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ABSTRACT

A survey of the radiocactivity in the sea in the region of
the North Equetoriel Current from the Marshall Islands to the
Marianas Islands was made in September 1956. The expedition
wes sponsored by the United States Atomic Energy Commission,
Division of Blology and Mediclne, and carried out by the Applled
Fisherles lLaborstory, 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 taken from the surface, 25, 50, 100, and
150 meters at T4 stations. The general pattern of distribution
of radioactivity shows & 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 Quan,
the western extremity of the survey. Non-fission products
account for a large proportion of the radioactivity in plank-

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

INTRODUCTION

The amount of radloactivity in the sea and in pelagic

marine life during and following weapons tests at the Paciflilc

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

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

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

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

Atomic Energy Commission, Scripps Institute of Oceanography,



University of California, and the Applied Fisheries Laboratory,
University of Washington.
The findings of Operation Troll, the 17,419 mile cruilse
of the Taney from Februery 25 to May 3, 1955, were summarized
as follows:
l. Sea water and plankton samples show the existence
of widespread lowv-level activity in the Pacific Ocean.
Water activity ranged from 0-570 d/min/liter and plank-
ton from 3-140 d/min/g wet welght.
2. There is some concentration of the activity in the
main current streams, such as the North Equatoriel Cur-
rent. The highest activity was off the coast of Luzon
sveraging 120 d/min/liter down to 600 m (April 1, 19555.
3. Analyses of fish indicate no activity approaching
the maximum permissible 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 plankton activity offer a sensitive
indication of activity in the ocean.

5. S8imilar operations would be valuable in assessing

the activity from futurs tests and in gathering valu-
able data for oceanographic studies,

The Division of Bilology and Medlicine of the U. 8. Atomlc
Energy Commission requested the Applied Fisheries Laboratory
of the Universlity of Washington to conduct surveys of the open
sea during 1956 to determine "(a) the levels of introduced ra-
dioactivity resulting from the tests in the water, plankton,
and fish, and (b) how far the activity extends westward in the

North Equatorial current.”



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

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

report states:

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

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

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

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

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

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

The second survey of the 1956 series was conducted during

September, about six weeks after the termination of the weapons

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

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



survey operated from the Marshall Islands westward to Guam
between 9o N and 15° N.
The findings of this second survey are reported on the

following pages.
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PLANS, EQUIPMENT AND OPERATIONS AT SEA

The amount of radlosctlvity in the sea vatef and in ma-
rine 1life 1n the reglon near Blkinil and Enivqtok Atolls during
and following the 1956 atomic testing program, &s well as the
movement and dispersal of the radioactivity after completion of
the test program, was evaluated by two radioblological-oceano-
graphic surveys. The first survey, made from the Walton in June
1956, covered fifty-three stations in an area between 11° N and

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

(UWFL-46) > .

The second survey, made from the Marsh, covered T4 stations
in an area bounded by 9° N and 15° N &nd approximately 145°>E and
166° E (Pig. 1). This area is within the Korth Equatorial Cur-
rent, which flows 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 Equatorial Current (taken as
ten miles per twenty-four hours for planning purposes), the fuel
requirements of the ship and refueling facilities, which were a-
vailable only at Kwajalein and Guam.

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

ber 17. This period was interrupted for twenty-four hours begin-
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ning September 10 while the Marsh was engaged in a sea-alr res-
cue mission. The third leg, from Kwvajalein 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 same.
Photographs of the ma jor items of equipment installed aboard the
Walton appear in UWFL-46.

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

The ma jor items of equipment were

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

2. A power winch feeding a 3/16-inch steel ¢able over an
A-frame and davit for use with plankton nets and water
sampling bottles.

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

4, A temporary chemistry laboratory.

5. Three nuclear radiation detection instruments.

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

ment.



Operation of the Ship

“"one boiler operation was maintained during the survey, to

onsure maximum fuel-economy, except while entering and leaving

port. Speeds between stations . . . vere as follows: first leg
twelve knots, . . .; second leg fifteen knots, . . .; third leg
eleven knots, . . .."% The ship's speed was graduslly reduced

wvhen coming on station during which time tha bathythermograph
drop vas made, When the speed was one to two knots and the ship
was headed with the wind off the port bow the portscrew was
stopped and the plankton net was dropped. A speed of about one
knot was maintained during the plankton haul. The vessel came
to a dead stop while the water bottle casts were made. Crulsing
speed was gradusally resumed fnllowing completion of the collec-

tions.

COLLECTION AND PREPARATION OF SAMPLES

Plankton, wsater and fiah samples and continuous measure-
ments of the activity in the sﬁrface vater were taken. These
samples and their preparation were the same as for the Walton
survey with the following exceptlions.

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

be Yelow the thermocline. The plankton volumes were determinsd

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

crulse.

METHODS OF ANALYSIS

All counting, with the exception of fish aamq}en, vas done
aboard ship within a few hours after the time of collection.
Counting Equipment. Samples were prepared on 1%4-inch stain-

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

Correction Factora. The same correction factors were used

as for the Walton data, the details of which are given in UWPL-46.

xx.ii‘“*
- A N '
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The total correction factors to convert counts per minute to
disintegrations per minute were 3.5 for plankton, 4.0 for water,
and 3.3 for filter papers. KNegatlve values are given wherever
the count was less than background. No correction wvas made for
decay since the counting was done essentially ilmmedistely after
collection &and the values glven are as of the time of collec-
tion. Decay curves are shown in Figure 2.

