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ABSTRACT

A survey of the radioactivity in the sea In the region of

the North Equatorial Current from the Marshall Islands to the

Marianas Islands vas made in September 1956. The expedition

was sponsored by the United States At’omitEnergy Commission,

D~visioxIof BloloFy and Medicine, and carried out by the Applied

Fisheries Laboratory, University of Washington, with the support

and cooperation of the United States Navy.

Plankton samples were taken by oblique tows from 200 meters

and water samples were ta’~enfrom the surface, 25, 50, 100, and

150 meters at 74 stations. The general pattern of distribution

of radioactivity shows a sharp decrease east of Bikini and a

gradual but irregular decrease west of Eniwetok. A slight de-

gree of contamination is indicated as far to the west as Guam,

the western extremity of the survey. Non-fission products

account for a large proportion of the radioactivity in plank-

ton and f~sh samples.
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SURVEY OF RADIOACTmITY XIV‘I’=SEA AND 1X PELAGIC MARINE

LIFE WE3T OF T~ MARSHALL 19LANIX+SEPTEMBER 1-20, 1956

INTRODUCTI0?4

The amount of radloaatlvity in the sea and in pelagic

marine life during and follwlng weapons tests at the Pacific

Proving Ground has been the eubjeat of reporta by United States

and Japanese laboratories.

Following the 1354 test series, the Japmese survey Ship,

Shunkotsu-Maru, made a general survey of the amount and dls-

tritution of radioactivity M sea water and in some of the ma-

rine life in the region west of the Marahall Islands. The re-

port of the Japaneae survey1 tidloated that measurable amounta

of radioactivity were to be found in the sea even as late aa

the spring of 1955.

Operation Troll2 was oonducted during the spring of 1955

to measure the level of radioactivity h the sea and the move-

ment of the water maas containing the radloaotlvity. This W8S

a jofnt operation of the BlewYork Operations Office, U. S.

Atomio Energy Commission, Scripps Institute of oce~ography~

‘~{,; ~ ,;

1
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University Of cal~forn~a).and the APPlted Fisheries ~boratory~

University of Washington.

The findings of’Operation Troll, the 17,419 mile aruise

of the Tane~ from February 25 to May 3, 1955, were summarized

as follows:

1. Sea water and plankton samples show the existence
of widespread lov-level activity in the Pacific Ooean.
Water activity ranged from 0-570 d/mi.n/llterand plmk-
ton from 3-14o d/m~/g wet weight”

2. There Is some concentration of the activity in the
maim current streams, suuh as the North Equatorial Cur-
rent. The highest aotlvity was off the coast of Luzon
sveragi.ng1X3 d/min/llter down to 600 m (April 1, 1955)●

3* Analyses of fish indicate no activity approaching
the maximum permissible level for foods. The highest
a~tivity M tuna fish was 3.5 d/m~/g ash) less t~n 1
peroent of the permissible level.

4. Measurements of plankton activity offer a sensitive
lndioation of activity in the ooean.

5* Similar operations would be valuable in assessing
the activity from fitu.retests and in gathering valu-
able data

The Division

Energy Commission

of the University

for oceanographic studies.

of Biology and Medicine of the U. S. Atomic

requested the Applied Fisheries Laboratory

of Washington to conduct surveys of the open

sea duris@ 1956 to determ~e “(a) the levels of Introduced ra-

dioactivity resulting from the tests in the water, plankton,

and fi.8h,and (b) how far the activity extends westward in the

tiorthEquatorial current.”

,..-,



&ia*L.. .. .. . . . .. . . . c. . . -

3

The first of the two surveys was operating at sea, June

II-21, 1956, during the weapons testhg program. The results

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

report atatea:

A survey to determine the amount of radioactivity in
the waters about Bikini and Eniwetok Atolls was made
during the period June 11 to 21, 1356.

A grid of stations about 45 miles a~art 00Verti
V3,000 gquare miles of ocean between 10 15’ N to 1f‘N
and 159 to 1669 E W8B cevered by the survey. The dis-
tance traveled w~s 3.3’30miles.

Radioactive materials were found in the plankton
samples from every station. The highest plankton counts,
1,100,000 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 area.

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

of

at

Water samples were oollected at surfaoe and at depths
25, ~0, 75 and 1~0 meters.

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

The second survey of the 1956 series was conducted durfg

September, about six weeks after the termination of the weapons

testing program, during whloh time decay and dispersion of the

radioactivity had taken place. As in the first survey, the

U. S. Navy assigned a naval vessel, in this case the USS ~rsh

(Destroyer Escort 699), to be used as the survey ship. This
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survey operated from the Marshall Islands westward to (ham

between 9° IVand 15° 1’?.

Thg findings of this second survey are reported on the

following pages.

,..... .,, .,
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PLANS, EQUIPWT AND OPERATIONS AT SEA
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The amount of radioactivity in the aea vater and in ma-

rine life in the region near Bikini and Enlvetok Atolls during

and followtig the 1956 atomic testing program, ae well a8 the

movement and dlspers&l of the radioactivity after completion of

the test program, was evaluated by two radloblologlcal-oceano-

graphic surveys. The first survey, made from the Walton in June

1956, aovered fifty-three stations h an area between 11° N and “

14° IV,180 miles west of Eniwetok and 30 miles east of Bikini

(WL-46) 3.

