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fall by Japanese long-line vessels. It is suspected that tuna
migrate through the Christmas Island area enroute to other
fishing grounds, thus the fish®*caught in these waters may enter

the world tuna market (Shomura, 1962).
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MATERIALS AND METHODS

The time and extent of the collections were determined
by the availability of the vessel. The areas sampled were
based upon fallout pat#erns and the restrictions on navigation
imposed by Joint Task Force Eight. The locations of the sta-
tions occupied during the four cruises are shown in Figure 1
and the details of the sampling schedule are given in Table 1.

The Charles H. Gilberxrt, under the command of Captain

William Tanaka and Field Party Chief Robert T. B. Iverson,
collected fish and plankton at two stations (Cruise 55) before

the start.of.0peration Dominic. Two members of the Laboratory

of Radiation Biology participated in later cruises, two during

the testing period (Cruises 56 and 57) and one after the test
series had been completed (Cruise 59). Cruises 56 and 57 were
made to the north and to the southeast of Christmas Island

along the path of the prevailing upper winds; Cruise 59 was made
to the west in the direction of flow of the surface water currents.

The Charles H. Gilbert, a 120-foot vessel, is equipped for

oceanographic investigations as well as long-line fishing, for
live-bait fishing, and for underwater observations from a bow
and stern chamber. Tuna and other climax predators were caught
mostly by Japanese long-line fishing methods which have been

described in detail by Mann (1955).
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Stations 51-87, August 1962.
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Fig. 1. Tracks of the cruises of the Charles H. Gilbert (USFWS 1003) during Operation

Cruise 55, Stations 1-4, March 1962; Cruise 56, Stations 5-27, May 1962;
Cruise 57, Stations 28-50, June 1962; and Cruise 59,



Table 1. Details f the stations cosupied by the Charles H. Gilbert {USFWs-1003) ,
March through August, 1962.

Cr.ise, Location Date Saxple Depth (m)
Station no. latitude Longitude 1962 collected or gear
Cruise llo.
1 1° o7'n 156° 45w Maroh 28 Fish LL*
2 1° GO'N 157° ol March 28 Flankton 0,504k
3 3° 02'N 157° 12w Marel 29 Pish - LL
i 3% 00N 157° 13'V Iareh 29 Plankton 0,50
Cruise No. 56
5 2° 10'N 157° 41y May 2 Plankton 0,50
6 2° 13'N 157 38'W Iy 2 Ymter 0=300%k
Vi 2° 14ty 157° 39'W May 2 Figh MW
8 2 10'N 157° 39'W My 3 Fish LL
9 2° g'n 157° U3ty My 3 Plankton 50
10 2° 10'N 157° 11w ey 3 Vater 0-300
11 2° 18'n 157° 25'% Ty U4 Pish LL
12 2° 18'n 157° 28'w My & Planicton 50
13 2° 19'n 157° 26'w May b Hater 0-300
14 2% 19'N 157° 25 My 4 Plankton 0,50
15 2% 19'1 157° 21°'W ay 4 Fish /.04
16 2° 10'N 157° 08'w My 5 Fish LL
17 2° 8%y 157° W' My 5 later (1-300
18 2° 10N 157° 15 My 5 Plankton 50
19 2° 9ty 157° 10'W Yy 5 Plankton 0,50
20 2° 10'H 156° 57y My 6 Figh . LL
21 2% gty 157° 08ty My 6 Vater 0-300
22 2° gy 157° o8tw May 6 Planiton 50
23 2° By 157° 02'W my 6 Plankton 50
2 2° 3y 157° 02'y lay 6 Fish M
25 2° 9ty 157° oo'v My 7 Fish LL
26 2° Wty 157° 16w IRy 7 Water 0-300
27 2% 14ty 157° 16'V My 7 Plankton 50
Cruise lio.
28 2° 16N 157° o7'w June 12 Fish LL
29 2° 10'N 157° 14'w June 12 tater 0-300
30 2° 11'H 157° 16'w hme 12 Plankton 50
31 2° 14 157° 03'W June 12 Planiton 50
32 0° 46's 153° Lbty June 1k Fsh LL
33 0° 4815 153° 50'% June 14 Plankton 50
3k 0° L4é's 153° Loty June 14 Water (=300
35 0° 39's 153° 31'w June 14 Fish MW
34 0° 38's 153° 28y June 14 Plankton 0,50
37 1° 59's 153° 127y June 15 Fish LL
38 1° 58's 153° 20V June 15 Vater 0-~300
39 1° 58's 153° 20'% June 15 Plankton 50
4o 1° 54's 153° 13'w Ame 15 Plankton 0,50
41 1° 22's 1547 14y June 16 Fish u
42 1° 221s 154~ 22% June 16 Vater 0-300
43 1° 22'5 1547 227y June 16 Plankton 50
L 1° 20's 154° 19w June 16 Planicton ‘0,50
g 17 20's 154° 177w June 16 Fish MW
46 0~ 5's 154° 32'W June 17 Pish LL
Yy 0° 5§'s 1547 39'w June 17 Water 0-300
48 0~ §'s 154~ 38'W June 17 Plankton 50
Lo 0° 2's 1547 17'W June 17 Plankton 0,50
50 17 U3'N 1547 50w June 18 Plankton 0

*LL - Longline
*%30 minutes haul at depth designatsd
*4%0-.300, surface, 25, 50, 100, and 300 meters.
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Table 1. (continued)
Cruise, Location Date Sample Depth (m)
Station no. latitude Longi tude 1962 collected or gear
Cruise No. 59
51 19° k2'N 157° 23'W July 23 Plankton 0
52 167 W'y 157~ ko'w July 24 Planicton ]
53 127 49N 157° 57'W July ? Planicton ]
5 9° 23'N 158 1ty July 2 Plankton 0
55 £° 3™ 157° 36'W July 27 Planiton 0
56 17 56'N 159”7 3'W July 29 Plankton 0,50
57 1° S7'N 159 3'W July 29 Water 0
58 17 6'N 162” 52'W July 30 Plankton 0,50
59 07 U6'N 164~ Lo'w July 31 Water 0
60 0”7 24N 166 23'W July 31 Plankton 0,50
61 o’ &'s 168° 2'w August 1 Fish LL
62 0° 10°s 168° 7'w August 1 Water 0,100
63 0° 10's 1687 7'w August 1 Plankton 50
[+ 0° O'N 1677 29'W August 1 Plankt.n, water O
65 0” 20'N 165° 58'w August 2 Fish LL
66 0° 20'N 166° 4ty Avgust 2 Vater 50,100
67 0° 20'N 1667 4w Auguat 2 Plankton 50
68 0® 26'W 1667 W'y August 2 Plankton, water O
69 0" 3u4'N 164° 00'W August 3 Fish LL
70 0” 31°'N 164° 6'w August 3 Plankton, water 50,100
71 0 31'N 164° 6'W August 3 Plankton, wter O
72 0° 39'N 163° 27'v August 3 Plankton, water 0
73 1° 1u'N 1617 56 August & Fish LL
il 1° 13'N 1627 2'W August Y4 Plankton, water 50,100
75 17 13'N 162° 2'w August U4 Plankton, water O
76 1° 19'N 161° 30'W August U Plankton, water 0
77 1” 4o's 160° 16'V August 5 Fish LL
78 1° 39'N 160° 20'W August 5 Plankton, water 50,100
79 17 L8N 159° S4'W August 5 Plankton, Water O
80 1° u8'y 1597 sS4ty August 5 Plankt.n, water 0
81 1° 59N 158° W4ty August 6 Fish Live bait
82 v 8ty 160° 18'w August 9 Plankton 0
83 5° S4IN 1627 17'w August 10 Pish Live bait
8l 77 uty 161° Lo'w August 11 Plankton 0
85 11° 8'w 160° 24ty August 12 Plankton 0
86 147 31'N 159° 31'W August 13 Plankton 0

L JE AR



Long~line gear was fished at 17 stations during the four
cruises. Sixty "baskets" of 6-hook, 180 to 210-fathom mainline
gear with l6-fathom droppers were fished at each station. The
catch rate ranged from 0.6 to 21.9 tuna per 100 hooks per set.
Details of the catch are given in Table 2. Some of the skipjack
tuna used for samples were taken by live-bait fishing, whereas
the flying fish samples were obtained from specimens that flew
onto the ship's deck at night.