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

versity of Washington laboratories in Seattle on a8 single chan-
nel, automatic advance, gemma spectrometer. The spectrometer
consists of a Nuclear-Chicago Model 1810 radiation analyzer, a
Nuclear-Chicago Model D3-3 scintillation well counter, & Tracer-
lab Superscaler, & Nuciear-Chicago Model C-111 printing timer,
and an automatic baseline advance device bullt at Seattle.

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

RESULTS OF SURVEY

Flankton

Th

f6)

nighest value of radiocactivity in plankton, 21,000

d/m/g wet, was found at statlion 55 sbout 80 miles north of Eni-
wetok and the lowest value, 27 d/m/g, was 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),
indiceting that Guam was near the westernmost extremity of the
radloactive contamination which resulted from Operation Redwing.

A slight degree of contamination 1s indicated by comparison with

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

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

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

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

Water

The activity of the water from all depths 1s presented 1in



~—t R 2 N by - . B . 4 . R ; N R 0
U S P A O T A e ) N S B B e |
“ 145 146° 147 148° 149° 1?0' 15)° 152°* 153 154° 155¢ 156 187¢ 158° 189* 160* 161* 162° 163° 164¢ 165* 166* 167° 18" 1 17
Maug s
AR R S e B e R ma ma as E Raanasas SRR - - t e } R mae S e
« Asuncien | [
4 [Waae 1 -,
[ 18%
O Aghan | ]
ol
,.I...._.. I Values n -of disintegrat
Qo= MARIANAS per m§nute gn:\.
1
.|L-|
- Ardtan T
Forulian de Modinile 1‘;
’ ]
’%m} 118 4
I 027 o37 4 Tomgt Mt
0% odos T o 00| ods % °65 #
- 020 o9 o&8 "
o001 + o008 c00p oost| 2"
(&. )‘ 130 ?29 oy o2l a009
oS8
o028 qao4
_.._lzl 24
ol 1 00 7h S St e
E ,\‘ \ [
+ c0a?|  o04p oar | oM S 1 LRl omenies e,
1 45 2 Anngines My 38" . Teke Al T
1t - o2 - oo@i
doz 3 °ge oa4s oqn MARSHALL |
eai Joza -0060 083 il e =
ps ‘& »y o080 Rd l‘.-
caos| 0ZF coeel o3y ~ A .
e} o : 9 n *’_ Upem Avt m_..‘ . ;< : i ]
= - 9 - R " e At
» Foreiiep st O Lt N n' SLANDS
P . . Y
a° Wast Fay |o *'(, f/“ s famsadnd oy At ;
Otmiasns Mt AT BN Ovut é
{ . - 5 ey Trek o ! o T)
.:).‘- ate deuty, ottt | R 'Y,« I - a_-.—-..fj
o e =
Py T 4 Lopee st .....JL.. Mot huet
CAROLINE}] & T ISLANDS
s ] l - Pulgatap b + _.-?\
¥ € '"’"“‘. -] ':._" Mt et -
el o _-“33 Kemate 1

Fig. 3. Distribution

of plankton octivity .

w1



Table 1. Radloactivity of Marsh Samples

Plankton values in disintegrations per minute per gram of wet sample
Water non " " " " liter

Filter paper " " " " "  for the residue from 1 liter of water —

. }

Surface 25m 50m 100m 150m 400m Plankton /

Stn. V. fp. w. fp. v. fp. wv. fp. w. fIp. V. fp. b
1 14356 2459 1766 277 302 98 1306 35 692 27 252%  4iy= 483
2 10838 8022 404 59 226 35 166 29 136 1 796
3 5140 3117 286 54 168 21 58 y 12 7k 1065
y 6706 1510 294 12 126 9 - -- =856 -6 1448
5 6552 588 2080 124 5310 370 1228 306 298 46 14788
6 8064 453 3738 281 4346 261 g2 48 178 96 11683
7 634 1581 1112 88 666 46 1450 27 156 40 3426

8 5460 1343 3020 218 5172 276 5652 128 308 30 12604 "

9 1786 2096 1184 158 1252 93 388 41 174 50 3692
10 3072 1323 664 36 284 18 186 10 122 18 713
11 1834 548 164 27 186 10 106 29 88 10 8348
12 2926 329 598 42 648 22 106 31 72 18 3313
13 3286 779 672 y7 670 46 104 34 90 20 2065
14 1650 2353 468 b7 214 22 100 16 110 22 886
15 1886 256 528 59 434 31 234 15 84 27 596
16 1824 502 250 24 248 15 194 1 122 3 450
17 1450 214 190 16 200 18 112 14 36 7 459
18 1606 380 250 22 160 18 56 14 16 8 382
19 1354 168 238 17 294 18 68 6 -8 2 466
20 1378 5428 222 38 302 62 82 11 66 4 612

#* Sample from 500m

\ )\ \ Aoh

¢



+ Sample from 450m, top of this bottle did not close

Table 1. (continued)
Surface 25m 50m 100m 150m 400m Plankton
Stn. V. fp. W. fg. v, o v. fp w. fp. w. fp.
21 1304 1924 250 137 270 20 34 8 56 8 236
22 1932 352 216 58 164 19 64 I 94 3 215
23 734 562 118 14 84 11 112 9 0 13 60
24 814 321 70 3 114 0 62 -2 68 2 43
25 406 341 -y -3 66 y 4 10 36 10 78
26 2504 359 140 12 92 0 22 -1 16 7 208
27 1238 342 58 15 48 0 60 3 48 -- 33
28 1642 398 128 22 110 -7 20 7 60 3 108
29 310 410 138 12 38 12 -2 3 90 7 32
30 672 k99 110 13 62 11 40 7 58 8 27
31 546 90 226 11 58 6 126 y 106 € 63
32 116 128 84 17 152 7 24 11 112 6 30
33 176 38 128 € 96 6 72 3 112 7 60
34 170 25 134 11 30 6 24 6 58 -7 68
35 214 16 62 2 - .= -16 0 =26 3 140
36 122 k2 - - - - -- -- -— - 197
37 132 23 104 11 78 5 -26 3 y 5 7
38 34 56 118 26 94 40 82 1 34 0 78
39 74 48 108 13 130 14 150 1 94 3 104
4o 226 62 66 82 60 11 -8 6 10 -1 176
41 154 12 30 7 54 5 30 0 80 4 . 85
42 4860 320 4590 312 4608 2€4 426 22 214 36 5816
§3 178 100 188 9 1350 16 78 9 94 6 2100
hy 2638 542 1848 132 1786 131 208 16 98 10 890% 479+ 7060
45 1684 256 1378 73 1202 56 106 13 130 59 2891

