 50m  100m _ 150m  400m
1 16815 2043 4oo 1341 719 296 (from 500m)
2 18860 463 261 135 1%7
3 8257 340 189 62 6
I 821€ 306 égs -- -62
5 7140 2204 5680 1534 344
€ 8517 L4019 4607 520 274
7 2215 1200 712 1€7 13€
B 6803 3238 5448 680 338
S 3882 1342 1345 429 224
10 4395 700 302 196 140
11 2382 121 198 126 98
12 3255 640 €70 137 90
13 4065 719 716 138 110 o
14 4003 515 23€ 115 132 '
15 2142 587 465 249 111
16 2326 274 26 195 125
17 1664 206 21 126 4
18 1986 272 178 70 2
19 1462 255 312 T4 -6
20 6806 260 364 g3 70
21 3228 287 280 42 64
22 2284 274 183 68 a7
2 1296 132 9 121 53
2 1135 73 11 60 0
25 TU7 -7 70 14 6
26 2863 152 92 21 ﬁg
2g 1580 73 48 63
2 2040 150 117 27 63
29 720 156 50 1 a7
30 1171 123 73 L7 66
31 626 237 64 130 112
r o I8 B s
75 119 CHIVES
3 195 145 86 30 5] DOE AR
35 230 64 - -16 -23
36 164 -- -- -- -
37 155 115 83 -23 9
38 90 144 13& 83 34
39 122 121 144 151 97
4o 288 148 71 -2 9

20
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Table 2. (continued)

Station Surfece 25m 50m__ 100m _ 150m 400m
41 166 q7 59 30 84
42 5180 4902  4B72 uﬁs 250
uB 278 197 20€ 87 100
4 3160 1920 1917 20k 108 “1369 (from 450m)
45 jouop  1bs1 1258 119 189
46 2653 178 2054 Gk& 99
ug 300 154 245 -15 -3b
L ol 262 235 -23 4
ug 52 596 7 -26 46
50 1732 1328 1205 88 138 31
51 1020 816 1487 70 121 51
52 340 35 1240 110 249 155
53 382 26 670 262 212 86
54 2868 2600 2670 99 730 242
55 1549 1374 3356 38 318 133
56 3006 2746 2800 216 562 331
57 436 4s8 523 gé 134 131
58 268 246 283 102 -
59 4624  Lo%2 4009 723 180
60 66 150 164 127 77
61 131 171 127 75 -3
€2 1326 138 143 805 113 331
23 125 103 149 85 96

4 - - - - -
65 199 31 144 158 82
A6 114 35 119 106 86
€7 18 22 85 -36 37
68 155 143 812 8 24
69 72 67 112 1 85
70 103 59 g5 60 126
71 541 603 277 17 63
72 202 291 989 192 112
7; 84 118 146 1403 100
74 80 130 259 783 2u3
DOE ARCHIVES

'7Bottle did not close.

27
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maple 3, Average Value for All Stations for Plankton

40
Residue from Water, and Piltered Water (less X )

as of Date of Collection

(Marsh Samples September 1-20, 1956; Walton Samples June 12-21, 1956)

Marsh
Depth in Plankton
Meters d/m/g (wet)
0-200 212
esidue from water ered Water ota
per cent per ocent
d/m/1 of total d/m/1 of total d/n/1l
0 838 32 17;3 68 258%7
25 49 7 6 92 o7
50 Ls 6 765 9 10
100 19 9 196 9l 215
150’ 17 13 111 87 128
400 36 19 149 81 185
Walton
Depth in Plankton
Meters d/m/g (wet)
0-200 71,000
- DOE ARCHIVES
Residue from Water ~¥iltered Water Total
per cent ‘ per gent
d/m/1 of total d/m/1 of total d/m/)
0 5300 58 4200 42 10000
25 280 4 ' 6500 6 6800
50 1800 19 7800 1l 9600
75 1300 19 5500 81 6800
100 1000 26 2900 T4 3900
-—

Ten stations only.
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vater as it does at greater derths. This greater concentra-
tion in the surface layer, where phytoplankton is most abun-
d&nth, coupled wvith the facts thet plankton has & higher sre-
cific activity than water and that a few samples of microrlank-
ton taken during Operation Troll showed an even higher specific
activity than the macroplankton suggests that the microrlank-
ton may be the principal source of the radloactive partliculate
matter.

