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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, th,µs 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 detennined 

by the availability of the vessel. The areas sampled were 

based upon fallout patterns 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 l 

and the details of the sampling schedule are given in Table 1. 

The Charles H. Gilbert, 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 Operation 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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Fig. 1. Tracks of the cruises of the Charles H. Gilbert (USFWS 1003) during Operation 
Dominic: Cruise 55, stations 1-4, March 1962; Cruise 56, Stations 5-27, May 1962; 
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Table 1. Details cf the st&tiona oooupied by the ~lea g. G1lbel"t (USFWS-1003) , 
Ha.rch \hrcrugh August, 1962. 

Cr~se, Location Date Sample Depth (m) 

Station no. Latitude Lo~itude 1262 collected or s;ear 

Cruise !lo. 55 
1 1° 07'U 156° 45'W .l-kroh 28 Fish LL• 

2 1° oo'M 157° o4'':-T .1-&rch 28 Plankton 0,50** 

.3 .3° 02'N 157° 12'W tla.rch 29 Fish LL 

4 ,3° oG'N 157° 13'W !·arch 29 Plankton 0,50 

Cruise No. 56 
5 2° lO'N 157° 1n•w ~2 Plankton 0,50 
6 2° 13 1 N 157"'' ,38'W I·il.Y 2 rater 0-'JOO-* 

7 2° 14'N 157" .39'W 1''.11.v 2 Pi ah HW 
8 2° 10 1 N 157° .39'W l·8y .3 Fish LL 

9 20 9'll' 1570 43'W Ml..Y .3 Plankton 50 
10 2" lO'N 157" 4l'W r·a,y 3 vii.tar 0-.300 
11 2° 18'N 157° 25•w r-.v 4 Fish LL 
12 2° 18 1N 157° 28'W l1t.:f 4 Plankton 50 
1.3 2° 19'n 157° 26'W Ml.Y 4 Hater 0-.300 
14 2° 19'N 157" 25•w l\la.y 4 Plankton 0,50 
15 2° 19 1!I 157° 2l'W }la.y 4 Fish Ml-I 

16 2° lO'N 157° 08'W Ml.Y 5 Fish LL 

17 20 8'!~ 157° 14'W l·'.11.Y 5 i•ter il-,300 
15 2° 10'!1 157° 15'W ~i..v 5 Plankton So 
19 20 9'N 157° lO'W l'&y 5 Plankton 0,50 
20 20 lO'!J 156° 57'W l-1',y- 6 Fi ah LL 
21 2'" 9'N 157° o8'H lay 6 Water 0-.300 
22 20 9'N 157° 08'W l·la.y 6 Plankton 50 

;~ 
20 e•:r 157° 02 1 11 f'.11.Y 6 Plankton 50 
20 3'N 157° 02'li I·ay 6 Fish l'llv 

25 20 9'N 157° oo•w Ml.Y 7 Fish LL 
26 2° 14'N 157° 161l! Hcy 7 \4.ter 0-.300 
27 2 ... 14'N 157° 161\'1 f-8,y 7 Plankton 50 

Cruise Ilo. 57 
28 2° 161N 157° 071W June 12 Fish LL 

29 2° 10 •n 157° 141W June 12 lkter 0-.300 
.30 2° ll 1N 157° lG'w .hme 12 Plankton 50 
.31 2° 141N 157° 03 1w June 12 Planh-ton 50 
.32 0° 46•s 15.3° 44'W Jl.D'le 14 Fish LL 

.3.3 0° 48'S 15.3° 5o•w June 14 Plankton 50 
34 0° 46's 15.3° 49 1w June 14 Water 0-.300 
.35 0° J'.J 1S 15.3° Jl 1W June 14 Fish HW 
,36 0° .38's 15.3° 28'W June 14 Plankton 0,50 
.37 lo 59•s 15.3° 12 1W June 15 Fish LL 

38 1° 58'S 153° 20'W June 15 Water 0-,300 
.39 1° 58'S 15.3° 20'l·i June 15 Plankton 50 
4D 1° 541 s 15.3° 131W JI.mi! 15 Pla.nkton 0,50 
41 1° 22' s 154'' 14'W 0 June 16 Fish LL 
42 1° 22 1 S 154" 22''.: June 16 Water 0-.300 
43 1° 22' S 154~ 22 1 \/ June 16 Plankton So 
44 1° 20 1s 154° 19'U June 16 Plankton 0,50 
45 1.) 20'S 154° 17'W J\Dle 16 Fish MW 