91




+ Sample from 450m, top of thils bottle did not close

Table 1. (continued)

Surface 25m - 50m 100m 150m 400m Plankton
Stn. . fp. W. fp.. . fp. W. fp. w. fp. . fp.
46 2490 163 1672 116 1956 98 98 -4 92 7 2012
47 276 24 136 18 238 7 -10 -5 -40 4 2656
48 27k 30 250 12 228 7 -22 -1 48 -4 240
49 742 110 564 32 50 23 -34 8 36 10 984
50 1654 78 1266 €2 1144 61 78 10 104 34 84 7 1925
51 944 76 772 44 1426 61 70 o 118 3 Ln 7 3112
52 278 62 514 21 1176 64 98 12 224 25 92 3 4112
53 936 46 784 42 632 38 254 15 202 10 72 14 2006
54 2708 160 2494 106 2562 108 540 54 440 290 208 34 66TH
55 1466 83 1310 64 3208 148 780 58 296 22 126 7 20926
56 2854 152 2586 160 2680 120 202 14 540 22 202 129 6839
57 420 16 sy 1k 512 11 82 9 132 2 122 9 3734 5
58 244 24 226 20 272 11 88 0 Q2 10 260
59 4408 216 3896 156 3864 145 654 69 168 12 6503
60 50 16 142 8 160 [} 126 1 74 3 612
61 126 5 162 9 152 5 62 13 -4 1 224
62 1256 70 134 4 134 9 758 47 106 7 283 43 1925
€3 112 13 100 3 1k 5 84 1 g2 4 53
64 - -- -~ .- - - R 50
65 190 9 22 9 132 12 146 12 4 8 39
66 104 10 32 3 108 11 96 10 86 0 35
67 42 _6 16 6 76 9 ~42 6 3% 3 o
68 134 21 130 13 770 42 58 0 20 &4 150
69 68 4 68 -1 116 -4 80 1 88 -2 107
70 84 19 54 5 g6 -1 50 10 118 8 272
71 520 21 580 23 268 g 18 -1 52 11 280
72 188 14 284 7 952 37 176 16 118 -6 743
T3 T4 10 110 8 142 4 1340 63 g6 4 1253
- Th 62 18 116 14 242 8 756 27 232 11 1145
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Table 1. The sums of the velues of activity of the residue from
Lo
2

1iter of s=ea weter and of the flltered water, less K for

one

esch station and depth are glven in Table 2. Figure b 1s a graph-
ic presentstion of the data from Table 1 slong with the plankton

valueer. It is evident frOm thls figure that elthough the abso-
lute values for the various derths or kinds of samples are differ-
ent, the general pattern of horizontal distribution of activity

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

The highest levels of total activity in the surface water
(residue on fllter paper plus fllterable portion, less KAO) were
found tetween Fniwetok and Ujelang, and the lowest value north-
east of Bikini. These values were 19,000 d/m/1 and 48 4/m/1.
Values in the vicinity of Guam are 4 to 20 times the lower velue,
indicating that some centamination from Operetion Redwing had
reached this far, Possible interpretations of the relation-
ship between water and plankton actlivity are discussed on pages
27 - 33.

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

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



Table 2.

20

4o

Radloactivity of Water (filter + water, less K )

(Values in disintegrations per minute per liter)

Station Surface 25m 50m  100m  150m  400m
1 16815 2043 400 1341 719 296 (from 500m)
2 18860 463 261 195 1g7
3 8257 340 189 62 6
I 8216 306 285 - -62
5 7140 2204 5680 1534 344
6 8517 4019 4607 520 274
7 2215 1200 712 167 13€
8 6803 3238 5448 680 338
g 3882 1342 1345 429 224
10 k395 700 302 196 140
11 2382 191 198 126 98
12 3255 640 €70 137 g0
13 Lobs 719 716 138 110
14 4003 515 236 116 132
15 2142 587 L6s 249 111

16 2326 274 26 195 125
17 1664 206 21 126 ua
18 1986 272 178 70 2

19 1462 255 312 T4 -6
20 6806 260 364 93 70
21 3228 287 zgo 4o 64
22 2284 274 183 68 a7
23 1296 132 9 121 53
2 1135 73 11 60 Zo
25 T47 -7 70 14 6
26 2863 152 92 21 23
2g 1580 73 48 63 4