The sotivity in the particulate matter was measured from
surface samrles texken every hslf-hour (approximately every 8
miles) while approaching and leaving station 62 off the vestern.bt
end of Bikini. Wsater for these samples wes taken from the out-‘
let of the tank for continuous monitoring. The results (Pig. 6)
indicate that some radiocactive meterials are being eluted from
Bikini Atoll to the northwest. However, these materials probab-
ly edd only an insignificant amount to the total activity in the
area betwveen Blkinl and Eniwvetok. The discrepancy between the
activity in the sample taken from the tank and that taken from
the vater bdottlec at the station off Bikini is probedbly largely

due to & lag in passage of water through the tank.

Contlnuous Monitoring DOE ARCHIVE

The scintillation probe used is sucocessful for the deter-
mination of levels of activity in contaminated sea watcr during
the first few weeks following the detonation of a nuoclear device;
howvever, on the basis of our limited experience, the probe is
not of sufficient sensitivity for the measurement of lov levels

of 7 activity in sea water as late as two months foll owing
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detonetion.
Little, if any, correlation exists between the probe vealues

and the actual levels of radioactivity present ln sea vater &s

determined fror samrles taken curing the Marsh expedition (Fig. 7).

The lack of sensitivity might possibly have been due to faulty
"A” and "B" battories in the rrobe assembly slthough this is not
likely. The instrument vas sensitive to a ¥ source inserted into
the cet.libration port seversl times throughout the duration of the
trip.

Although the instrument, in its rresent form, cannot be used
for detecting low levels of conteminstion the following modifli-
cations might be medes to increase its seneitivity and uaefulness.'

1. Incorporate sultable voltege stabiliezntion circults 1n

the fllement, B¢, end high voltage supplies (the ship-
line supply fluctuetes from 80 v to 135 v).

2. Rerlece the present crystal and photomultirller with a

7-inch dlameter unit.

3. Rebuilld the water tank to minimize vibration effects on
the scintillstion probe and incresse the volume of wa-
ter sround the probe,

. Inoérporate intermediete renges into the control box
with the following ranges: 5, 30, 50, 300, 500 and 3000

microroentgens. DOE ARCHIVES

Pish

Levels of rsdioactivity in fish tissues are given In Tsebdble
4, They are remarkably uniform in the three ekipjeck taken nesr

station 23; the liver has the highest level of activity, 186 d/m/g

27
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mable 4. Radioactivity of Pish Caught on the Mursh gurvey
a/r/g (wet)

SkipJack Taken Near Statlion 23:
Light Muscle Dark Muscle Liver

Specimen "g”' 93 135 1?8
" Mg 11 109 l O

" "¢ gO 1 200
Average 82 Igg I8t

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

Muscle Liver
119 - ot
Flying Pish Taken Near Station 54 ¢
Muscle Liver
360 7460
Homogenate of Tissues from Pifty Reef Pish Taken at Guam:
Muscle Liver
Aliguot 1 70 167
' 2 102
t 3 1
Average T?ﬁ 157
DOE ARCHIVES

Y
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(wvet), which is higher then derk muscle by a fector of sbout

1.5 and than light muscle by a factor of &bout 2. A flying

fi{sh taken from the stomsch of one of the skipjack had about

the seme level of activity in muscle tissue as did the skiplack.

Reef fish taken from the eastern shore of Guam had about the

same levels of activity as did the skipjeck taken approximately

350 miles to the southeast. A single flying fish taken approxi-

mately 60 miles northwest of En!wetok had &bout 40 times &s

much activity in the liver, &8s did the skipjeck and QGuam reef
1sh,and about 3 times as much activity in the muscle.

The activity in fish tissues from Guam was greater than
that found {n fish from the same &area in 19552?by a factor
of 1.3 for lilver and 6.9 for miscle, an indication there had
been some sdditionsl radioactive contamination since the time
of Operation Troll. The levels are low even though they are
several times those found in fish from Puget Sound in 19552.