Samples of muscle and liver were dissected from the fresh
fish, labelled, placed in a plastic bag, and frozen aboard ship
for transport to Christmas Island. Here some samples were
weighed, dried in an oven at 95° C for 24 hours, reweighed,
ground and placed in a standard size plastic container for
counting; other samples were frozen or dried and shipped to
the Laboratory in Seattle for further processing and analysis.
In most of the tuna-like fishes samples of light and dark muscle
and liver were analyzed separately.

Plankton and nekton samples were collected with one-meter
diameter plankton nets and a six-foot diameter Isaacs-Kidd mid-
water trawl. Sixteen 30-minute surface plankton tows, thirty-
four 30-minute, 50-meter plankton tows and one 30-minute, 100-
meter plankton tow were made with the one-meter open net.
Settling volumes, after the large organisms ({jellyfish, lantern

fish, etc.)} were removed, ranged from 73 to 1,150 ml per tow.



Fa

Table 2. Pish samples collected during oruigss of the Charles H. Giltert, !hreh through August, 19¢2,

Cruise Station
r.oe no. Date Yellowfin Bigeve Skipjack Shark Black marlin Flying fish Other fish
55 1 Mar, 28 1 1
3 11} 29 2
56 7 My 2
g " a 3 1 2 1
11 " € 5
16 " 5 21
20 " 6 20 1 Sailfigh (1), Wahoo (1)
25 " 7 2 1
5% - June 10 2
28 o2 7
32 L L} 7 1 Y 1
7 "o 10 2 Waroo (1)
1 "o1é 2 2
L6 L 1 é 1
59 58 July 30 1
é1 Aug, 1 2 2 1 3 Wel.oo (1)
€5 LI 2 3 1 1 Sailfish (1)
69 " a 1 1 1
73 n 9 2 2 1 1
7 "5 9 3 2 1 1 1 Altacore (1)
81 " 6 2
82 " 9 1
83 " o10 3



A portion of each tow was preserved in formalin for purposes
of identification; the remainder was drained, placed in plastic
bags and frozen for shipment to Christmas Island.

Five 30-minute hauls were made with thé Isaacs-Kidd mid-
water trawl to depths of approximately 70 meters. 1In most cases
surface tows made at night with the one-meter plankton net pro-
vided greater catches of small fish than did the trawl.

Nansen bottle casts were made at each long-line station.
During Cruises 56 and 57 one-~-liter sea water samples were ob-
tained at 25, 50, 100, and 300-meter depths. During Cruise 59
Nansen bottle casts were made to obtain water samples for radio-
logical analyses., Samples were obtained from about 50 meters in
the area above the thermocline, and a second sample from the
region of the thermocline, between 90 and 130 meters, as deter-
mined by the bathythermograph casts. Four Nansen bottles were
pPlaced close together on the cable above the thermocline, four
close together in the thermocline, and the samples from each
group of four bottles were pooled. 1In addition, a five-gallon,
surface water sample was obtained at each water station and at
other locations as shown in Figure 1 and Table 1. All water
samples were stored in polyethylene containers and shipped to
Seattle for analysis.

The water samples were filtered through a Millipore filter

47 mm in diameter with a pore size of 0.45u to collect the
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particulate matter suspended in the water. The filtrate was then
carried through a standard sulfide precipitate proéedure for the
separation of strontium-90 and cesium-137 from other radionuclides
present in the sample. Strontium-90 was separated from cesium-137
by the standard oxalate procedure. Five samples of surface water
were analyzed for strontium-90 and cesium-137 and the remainder

of the samples were analyzed only for those radionuclides pre-
cipitated by the sulfide procedure. The results of these analyses
are expressed in picocuries per liter of water at time of collectim.

The arrangement for the gamma spectrum analyses of the fish,
plankton and water samples included a three-inch by three-inch
sodium iodide detector and a multichannel analyzer (Nuclear Data
512). The time of counting varied from 40 to 800 minutes de-
pending upon the size of the sample and upon the expected level
of radioactivity in the sample. Part of the samples were pro-
cessed at Christmas Island but the bulk of the collections were
frozen or dried and shipped to Seattle for analyses.

The analyzer output data were processed by an IBM computer
(Model 709). The computer program was designed to analyze the
counting data for five comparatively long-lived radionuclides,
potassium-40, cobalt-60, zinc-65, cesium-137, cobalt-57, and
cerium-141,144, as well as for four comparatively short-lived
radionuclides, barium~lanthanum-140, zirconium-niobium-95,

ruthenium-103, and iod:ine-131. Except for potassium-40, a
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naturally occurring radionuclide, these are the fallout radio-
nuclides which are most likely to be present in biological samples.
With fish samples there was a question about the presence
of cobalt-57 and cerium-144, or both, since the gamma photopeaks
for these two radionuclides are similar. Previous radiochemical
analyses have shown that cobalt-57 is found in the internal
organs of marine fish and invertebrates and that radiocerium
is not (Lowman et al., 1957 and 1960), thus it was assumed that
only cobalt-57 was present.
The levels of strontium-90 in a few samples of water and
fish were determined by a radiochemical method which combines
standard wet chemical techniques and the technique of ion-excharge
chemistry (Kawabata and Held, 1958).
Since the time elapsed between collection and counting may
be as great as six months, errors in estimating activity in short-

lived radionuclides, such as iodine-131, are large.

RESULTS

Fish
In Table 3 the data on the radionuclide content of three
tissues of yellowfin tuna, based on the date of collection, are
summarized. A total of 107 yellowfin were caught, most of them
during Cruises 56, 57, and 59. This species accounted for 63.

per cent of the totazl number of specimens collected and analyzed.



Iedioactivity of nine garra-enitting redionucliles in light awnd dark muscls and liver of yellowlin tune oolleocted in the vicinity