2 2040 150 117 27 63
29 720 156 50 1 a7
30 1171 123 73 47 66
3] 636 237 64 130 112
32 244 101 159 35 118
33 214 134 102 75 119
34 195 145 86 30 51
35 230 64 -- -16 -23
36 164 - - - -
37 155 115 83 -23 9
38 90 144 134 83 34
39 122 121 144 151 q7
Lo 288 148 71 -2 9



rable 2. (continued)
station Surface 25m 50m__ 100m _ 150m  4OOm
u1 166 g7 59 0 84
42 5180 4902 4872 448 250
i 278 1 206 87 100
uE 3180 1980 1917 224 108 1369 (from 450m)
45 1940 1451 1258 119 189 '
u6 2653 1788 2054 94 99
mn 300 154 245 -15 ~36
4 ok 262 235 -23 4
49 52 596 73 -26 46
50 1732 1328 1205 88 138 *)
51 1020 816 1487 70 121 51
52 340 35 1240 110 249 155
53 882 26 670 26 212 86
54 2863 2600 2670 .59 730 242
55 1549 1374 3356 838 318 133
56 3006 2746 2800 216 562 331
gg 436 458 523 gé 134 131
268 246 283 102
59 4624 4052 4009 723 180
60 66 150 164 127 77
61 131 171 157 75 -
€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
67 48 22 85 -36 37
68 155 143 812 8 24
69 72 67 112 1 86
70 103 59 95 60 126
71 541 603 277 17 63
72 202 291 989 192 112
73 84 118 146 1403 100
T4 80 130 250 783 243

Bottle did not close.
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Teble 3., Average Value for All Stations for Plankton

40
Residue from Water, and Plltered 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 gwet)
0-200 212

. per cent per ocent
§ d/m/1 of total d/m/1 of total d/m/1
° 0 838 32 174 68 2583
] 25 Lg T 65 9 o7
3 50 45 6 765 9 10
- 100 19 S 196 91 215
s 150 17 13 111 87 128
z 500" 36 19 149 81 185
E
o
° Wal ton
'S e ——————
Depth in Plankton
Meters d/m/g (wet)
0-200 71,000
ResIdue from Water Flltered Water Total
per cent per gent
d/m/1 of total d/m/1 of total d/m/l
o 5900 58 L4200 42 10000
25 280 4 6500 6 6800
50 1800 19 7800 1 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 depths. This greater concentra-
tion in the surface layer, where phytoplankton i1s most abun-
dant‘t coupled with the facts that plankton has a higher spre-
cific activity than water and that a few samples of microplank-
ton taken during Operation Troll showed an even higher specifilc
activity thén the macroplankton suggests that the mlicrorlank-
ton may be the principal source of the radlioactive particulate
matter.

The aotivity in the particulate matter was measured from
surface samples taken every half-hour (approximately every 8
miles) while approaching and leaving station 62 off the western
end of Bikini. Water for these samples was taken from thse out-
let of the tank for continuous monitoring. The results (Pig. 6)
;ndicate that some radioactive meterials are being eluted from
Bikinil Atoll to the northwest. However, these materials probab-
ly add only an insignificaent amount to the total activity in the
area between Blkinl and Eniwetok. The discrepancy between the
activity in the sample taken from the tank and that taken from
the water bottle at the statlion off Bikinil is probably largely

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

Continuous Monitoring

The scintillation probe used 18 sucoessful for the deter-
mination of levels of activity in contaminated sea watcr during
the first few weeks following the detonation of a nuclear device;
however, on the basies of our limited experience, the probe is
not of sufficient sensitivity for the measurement of low levels

of & activity in sea water as late as two months foll owing

~
- .
LT
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%  Water taken from Probe Tank while underway. 615‘;\
°| o0 Other values taken by water bottle while on station. *
1 s Values in disintegrations per minute per liter
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Fig. 6. Radioactivity of filters in the vicinity of Bikini Atoll.
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detonation.

Little, 1if any, correlation exists between the probe velues
and the actual levels of radiocactivity present in sea water &s
determined from samples taken cduring the Marsh eipedition (Fig. 7).
" The leck of sensitivity might possibly have been due to faulty
"A" and "B" batteries in the probe assembly although this is not
likely. The instrument was sensitive to & ¥ source inserted into
the calibration port several times throughout the duration of the
trip.

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

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

2. Rerlace the present crystal and photdbmultiplier with a

| T-inch dlameter unit.

3. Rebulld the water tank to minimize vibratlion effects on
the scintillsetion probe and increase the volume of wa-
ter around the probe.,

L, 1Inoorporate intermediaste ranges into the control box
with the following ranges: 5, 30, 50, 300, 500 and 3000
microroentgens.

Pilsh

levels of radloactivity in fish tissues are given in Table
4, They are remarkably uniform in the three skipjack taken nesar

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

.. \f

-2 f
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Table 4. Radioactivity of Pish Caught on the Morsh Survey
d//g (wet)

SkipJjack Taken Near Station 23:
Light Muscle Dark Muscle Liver

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

" "¢ gO 1 gé 200

Average B2 186

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

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

Homogenate of Tlssues from Pifty Reef PFish Taken at Guam:

Muscle Liver
Aliquot 1 70 167
2 105

" 3 1 6
Average I?U 187
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(vet), which 18 higher than dark muscle by a factor of about
1.5 and than 1llght muscle by a factor of about 2. A flying
fish taken from the stomach of one of the skipjack had about
the same level of activity in muscle tissue as did the skipjack.
Reef fish taken from the eastern shore of Guam had about the.
same levels of activity as did the skipjack taken approximately
350 miles to the southeast. A single flying fish taken approxi-
mately 60 miles northwest of Enliwetok had about 40 times as
much activity in the liver, as did the skipjack and Guam reef
fish and about 3 times as much activity in the musclse.