No radiochemical analyses were made because the activity
levels were too low for accurate determinations. It 1s clear
from previous analyses of fish from contaminated areas in the
Pacific that 1t 1s not likely strontium-30 would contribute
any of the sctivity, and st most two pergent of the total A -
activity.5’2 DOE ARCHIVES

A diagrem of the 7 spectrum of the flying r1édn liver s

44
shovn in Plgure 11, page U40; the presencs of Celu—Pr1 R ngs-

Nb95, 0058, 0060 end Zn65‘1s indicated.
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DISCUSSION OF SURVEY DATA

The ratio of the redioactivity in plankton to that in
water on & basis of equal weights is highly varlable from sta-
tion to statlon and from collectlion date to collection date.

Some of the varisbility is probetly due to inaccuracles in
vater sample values. A single value for water 1s probably less
reliasble than a single value for plankton because of the method
of sampling and the lower level of activity in the water; wvhen
the water value is based on the sverage of several observations
the comperison is fairly relistle, but a comparison based on a
single water value is less relisbtle. The average of ratlos 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 factore may enter into the reductlion of the plank-
ton-water ratio with time. One factor may be that selectlive up-
take by the plankton is less evident from relatively fresh fall-
out msteriasl, where & wide spectrum of radioisotopes 1s avall-

able. A decreasing ratio with time after fallout, evident from

comparing the Walton, Marsh and Troll dats, supporte this possi-

bility. Furthermore, the western stations (14 - 42) of the
Marsh survey, vhich would tend to have older fallout mater-iaPOE ARCE
than the eastern stations, have a lower ratio of plankton ac-

tivity to water activity than do the eastern statlions. The

values and their standard errors are 475 * 98 and 3716 % 754

respectively.

3
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There is, however, another factor which appears to be of
considerable importance. This is the effect of distribution
of activity in the weter with depth on the activity in the
plankton semple. The plankton semyle is taken from a8 water
layer &t a depth of 200 meters to the surface. The wvater sam-
ples are taken at dlecrete depths down to 150 meters. The fol-
lowing uncerteinties are therefore inherent in the sampling
method. First, there is not & uniform decrease of activity
vith depth (Pigs. 8 &nd 9). There are, indeed, changes with
depth vhich renge from & shsrp decrease from the surface to
25 meters to the other extreme vhere there are sharp lncreases
at & derth of 100 metsrs. Secondly, since the wvster samples*’
are tasken st discrete intervals of 25 to 50 meters, the pre-
sent duta do not permit ruling out the possibility that ex-
tremes of activity in narrow regions dlstort the total plcture
at a given station elther by being missed completely or being
overemphasized. And th'rdly, there Is no guarantee that the
plankton is uniformly distributed throughout the depth which
is sam;led 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
darxnees. The diurnal-nocturnsl difference in ratlo of activ-

DOE ARCHIVE
1ty in surface plankton (msteriel on filter papers) to that in
the surfece veter is significant at statlions 1-30, wvhich 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,

X
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vhere variatle levels of activity with depth would mssk any
diurnsl-nocturnal variation that might exist.

The change of relative radiocactivity of the water with
derth is variable but appears to fsll into regional patterns.

It 1s likely that at the time of the Marsh survey those regions
conteining 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 vere regions to vhich the radiocactive materials in
solution had been carried by surface currents. It would follow
that by the time of the survey vertloal mixing had not taken an -
{important part in redistridbution of the radioactive materials; -
possible exceptions may occur in the immediate vicinity of the
Mershall and Marlanes Islands.

This interpretation which is based on the assumption that
most of the radioactive material went into either a true solu-
tion or & suspension of very small colloidal particles soon
after fallout is supported by the fact that most of the activi-
ty passes through & M{llipore filter (Table 3). However, dif-
ferences in specific gravity of the particles would result in
the same tybe of distribution. It is possible that relatively
higher values near the surfsce for stations to the westward are
accounted for, in part, by fallout of lover specific gravityDOE ARCHIVES
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.

Yo
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Figure 3 represents the activity at each of the five depths
sampled relative to the highest activity at each statlon of the
Marsh survey, and Pigure 9 represents the seme thing for the
walton survey.