Tatle 3. of Clristrms Island, larch tlrough August, 1962, Values expressed in pioosuries per gram of wet iissue at tiRe of solleotlon.
Light ruscle Dark Musole Liver
March My June Augu=t My June August March My June August
Radioruclides 28 3=7 12-17 1-10 3-7 12-17 1-10 28 3.7 12-17 1-10
Ba-lal%0 lean -k 0.57 1.4 0.91 b1 1.1 3.0 ee=  0.88 2.0 2.0
Range w-- 0.29-1.0 0.89-2.1 - 0.77-11.0 0.35-1.8 1.0-5.1 == 0.43-2.1 0.31-3.1 0.79-4,8
N oo oa. 50/ 27/3 26/1 50/4 25/ 26/7 -e-  51/11 27/3 22/11
KO Mean 4.0 4.1 3.7 4.0 3.6 3.1 3.2 3.2 2.7 2.9 2.9
Fange -— 3.1-5.9 1.8-4.6 2.7-5.2 1.14.6 2.34.0 2.04,5 == 1.3-5.0 1.0-5.3 1.7-4.8
No. 1/1 50,48 27/25 26/26 50/49 25/2% 26/26 1/1 s51/51 27/24 22/22
co®0 Mean == 0,08 0,088 0.20 0.14 0.086 0.076 0.26 0.38 0.20 0.29
Range --- 0.033-0.050 0.066-0.13 0.19-0.23 0.058-0.30 0.042-0.18 0,041-0,15 <<~ 0.056-1.2 0.055-0.34% 0.087-0.62
Ne. ~-~  50/9 27/3 26/6 50/22 25/15 2€/15 /1 51/50 27/25% 22/22
2085 Mean ave  0,1h 0.17 0.13 0.68 0.28 0.29 2.2 1,2 0.90 1.3
Range ~-~ 0.088-0.19 0.13-0.22 -2 0.29-0.91 0.15-0.70 0.14-0.46 «-- 0.68-2.4 0.29.3.6 0.23-3.8
No. ---  50/3 27/4 26/1 50/8 25/9 2€/16 1/1  51/51 27/24 22/22
Zr-Nb%°  Mean  --- 0.26 ——- 0.25 2.4 0.10 0.14 —e=  0.15 0.093 0.24
Fange ===  --- ——- 0.043-0.3% 0.19-14.0 0.094.0.11 --- ~--  0,043-0.39 0.062-0,39 0.095-0.65
No. -=-  50/1 -—- 20/7 50/7 25/2 26/1 -~ 51/25 27/3 22/7
ety Mean  -== 0,031 0.04%0 0.054 0.089 0,066 0.095 ——-  0.12 0,084 0.12
Range  ==a  =e 0.024-0,057 0.049-0.059 0.031-0.18 0.040-0,12 0.059-0.12 -~~- 0.038-0.24 0.075-0.093 0.052-0.48
NG --- 50/1 27/2 26/7 50/5 25/5 26/7 --- 51728 27/3 22/10
R0 Mean  ---  0.99 —-- 1.3 2.4 - - ——- 0.22 0.099 ---
Range  =~- 0.93-1.0 ——- 1.2-1.6 0.15-4.2 S - ce=  0.12<0.35 0.063-0.14 a--
Ho. .- 50/2 —e- 26/6 50/5 -— -— ---  51/3 27/2 ——-
i3 Mean = =--  =e- a—- 16.0 1€.0 8.8 6.7 —— 0.81 0.27 8.5
RaNge ==  ea- amn 10.0~24.0 0.4432.0 -~- — -==  0,34-3.1 0.23~0.30  =aa
No. TP - 26/6 50/2 25/1 26/} -~s 51/8 27/2 22/1
Y Mean  --- 0,091 ——- 0.029 0.066 0.026 0.030 0.14 0.14 0.11 0.094
Ralige  ~-=  =-e ——— 0.022-0,041 0,023-0.16 0,020-0.035 0.019-0.042 -=-  0.033-0.31 0.040-0.43 0.027-0.21
No. - 501 -—- 26/6 50/17 25/6 - 26/10 /1 51/50 27/20 22/19

o activity significantly above background.
%¥Total number of samples/number of samples significantly above background.
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In general, the levels of radioactivity were low, usually
averaging less than the potassium-40 levels. Those radionuclides
which were found in amounts greater than four picocuries per
gram of wet tissue were present in comparatively few specimens.
For example, iodine-131 was detected in only 21 of 219 speci-
mens and for some of the 21 the error was so great that the
value was of questionable significance. Also, the wide range
of values for a single type of sample indicates the great amount
of variation in the samples.

Dif ferences in levels of radioactivity in the different
tissues were slight and variable, partly because of the low,
often barely detectable, levels. However, in the greatest
number of samples the liver contained detectable amounts of
radiocactivity. On the other hand, the levels of potassium-40
in liver samples appear to be slightly lower than those of
muscle.

Significant changes in radioactivity in the fish during
the testing period were not observed because of the inconsis-
tency and variability of the data. There does not appear to be
any marked increase either in the levels of radioactivity or in
the number of fish samples containing detectable amounts of the
specific radionuclides, with the possible exception of barium-
lanthanum-140 and iodine-131 in liver tissue and iodine-131

in light muscle tissue.
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The levels of specific radionuclides in the species other
than yellowfin tuna were similar to the levels of radioactivity
in the yellowfin tuna (Tables 4, 5, and 6). Levels of radio-
activity for most radionuclides usually were lower in all
species and tissues than the potassium-40 levels. As in the
yellowfin, the exceptions occurred in some tissues containing
radioiodine. The samples with detectable amounts of radioiodine
constitute about seven per cent of the total number of samples.
Differences in levels of radioactivity in the tissues of different
species were slight and variable. However, the number of samples
with detectable levels of specific radionuclides was greatest
in the liver tissue and least in the light muscle tissue.

The strontium-90 levels in eight fish tissue samples ana-
lyzed were also very low, ranging from no significant data (nsd)
to 0.053 picocuries per gram wet weight. The data are summarized
in Table 7. The strontium values appear to be slightly higher

than those reported by R. Fukai, H. Suzuki, and K. Watanabe (1962).

Plankton

Samples of plankton were taken at 86 stations. The samples
containing large organisms were subdivided into fish, crustacea,
jellyfish, salps, Pyrosoma and smaller plankton which have been
called "remainders." If no large organisms were found, the

plankton organisms were not separated and the sample was labelled



Table 4. Radiocactivity of nine smmm-emitting radicnuclides in dark muscle of fish ¢.1lested 1n the vioinity of Christmas Island,
March through August, 1962. Velues expressed in picocuries per gram of wet tissue at time of o.llecti.n.

S s LA

Radionuclide Yellowfin ipeye Skipjask Marlin Vahoo Albacore Sallfish
TR Mean 2.7 1.9 2.0 J— — — o—
Pange* 0.35-11.0 - 1.5-3.0 _— — - —
N_ o %ok 107/165%% 21/1 16/3 S ——— ——— —
K+0 Mean 3.4 2.8 3.2 2.9 4.7 3.1 4.2
Range 1.1-4.8 1.8-4.3 2,74.6 1.6-5.0 a—- -— -—
Ne. 107/105 21/18 16/16 5/5 2/1 1/1 1/1
€60 Mean 0.11 0.12 0.10 0.37 an- 0.055 0.14
Fange 0,041-0.30 0.047-0.26 0.058-0.15 —— ——— - ————
No. 107/52 21/7 16/13 5/1 a—- 1/1 0/1
2065 Mean 0.38 0.26 0.28 0.29 — — —
Range 0.1k4.1.9 0.11-0.45 0.21-0.36 0.17-0.48 _—- — —
Ho. 107/93 21/5 16/ 5/ ——- ——— —
Zr-Nb?? Mean 1.7 0.39 0.23 1.3 —— ——- 1.1
Range 0.094-~1k4,0 0.35-0.43 0.20-0.26 0.58-2.1 — - ——
No. 107/10 21/2 16/2 5/2 ——- _— 0/1
celd7 Mean 0.085 0.065 0.083 0.15 ——- - ———
Fange 0.031-0,18 0.056-0.074 0.059-0.12 -— — a—— -
No. 107/17 21/2 16/3 5/1 - - —
Ry103 Mean 2.4 1.6 - 2.0 - .- 7.7
Range 0.15-4.2 -— - ——— —— ——— ———
No. 107/5 21/1 - 5/1 — — 0/1
31 Mean 12.0 19.0 2.8 23.0 —- 0.8 —
Range 0.44-31.0 - - ——- ——- -— ——
No. 107/4 21/1 16/1 5/1 ——a 1/1 -
co?7 Mean 0.048 0.039 0.063 0.04Y4 —— - —
Rangs 0.020-0.16 0.016-0,066 0.019-0,049 0.031-0.064 ——— - ——
Ho. 107/33 21/7 1€/7 s/M ——— ——— —

*ipan and range of (nly those samples with values significantly greater than the background count.