The second survey, made from the Marsh, covered 74 stations

in an area bounded by 9° N and 15° M and approxln@tely 145° E and

166° E (Fig. 1). This area is wlthln the North Equatorial Cur-

rent, whloh flows westvard. In plannhg 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 Equatori&l Current (taken as

ten miles per twenty-four hours for planning purposes), the fuel

requirements of the ship and ref’uellngfacilities, which were a-

vailable only at Kwajalel.nand Guam.

Installation of equipment aboard the Marsh was started at

Enlwetok August 28 and the survey started September 1. The first

leg, from Eniwetok to Guam, was completed on September ‘7. Marine

organisms were colleoted from the reef on the eastern side of

Guam to supplement the oceanic collections. The second leg, from

Guam to Kwajaleln, covered the period from September 9 to Septem-

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

..- .,.
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nlng September 10 while the Marsh was engaged in a sea-al-rres-

cue mission. The third leg, from Kwajaleln to Eniwetok, 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 sakne.

Photographs of the major Items of equipment installed aboard the

Walton appear h UUFL-46.

Space below decks for quarters and equipment consisted of

the after compartments for officers’ quarters, ohlef petty*offl-

cerst quarters and crew’s berthing.

The major Items of equipment were

1.

2.

3.

4.

5*

6.

A conttiuous surfaoe water monltortig probe with tank

and water connections, a unit designed and constructed

by the Health and Safety Laboratory of the New York

Operations Office.

A power wl.nohfeeding a 3/16-inch steel dable over an

A-frame and davit for use with

sampling bottles.

A steel platform extending two

of the ship under the davlt to

plankton nets and water

feet over the portstde

provide space for work

with nets and water sampltig bottles.

A temporary chemistry laboratory.

Three nuclear radiation detection instruments.

A bathythemograph which was part of the shlpts equip-

ment.

.,.

,. . . .
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Operation of the Ship

“one boiler operation was maintained durtig the survey, to

fmsure maxlm~ fuel-economy, exoept while entering and leaving

port. Speeds between stations . t . were se fOllOVB: first leg

twelve knots, . . .; second leg fifteen knots, . . .; third leg

eleven knots, . . ..“* The shipls speed was gradually reduced

when coming on station’durtig which time the bathythermograph

drop vae made. When the speed was one to two

was headed with the wind off the port bow the

stopped and the plankton net was dropyd. A

knot was maintained during the plankton haul.

knots and the ship

portscrew wan

speed of about one ‘

The vessel came

to a dead stop while the water bottle casts were made. Cruising

speed was gradually resumed f~llowing completion of the oollec-

ttons.

COLLECTION AND PREPARATION OF SAMPLES

Plankton, water and fish samples and continuous 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 bottle would

be below the thermooline. The plankton volumes were determined

● Quoted from letter from commanding Officer, UgS Marsh (DE 699)

to CTG 7.3, 23 9eptember 195,6.
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by using a 100/110-ml cassia volumetric flank instead of a grad-

uated cylinder. All samples except fish were proceoaed aboard

ship immediately after being colleoted. Fish were frozen aboard

ship, dissected and dried at the Enlwetok Marine Biological @b-

oretory, and ashed and counted at the University of Washington.

The water supply for the probe tank for continuous monitor-

ing, instead of being taken from the fire mains as on the Walton,

was suDplled by a Marlow Centrifugal Pump, Model Ho. 12, HEL-9,

operated at Ite full oapaclty of 50 gallons per minute. Chemical

pums of lesser capacity which had been furnished with the tank

were 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 was

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

cru:se.

METHODS OF ANALYSIS

All counting, with the exception of fish samp ea, was done
J

aboard ship within a few hours after the time of colleotlon.

Counting ??qulpment. Samples were pre~red on l&inch stain-

less steel plates and counted with 2-inoh Anton tubes in a 3-inoh

lead Anton pig with lVuclear-ChloagoModel 181 scalers. Back-

ground varied from 17.3 to 37.1 c/rein.

CorrectIon Faators. The same correction factors were used

as for the Walton data, the details of whioh are given in UWFL-46.
,,‘.“1,’:

i,l.$ ‘,i“,~

...
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The total correction factors to convert counts per minute to

~~sintegrations per minute were 3.5 for plankton, 4.0 for water,

and 3.3 for filter papers. Negative values are given wherever

the c.mnt was less than background. No correction vas made for

decay since the counttig was done essentially immediately after

collection and the values given are as of the time of collec-

tion. Decay curves are shown in Figure 2.

G&MMa Ray Spectra. Gamma ray spectra were run at the Uni-

versity of Washington laboratories In Seattle on a single chan-

nel, automatic advance, gamm spectrometer. The spectrometer

consists of a Nuclear-Chicago Model 1810

Nuclear-Chicago Model DS-3 scintillation

lab Superscaler, a Nuclear-Chicago Model

and an automatic baseline advance device

radiation analyzer, a

well counter, a Tracer-

C-Ill prtiti.ngtimer,

built at Seattle.