46 o" 5•s 154° 'J2 1W June 17 Fish LL 
lj'; o" 5'S 154 ~· .39 1W June 17 Water 0-.300 
48 o" 5•s 154" 38'W J\llle 17 Plankton 50 
49 0C• 2•s 154" 17'W June 17 Planktc>n 0,50 
50 1° 4J'N 154° 50 1W June 18 Plankton 0 

*LL - Longline 
**30 minutes bs.ul at depth designated 

***0-.300 1 surface, 25, 50, 1001 a.nd 300 meters. 



Ta.ble 1. (continued) 

Cruise, Location Dt.t• Sample Depth (m) 
Station no. latitude Lo!!i:itude 1262 oolleoted or g•r 

Cruise No. ~~ 
51 lf' 42'N 1570 23•w July 23 Plankton 0 
52 16v 14'N 15T' 49'W July 24 Plankton 0 
53 12'' 49 1N 157'"' 57'W July ?5 Plankton 0 
54 90 2J'N 158v 14'W July 26 Plankton 0 
55 6° 3'N 157° 36 1W July 27 Plankton 0 
56 l" 56'N 159'' 3'W July 29 Plankton 0,50 
57 1-' 57'N 159~ 3'W July 29 Water 0 
58 l" 61N 16r 52•w July 30 Plankton 0,50 
59 O,:; 46'N 164" 4o'W July 31 Water 0 
6o 0.:. 24'N 166v 2J'W July 31 Plankton 0,50 
61 o" 6's 168° 2'W Al.lgUSt 1 Fish LL 
62 O::.i lO'S 168° 7'W August 1 Water 0,100 
63 0° ID'S 168-' 7'W August 1 Plankton 50 
64 o" O'N 167" 29'W August 1 Planktvn, -ter 0 
65 0° 20'N 165° 58'W August 2 Fiah LL 
66 0° 20'N 166° 4'W August 2 W..ter 50,100 
67 ()

0 20'N 166" 4'W Augwit 2 Plankton 50 
68 o0 26'N 166..; 4'W A~t 2 Plankton, ._ter 0 
69 o" J4'N 164° OO'W August 3 Fish LL 
70 Ov 3l'N 164° 6'W August 3 Plankton, 'IM.ter 50,100 
71 o" 3l'N 164° 6'w August 3 Plankton, ._ter 0 
72 0° 39'N 163° 27'W August 3 Pl&nkton, -ter 0 
7'J l" 141 N 161" 56 1W August 4 Fish LL 

74 1° lJ'N 162" 21W August 4 Plankton, w.ter 50,100 
75 1° 13'N 162° 21W August 4 Plankton, ,.,ter 0 
76 1° 19'N 161 v JO'W August 4 Plankton, -ter 0 
71 l'' 4o'N 16o0 16 1W August 5 Fish LL 
78 1° 39'N 16o" 2'.)'W August 5 Plankton, 'Water 50,100 
79 lv 48'N 159° 54'W August 5 Plankton, Water 0 
80 1° 48'N 159v 54'W Augu5t 5 PlanktLn1 -t•r 0 
81 1° 59'N 158'"' 44'W August 6 Fish Live bait 
82 4° 81 N 16o0 18'W August 9 Plankton 0 
83 5° 54'N 162" 17'W August 10 Fish Live bait 
84 7.) 41 N 161" 4o'W August 11 Planktcn 0 
85 11" 81 N 16o0 241W August 12 Pl&nkton 0 
86 14" Jl 'N 159° Jl 'W August 13 Plankton 0 
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Long-line gear was fished at 17 stations during the four 

cruises. sixty "baskets" of 6-hook, 180 to 210-fathom mainline 

gear with 16-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 950 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, SO-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. 



Table 2, F111h samples collected during oruie11s of the Charles !!• Giltert, throh through .hll,'USt 1 1962. 