*¥Total number of samples/semples significantly greater than background count.
JokNo aotivity significantly greater than beokground count.

—g'[-



Table 5. PRadioactivity of nine gamma-emitting redionuclides in light musole of fish ocollected in the viecinity of Christms
Island, March through August, 1962. Values expressed in pis.ouries per gram of wet tissue at time of collection.

Flying
Rad{onuclide Yellowfin Bigeye Slipjack Shark Marlin  figh Valioo Albac re Sailfish
Ba-tal®  leant  0.91 1.2 2.0 e 1.1 — — —— —-
Rangex .29-2.1% 0.78-1.6 0.41-3.6 —- 0.80-1.3 =-- — — -
Mo, ¥ek 105/ 8ok 21/3 15/2 —— 6/2 ——— —— . —
g0 Mean 3.9 3.9 3.5 3.5 3.3 3.6 by 3.6 3.7
Ranga 1.8-5.9 3.1-5,0 2.6-4.4 2.64,9 2.7-3.8 1.9-6.3 4,3-5.0 ——- —
Ho. 109/105 21/21 18/18 5/5 6/6 5/5 2/2 1/1 1/1
co® Mean 0.12 0.13 0.10 0.19 0.038 - - ——- ——-
Rarge .033-.11 .035-,23 L053-,14 ——— — —— - — ———
Mo, 109/18 21/4 18/3 5/1 ¢/l -— ——- o ——
205 Mean 0.15 0.21 0,24 - ——- 0.87 - — ——
Range .088-.23 . 0.21.,28 — ——— —— —— - ——
lo, 109/8 21/1 18/3 ——— -— 5/1 - - —
Zr-?  Mean 0.25 0.35 0.051 0.28 - —- — - ——
Range L043-,9% 34-.37 — - - -— - - -
No. 109/8 21/2 18/1 5/1 “—n _—- —— _— ——-
cst37 Mean 0.0k49 0.054 0.057 0.061 -— 0.12 0.088 - ——
Range 024,059 032,076 .0l9-,065 0.029-0,093 — ——- — — -
Neo. 109/10 21/2 18/2 5/2 — 5/1 2/1 -—- ——
pul®3 Mean 1.2 1.5 - 1.4 — —— — — —
Range +93-1.6 1.5-1.6 —— .- ——- -—- -— - o~
Noe 109/8 21/2 — 5/1 -— ~—— —— ——— ———
13t Mean 15. 19. — 21.0 1.5 eee —— ——— ——
Range 10. .24, 18.0-20.0 - —— ——— —— -— —— —
No. 109/6 21/2 e 5/1 6/1 ——— — . ——
co”’ Hean 0.038" 0.034 — 0,027 ——- 0.092 — .- -
Range ,022-.091 .033-.035 —— .026-,029 an- S —- ——- -
No., 109/7 21/2 -—- 5/2 - 5/1 —— am- —

*Moan and range of only those samples with values significantly greater than the background ocount.
*Total number cf samples/samples significantly greater than the beckground count.
»iNo aoitivity significantly greater than the baskground count.



Table 6. Radiometivity of nine gamme~emitting redionuclides in liver of figh cullested in the viecinity of Christme Island,

March through August, 1962,

Values expressed in piococuries

per gram of wet tissue at time of collection.

Radionuslide Yellowfin Bigeye Skipiaek Shark Marlin Yoo Albaoore Sailfish
Ba-lal*0  Moanx 1.5 2.1 3.0 -—- —-- — — ——
Ranga* 0.31-4.8 1.0-3.1 1.7-4.3 - — —- ——— —
No , %ok 106/25 20/5 14/2 - _— — - ——
Kl‘o Mean 2.8 3.0 3.1 2.0 2,2 3.4 1.4 2.4
Ranrgs 1.0-5.3 2.34,2 2,0-4,2 1.6-2.4 1.4-3.1 2444 S 1.5
No. 106/103 20/18 14/14 7/6 6/6 3/3 1/1 1/
co®0 Mean 0.32 0.38 0.20 0.4y 0.26 0.35 0.082 ———
Range 0.055-1.2 0.17-0.78 0.14-0,25 0.18-0.76 0.063-0.68  0.30-0.4k _— ———
Yo. 106/103 20/18 14/9 7/6 6/6 3/3 1/1 -
n65 Mean 1.2 0.71 1.1 0.33 0.56 3.9 0.47 ——
Range 0.23-3.8 0.29-2.9 0.30-1.8 ——- 0.85-1.2 2,1-5.8 —— ——-
No, 106/103 20/17 14/13 7/1 6/6 3/2 1/1 ——
Zr-lb7°  Mean 0.16 0.073 0.36 —— 0.077 - — .
Range 0.043-0.65  -~a- 0.15-0.99 - ——- - -— —
. 106/35 20/1 14/6 -—- 6/1 —— —— ——
6137 Mean 0.12 0.060 0.17 ——— 0.067 —- - —
Renge 0.042-0.48  0.,044-0,080 0.058-0.46  aua ~—— _— - —ne
No. 106/41 20/4 14/6 - 6/1 - -—— ——
Rul%  Mean 0,17 - 0.28 — ——- — —— ——
Range 0.063-0,35 === 0.24-0.33 — —— - _— c——
No. 106/5 - 14/2 — ——— —— ~—— o
1131 Mean 0.66 — 16.0 —- ——- —-- —— —
Range 0.23-3.1 -— ana e -—- - —— —
Neo. 106/10 —- 1k/1 -— -— — - ——
cod7 Mean 0.12 0.12 0.071 0.16 0.083 0.13 0.030 am-
Range 0,033-0.43  0.41-0.24 0.046-0.12  0.063-0.29  0,0%2-0¢25  0.092-0,19 === —-
No. 106/95 20/17 1k4/5 7/6 6/6 3/3 1/1 —

#lpan and range of only those samples with walues significantly greater than the backaground count.
**Totel number of samples/samples significantly greater than the beckground oount.
werko aotivity significantly greater than the background count.

P ]



Table 7.

Strontium-90,

strontium units and calcium content of fish collected in

the vicinity of Christmas Island, March through August, 1962,

Strontium Mg Ca/g
sta, Date of sr?0 units of wet
no, collection Species Tissue pc/q wet wet wt, sample
61 8-1-62 wahoo Light muscle 0.042%0,024 84.%48, 0.50
65 8~-2-62 Yellowfin tuna Light muscle nsd¥ nsd 0.12
73 8-4-62 Yellowfin tuna Light muscle nsd nsd 0.15
61 8-1=-62 Yellowfin tuna Dark muscle nsd nsd 0.24
65  8-2-62  Yellowfin tuna  Dark muscle 0.038%0.022  110.%64. 0.34
73 8-4-62 Yellowfin tuna Dark muscle 0.03410.021 26.116. 1.3
61 8-1-62 Yellowfin tuna Liver 0.053i0.029 110.163. 0.46
65 8=-2-62 Yellowfin tuna Liver nsd nsd 0.59

*No significant data,

-8'[—
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"unsorted" (Appendix Table 2). "Unsorted" and "remainder"
samples contained essentially the same types of organisms.