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

RESULTS OF SURVEY

Plankton—

The highest value of radioactivity in plankton, 21,000

d/m/g wet, was found at station 55 about 80 miles north of Enl-

wetok and the lowest value, 27 d/m/g, WBS found immediately 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)~

l.ndicatlngthat Guam was near the westernmost extremity of the

radioactive contamination which resulted from Operation Redwing.

A slight degree of contam~atlon IS indicated by comparison with

plankton samples from puget Sowd and off the Queen Charlotte
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I~l~ds, which ranged from o-16 d/m/g. Activ~ty in the water,

however, immediately south of Guam was about three times high-

er at the time of the Marsh survey th~ during Operation Troll.

The distribution of plankton activity Is shown in Figure 3

and Table 1. Figure 4 is a graphic presentation of the data

from Table 1. There is a sharp decrease in activity east of

Bikini md a gradual but l-rregulardecrease west of Enlwetok.

Activity levels in plankton samples from immediately east of

Bikini are about the same as those h the vialnity of Guam.

The plankton tows were made to a depth of about 200 meters,

which assured complete sampling of the stirred layer. It Is gen-

erally accepted that the stirred layer exists only above the

thermocline, a region in which temperature decreases rapidly

with increase in depth. Bathythermograph casts were made at

eaoh station to determine temperature changes with depth. Un-

fortunately the only bathythermograph whloh vas operable et sta-

tions 1 - 30 was oaly able to measure temperature~ to a depth of

200 feet. This situation WHS remedied at Guam and from that

point on temperature measurements vere avellable to 400 feet.

From the later data and the results of the Walton and Troll sur-

veys it is evident that In general the upper level of the ther-

mocline was 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 is presented in
,,,\:$fl’

i*,
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Ta~lf?:.. The SUITISof the values of activity of’ the residue from
40

One liter of sea wter and of’the filtered water, less K , for

eech station and depth are given In Table 2. Figure 4 is a graph-

lC presentation of the data from Table 1 along with the plankton

values. It is evident from this figure that although the abso-

lute values for the var~ous depths or kinds of eamples are differ-

ent, the general pattern of horizontal distribution of acttvity

is approximately the same. The distribution of activity in the

surfece vater samples is plotted in Figure 5.

The highest levels of total activity in the surface water

(residue on filter wper plus filterable portion, less K40) were

found tetween Fmlwetok and Ujelang, and the lowe~t value north-

east of Bfklni. These values were 19,000 U/m/l and 48 d/m/l.

V81ues in the vicinity of Guam are 4 to 20 times the lower value,

indicating that some contamination from Operetion Redwing had

reached this far. Pesslble interpret~ti.onsof the relation-

ship between water and plankton act:vity are discussed 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 samples with the

exception of the surface w8ter, In which the particulate matter

contained 58 percent of the activity. The average values of ra-

dioactivity ~ the two fiactfons and the percentages from both

the Marsh and Walton data are presented for aoxnparisonfn Table

7J. In both sets of data the ~rtlculate matter oontrtbutes

about three times as much of the total activity in the surface
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40
Table 2. Radioactivity of Water (filter + water, less K )

(Values in disintegrations per minute per liter)

Station Surface 25m 5om 1Oom 150m 4oom

1
2
3
4
5
6
7
8
9

10
11
12

15
16
17
19
19
20

29
30

31
32
33
34
35
36
37
38
39
40

16815
18860
8257
8216
7140
8517
2215
6803
3882
4395
2382
3255
4065

R:
:~2:

1986
1462
6806
3228
2284
1296
1;;;

2863
1 *O
2040
720
1171

6p6
244
214
195
230
164

I 55
90
122
288

2043
463
340
306

2204
4019
1200
323f$
1342

700
191
640
719
515
587
2’74
206
272
255
260
287
274
I 32

q

152
73

150
156
123

237
101
134
145

64

1;6
144
121
148

400
z6~
189

d
15

50
4607

712
5448
1345

302
198
670
7~6
236
465
26
21ii
178
312
364
20

ii13
9

11 z
70
92
48

117
50
73
64

159
102

86
.-

G

z
14
14

71

1341
1~;

--
1534
520
167
680
429
196
126
137
138
1~6
249
195
126

70
$

42
68
121

60
14
21
63
27

4;

130
35
75
30

-16

-5;
83

151
-2

719 296 (from 500m)

2
17
6

-62
344
274

140
98
90

110
132
111

70
64
97

2
4il
63
97
66

112
118
119

51
-23

--

9
34
97

9
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q%ble 3. Average Value for All Stations for Plankton
40

Residue from Water, and Filtered Water (less K )

as of Date of Collection

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

Marsh

~pth In
Meters
0-200

0
25
50

100
150
400*

Depth in
Meters
0-200

2;
50
75

100

Plankton

&
dfitg wet)

212

~esldue from Water ?flYl&ed KFie~ oa

per cent
d/m/l of total d/m~ EF’ti:;; d/m~

838 32 174
ii

68 , 25%
49 7 65 9
45 6 765 93 &
19 9 196 91 2i:
17 13 111 87 128

36 19 149 81 185

Walton

Residue from Water R’lltered Water tal

5900 58 4200 42 10000
280 4 600

i? 8
6 6800

1800 ‘19 7 00 9600
1300 19 5500 8i 6800
1000 26 2900 74 3900

+

Ten stations only.
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water as It does at greater depths. This greater concentra-

tion in the surface layer, where phytoplankton 1s most abun-
4

dant , coupled with the facts that plankton ha’sa higher spe-

ciflo activfty than water and that a few samples of microplank-

ton taken during Operation Troll showed an even higher specifio

activity than the macroplankton suggests that the micrOplank-

ton may be the prinol.palsource of the radloaotive particulate

wtter.