In general, the presence of relatively higher levels of
aotivity at greater depths st the Walton stations corresponds to
the situation &t the Marsh stations except in the area south and
vest of 12° N and 157° E, where the Marsh stations had a merked
preponderance of activity 1in the surface water. The Walton sur-
vey was made during the test series when radloactive msterials in
the water had had only a few days or at most, a few weeks, to be
moved by ocean currents fron the &res of fallout. In additioﬁ:(
the bulk of the activity was found to the north and northwest of
the test site. Barne56 reports that the surface layers in this
region move about three times faster than the layers at 300 me-
ters, and Yoshida7 shows the vestward veloclty of the surface
wvater as about 1% times the velocity at 40 meters &t 170 N, It
seems .possible, therefore, that the Marsh stations south of 12° §
and vest of the test site represent, for the most part, & region
vhich 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 (Pigs. 3 and 5, and Table 1), prob-
ably due to fallout from tests made after the completion of the
Walton survey. DOE ARCHIVES

There are unusually high levels of radioactivity at depths
of 50 m to 100 m at the three stations immediately east of Eni-

vetok and at station 68 which is about 2° N of Bikini. The

G4
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unusual condition et these stations may be due to sampling. If
the condition is real, some of the fectors wvhich may be involved
‘{nclude differences in rate and set of currente adjacent to the
atolls, turbulence, and eddies north of Bikini.
Careful analysis of the bsthythermograph records would be
required dbefore any posasible relationship between the distribu-
tion of activity and the thermocline ocould be determined. It
eppeers, hovever, that 100-m samples were taken below the ther-
mocline at most, if not all, stations. Samples were taken at
40O m or 500 m at ten stations east of 159o E and had levels of
activ.ty comparable to those at 100 m and 150 m at the same

stations (Table 1).

DOE ARCHIVES



RESULTS AND DISCUSSION OF RADIONUCLIDE ANALYSIS3

Pission product separstions (see UWFL-33 for techniquee)9
end gamma spectrometric determinstlons vere made on plankton
semples collected during the Walton and the Marsh surveys.
Plankton samples collected from the Welton in June 1356 vere
enalyzed chemically June 30 and August 29 of the same yesar.
3imilar samples collected from the Marsh in 1956 were anslyzed
 both for fisslion products-and certain radioactive non-fission
product isotopes during the last week of December 1356 and the
first week of January 1957.

In addition to the chemical analyses, gamma spectirum
cirves were made on two Walton plankton samples, one of vhioﬁ
vas collected just north of Bikini Atoll (ststion 9D), and the
other in the open sea (8C) about 65 miles northwest of Bikinl
Atoll.

In general, the cbserved percentages of total beta activi-
ty contributed ty the verious fission products, corresponded &p-
proxlimitely to those expected on the basis of the Hunter and
Ballou cur\ves:.lo DOE ARCHIVES

OrA;he Walton samples, chemicel analyses vere made on
prlankton from nine stations: 1E, 3A, 4D, 7D, 8A, 9A, 9C, 9D and
1B (Table 5). Variation in isotope percentages 1s great be-
tveen samples and no definite pattern of variation is evident

between the different collecting areas. If the &averages of all
samples are compared with the expected percentages (based on an
avernge 50-dey interval following detonatlon), the results are

a3 follows:

43
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Isotope Ors~rved Fxpected Ratlo observed percent
vercent percent expectsad uvercent
zr 3.8 8.2 1/1
Triv. R.%E, 13.0 19.5 1/1
Rul93:106 gpl3® 8.9 5.7 3/1
Celkl'luu, PrlM 26.0 13.2 2/
Bal 3.1 10.8 1/4

In addition to the great individual variation, differences
vere also observed in the total emount of activity accounted for.
At stations 9C and 9D, both of which are vithin 45 miles of Bi-
kini Atoll, only &bout 80 percent of the total beta activity was
eccounted for as fiseion products. On the besis of a gamma s;;c-
trum run on sample 9D sbout & percent of the total gamms activi-
ty vas Znes. No evidence of cobalt isotopes was found. On the
other hand, in the germa spectrum curve of plankton from station
8C. €5 miles northwest of Bikini, the non-fisslon product iso-

s . [~
topes 00,8,60, Zné' and poseltbly 0057’

, accounted for more then
50 percent of the total cumma activity on November 26, 1956%+,
(Pig. 10).