The radioactivity found in the unsorted and remainder
plankton samples is plotted in Figure 2. The radionuclides
zinc-65, zirconium-niobium-95, and cerium-141,144, because
they occurred most frequently in the samples and are repre-
sentative of the results as a whole, are plotted in the scatter
diagram. Detectable amounts of zirconium-niobium-95 and
cerium—;4l,144 were found in more than 70 of 120 samples.
Zinc-65 was found in 19 of 120 samples.

The graph shows that there was considerable variation in
levels of radioactivity in the samples and indicates an increase
in samples collected late in the‘surveys north and west of
Christmas Island. The samples which showed the highest levels
of radioactivity were collected in July and August at stations
51 through 55, 68, 80, 84, 85, and 86. All of these were sur-
face samples. Some of the stations are as far north as 19°42'N
and as far Qest as 161°40'W. The radiocactivity in the samples
ranged from 1 to 687 pc/g dry weight for zirconium-niobium=-95
at station 53, 1 to 120 pc/g for cerium-141,144 at station 86

and 1 to 29 pc/g for zinc-65 at station 28.
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Fig. 2. Radionuclides in plankton from the central Pacific, March-August, 1962.

Comparison of Znb®5 (triangles), Zr95-Nb95 (squares) and Cel4l, 144 (circles)
in plankton based on date of collection. Open circles, squares and tri-

angles indicate surface samples; solid figures indicate samples from 50 metexs.
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Sea Water

A total of 79 sea water samples were collected and ana-
lyzed. The data are given in Appendix Table 3 and summarized
in Table 8.

As in the samples of fish tissues and plankton, the levels
of radioactivity were low and the 95 per cent counting error was
often very high. In more than two-thirds of ﬁhe counts of the
water samples that were significantly greater than the back-
ground count, the., 95 per cent counting error was more than 50
per cent of the value of the count. In addition, two-thirds
of the radionuclides sampled showed no detectable levels of
radiocactivity (see Appendix Table 3).

The radionuclides ruthenium-103, zirconium-niobium-95,
and cerium-141,144 were present in highest amounts and occurred
most frequently in the sea water samples. A few samples con-
tained barely detectable amounts of zinc-65, cesium-137, and
cobalt-60. The strontium-90 levels in five water samples ana-
lyzed were also very low, ranging from 0.034 pc/l to 0.193 pc/l.

The data in Table 8 indicate also that in the mixed layer
above the thermocline the radioactivity was less at the surface

than in the layers immediately above and below the thermocline.

Potassium Analyses

More than 600 samples of fish tissue, plankton, nekton,



Table 8, Radioactivity of five gamma~emitting radionuclides in sea water
collected in the vicinity of Christmas Island, March through August,
1962, Values expressed in picocuries per liter of sea water,

Depth 5
o . Average¥* 6.9 36, 8.7 54. 18,
Range 4-13 1-96 1-22 1-330 2-46
Number* * (24/7) (24/16) (24/3) (24/9) (24/16)
25 Average 21, 124, 9.0 570, 86,
Range - 28-180 - 320-990 29-138
Number (11/1) (11/5) (11/1) (11/3) (11/6)
50 Average 16, 90. 6.5 421, 45,
Range 4-27 1-340 4-9 5-1100 23-91
Number (16/2) (16/10) (16/2) (16/6) (16/7)
100 Average 74. 189, 9.0 393, 124,
Range 23-124 7-590 7-11 19-800 3-270
Number (15/2) (15/7) (15/2) (15/3) (15/7)
200 Average - - 12. 9.0 -
Range - - 1-23 - -
Number (2/0) (2/0) (2/2) (2/1) (2/0)
300 Average - 305, -- 642, 90.
Range -- 57-510 - 350-1400 39-120
Number (11/0) (11/4) (11/0) (11/4) (11/4)

*Average of only those samples with activity greater than the background
count,

**Total number of samples/samples significantly greater than the back-
ground count,

_zz-
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and water were analyzed for radioactivity. Of these, more
than-SOO showed some potassium-40 activity. The levels of
radioactivity of potassium-40 averaged 3.4 and 2.8 pc/q of

wet tissue for dark muscle of yellowfin and bigeye tuna, respec-
tively. The levels in other species were similar, but the
ranges indicate considerable variation in each. The level in
light muscle of both yellowfin and bigeye tuna was 3.9 pc/g of
wet tissue. These values are almost twice as great as the
values determined for similar tissues and species of fish by
Chakravarti and Joyner (1960). They obtained values of 1.89
and 1.92 pc/g of wet weight for dark and light mhscle, respec-
tively; the values were based on the amount of stable potassium
as determined by flame spectrophotometry.

Flame spectrophotometry analyses of 10 samples of mixed
light and dark muscle of yellowfin tuna, with an average po-
tassium-40 count of 3.48 pc/g wet weight, resulted in a count
of 2.73 pc/g as calculated from the amount of stable potassium
present. It would appear that these levels of activity of po-
tassium-40 are high, and also that there is a great deal of

variation in the potassium content in fish muscle.

SUMMARY AND CONCLUSIONS

Four oceanic surveys within 600 miles of Christmas Island

were made, March through August, 1962, prior to, during and
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after the Dominic test series to determine the radionuclide
content in pelagic fish, plankton and sea water.

Analyses of 107 yellowfin tuna and 62 other species of
pelagic fishes showed that during this period there was little
change, if any, in levels of radioactivity in samples of light
muscle, dark muscle, and liver tissue. More of the liver samples
were radioactive and the liver tissue contained a greater number
of radionuclides than the muscle tissue, but the amount of any
one radionuclide in a sample was the same for all tissues.

The levels of radioactivity of these radionuclides averaged
less than the potassium—-40 content of the tissues and in most
cases were barely detectable.

Plankton samples collected during the latter part of the
operation contained slightly higher levels of radioactivity,
especially zirconium-niobium~95 and cerium-141,144, as well
as a greater variety of radionuclides. It appears that measure-
able, but very low levels, of comparatively short-lived radio-
nuclides in the plankton were due to fallout from the tests
at Christmas Island.

Analysis of sea water samples revealed no increase in
either the number of radionuclides present in each sample or

in the levels of radioactivity during the period of study.
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Common and scientific names of
fish collected during the cruises

of the Charles H. Gilbert, March
through August, 1962.

Scientific name

Albacore tuna
Bigeye tuna
Black marlin

Flying fish

Sailfish

Sharks

Skipjack tuna
wahoo

Yellowfin tuna

Thunnus alalunga

Thunnus obesus

Makaira ampla

Cypselurus suttoni and
Progonichthys albimaculatus

Istiophorus orientalis

Pterolamniops longimanus,
Isurus glaucus, Eulamia
floridanus, and Prionace

glauca

Katsuwonus pelamis

Acanthocybium solandri

Thunnus albacares




Apperdix Table 2. Radionuclides in plankton ocollected in the vieinity of Christmas Island durlng Operation Dominio, 1962, Values and the 95 per cent
sounting error expressed in picocuries per gram of dry weight at time of collection.