The aotlvlty in the particulate rotter was measured from

surface samples taken every half-hour (approximately every 8

miles)

end of

let of

while approachQ and leaving station 62 off the western

Bikini. Water for these samples was taken from the out-

the tank for continuous

Indicate that some radioactive

Bikini Atoll to the northwest.

monitoring. The results (Fig. 6)

materials are being eluted from

However, these materials probab-

ly add only an insignificant amount to the total actlvlty In the

area between Blklnl and Enlwetok. The discrepancy between the

activity in the sample taken from the tank and that taken from

the water bottle at the station off Blkinl.is probably largely

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

Continuous Monitoring

The scintillation probe used is successful for the deter-

mination of levels of aotivlty in contaminated sea water during

the first few weeks following the detonation of a nuolear device;

however, on the basis of our limited experience, the probe 1s

not of sufficient sensitivity for the measurement of low levels

of ~ activity in sea water as late as two months following

6
.+“*
‘!”

>,’
i

,
. .
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Table 4. Radioactivity of l?ishCaught on the Marsh Survey

d/k./g (wet)

SkipJack Taken Near Station 23:

Light Muscle Dark Nuscle Liver

Spec#men “A’” 93 139 188
“B“

1
4 log 170!1 “c “

& I%
1 200

Average

Flylng Fish Taken from Stomach of Sklpjaok (Spcalmen “A”

Muscle Liver

119 ..

Flying Fish Taken Hear Station ~:

Muscle Liver

360 7460

Ali~uot 1
2

tl

3
Average

Homogenate of Tissues from Fifty Reef Fish !I&kenat (hmm$

Muscle Liver

70 167
105

h
16

w

above ):

! “.
,’
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(vet), which Is higher than dark muscle by a factor of about

1.5 and than llght muscle by a factor of about 2. A flytig

fish taken frOm the stom8ch of one of the skipjack had about

the same level of activity h tW9Cl~ tissue as did the skipjack.

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

Same levels of aotivity as did the skipjack taken approximately

35o miles to the southeast. A single flylng l?lshtaken approxi-

mately 60 m~les northwest Of Enlwetok had about 40 times as

much activity in the liver, as did the ski.pjaakand Guam reef

fish,md about 3 times as much actlvlty in the muscle.

The activtty in fish tissues from Guam was greater than

that found in fish from the same area in 19552by a factor

of 1.3 for liver and 6.9 for muscle, an indication there

been some additional radioactive contamination since the

of Operation Troll. The levels are low even though they

had

the

are
2

several times those found in fish from Puget Sound h 1955 .

No radiochemical analyse~ were made beaause the activity

levels were too low for accurate determinations. It is clear

from previous analyses of fish from contaminated areas In the

Pacific that it is not likely stronttum-9C)would contribute

any of the activity, and at most two peroent of the total fl-

actlvlty.
5,2

A diagram of the ~ spectrum of the flying fl~h liver Is

144J44 95shown in Figure 11, page 40; the presence of Ce ,Zr-
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DISCUSSION OF SURVEY DATA

The ratio of the radioactivity In plankton to that in

water on a basis of equal weights is highly variable from sta-

tion to station and from oollectlon date to collection date.

Some of the variability is probably due to inaccuracies in

water sample values. A single value for water is probably less

reliable than a single value for plankton because of the method

of sampling and the lower level of’aotivlty in the water; when

the wqter value Is based on the average of several observations

the comparison 1s fairly reliable, but a oomparlson based on a.

single water value is less reliable.

all stations of the Marsh survey was

18,000). The average ratios for the

were 7,000 and 300 respectively.

The average of ratios for

2500 (minimum 29, maximum

Walton and Troll surveys

Several f’aotoremay enter Into the reduction of the plank-

ton-water ratio with time. One faator may be that selective up-

take by the plankton is less evident from relatively fresh fall-

out material, where a wide spectrum of radioisotopes is avail-

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

oomparlng 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 ao-

tlvity to water activity than do the eastern stations. The

values and their standard errors are 475 ~ 98 and 3716 ! 754

respectively.
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There is, however, another factor whioh appears to be of

considerable importance. This is the effect of distribution

of aotivity in the water with depth on the activity in the

plankton sample. The plankton sample is taken from a water

layer et a depth of 200 meters to the surface. The water sam-

ples are taken at discrete depths down to 150 meters. The fol-

Iowing 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 eharp Increases

at a depth of 100 metgrs. Secondly, sinco the weter samples

are taken at discrete Lntervals of 25 to 50 meters, the pre-

eent data do not permit ruling out the possibility that ex-

tremes of activity In narrow regions distort the total picture

at a given station either by being missed completely or being

weremphasized. And thhdly, 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 dayllght to hours of

darkneas, The diurnal-nocturnal difference in ratio of activ-

ity 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 slgnlflcant difference was found at the remalnlng stations,
,..,
‘>,’*,,,,

{’.‘,,,,\,
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where variable levels of activity with depth would mask any.

diurnal-nocturnal variation that might exist.