Of the Marsh sam;les, chemical separations for fission prod-

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

42 and 55 (Table 6). DOE ARCHIVES

* The chemig9l and resin column data indicate the possible
rresence of Co”?!. The gamma spectra mage on the separat*yns,
however, indicate that the isotope 1s V S rather than Co5 .

L The techniques employed for identifying the different co-
balt isotores involve the use of chemistry, lon exchange resin
columns, beta energy determinations, and gamms spectromeiry.
The technicuee &nd results ottained for various biological sam-
rles will be published in a8 later paper.
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Station 5 is located 160 miles southwest of Fnivetck and
station 55, 90 miles due north of Eniwetok (Fig. 1). Plankton
from stations & &and 55 yilelded similsr radiochemicnl analytical
results and in eddition have almost identlical gamme spectire,
vhich are essentially thc same as thrt of the rlankiton samples
from one of the neighboring stations, 54 (Fig. 11).

Stetion 42 was taken 470 miles west of Fniwetok. The 1so-
topic content of plankton from this station wvas clearly differ-
ent from that of stetions 5, 54 and 55 on the bases of both
~hemicel and garms spectrum analysis.

Comrarisons of the relstive activity of the different 1501~’
topes from rlankton at stations 5, 55 &Ad 42 as determined by ‘
chemical analysis with the expected activity based on the

Hunter and Ballo%ocurves are &8 follovws:

Isotope Exrected Observed percent at statlions
‘percent * 5 and 55 42
sp89,90 7.5 0 1.5
C5137 <1l. 0 0
Baiiz'”i“ <1. <1. <1.
Ce~ -Pr 16. 8.2 20.
Triv. R.E. 15. 4.5 5.1
RulJB, Ru106-Rh106 5.0 3.0 3.0 <
95 o
Zr 12.5 28. 21. .g$
57,58,60 <
006 0 3.0 31. «90
Zn5 0 1w 6.0
. Based on an average 8-month interval following detonation.

e According %o the gamma spectrum, Zn65 accounts for approxi-

mately 50 percent of the totsl activity at stations 5 and 55.

¢ %
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The resultc of the analysis of the radinnuciides in semx-

N

ples from stgtion 42 differ from those =t statlons = &nd 55 in

that the levels oF Celhu-Prlh4 end Co057.58,60 gre respectively

89,90

2.5 and 10 tlmes higher at 42; Sr ‘s absent at 5 and 55,

but prezent et 42 at a level of about 20 percent that expected

10
from the Hunter and Bailou curves. On *he tesis of the ganma

spectrum curves. however, the apperent radlochemrical determina-~

144 Q4

tiocn of Ce -F in sample 42 1s to0 high.

In plankton from all three stations the trivalent rare

earths are present at about 30 percent and Rulo3, Ruloe-Rh106

et about 50 percent of the expected levels. Zr95, on the other-*’
nand, 18 present at & level sbout twice that expected.

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

ciatle emounts of 0057, 0058, COGD and Zn65

, 811 of which emit
relatively low energy bete particles in compearison to thoee from
mixed fission products.

The gamma spectra of plankton from Marsh stetions 5, Si
and 55 indicate & 1ow peroentage of cobalt 1sotopes, but a high

€5 (

level of Zn approximately 50 percent of the total gamma emis-

sion) slong with Cel“u-Prluu, ngs-Nb95 and RulOG-Rhlo6 (rig. 11).
At ststion 54, gamma spectra were obtsined for sea water ‘ﬂﬁiﬁg'
after filtrstion through &8 M!1lipore filter, for plenkton, and
a flying fish liver (Pig. 11). The curves for the plankton and
£ish liver are similsr. All of the detectable gemma activity

in the wvater, however, was contributed by ngs-lbgs

3
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Gemma spectra were determined on plankton from station 42
end on portiones of th’s samjle including the formalin preserva-
tive f.ltrate, the Pe (OH)3 scavenge from the ashed plankton
sample, and the cobelt separstion on the same specimen (Fig. 12).
The total plankton sample has a lowver Zn65 component than that

06
144_p 148 o 206 _p 206

found in sample 54. In addition Ce nd

ngs-Nb95 contridbutes little of the total gamme radiation

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

by CoS7, 0058 and Coéo; elso a limited amount of Fe59 is present.
The cobalt in plankton sample 42 is partly soluble in neu-

trel formelin &nd 18 found in high amount in the flltrate. Al-

144 14y
though some evidence cf the Ce -Pr

peaks are present Iins<Cthe
rlankton curve on the low MEV renge, the curve on the filtrate
gives only the Col peck (Pig 12, ‘nset). This pe;k 18 also
shovn by the cobalt seperatlon from plasnktosn sample 42 in the
same figure.