Vol. of Dry

Sta. Depth water Type of weight Ba-la Zr-lb Ce
no. (m) (m3) _ sample ) 1o x-4o Co-60 =65 98 C8-137 _ Ru-103_ 1.131  Co-57  141-1hh

1 o - Unsorted 1,015 ndwx 500343, nd 29,136, nd nd nd nd nd nd

2 0 - " 1.027 nd . nd nd nd nd nd nd nd nd nd

3 0 - " 1.965 nd nd nd 21,%6.5 nd nd nd nd nd nd

i 0 .- " 1.146 nd nd nd nd nd nd nd nd nd nd

5 o 1y n 8.40 nd 8.6%5.0 nd nd 2.50,1 nd 1.4 nd nd 2.752.0

5 50 1054 " 14.38 nd 13.44.5 nd nd 1.140.76  nd nd 62,8, nd nd

7 73 - lantern fis:: 5.900 nd nd nd nd nd nd nd nd nd nd

7 7 - Crustacea 17.010 nd 17,22, nd nd 2,475 nd nd nd nd nd '3
7 73 - Jellyfish 0.740 nd nd rd nd nd nd nd nd nd nd .
7 73 - Remainder 0.510 nd nd nd nd nd nd nd nd nd nd

9 50 1305  Unsorted 13.56 nd L 9 nd nd 3.7%0.85 nd 1.61.2 nd nd nd

12 50 1564 n 12,38 nd 11.55.9 nd nd 2.0h1.2 nd nd nd nd nd
4 0 9l3 " 19.21 7.456.0  9.742.9 nd 1.8t0.9%0  1.0%0.56 nd nd nd nd 2.50.1
W 50 1267 " 18,74 nd 7.5%0,70  nd 1.29.0 1.6%0.37 nd nd nd nd 2,60.6
15 73 — lantern fish 3.400 = nd nd nd nd nd nd nd nd nd nd
15 73 - Crustacea 8.8u0 nd nd nd nd nd nd nd nd nd nd
15 73 —— Jellyfish 2,560 nd nd nd nd nd nd nd nd nd nd

*Volume of water not measured
**Deteoted activity ig less than two standari devictinus of the net astivity



Appendix Table 2, (continued)

Vol. of Dry
Sta. Depth water Type of woight Pa-la Zr-llb Ce
ro. (m) (m3)  sample {g) 140 K-ho Co-60 Zn-65 95 Cs-137  Fu-103 1-131 Co-57 141-144
18 50 1975  Unsorted 19.88 nd 8.91.9 nd nd 2,9%0,32  nd 0.43%0.42 nd nd 2.6%0.76
19%ck 9 1060  lantern fish 6.790 nd nd nd nd nd nd nd nd nd nd
1940kck O 1060 Jellyfish 3.230 nd nd nd nd nd nd nd nd nd nd
19%ick O 1060 Reme inder 18.22 nd 6.80,98 nd 1.4%0,62 na nd nd nd nd h.5t2,1
19 50 1596  Unsorted 12.95 12.38,1  3.9%0.86 nd 17352 na nd nd nd nd 6.112,2
22 50 1778 " 13.16 nd nd nd nd 2.. 0.2 nd nd nd nd nd
23%,0k 0 1060  lantern fish  8.820 nd nd nd nd nd nd nd nd nd nd
29mkk 0 1060  Jellyfish 1.460 nd nd nd nd nd nd nd nd nd nd
234k 0 1060  Reusinder 3,790 nd nd nd nd nd nd nd nd nd nd
2Upcror 50 - lantern fish  0.490 nd nd nd nd nd nd nd nd nd nd
2ok 50 - Crustacea 1.300 nd nd nd nd nd nd nd nd nd nd
2Lakdek 50 - Jellyfish 0.260 nd nd nd nd nd nd nd nd nd nd
2lpewe 50 - Remminder 0.930 nd nd nd nd nd nd nd nd nd nd
27 50 1723  Unsorted 15.54% nd 13.70.82  nd 2.50.8 nd nd nd nd nd 1.79.6
30 50 1872 n 13.760 nd 5.744.5 .50%.45 nd 3.6%0.90 nd nd nd nd 2.47.9
1wk 50 1870 " 7.230 nd 15.57.7 nd nd 13.0.6 nd 4.59.9 nd nd 12.13.3
33 100 2025 " 7.080 nd 26,111, 0.98%0.97 nd 27. 12,9 1.2h,2 nd nd nd 6.2M.3
$5 100 - lantern fish 1.310 nd 31, %27, nd nd nd nd nd nd nd nd
35 100 - Crustacea 0.520 nd nd 8.235.8 nd nd nd nd nd nd 38.123,
35 100 - Pyrosoma 3.400 nd nd nd s5.4M.1 na nd nd 2724,7561, nd nd

FeTrawl



Appendix Table 2. ({ocontirnued)

Vol. of Dry .
Sta. Depth water Type of weizht Ba.~La, Zr-lb Ce
ro. (m) (m3)  sample {(z) 140 K-40 Co=60 Zn=65 95 Cg-137 Ru-103 I.131  Co-57  1h1-144
35 100 - Salps 0.670 nd nd nd nd nd nd 16,711, na nd 112,94,
36 0 1488  Crustaces 20.610 nd 10. 3.4 1.1 nd 9.89.1 rd nd nd nd  9.4R.9
36 50 2014  Pyrosoms 2,410 nd 2. h1y, nd nd nd nd 7.9M,7  nd nd  nd
36 50 2014  Salp 36.36 nd 16.2.5 nd nd L740.49  0.25%0.20  0.7740.61 nd nd  L4.3h.0
36 50 2014  Rerainder 14.270 nd 7.5%6.3 nd nd 3,904 nd nd nd nd  3.62.6
39 50 1452 Jellfigh 3.h20 nd e, 1.70.1 ' nd 12.334.9 nd nd nd nd 12,35,
39 50 1452  Remainder 6.310 nd 10.32.6 nd nd 7.441,6 nd nd nd nd  5.4%3.6
Yo 0 1814  Unsorted 3.700 nd nd 2.¢01,7 nd 3.2y nd 3.2%2,0 nd nd  18.%7.6
bo 50 1205 " 11.670 nd 16.55.7 nd nd 21,014 0.6110.49  nd nd rd 3.202.4
43 50 1723 " 4,410 nd nd nd nd nd nd nd nd nd  7.80.6
i 0 1792 " 12.640 nd 13. 3.9 nd nd nd nd nd nd nd nd
W os0 1067 " 8,450 nd 11.256.7 nd nd 1.0h,2 nd nd nd nd  b.ste,;
bs 60 - Pyrosors, 4,450 nd nd nd 3.613.1 na nd nd nd nd nd
L8 50 1271 Unsortsd L. 360 nd 12.37.0 ¢.79%0.69 nd 4,60.4 nd nd nd nd nd
L9 0 2155 " €.300 nd nd 1.351.0 3.of2,7  4.0h.0 1.6, 90 2.50,2 1.70.0 nd 20.14.5
49 50 1016  Jellyfish 5,700 nd 10.30.97 nd nd 1.57.1 nd 1.88.2 nd nd  4..430,92
50 0 2149 " 1.200 nd nd nd nd nd nd nd nd nd nd
50 0 2149  Remainder 19,000 nd 9.6M.3 0.7730.4%0 nd 5.1%0.99  nd nd nd nd 7.20.8
50 50 1868 " 4,210 nd nd nd nd 14.%5.8 0.7740.61 nd nd nd  7.58.4
50 50 1868  Jellyfish 6.020 nd nd nd 5.0%4.0 nd nd nd nd nd nd
51 0 2272  lantern fish  2.46Y nd nd nd 12.36.6 13.h02, nd nd nd nd  9.4¥8.7

51 0 2272  Rorminder t.011 nd nd nd 8.6%6.4 1375, 0 m nd nd nd  13.39.1

—62.—



Appendix Table 2. ({sontinued)

Vol. of Dry

Sta,. Depth water Type of weight Ba-la Zr-lb Ce

no, _(m) (n3)  sample () 140 K-440 Co~60 n-65 95 Cs-137 Ru-103 1131 Co=57 141200
52 0 1789  Lantern fish 0.801 nd nd nd nd 186,146, nd nd nd nd 92,12y,
52 0 1789  Reminder 1.336 nd nd nd nd 77128, nd nd nd  nd 35,435,
53 0 1838  lantern fish  1.244 nd nd nd 12,41, 28,717, nd 96,376, nd nd 15. 134,
53 0 1838  Remminder 0.959 nd nd nd nd 687.532.  L.ud2.5 187.389., nd nd 104,77,
54 0 1551  lantern fish 2,54 nd nd nd 7.1%.8 nd nd nd nd nd nd