The ahange of relative radioactlvl.tyof the water with

depth 1s 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 priwrily affected by fallout, while those

regions having the bulk of the radioactive materials in the sur-

faoe layer were regions to which the radioactive materials in

solution had been carried by surfaoe currents. It would follow

that by the time of the survey vertioal mixing had not taken an

important part ti redlstributian 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 material went into either a true solu-

tion or a suspension of very small colloidal particles soon

after fallout 1s supported by the faot that most of the activi-

ty passes through a Mlllipore filter (Table 3). However, dif-

ferences in specific gravity of the particles would result h

the same type of distribution. It is possible that relatively

htgher values near the surface for stations to the westward are

acoounted for, In part, by fallout of lower specifti gravity

than that of fallout nearer the test site. The

lower specific gravity would be assumed to have

plete solution while still near the surface.

particles of

gone into com-

. . . - . .. . --
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Figure ~ r@Pres@nt9 the activitY at each of the five depths

Sampled relative to the highest aottvity at eaoh,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

aotlvity at greater depths at the Walton stations corresponds to

the situation

west of 12° N

preponder-ce

at the Marsh stations exoept in the area south and

and 157° E, where the Marsh stations had a marked

of’aotivity in the surface water. The Walton sur-

vey was Mde during the test series when radloaot:ve materials In

the water had had only a few days or at zuostta 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 tecstsite. Barne9
6
reports that the surface layers in this

region move about three times faster than the layers at 300 me-
7

ters, and Yoshida shows the westward velocity of the surface

water au about l+ times the velocity at 40 meters at 17° H. It

seemsiposalble,therefore, that the Marsh stations south of 12° H

and vest of the test site represent, for the most part, a regton

whioh received Its radioaotivlty via the ooean currents. Stations

4 to 9 are exceptional in this region but

with high levels of activity (Figs. 3 =U

ably due to fallout from tests nade after

Walton survey.

they are also stations

5, and Table 1), prob-

the oompletlon of the

There are Uusually’high levels of radioactivity at depths

of 50 m to 100 m at the three stations immediately east of Enl-

vetok and at station 68 which 1s about 2° N of Bikini. The
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unusual condition at these stations may be due to sampling. If

the condition is real, some of tile factors which may be involved

include differenoeo in rate and set of currents adjaoent to the
6,8

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 aotivlty and the thermocltie oould be determined. It

appears, however, that 130-m eamples were taken below the ther-

mocllne at most, if not all, stations. 9amples were taken at

400 m or 500 m at ten stations east of 159° E and had levels of’

aotivity comparable to thoee at 100 m and 150 m at the same

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

9
Fission product sexratfons (see ~L-33 for tec~iques )

Rnd g- BPect~ometric det~rmlnationg were ~de ‘n plankton

BampleB collected during the Ualton and the Marsh surveys.

plankton samples collected from the Walton in June 1956 were

anblyzed chemically June 30 and August Z9 of the same year.

Similar samples collected from the !@@ ~ 1956 were ~~yzed

both foF fission products and certain radioactive non-fission

product isotopes durtig the last veek Of Deuember 1956 ad the

first week of January 1957.

In addition to the chemfoal analyaes, gamma speotrum

cmves were made on two Waltw plnnkton samplea, one of vhloh—.

was collected just north of Blklni.Atoll (station 9D)J and the

other in the open sea (8c) about 65 miles northwent of Bikini

Atoll.

In general, the observed percentages of total beta activf-

ty contributed by the various fission products, corresponded ap-

proximately to those expected on the basis of

Ballou curves;g

Of the Walton uamples, Chemicbl analysea

the Hunter and

were made on

plankton from nine sta~ione: lE, 3A, 4D, 7D, 8A, 9A, 9C, 9D and

lJB (Table 5). Variation in isotope percentages is great be-

tveen samples ad no def~ite patte~ of variatiOxlis eVidOllt

between the different collectiq areas. If the &verages of 811

8amples ~z~ecomyred w~th the exp~cte~ percentages (based On 811

a~cr~~~e30-day interval follwirlg detonation), the results are

~3 follt)wg:
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Isotope Observed Expected Ratfo observed percent
oercent percent expected uercent

#
3.8 8.2 1/1

Tr~.v.F?.??. 18.0

R#03’lM, R#04 18.0
141,144 144

Ce , Pr 26.0
140

BA 3.1

19.5

5.7

13.2

10,8

In addition to the great individual variation, differences

vere also observed in the total &mount of activity accounted for.

At stations 9C and 9D, both of which are within 45 miles of Bi-

kini Atoll, only about 80 percent of the total beta activity was

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-

,, W?+*’22%No evidence of cobalt teotopes was found. On the

other hand, in the gama speotrum curve of plankton from station

8C . 65 miles northwest of Bikini, the non-fission product iso-
5(3, GO

, ,25 57*topes co” and possibly Co , accounted for more than

50 pergent of the total cwnma activity on November 26, 1.956**.

(Fig. 10).