In summary, the gemma-spectrs findings on non-flssion prod-

ucts in both the Welton &nd Marsh rlankton samrles &re as

fcllows:
Statlion lLevels of non-fission product 1sotopes
Zn®> Cobalt isotopes Pe-”
Walton 8-C + @ o n.d.
5-D  low n.d. n.d.
Marsh 5 + 4 low n.q4. .
EL e s low . n.a.,pOEP
55 L low n.d
42 4 ¢ ¢ e

¢ ¢ very high
+ high
n.4. not detected

St
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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-
isotopes 1s evident and cannot be explalned on the baals of rpre-
ssnt evidence. However, &t 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 comrosition of the plankton collected at the various stations,
and (2) variation in availatle lsotopes 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
d:noflagellates, dlatoms, protozos, copepods, ostracods, eupﬁga—
silds, amphipods, coelenterates, siphonorhores, worms, pteropods,
heteropods, primitive chordates, and the eggs and larvae of fish.
' The fraction of the totsl msss contributed by any one group can
vary widely in different areas. It is known thst specles differ-
ences in uptake of isotones do cccur. Yoshil (1956) 1 observed
that rediosctive isotovnes in copepods and primitive chordates
collected in the spring of 13954 in the vicinity of the Marshall
Islands, differed both in bets energy ani rate of decay, and
Kawabata (1956)12 stated "Although the mechanisms of the accumu- W
letion of radloisotopes in rlanktons and thelr action in thﬁpcﬁahgﬁjx
organisms are still vague, it 1s, by sll means, of importance
thet certain planktons selectlvely accumulate specific radlo-

active elements of minute amount in the sea wvater in thelr

bodies."
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SUMMARY

1. A survey of the radiocsctivity in the ses vater, plankton
end fish was mede in Sertember 1356 in an area bounded by 9o N

and 15° N and aprroximetely 145° E and 166° E.

2. The general pattern of distribution of activity in the sea
shove a sharp decresse in activity east of Bikinl and a gradual

but irreguler decrecse west of Eniwetok.

3. Plenkton appeers to be the most sensitive indicator of
redinectivity in the ses; the average of ratlos of plankton

-t
activity to sea weter ectivity was 2,500, )
4. The highest velue of radloectivity in plankton, 21,000 d/m/g

wvet, wes found about 80 miles north of Fniwetok and the lovest

velue, 27 d/m/g, neer Gusan.

5. The highest value for water sctivity, 19,000 d/m/1, was
fcund between Eniwetok and Ujelang and the loweet value, 48

¢/m/1. northeast of Bikini.

€. Sea water filtered through millipore filters had higher

levels of sctivity than the residue on the fllter paper.

7. Microplankton is probably the principal source of the

radiocactive particulete matter.

8. The change of relative radioactivity of the water with

depth 1s variable but appears to fell into regional pestterns.
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Summery (continued)

9. Some racioactive meterisls are being eluted from Bikini
Atoll but their eddition to the totel ectivity in the ares

between Bikini and Fniwetok 1s probebly insignificant.

10. Reef fish from Guem end skipjack teken approximately 350
miles to the southesst had about the same levels of sctivity;
13€ d/m/g vet (B activity) in skipjeck llvers wes the highest

level found in thet eresa.

11. & single flying fish texen epproximstely €2 miles north- i
vest of Eniwetok had & totel B -sctlivity of 7,500 d/m/g vet

in the liver and 360 d/%/g wet in the muscle.

8¢,Q0 1 149 Ly
12. Plenkton wes found to contein Sr “?"7 . Ba 37, , Cel

b 0] ) a8 £ 5 g
Prluu, Eulos, Rul 6—Rhl 6, Zr” 7, Co“7'58’60, Zn6 , Fe 9, and

trivelent rare eerthe.