54 0 1551  Remainder 3,592 nd nd nd nd 13317, .80 nd nd nd 24,1,
55 0 2293 lantern fish  3.307 nd nd nd nd 13,77, nd nd nd nd 19.0l,
55 0 2293 u 0.893 nd nd nd nd 62,122, 3.682.8 nd nd nd nd

55 0 2293  Pyrosora 0.727 nd nd nd nd 370. 534, 3.9%3.1 270,110, nd nd . F20,
55 0 2293  Salps 0.470 nd nd nd nd ' 1500.%95. nd nd nd nd 150343,
55 o 2293  Remsinder 5.281 nd nd nd nd 360. %24, nd nd nd nd 0. 0.
56 0 2910 lantern fish 3.174 nd 18.%9.8 nd nd nd nd nd nd nd nd

56 0 2310  Pyrosom 4.87 nd nd nd nd 22.%3,9 0.570.52 nd nd nd 6.753.4
26 U 2310 Remainder 12.406 nd 7.2%9.0 nd nd 78.%3.0 1.000.83 nd nd nd p U '
56400k 50 1482 lantern fish 0.U431 nd nd 13.18.6 nd nd nd 48,136, nd nd nd
K6k 50 1482 Siphonophores 0.532 nd nd nd nd nd nd nd nd nd nd
56wk 50 1482 Remeinder 13.518 nd 6.5%5.7 0.79%0.54 nd 22,71,9 nd nd nd nd 4.0t2.6
58 0 2292  lantern fish 9.636 nd 7.74%6.0 nd nd nd nd nd nd nd nd

58 0 2292  Jellyfish 1.586 nd nd nd nd 5.1%5.0 nd nd nd ~ nd nd

58 0 2292  Remainder 10.753 nd nd nd nd 1n.4h.6 nd nd nd nd 6.213.3

58 50 2011 Pyrosoms 0.518 nd nd nd nd nd nd nd nd nd nd

—OE-



Appendix Table 2.

(oontinued)

Vol. of Dry
Sta. Depth water Type of weight Ba-la Zr-Nb Ce
no, (m) (m3)  sample (g) ko KMo Co-60 Zn-£5 95 Cs-137 Ru-103 1-191 €y-57 141 -144
56 50 2011  Remainder  18.11 nd 127 nd nd 5.5.0  nd nd nd nd 5.742.1
60 0 1570 lantern fish O..967 nd nd nd nd nd nd nd nd nd nd
60 0 1570  Remainder 7.579 nd nd nd nd 6.2%2,0 nd nd nd nd 6.11,2
60 50 1705 " 11.076 nd 15.43.6 o.6f0.41 nd 26.%0,96 nd nd nd nd g.1h.9
63 50 1194  Unsorted 5.617 nd nd nd nd 2.9%2.4 nd nd nd nd nd
64 0 1941 Lantern fish 5,941 nd nd nd nd nd nd nd nd nd nd
64 o 1941 Jellyfish 1.034 nd nd nd nd 11.%55.6 nd nd nd nd 31,2,
64 0 1941  Remainder 4,868 nd nd nd nd 16.%2.3 1.3%0.93 nd nd nd 4.8%3.6
Gwwx 50 2064  Jellyfish 0.326 nd nd nd nd 38.%21, nd nd nd nd nd
Glxsck 50 2064  Remainder 11.51 66.155. 10.36.9 nd nd 12.0.6 nd nd nd nd 6.2%3.1
67 £0 1414  Unsorted L, 366 nd nd nd nd 17.%3.6 nd nd nd nd 12575
68 0 1083 lantern fish 0.458 nd nd nd nd nd 1.4, nd nd nd 9. %33,
68 0 1083  Rereinder 6.58 nd 13.12. nd nd 32.%2.9 nd nd nd nd 9.2%5,0
68 50 1046  Unscrted 5. 8ol nd nd nd nd 360,015, nd nd nd nd 21,574
71 50 1165 " 3,542 nd nd nd nd 9.0t3,2 nd nd nd nd 7.6%6,5
72 0 2151  Jellyfish 0.210 nd nd nd nd nd nd nd nd nd nd
72 0 2151  Remminder 6.213 nd nd nd nd 13.02.4 1.630.96 nd nd nd 9.8%5.1
72 0 2151  lantern fish 19.90 nd W3 nd nd nd nd nd nd nd nd
72 50 2164  Pyrosum 6.01 nd 10.57.0 nd nd 2.30.3 nd nd nd nd 2.9%2.9
72 50 2164  Remainder 12.109 nd nd nd 2.4t2,0  h.7h1,3 nd nd nd nd 6.6%2.9
75 50 1549  Unsorted 7.043 nd rd nd nd 1312 1.330.88 nd nd nd 5.3%.5
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Appendix Table 2.

(continued)

Vol, of Dry

Sta. Depth water Type of weight Ba-la Zr-llb Ce

no. (m) (n3) _ sample (2) 140 K40 Co-60 n-65 95 Cs-137 Ry-103 __ I-191  Co-§7 141144
76 0 1313  lantern fish 3.221 nd 15.401. nd nd nd nd nd nd nd 6.05.1
76 0 1313  Pyrosom 2.602 nd nd nd nd nd 1.99.7  nd nd nd nd

76 0 1313  Reminder 6.276 nd nd nd nd 3.772.1 nd nd 380.%350. nd 1.%5.0
76 50 1192  Unsorted 10.026 nd nd 1404 nd 2.6h.4 nd nd nd nd 4,5t3.1
79 50 1423 " 9.660 nd .69 nd nd 76.32.4 nd nd nd nd W.32.9
80 0 1086  lanterm fish 2.480 nd nd nd nd nd nd nd nd nd nd

80 0 1086  Pyrosom 2.751 nd nd nd nd nd nd nd 290.3270. nd 8.1%6.0
80 0 1086  Reminder 8.114 nd 19.78,2 nd nd 13.4.8 nd 3.6m.8 nd nd 1. 3.0 "»
80 50 1439  Unsorted 10.856 nd 8.6%7.1 nd nd 22.12.1 nd nd nd nd 8.8%3.3 v
82 0 2153 lantern fish 0.737 nd nd nd nd 250,36,  7.2%3.8 300.110. nd nd 100.%25.
82 0 2153  Jellyfish 1.023 nd nd b.2M,0 nd 5200. 140, nd nd nd nd 460.139.
82 0 2153  Pyrosous 5.41 nd 12.37,7  nd nd 12,5  nd nd nd nd nd

82 0 2153  Reminder 5,151 nd nd 1.8h.6 7.67.2 s, nd nd nd nd 16.%9.1
8L 0 2296  lantern fish 0.873 nd nd nd nd 49, X34, nd nd nd nd 28.%21,
8k 0 2296  Jellyfish 0.383 nd nd nd nd 210.350. nd 290.1350. nd nd 77.337,
N 0 2296  Remainder 4.095 nd nd 1.8%.5 11.3%6.0 430.320. 2.7R.5 nd nd nd é+.ho.
85 0 2611  Unsorted 3.130 nd nd 2.702.4 nd 110.¥23,  nd nd nd | nd uy hy,
86 0 1969  lantern fish 0.964 nd nd 3.6%2.6 nd 23.%22, nd nd nd nd 17.415.
86 0 1969  Remainder 0.468 nd nd .%9,2 nd - 360.149, na 210,190, nd nd 120.149.
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Appendix Teble 3.
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Gamma ~emitting radionuclides in particulate and soluble fractions of sea water
collected in the vicinity of Christms Island, May through August, 1962.
expressed in picocuries per liter at time of collection plus or minus the 95
per cemt counting error.