Of the Marsh samples, chemical separations for fission prod-

ucts and zinc and oobalt were made on plankton from StatiOnS 5,

42 and 55 (Table 6).
.-——

● The chemi 1 and resin ~~lum data indlCate
presence of Co!3? The gamma spectra m e on the
however, 4indicat; that the isotope 1s V 9 rather
● * The technlaues em~loyed for ldentifY@l t~

tbe possible
separat

!?
ns,

than co .

different co-
balt i~otone~ i&OIVe ~he;l~seof ohemistiy,-ion exchange resin
COIUS, beta energy determinations, and gamm8 $pectrometry.
‘h~ technfaues and results obtained for various biological sam-
~les wIU be published b a later paper.
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Station 5 LB located 160 miles southwest of l%iwetok and

station 55, 90 miles due north Qf ~~wetok (Fig’ l)s ‘latiton

from stations 5 and 55 yielded similar radiochemical analytical

results and in addition have almost identical gamma spectra)

which are essentially the same as t~t of the plankton samples

from one of the neighborl.ngstations, 54 (Fig. 21).

Station 42 WaS taken 470 miles west of ??nlwetok. The iso-

topic content of@ankton from this station was clearly dfffer-

ent from that of stations 5? 54 and 55 On the b~seg of both

chemical and gamma spectrum analysis.

Comparisons of the relative activity of the different iso-

topes from plankton at atatlons 5, 55 and 42 as determined by

chemical analysis with the expected activity based on the

Hunter and Ballo ?ioOUrVes are a. follow*t

Isotope Expected Observed uercent at st~;lons
percent * and

Sr89,90 7.5 0 1.5
~3137 <1. 0 0
~p37,140
~e144-pr144

<1.

16.

< 1. <1*

8.2 20.

Triv. R.E. 4.5

-FU1106 %

5*1
RU103

, Ru
106 3.0 3.0

Zr95
~057,58,60

z>’

12.5

0

0

28. 21 ●

3.0 31*

m 1.** 6.0

● Based on an average 8-month Interval following detonation.

According b the gamma s~ectrum, Zn
65

** aocounts for approxi-
mately 50 percent of the total activity at stations 5 and 55.
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The results of the analysis of’the radionuclldes in sam-

ples from station 42 differ from those at station~ 5 and 55 in

th8t the levels of Ce144.pr144 and c057j58,60 are respectively

89,90
2.5 and 10 times higher at 42; sr ie absent at 5 and 55,

but present at 42 at a level of about 20 percent that expected
10

from the Hunter and Ballou curves. On the besis of the gamma

spectrum curves. however, the apparent radiochemical determina-

tion of c~”k-p~” in sample 42 1s too high.

In plankton from all three stations the trivalent rare
103 106 -Rh106

earths are present at about 30 peroent and Ru , Ru

at about 50 percent of the expected levels. ZP95, on the other

‘hand,is present at a level about twice tbt expected.

The total recovered activity in the chemical separations is

greater than that usually found. This may be due to error in

counting the original sample introduced by the presence of appre-

ciable amounts of Co57 , C058, co60 65and Zn , all of?whiuh emit

relativel~ low energy beta particles in compariso~ to those from

mixed fission products,

The gamma spectra of plankton from Marsh stations 5, 54

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

level of Zn65 (a~proxlmately 50 percent of the total gamma ernls-
144&44

, Zr95-llb95~d R@6-Rh106 (Fig. 11)sion) along with Ce

At station !54,gamma ~pectra were obtained for sea water

after ftltrstion through a Mlllipore filter, for plankton, and

a flying fish liver (Fig. 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-n95*

.. .
.,”

,
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same figure.

M sumary, the gam-gpectra f’lnd~~s on non-fission prod-

ucts in both the Walton and Marsh planktOn samples are as

follows:

Oamma spectra were determ~ed on plankton from statiOn 42

and on portiong of this sample including the formlti preserva-

tive filtrate, the Fe (OH)3 scavenge from the ashed Pla~ton

sample, and the cobalt separatl.onon the ~am~ specimen (Fig. 12).

The total plankton 9amP~e has a lover Zn
65 component than that

found in sample 54. In addltlon Ce144-Pr144, R~06-Rhl@ and

zr95-Nb95 contributes little of the total gamma radiation

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

by C057, C058 and Co60;
59

also a limited amount of Fe 1s present.

The cobalt in plankton sample 42 is partly soluble in neu-

tral formalin and is found in high amount in the filtrate. Al-

though some evidence of the Ce
144

-PP
144

peaks are present in the

plankton curve on the low KEV range, the curve on the filtrate
.

gives only the Co57 peak (Fig 12, Inset). This peak is also

shown by the cobalt separation from planktm sample 42 In the

la

1-

er

ill

pre-

t

‘rom

.gh

lie-

, 11).

*

Id

Y

Station Levels of’non-fission prod’~ctisotopes
Znb5 Cobalt isotopes Fe~Y

Walton 8-c + + +* n.d.
9-D 1Ow n,d. n.d.

Marsh 5 +t 1Ow d.d.
54 1Ow . n.d.
55;: 1Ow n.d.
42 + ++ t

+6 very high
+ high
n.d. not detected
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In both the WaltOn and Marsh plankton samPles~ ~rked ‘ari-
:t$

atlOIl in ratlOS Of’ the dif’f’erentfl~~lon and non-fission radlo-

i42- isotopes is evident and c~ot be expla~ed on the basis of pre-

sent evidence. However, at leaet two factors ~Y be contribut-

ing to the variation and each of the tvo oould mask the posstble

effect of the other. These factora ticlude, (1) heterogeneity

in composition Of the plankton colleoted at the varlOus stations,

and (2) variation in available i~otoPe3 h given areas due to

.T local fallouts from different types of nuolear devices, and from
ATION -
LNKTON differences in time of firing.