The activity in fish tissues from Guam was greater than
that found in fish from the same area 1in 1955:?Ey a factor
of 1.3 for liver and 6.9 for miscle, an indication there had

been some additional radlioactive contamination since the time

of Operation Troll. The levels are low even though they are
several tlimes those found in fish from Puget Sound in 19552.
No radiochemical anslyses were made because the activity
levels were too low for accurate determinations. It is clear
from previous analyses of fish from contaminated aress in the
Pacific that 1t is not likely strontium-90 would)contribute

any of the asctivity, and at moat two pergent of the total B-

activity.5’2

A diasgram of the J spectrum of the flying r1dh liver 1is

4u
shown in Pigure 11, page 40; the presence of Celuu-Pr1 , Zr95

95 60 65

§b™ -, 0058, Co "~ &nd Zn -'1s indicated.
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DISCUSSION OF SURVEY DATA

The ratio of the radiocactivity in plankton to that in
vater on a basis of equal welghts 18 highly variable from sta-
tion to station and from collection date to cocllection date.

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

Several factors may enter into the reduction of the plank-
ton-water ratio with time. One factor may be that selective up-
take by the plankton is less evident from relatively fresh fall-
out meterisl, wvhere a wide spectrum of radloisotopes 1is avail-
able. A decreasing ratio with time after fallout, evident from

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

bility. PFurthermore, the western stations (14 - 42) of the
Marsh survey, wvhich would tend to have older fallout material
than the eastern stations, have a lower ratio of plankton ac-
tivity to water activity than do the eastern stetions. The
values and thelr standard errors are 475 * 98 and 3716 ! 754

reapectively.
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There 1s, however, another factor which appears to be of
considerable importance. This is the effect of distribution
of activity in the water with depth on the activity in the
plankton semple. The plankton sample is taken from a water
layer at a depth of 200 meters to the surface. The water sam-
ples are taken at discrete depths down to 150 meters. The fol-
lowing uncertainties are therefore inherent in the sampling
method. First, there 1s not a uniform decrease of activity
vith 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 vhere there are sharp increases
at & derth of 100 metars. Secondly, since the w&ater samples
are taken st discrete Intervals of 25 to 50 meters, the pre-
sent data do not permit ruling out the possibility that ex-
tremes of activity in narrow regions distort the total plcture
at a given station elther by being miesed completely or being
overemphasized. And thirdly, there i8 no guarantee that the
rlankton is uniformly distributed throughout the depth which
1s sam;yled by the plankton net. There is, for example, some
evidence that a change in the vertical distribution of the
plankton population occurs from hours of daylight to hours of
darkness. The diurnal-nocturnal difference in ratio of activ-
1ty in surface plankton (material on filter papers) to that in
the surface water 1s 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 lncrease. No

Such significant difference was found at the remaining stations,
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where variable levels of activity with depth wquld mask any
diurnsel-nocturnal variation that might exist.

The change of relative radioactivity of the water with
derth 1s variable but appears to fall into regional patterns.
It is likely that at the time of the Marsh survey those regions
containing the highest relative activity levels in the deeper
layers were regions primarily affected by fallout, while those
regions having the bulk of the radioactive materials in the sur-
face layer were regions to which the radioactive materials in
solution had been carried by surface currents. It would follow
that by the time of the survey vertlcal mixing had not taken an
important part in redistribution of the radioactlive 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 radiocactive material went into either a true solu-
tion or a suspension of very small colloidal particles soon
after fallout is supported by the fact that most of the activi-
ty passes through & Millipore filter (Table 3). However, dif-
ferences 1in specific gravity of the particles would result in
the same type of distribution. It 18 possible that relatively
higher values near the surface for stations to the westward are
accounted for, in part, by fallout of lower specific gravity
than that of fallout nearer the test site. The particles of
lover specific gravity would be assumed to have gone into com-

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

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

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

Walton survey.

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

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

205
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unusual condition et these stations may be due to sampling. If

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

include differences in rate and set of currents adjacent to the
atolls, turbulence, and eddies north of Bikini. ~

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

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

Fission product separations (see UWFL-33 for techniques) ?
and gamma 8pectrometric determinstions were mede on plankton
samples collected during the Walton and the Marsh surveys.
pPlankton samples collected from the Walton in June 1956 were
analyzed chemically June 30 and August 29 of the same year.
Similar samples collected from the Marsh in 1956 vere anaslyzed
both for fission products and certain radioactive non-~fission
product isotopes during the last week of December 1956 and the
first week of Jsnuary 1957.

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

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

Of the Walton samples, chemical analyses vwere made on
tlankton from nine statlons: 1E, 3A, 4D, 7D, 84, 94, 9C, 9D and
10B (Table 5). Variation in isotope percentages 1s great be-
twveen samples and no definite pattern of variation is evident
between the different collecting areas. If the averages of all
Bamples are comparsd with the expected percentages (based on an

8verage 30-day interval following detonatlon), the results are

L3 fOllows:



Table 5. Percent Contribution of Fission Products to Total A& -Activity in Plankton
Collected June 1956 on the Walton and Analyzed July 30 and August 29, 1956
(Values as of date of analysis)

103 celll 4/m
somie o5 Bickr puo Bl momiene | nenie® sameff) | ot
1E (1) 12 15 4.8 27 20 79 11 (3) - - 1,800
4p (1) © 33 4.5 23 22 82 13 (3) 5.1 100 12,200
8a (1) 5.5 17 2.2 20 25 70 15 (3) 4.3 89 11,700
9D (1) 10 21 1.1 20 17 69 12 (3) 2.1 83 158,000
3A (2) 8.9 12 <8 28 25 82 8.4 (4) 15 105 882
7D (2) 12 19 2.5 34 17 84 6.2 (4) 10 100 6,740
gA (2) 11 18 2.4 32 15 78 11 (u) 12 101 3,680
9¢ (2) 8.9 12 0.6 25 9.5 56 5.7 (4) 14 76 56, 400

10B (2) 11 16 1.7 29 12 70 8.4 (4) 21 99 12,100

measurable radlostrontium or radioceslum were found,
) Analyses of July 30, 1956.