Values

Station nt5 Zr-1p95 cs’37 Rui03 Colll, 14k Other
and date Depth Part. Sol. Part. Sol. Part. Sol. Part. Sol. Part, Sol.  Part. Seol.
6 0m -- 13 3.0t - - - — - y.ot 13t - -
5-2-62 10 3.0 2.0 13
25m. - - not - - - boot - 2gt o - e
49 280 17
50 De == - net .. — - - - 5t — -
7 22
100 ;e —  -- L3 L -— - — - - 85t - -
51 78
300 m. - - - - - - - - - — - -—
10 Ome =~ - 96t . .ot nt gt - 12t . — -
5-3-62 27 1.0 2.0 170 6.0
25 m. - — - — — 9,0F - — _— -— -— -—
7.0
50 me == e 120 1508 - - — - [} - — -
Yo 120 20
100 @ = - -~ s590r 1t — - - 270 -
200 11 89
300 me == e - - — - — - . e - -
13 0m kot - % L— — e 12t . 3.0t o4t — -
54-62 3.0 17 10 2.0 1
258, -~ - - 18t - 326t — - ¢ - -
170 290 77
50 m =-  -- -— - -— 9.0f . -— - -— -
8.0
100 ;e - - - st . o — - - ot - .
120 55
30 0. == - — - — - - - -— 106t -
8o
17 0nme =~ - — - — e — - - ugt -— w.153F
5-5.62 17 0.03Y
#x7,0%
ko
25 me == -- s .- - - — - - 73t -— -
71
*Sr0

ko 0
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Appendix Table 3. (continued)
Station n65 Zr-W95 cal?’ pul03 co i1y 14 Other
end date  Depth  Part. Sol. Hart. Sol. Pri. Sol. Part. Sol. fart. Sol. Rart. Sel.
17 50 e == == 1.0t - -— - L — - -
5-5-62 1.0 3.0
100 m.  23% - g1t - — - — - — - - -
22 69
300 m. -— - -— e — - 350F — e — -
300
21 0m, == - ugt 36t — - uet . 7.0t 15t - e
5662 8.0 14 Ly 3.0 6.0
25 m - - - 18t - - PR — - 2t e .
150 68
S0 m. = == S 17, A - B85t e — -
120 700
100 m. — - - - — - 360 - — - — -
310
300 m. - - - -— - - - -— - - -— -
26 Om 5.08 — - 53 -— - -— - - 35F — e
5762 5.0 36 20
‘2% m. - - —-— - - -— -— — - —-— — -
50 m. -— - - - — e -~  mnoot .. 79t - .-
760 74
100 Me -— - - - - - - - - - - -
300 @0 o — - - 38t - ~ ot o 3¢t — -
120 750 30
29. 0me o= - - + -— - —_— - - - — -
6-12-62 7;2
25 m. - - - - - - — - - - - -
S0m 2 e st o e o et
20 46 70
100 m. -— - - e — aa — - -— agt - -—
71
300 . - -~ g2t auot -— - -— - - - -— -
27 81
34 0 m. — - — - — - —_— - Lhot - - st
61462 3.0 1(_1(;
25 m. -— —~ - -~ -— — — —-— -— . — —
50 Lle - - - L - - 18(1-—*— - - — — -

170



-35-
Appendix Table 3. ({contimued)
Station %5 Zr-Nb?? csl37 Rul03 Ccaltl, 24 Other
and date Depth Part. Sol. Part. Sol. -Part. Sol. Part. Sol. Part. Sol. Fart. Sol.
P 100 3. -~ - - - - - — - - 1t
6-14~62 98
300 e --  -- — - — - 360t -- O, — -
200
38 om  7.0f - 3.0t - —- - — e - 708 m w00t
5=16-62 4.0 2.0 6.0 0.023
25 m  ae - - 28t - - SO — 26t 38t - -
24 23 33
50 M e - — - - - 220F - - - - -
160
100 Be  am - - g4t o 7.0t e 800t - 120F o o
79 6.0 360 Ly
300 @e  —- —- - 510t . - b4sot . 120 . o
91 370 39
42 0 m. - -~ — - - - -— - — 151' -— -
6-16-62 11
25 m  21F 1208 - S — 210 780t 38t 10ck - -
20 46 160 550 24 100
50 me  a= == 2t . B — 170t — - — -
30 140
100 nm. —-— - - — -— -— — - —-— —-— - -
300 . S — — - — - — - -~ 10at -
69
k7 0Me  ~= - — - - 30t 1.0f -- - . - - e
6=17-62 2.0 1.0
25 m. -— —— - - - - -— -~ -— — - -
EO M.  ~= - — - - - B — — - — -
100 m. 2% 300t . - — - — - — - - -
13 47
300 e - - st - — - — - — - -— -
27
56 - 0 m. — == — ot - - - am - - - 0,057
7-29-62 19 0.036
7 Ome ~= 6,08 oo ot -— - - 22% .- 20% — -
7=30=62 6.0 7.0 15 8.0
58 0B - - - st . - 1ct — 90t . .
7-~30=62 3,0 £.0 3.0



-36-

Appendix Table 3. (eontimued)
Station Zn65 Zr-N7° cal3” ral03 Ce 141,114 Other
and date Depth Part. Sol. Fart. Sol. Part. Sel. Part. Sol. Part. Sol. Bart. Sol.
59 0me  ~= - - 23 _— - - 25t - 16t - -
7-31-62 4.0 9.0 6.0
60 0B == e - wt - 0t . ot o .
7-31-62 4.0 1.0 9.0 5.0
62 50 m. _— - — - -— - — - -  26% — -
8-1-62 23

200 @e == - - - - 23t - - — e — a-

k.o

63 0 m. — 6.0 . ot — - — - — 9.0t = so.042F
7-31-62 3.0 23 .0 0.025
6l 0 m. —  7.0f 10t o -— - -— - 2,08 — -
8-1-62 6.0 1.0 1.0
66 50 m. - - - 19t -— - — - - 23t S oL
8-2-62 10 11 1.0

200 e e - _— - 1.0t - 9.0t - — - — -

1.0 8.0

68 O m. - —— -— Led - -~ - man L - — -
§-2-62
70 50 e e= - - 31t -— - -~ - - 29t — -
Bu3.62 12 13

93 m. S —. 7.0t — - —_— - —_ - — e

.0

7 R - - - - - -  6.0f  —  #0.056%
8-3-62 6.0 0.023
72 0 m. _— - - 9.0t . — em —_— - — e
8-3-62 6.0 '
7 50 m.  4.0F - -— st -~ Lot e . —_— - — -
862 ) 15 3.0

131 m - e - 13t — - — - - - — -

12

75 Om o~ - 2.0f gt - oo bt .. - - — -
8h-62 1.0 6.0 3.0
76 0 m. -— e - - _- — — - - — - -

8.4-62
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Appendix Table 3. (continuod)
Station 2% Zr-m95 csl37 Rul03 golt1, 14 Other
and date Depth Part. Sol. Parf. S:l. PRart. Sol. Part. Sol. Part. Sol., Part. Seol.
78 0 m -— — - -- - -— — -— - - - -
§-5-62

36 m. - - 35 - - - - aa -— -

29
107 m. == = -— - — - 19t o 3.ct *x1,0%
12 .0 1.0