Plankton is composed of many types of organisms Lnoludtig

!ATE
I dlnoflagellates, diatoms, protozoa, copepods, ostracods, eup~u-
KTON -

aids, amphlpods, coelenterates, siphonophoresjworms, PteroP~s~

roctions.

heteropods, primitive ohordates, 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 species differ-
11

ences in uptake of isotopes do occur. Yoshli (1956) observed

that radioactive Lsotones in copepods and primitive ohordates

collected in the spring of 1~54 in the vicinity of the Marshall

Islands, differed both In beta energy and rate of decay, and

Kawabata (1956)12 stated “Although the mechanisms of the accumu-

htlon of radioisotopes in planktons and their action in the

organismg are still vague, It is? by all me~sj of importace

that Certati planktons seleCt~velY aacu~late specific radio-

active ~lemente of minute amount in the sea water in their

bodies.”
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Future plankton work at the Pacfftc Proving Ground should

include studies on the different species comprising the samples,

especially with regard to differential uptekc of’isotopes.

.,

,.
.,’

..,.

.,
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SUMMARY

1. A survey Of the rad~oactiv~ty In the sea water, plankton

and fish was Mde in September 1956 in an area bounded by 9° H

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

2. The general pattern of dlstrlb~tion of activity in the sea

shows a sharp decrease ~ actjvltY east of Bikini and a gradual

but irregular decrease west of mlwetok.

3. Plankton appeers to bti the mogt sensitive indicator of

radl~fictivity in the sea; th~ average of ratios of plankton

activity to sea water ~ctivlty WaS 2,500.

4. The highest value of radloactlvlty in plankton, 21,000 d/m/g

wet, was found about 80 miles north of Fniwetok and the lowest

v~.lue,27 d/m/g, near Guam.

5* The highest value for water activity, 19,00’3d/m/1, was

fcund between Eniwetok and Ujelang and the lowest value, 48

c?/m/1,northeast of Bikini.

6. Sea water filtered through mlllfpore filters had higher

levels of activity thun the reSldue on the filter paper.

7. M~cro~lankton 1s probably the Principal source of the

radioactive particulate ~tter.

8. The change of relative radioactivity of the water with

depth is variable but aPPearg to fall Into regional patterns.

----
.- . -. . .
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Summary (continued)

9. Some radioactive materials are being eluted from Bikini.

Atoll but their addition to the total activity in the area

between Bikini and I?niwetokis probably insignificut.

10. Reef fish from Guam and skipjack taken approximately 3!5Q

miles to the southeast had about the same levels of activity;

136 d/m/g vet (~ activity) in skipjack livers wss the highest

level founa in thet krea.

11. A si@e flying fish Laken &pproximately 60 m~~es nOrth-

west of Eniwetok had a total ~ -activity of 7,50~ d/m/g wet

M the liver and 3~0 d/m,’gwet in the muscle.

8$L90, J37~ 14~, ~elkf.
12. Plankton was found to contain Sr

#44 103 106-Rh116 zrg5, ~057358~60, Zn65, Fe59, and
, Ru , Ru 9

trivalent rare earths.
>.

.+
<

,,’
..,.’

.’ ,

13. There is a difference fn isctoptc content of plankton

collected 90 miles north of Faiwetok and plankton collected

470 miles vest of Enlwetok.

14. The liver of a flylng fish collected about 90 miles north
144 144 95 95

of Eniwetok contained CL -Pr , Zr -Nb , ~<8, (j)”, and
b

ZI-F .

15* A scintillation probp for continuous

of ~ activity in the sea water was found

monitoring of levels

to have insufficient

sensitivity to di8crimLnate between atatlons in areas of low

activity.
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Appendix Table 1. Marsh 0Cean06raphi~ gurvey POsitiOns

(All positional “North Lati’t~el~.~a~t@ngltude”)

Number Latitude Longitude ~umber ~tltude Longitude
0’ 0 I

1
2
3
4
5
6
7
8
9

10
11

12
;?

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

I

34
51
00
48
19
51
30
00
24
48
07
34
00
36

M
23
00
24
47
00
34
00
27
J2

3’3
15
51
31
10
22
00
14
26
40
00
45

161 50
161 18
161 00
160 31
159 50
159 09
158 32
159 00
157 24
156 47
156 19
155 39
155 00
154 24
153 42
153 08
152 33
152 00
151 23
150 48
150 05
149 32
149 00
148 17
147 30
146 57
146 26
145 5?
145 13
144 35
145 10
146 OCJ
146 4i5
147 27
148 13
149 ol-J
149 46

38
39
40
41
42
43
44
45
46
47
48
49
;;

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
63
70
71
72
73
74

13 33
14 20
14 14
13 29
12 44
12 00
12 38
13 15
13 51
14 26
15 00
14 24
13 46
13 10

’12 30
12 00
12 36
13 15
13 50
14 35
15 00
14 08
13 12
12 23
11 32
10 49
10 00
11 30
12 18
13 03
14 00
13 26
12 48
12 15
11 37
11 00
11 25

0’

150 31
151 15
152 46
153 31
154 16
155 00
155 38
156 14
156 51
157 26
158 00
158 37
159 12
159 49
160 23
161 00
161 36
162 10
162 45
163 21
164 00
164 18
164 26
1.64 50
:;; ;;

166 14
166 00
165 57
;:; ;:

165 22
164 43
164 12
163 34
163 00
162 30

.—------- . . . ...,—--- ...