13. There is a difference in isctopic content of rleankton
collected SO miles north of Eniwetok and plankton collected

470 miles west of Enlivetok.

14. The liver of a flying fish collected about 90 miles north

144 144
of Eniwetok contalned Ce -Pr s Zr95~Nb95, 0058, 0060, and
/]

2 €5 DOE ARCHIVES
I .

15. A scintillation probe for continuous monitoring of levels
of 7 activity in the sea water was found to have insufficient
sensitivity to discriminate between statlions in areas of low

activity.

(4
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appendix Table 1.
(A11 positions:
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APPENDIX

Marsh Oceanograrphic Survey Poslitions
"North Latltude"-"East Longitude”)

Number Latitude Longlitude
o] ! o) '

1 10 34 161 80

2 09 51 161 18

3 09 00 161 00

b 09 48 160 31

5 10 19 189 50

6 10 51 159 09

7 11 30 158 32

8 12 00 158 00

9 11 24 157 24
10 10 48 156 47
11 10 07 156 19
12 09 3% 155 39
13 09 00 155 02
14 29 36 154 24
15 10 10 153 42
16 10 47 153 08
17 11 23 152 33
18 12 00 152 00
13 11 24 151 23
20 1) 47 150 48
21 10 08 150 05
22 09 3% 149 32
23 09 00 149 00
z 09 27 148 17
25 10 22 147 30
2€ 10 39 146 57
27 11 15 14 26
28 11 51 145 5?2
29 12 31 145 13
30 13 10 144 35
31 14 22 145 1D
32 15 00 146 00
33 14 1k 146 4€
34 13 26 147 27
35 12 &0 148 13
36 12 00 149 09
37 12 45 149 46

Number Latitude Longitude
o ! o] !
38 13 33 150 31
39 18 20 151 15
4o 14 14 152 &6
4] 13 29 153 31
b2 12 k& 154 16
43 12 00 155 00
by 12 38 155 38
45 13 15 156 14
46 13 51 156 51
47 14 26 157 26
48 15 00 158 0C
49 14 24 158 37
50 13 46 159 *%2
51 13 10 169 49
52 12 30 160 23
53 12 00 161 00
54 12 36 161 36
55 13 15 162 10
56 13 50 162 &5
57 18 35 163 21
58 15 00 168 00
59 14 08 164 18
€2 13 12 164 26
61 12 23 164 50
€2 11 32 165 08
63 10 49 165 39
64 10 00 166 14
€5 11 30 166 00
66 12 18 165 57
€7 13 09 165 58
68 14 00 165 59
63 13 26 165 22
70 12 48 164 43
Tl 12 15 164 12
72 11 37 165 34
73 11 00 163 00
T4 11 25 162 30
DOE ARCHIVES
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Arpendix Tatle 2. Felative Fadioactivity with Depth at Zach

Marsh Statlon
(Highest value &t esch derth taken as 130)

Station Surface 25m 50m 100m 150m
1 100 12 2.4 8.9 4.3
2 100 2.5 1.4 1.0 .73
3 100 4,1 2.3 .75 1.0
b 100 3.7 1.6 -- -.75
2 100 31 80 21 4.8
6 120 47 54 6.1 3.2
T 100 Sk 32 7.5 8.8
8 100 48 80 19 5.0
9 100 35 35 11 5.8