Analyses of August 29, 1956.

Residue insoluble in HNO3 after dry ashing at 600°C.

Na
1
2
ﬁ Resid f't t hi ith N d HoOo
esldue after wet ashing w an ' 106
5 3 celtth _ppltih 595 q,103,106 p 106
7

L4y _p bk 5 G5

Gammna ray spectrograph indicatecs tTliis wa a m;xturc of

Residual solution after completion of analyses.

Qa a ct aph_indicates trils solution was 4 mixture of Ce
AT (At Ty 4

2

8¢
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Isotope Observed Fxpected Ratlo observed percent
percent percent expected vercent
700 8.8 8.2 1/2
Triv. R.E. 13.0 19.5 1/1
ul03:106 gpl06 184 5.7 3/1
06141,144, PrlM 26.0 13.2 21
pal* 3.1 10.8 1/4

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

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

ty was Zn No evidence of cobalt 1isotopes wag found. On the

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

8C. €5 miles northwest of Bikini, the non-fission product iso-

58, 60 €5 57%

topes Co Zn -~ and possibly Co

, accounted for more than
50 per¢ent of the total cumma activity on November 26, 1956%%*,
(Fig. 10).

0f the Marsh samples, chemical seperations for fission prod-
ucts and zinc and cobelt were made on plankton from stations 5,

42 and 55 (Table 6).

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

** The techniques employed for identifying the different co-
balt isotopes involve the ' use of chemistry, lon exchange resin
Columns, beta energy determinations, and gamms spectrometry.
The technigues and results obtained for various biological sam-
Ples will be published in 8 later paper.
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Table 6. Radiochemical Analysis Made December 1956-January 1957
on Selected Marsh Plankton Samples
d/m
in each . .
Sample aliquot Triv. 106 6
number used Sr89’90 03137 Baluo ()ellm~1=‘r'1l.m R. E. Ru Zr95 Co Zn > Nb95 Insol. Total
5 1,722 0 <1 <1 8 4 3 25 3  o** uy 1 g3**
% 3,289 1.5 or 0 <1 20 5.1 3 21 31 6 4o 8 136
<1l.5
=
(-]
55 2,245 0 0 <1 8.4 5 3.5 31 3 2% 59 1 113"
Expected 6.4 <1 <1 16 15 y 12 - - 23 77 .4

Based on zirconium count.

»*%
The zinc separations were not satisfactory. On the basis of gamma spectrometry,

(see Pigs. 11 and 12), a large part of the total gamma activity was contributed by zinc.

" 4
A
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Station 5 is located 160 miles sbuthvest of Fniwetok and
station 55, 90 miles due north of Eniwetok (Fig. 1). Plankton
from stations 5 and 55 ylelded similar radiochemical analytical
results and 1n eddition have almost identlical gemma spectra,
vhich are essentially thc same as thet of the plankion samples
from one of the neighboring stations, 54 (Fig. 11).

Station 42 was taken 470 miles west of Eniwetok. The iso-
topic content of plankton from this station was clearly differ-
ent from that of stations 5, 54 and 55 on the bases of both

chemical and gamma spectrum analysis.

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

Hunter and Ballo&ocurves are as follows:

Isotope Expected Observed vercent at stations
percent * 5 and 55 42
sp59,90 7.5 0 1.5
Cs137 < 1. 0 0
Bal37,140 <1. <1. <1.
Cequ-Prluu 16. 8.2 20.
Triv. R.E. 15. 4.5 5.1
Rut®3, ryul06.pyl©® 5.0 3.0 3.0
Zr95 12.5 28. 21.
Co>1258,60 0 3.0 31.
Zn65 0 ~ ] e 6.0
» Based on an average 8-month interval following detonation.
65

* e According to the gamma spectrum, Zn accounts for approxi-
mately 50 percent of the total activity at stations 5 and 55.
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The results of the analysis of the radionuclides in sam-
ples from station 42 differ from those at stations 5 and 55 in
that the levels of Cel4_ppl** ang c057.58,60 ape respectively

89,90

2.5 and 10 times higher at 42; Sr 18 absent at 5 and 55,

but present a2t 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 radlochemical determina-

14k ﬂlh&

tion of Ce -F in sample 42 1s too high.

In plankton from all three stations the trivslent rare

earths are present at about 30 percent and Ru103, Rulos-Rhlo6

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

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

c iable amounts of 0057, 0058, 0060 and Zn65

, 81l of which emit
relatively low energy beta particles in comparison to those from
mixed fission products.

The gamma spectra of plankton from Marsh stetions 5, 54
and 55 indicate a low percentage of cobalt 1sotopes, but a high
level of Zn65 (approximately 50 percent of the total gémma emis-
sion) along with Celu&—Prlua, ZrQS-Nbg5 and Ru106—Rh106 (Fig. 11)

At station 54, gamma spectra were obtained for sea water

‘after flltration through a Millipore filter, for plenkton, and

a flying fish liver (Pig. 11). The curves for the plankton and

fish liver are similar. All of the detectable gamma activity

in the wvater, however, wvas contributed by ngs-Nbgs.
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Gemma spectra were determined on plankton from station 42
and on portions of this sample Including the formelin preserva-
tive flltrate, the Ps (OH)3 scavenge from the ashed plankton
sample, and the cobalt separstion on the same specimen (Fig. 12).
The total plankton sample has a lowver Zn65 component than that
found in sample 54. 1In addition Celgk-Prluu, Ru106-Rh106 and
Zr95-Nb95 contributes little of the total gamme radiation
(Fig. 12). The major part of the gamma activity is contributed

6 59 is present.

by 0057, C058 and Co O; also a limited amount of Fe
The cobalt In plankton sample 42 1s partly soluble in neu-
trel formalin and 18 found in high amount in the filltrate. Al-

14
y_ 1k

though some evidence of the Ce peaks are present in the

plankton curve on the lowv MEV renge, the curve on the filtrate
gives only the co”l pesk (Pig 12, inset). This pegk is also
shown by the cobalt separation from plankton sample 42 in the
same figure.