.< +
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Appendix Table 2. Relative Radioactivity with Depth at Each

Marsh Station

(Highest value at each depth taken as 160)

Surface 25m 50m 100m 150m
Station

1
2
3
4
5
6
7
8
9

10
11
12
13
1)+
15
16
17
18
19
20
21
22
23
Z4
25
26
27
28
29
30
31
32

35
36
37
38
39
40

100
100
100
100
100
100
100
100
100
100
100
100
1’09
lcm
190
10CI
100
100
100
100
100
100
100
100
100
103
100
100
100
100
100
100
100
100
100
100
100

62
81

100
100
100
100
100
100

12
2.5
4.1
3*7

31
47
54
48
35
16

8.0
20
13
13
27
12
12
14
17

3.8
8.9

12

6?;
-.94

5.3
4.6
7.4

22
11
3?
41
63
74
28

;i
100

80
51
58
95
71
62
75

2.4

1.4
2.3

1.6
80
54
32
80
35

6.9
8.3

21
18

5*9
22
:;

9.0

52;
9.0
8.o
7.3

9?:
3.2
3.0
5*7
6.9
6.2

g
48
44
--

;;
93
yj
25
36
94
74
60
65

8.0 4.3
1.0 ● 73
● 75 1.0
.- -.75

6?
7.5

10

4:;
5.3
4.2
3.4
2.9

8%
7.6
3.5
5.1
1.4
1.3
3.9
9*3
5.3
1.9
● 73
4.0
:i:

4.0
20
14
35
15

-7*O
--
-15

58
100

-.67
18

8.7
31

7.0
6.1

4.8
3.2
8.8
5.0
5.8
3.2
4.1
2.8
2.7
3.3
5.2
5.4
2.6
1.2
.41
1.0
2.0
4.2
4.1
6.2
6.2
.80
3.0
3.1

13
5.6

18
48
56.
26

-lo
--
5iJJ

64
3.1

51
4.8.

36
3.4
9.7
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46
47
48
49
;;

52
;:

55
56
57
53

~flface 25m 50m 1)Orn 150m

100
100
100
100
100
69
27

100
10’3
46

100
83
95
100

40
77

100
84
.-

100
96
56

82
90
20

ti.~
11

K
8?;

~cl
10’3
100
68
93
100

1%
100

87
100

92
11

100
--
72

1’JO
10.)
lJO
100

75
46

100

::

3*5
-5.0
-7.6
-3.1
~:+

3.9
27
21
25

7.2
1?
31
16
77
44
61
57

.-
79
89

-42
?.1

72
48

2.8
19
100
100

-
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3. Relat-iveRadfoactlvlty

Walton Station

with Depth at Each
Appendti Table

(Highest value
at each depth taken as 100)

50m 75m loom
gurface 25m

~tatlon
1,4
.-
0
0
0

17
0.86

0
19

3.9

100
0
47

8!1

44
100
74
19
100

3.6
1.61A

B
c
D
E

2A
B
c
D
E

100
100

94
81
71

100

100
98

--

100
74

3.3
13

49
so

100

78

3*3
5.4

100
63

100
8.6

10’3
0
0
18
34

50
0
45
32
39

10Q0
3

4

A
B
c
D
E

A

-.

100
15
39

100
0
69
0
26

31
34

59
41

100
100

83
100
100
100
100

100
100

;: 8
12
71
55
11

2.3
24
12
28

0
l.O

73B

;
E

5A
B
c
D
E

6A
B
c
D
E

7A
B
c
D
E
F’

8A
B
c
D
E
F

11

76
12
47

13
78
31
31

&
42
56
40

61
100

24

100
44

100

49
12

4:;
66
9.0

54
18

100
24
100
52
31

7.7 34
33

.
55
32

33
23
81
82

100
130

IJO
190
100

89
100
100
74
57
42
100
79
100

.
.“,

8.1
3.2

29
85

73
15
.-

100
52
--

62
23

;;
30
--

*.

55
1871

26
13

1.1
1.1
4.9

14

103
100
100

59
55
56

79
--

--
--

--
--

100 24
29. ..----
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Appetiix Table 3. (continu~)

a~tlon Surface 25m 5om ‘?5m 100m

9A 100 ‘- --

B 100 -- ;; :0
43 70 100 ii 6.4

: 10’3 60 100 75
E 100 98 ;; 6.2 43
F 100 -- 30 -- 28

10 A -- -- .-
41 -- 100 =: G

‘: -- 19 -- 100
D ;; -- 100 -- 5,4
R 100 -- 58 -- --
F 100 -- 57 -- 24

;:

,’~

., f.,
,.

.“

b---- -“- --- —,—’7--- - /, .f)