10 100 16 6.9 L.5 3.2

11 120 8.0 8.3 5.3 4.1

12 100 20 21 4.2 2.8

13 199 13 18 3.4 2.7 el
14 102 13 5.9 2.9 3.3

15 100 T 22 12 5.2

16 100 12 11 8.4 5.4

17 100 12 13 7.6 2.6

18 102 14 9.0 3.5 1.2

19 100 17 21 5.1 41

20 100 3.5 5.3 1.4 1.0

21 120 8.9 3.0 1.3 2.0

22 2100 12 8.C 3.0 k.2

23 100 10 7.3 9.3 4,1

¢ 100 6.4 10 5.3 6.2

25 100 -.94 G.4 1.9 6.2

26 100 5.3 3.2 .73 .80

37 100 4.6 3.0 5.0 3.0

28 100 7.4 5.7 1.3 3.1

29 100 o2 €.9 .14 13

30 100 11 6.2 4.0 5.6

31 - 190 37 10 20 18

32 100 b1 65 14 LE

33 100 €3 48 35 56

34 100 T4 4y 15 26

32 100 28 -- -7.0 -10 |
3 100 -- -- -- -- ,
37 100 74 54 -15 5 . DOE ARCHIVES
33 62 100 93 58 oY

39 61 80 a5 100 64

40 100 51 25 -.67 3.1

51 100 58 36 13 51

42 100 95 9k 8.7 4.8

43 109 71 74 31 36

4y 100 ¥ 60 7.0 3.4

45 100 75 65 6.1 9.7

60



p-pend x Tadrle 2.

N

(contirued)

N

stetion Surface 25m 5Jm 120m 150m
46 100 &7 77 3.5 3.7
47 1090 =1 2 -5.0 -12
48 100 8€ 7 -7.6 14
4g 100 72 8.6 -3.1 5.4
£ 100 T7 72 5.1 8.0
51 €9 55 100 4.7 8.1
52 27 43 100 3.9 20
53 100 B84 68 27 22
sh 102 Gl 93 21 25
55 L6 41 100 25 9.5
56 100 21 93 7.2 19
57 83 38 100 17 26
=3 g5 87 100 g3l 36
£9 100 38 87 16 3.9
3 40 J1 120 77 47
€1 77 107 g2 hh -1.8
€2 100 10 11 61 8.n*,
23 84 63 100 57 64"
4 - -- - - -
€5 100 16 72 79 41
€6 36 29 110 89 T2
67 56 "6 102 -42 hh
68 15 13 120 7.1 3.9
69 64 €) 100 72 77
7) 82 L7 75 48 192
Tl 90 120 46 n.8 10
72 20 o 100 19 11
73 6.2 3.4 12 100 7.1
Ty 1) 17 32 120 31

pOE ARCHXVES
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Appendix Teble 3., FRelative Radioectlvily with Depth et Esch
Walton Statlon
(Highest value at esch derth taken &8 100)
Station Surface 2bm ~0m 75m 100m
l1 A 3.6 Ly 100 17 1.4 o
B 1.6 100 0 0.86 --
C 100 T4 47 0 0
D 100 19 0 19 0
E 94 100 8.1 3.9 0
2 A 100 -- 81 -- 0
B 98 100 71 62 --
C 49 T4 100 h.7 5.8
D 50 3.3 100 3.3 --
E 120 13 63 2.4 0
3 A 78 0 103 100 100
B 31 100 -- 0 8.6 -
C 34 80 100 0] 12 o
D 130 59 15 18 T
E 100 41 39 34 4.1
L A 83 o] 100 S0 --
B 100 1.0 0 0 3.8
) 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 €7 78 &7 2.3
C 100 42 21 61 24
D 4y 56 31 120 12
E 100 40 35 24 28
(W 49 100 54 21 12
B 100 24 18 8.5 12
C 18 100 T.7 19 4.5 €S
D 100 52 55 34 66 arcEt
E 120 31 32 33 9.0 pOEP
T A 120 62 33 73 8.1
B 100 23 23 15 3.2
C 100 -- 81 -- 29
D 89 T7 32 100 85
E 100 30 T1 52 >
F 100 -- 26 -- 18
8 A Tu 79 122 14 13
B 57 -- 130 -- 1.1
c 42 -- 100 -- 1.1
D 100 -- 59 -- 4.9
E 79 100 55 24 14
F 100 -- 56 -- 29

b
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Aprendix Teble 3. (continued)

Stetion Surface 25m 50m 75m 100m
9 A 100 -- 12 -- 0

B 100 -- 95 -- 80

C 43 70 100 39 6.4
D 100 60 70 100 75
E 100 38 48 6.2 43
) 4 100 -- 38 -- 28
10 A -- -- -- -- --

B 41 -- 100 -- 8.1

c 29 -- 19 -- 100

D 83 -- 100 -- 5.4
E 100 -- 58 -- -
F 100 -- 57 -- 24
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