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

ucts in both the Welton and Marsh plankton samrlss are as

fcllows:

Station Levels of non-fission product isotopes
Znb> Cobalt 1sotopes Feo”
Walton 8-C + e + 0 n.d.
9-D low n.d. n.d.
Marsh 5 + low h.q.
54 + 4 low n.d.
55 + 4 low n.d.

42 4 + ¢ +

¢ & very high
+ high
n.d. not detected
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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 explainéd on the bésia of pre-
sent evidence. However, at least two factors may be contribut-
ing to the variation and each of the two could mask the possible
effect of the other. These factors include, (1) heterogeneity
in composition of the plankton collected at the various stations,
end (2) variation in availatle isotopes in given areas due to
local fellouts from different types of nuclear devices, and from
differences in time of firing.

Plankton is composed of many types of organisms including
dinoflagellates, dlatoms, protozoa, copepods, ostracods, euphau-
sids, amphipods, coelenterates, siphonophores, worme, pteropods,
heteropods, primitive schordates, 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-
ences in uptake of isotoves do occur. Yoshil (1956) 1 observed
that radiocactive 1sotovpes 1n copepods and primitive chordates
collected in the spring of 1954 in the vicinity of the Marshall
Islands, differed both in beta energy and rate of decay, and

Kawabata (1956)12

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

active elements of minute amount in the sea water in thelr

bodies. "
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SUMMARY

1. A survey of the radioactivity in the ses water, plankton
and fish was made in September 1956 in an area bounded by 9° N

(o]
and 15 N and approximetely 145° E and 166° E.

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

but irregular decrease west of Eniwetok.

3. Plankton appeers to be the most sensitive indicator of
radiosactivity in the sea; the average of ratios of plankton

activity to sea water activity was 2,500.

4. The highest value of radloactivity in plankton, 21,000 d/m/g
wet, was found about 80 miles north of Fniwetok and the lowest

value, 27 d/m/g, near Guan.

5. The highest value for water activity, 19,007 d/m/1, was

feund between Eniwetok and Ujelang and the lowest value, 48

d/m/1. northeast of Bikini.

6. BSea water filtered through millipore filters had higher

levels of activity than the residue on the filter paper.

7. Microplankton 1s probably the principal source of the

radiocactive particulate metter.

8. The change of relative radloactivity of the water with

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

N
st
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Summary (continued)

9. Some radloactive materials are being eluted from Bikini
Atoll but their addition to the totel sctivity in the area

between Bilkini and Eniwetok 1s‘probably insignificant.

10. Reef fish from Guem &nd skipjeck taken approximately 350
miles to the southeast had about the same levels of activity;
136 d/m/g wvet (B activity) in skipjack livers wes the highest

level found in thet &res.

11. A single flying fish teken epproximately 60 miles north-
west of Eniwetok had a totel A -activity of 7,500 d/m/g wet

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

12. Plankton was found to conteln Sr89’go, Ba'37 , Celuu

144 103 106 h106’ 2r95, 0057,58,60’ Zn65 Fe59

Pr , Ru , Ru -R R , and

trivelent rare esrths.

13. There is a difference in isctopic content of plankton
collected 90 miles north of Eniwetok and plankton collected

470 miles west of Enlvetok.

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

4
144_Pr1 4, Zr95_Nb95, 0058, c°6°, and

[

of Eniwetok contained Ce

Zn65.

15. A scintillation probg for continuous monitoring of levels
of 77 activity in the sea water was found to have insufficient

sensitlvity to discriminate between stations in areas of low

activity.
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AFPENDIY
Y
Appendix Taple 1. Marsh Oceanograpnjc Survey Positlons
(A1 posttions: 'North Latitude"-"gast Longitude”)
Number_  latitude  Longltuds Number Latitude TLongitude
o ' o ! 0 ! (o] '
1 10 34 161 50 8 13 33 150 31
2 09 gl 161 18 gg 14 20 151 15
3 09 00 161 00 40 14 14 152 46
b 09 48 160 31 41 13 29 153 31
5 19 159 50 42 12 44 154 16
6 51 159 09 43 12 00 155 00
7 30 158 32 by 12 38 155 38
8 00 158 00 45 13 15 156 14
_ 9 o4 157 24 46 13 51 156 51
1. 10 48 156 47 47 14 26 157 26
11 o7 156 19 48 15 00 158 00
12 34 155 39 49 14 24 158 37
13 00 155 00 50 13 46 159 12
14 36 154 24 51 .13 10 159 49
15 10 153 42 52 12 30 160 23
16 L7 153 08 53 12 00 161 00
17 23 152 33 54 12 36 161 36
18 00 152 00 55 13 15 162 10
19 oy 151 23 56 13 50 162 45
20 47 150 48 Y 14 35 163 21
21 08 150 05 58 15 00 164 00
22 34 149 32 59 18 08 164 18
23 00 149 00 60 13 12 164 26
2 27 148 17 61 12 23 164 50
o5 J2 147 30 62 11 32 165 08
2€ 39 146 57 63 10 49 165 39
27 15 146 26 64 10 00 166 14
28 51 145 52 65 11 30 166 00
29 31 145 13 66 12 18 165 57
30 10 144 35 67 13 09 165 58
31 22 145 19 68 14 09 165 59
32 00 146 00 63 13 26 165 22
33 14 146 4€ 70 12 48 164 43
3k 26 147 27 71 12 15 164 12
35 40 148 13 72 11 37 163 34
36 00 149 o0 73 11 00 163 00
37 45 149 46 T4 11 =25 162 30
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Appendix Table 2.
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Relative Radioactivity w

Marsh Statlon
(Highest value &t esch depth taken as 100)

ith Depth at Each

station surface 25m 50m 100m 150m
1 100 12 2.4 8.0 4.3
2 100 2.5 1.4 1.0 .73
3 100 4.1 2.3 75 1.0
4 100 3-7 1.6 == '075
5 100 31 80 21 4.8
6 100 47 54 6.1 3.2
7 100 54 32 7.5 8.8
8 100 48 80 10 5.0
9 100 35 35 11 5.8
10 100 16 6.9 4.5 3.2
11 100 8.0 8.3 5.3 4.1
12 100 20 21 4.2 2.8
13 100 18 18 3.4 2.7
14 100 13 5.9 2.9 3.3
15 100 27 22 12 5.2
16 100 12 11 8.4 5.4
17 100 12 13 7.6 2.6
18 100 14 9.0 3.5 1.2
19 100 17 21 5.1 A1
20 100 3.8 5.3 1.4 1.0
21 120 8.9 3.0 1.3 2.0
22 100 12 8.0 3.0 .2
23 100 10 7.3 9.3 §,1 -
c 100 6.4 10 5.3 6.2
25 100 -.94 9.4 1.9 6.2
26 102 5.3 3.2 .73 .80
37 100 4.6 3.0 4.0 3.0
28 100 7.4 5.7 1.3 3.1
29 100 292 6.9 .14 13
30 100 11 6.2 4.0 5.6
31 100 37 10 20 18
32 100 41 65 14 48
33 100 €3 48 35 56 .
34 100 T4 Ly 15 26
35 100 28 -- -7.0 -10
36 100 -- - -- --
37 100 T4 54 -15 5.8
38 €2 100 93 58 24
39 81 80 35 100 64
40 100 51 25 -. 67 3.1
43 100 58 36 13 51
k2o 100 35 94 8.7 4.8
43 100 71 74 31 36
Ly 100 62 60 7.0 3.4
45 100 75 65 6.1 9.7
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Append ' x Table «-

Stetion surface ~  25m

100
3 100
48 100
49 100
S 100
51 69
52 27
100
2 109
55 46
56 100
57 83
53 95
- £9 100
5 €1 77
L 62 100
L €3 8u
| € -
S 65 100
66 96
- 67 56
7 68 19
2 69 64
219 82
{71 30
e 20
; w13 6.9
) 4 1)
)
)
1
3
6
8
8
6
6
0
.8
24
54
.1
51
.8
36
o4
3.7

e

(continyeq)

67
51
86
70
77
55
43
84
91
41
91
38
87
38
91
100
10
69
16
29
26
18
62
b7
100
29
3.4
17

5Jm

77
82
8.6
70
100
100
63
93
100

100
100
87
100
92

100
72
110
100
1200
100
75
46
100
190
32

120m 150m
3.5 3.7
-5.0 -12
"'7.6 114
-3.1 5.4
5.1 8.0
4,7 8.1
3.9 20
27 22
21 25
25 9.5
7.2 19
17 26
31 36
16 3.9
(44 L7
uh -1.8
61 8.4
57 64
79 41
89 T2
-42 hh
7.1 3.0
72 77
48 132
2.8 10
19 11
100 7.1
100 31



Appendix Table 3.

(Highest val

Relative Radioactivity with De
walton Station

pth at Each

ue at each depth taken &s 100)

gtation surface 25m 50m 75m 100m

1A 3.6 By 100 17 1.4
B 1.6 100 0 0.86 --
C 100 T4 47 o} 0
D 100 19 0 19 0
O gk 100 8.1 3.9 0

2 A 100 -- 81 -- 0
B 98 100 71 62 --
C 49 T4 100 4.7 5.8
D 50 3.3 100 3.3 --
E 100 13 63 5.4 0

3 A 78 0 100 107 100
B 31 100 -- 0 8.6
C 34 80 100 0 12
D 100 59 15 18 b4
E 100 431 39 34 4.1

L A 83 0 100 50 --
B 100 1.0 0 0 3.8
C 100 73 69 45 12
D 100 11 0 32 71
E 100 76 26 39 55

5 A 100 17 13 12 11
B 100 67 78 47 2.3
C 100 42 31 61 2u
D by 56 31 100 12
oA 100 40 35 24 28

6 A 49 100 54 21 12
B 100 24 18 8.5 12
C 18 100 7.7 19 4.5
D 100 52 55 3 66
E 120 31 32 33 9.0

TA 100 62 33 73 8.1
B 100 23 23 15 3.2
c 100 -- 81 -- 29
D 89 77 82 100 85
E 100 30 71 52 5
F 100 -- 26 -- 18

8 A T4 79 102 14 13
B 57 -- 100 - 1.1
C b2 -- 100 -- 1.1
D 100 -- 59 -- 4.9
E 79 100 55 24 14
F 100 - 56 --



Appendix Tapile 3.

(continued)

Stst
ion Surface 25m 20m 75m 1
00m
9 g 100 -- 12
- 100 -- 95 -- ]
¢ 43 70 100 3; e
D 100 60 T0 100 ot
: I N B
10 A N ” - gg
A . __ -
| 41 -~ - 8.
: 100 --
D 83 - 100 -- éog
- 24