Cruiaa Station 
r.o. no. re.te Yellowf1n Bi~eye Sk12.1aok ~rk Bl.a.ck narlin Flyi~ fish other fish 

55 l Mt.r. 28 l l 

.3 II 29 2 

56 7 Mt.y 2 
e II 

a 3 l 2 l 
11 II 6 5 
iG II 5 21 
20 11 6 20 l Sailfish (1) 1 Wahoo {l) 
25 11 7 2 l I 

co 
I 

57 -- June 10 2 
28 " 12 7 
,32 II 14 ., 1 4 l I 

aI 
11 15 10 2 ¥.6.Loo (1) 
11 16 2 2 

46 II 17 l 6 1 

59 58 July ,30 l 
61 Aug< 1 2 2 1 3 Wa.J.oo (1) 
65 11 2 2 3 1 1 Sailfish (1) 
69 11 

a l 1 l 

73 II 9 2 2 l 1 
77 II 5 9 3 2 l 1 1 Allaoore (l) 
81 II 6 2 
82 II 9 1 
8,3 " 10 3 

-:: ....... 
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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 the Isaacs-Kidd mid­

water trawl to depths of approximately 70 meters. In 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 

placed 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. In addition, a five-gallon, 

surf ace 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 nun in diameter with a pore size of 0.45µ to collect the 
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particulate matter suspended in the water. The filtrate was then 

carried through a standard sulfide precipitate procedure 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 tineaf collecti<J'l. 

The arrangement for the gamma spectrum analyses of the fish, 

plankton and water samples included a three-inch by three-inch 

sodium iodid.e 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_'_::.e-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 total nu~~er of specimens collected and analyzed. 



Ta.bh 3· Itl,.di0&ctiv1~y of nine ew.u:a-enitt1ne radionuolBes in 11gl:t w.nc.I dark muaola and liver or yellowfin tuna oolleote<l in tile vicinity 
of Cl.rtstr.a.a Ill.and, larch ti roueh Aueust, i9G2. V&J.ues exprease<l in p1ooaur1es per erw.i of wet tiuue at time of aolleot1on. 

Litf!:t r;usole I&rk ?1uole Liver 
l'it.rch ~· June Augu.•t Ml.y June August Mlroh f-)A.y ~. August 

P.a.J 1 or.uc lid ea 28 J-Z 12-1z 1-10 J-Z 12-17 1-lO ?.8 J-Z 12-1z 1-10 

fa.J..al40 Hean ---* 0.57 1.4 o. 91 4.1 1.1 3.0 --- o.88 2.0 2.0 
Flange --- 0.29.1.0 0.89-2.1 --- 0.77.11.0 0.35-1.8 i.n.5.1 --- o.43-2.1 0.31.3.1 0.79-4.8 
N ·** --- 50/4 27/3 26/1 50/4 25/4 26/7 --- 51/11 27/3 22/11 

~o Mean 4.o 4.1 3.7 4.o 3,6 3.1 3.2 3.2 2.7 2.9 2.9 
Pe.nee -- 3.1.5.9 1.8-4.6 2 .7.5.2 1.1-4.6 2.3-4.0 2.0-4.5 --- 1.3.5.0 1.0-5. 3 i.7-4.8 
No. 1/1 50/48 27/25 26/26 50149 25/25 26/26 1/1 51/51 27/24 22/22 

Co6o Mean --- 0.08 0.088 0.20 0.14 0.086 0.076 0.26 0.38 0.20 0.29 
Pange --- 0.033--0.050 0.066..{),13 0.19..{).23 0.058--0.30 0.042..{), 18 0.041-0.15 --- 0.056-1.2 0 .055--0. 34 0.087..{).62 
N, .• --- 50/9 27/3 26/6 50/22 25/15 2c:;15 1/1 51/50 27/25 22/22 

zn65 Mean --- 0.14 0.17 0.13 o.68 0.28 0.29 2.2 1. 2 0.90 1.3 I 
Pange --- 0.088-0.19 0.13-0.22 --- 0.29-0.91 0.15-0.70 o.14..{).46 --- 0.68-2.4 0.29-3.6 0.23.3.8 .... 
No. --- 50/3 27/4 26/1 50/8 25/9 26/16 1/1 51/51 27/24 22/22 "" I 

Zr-Nb95 M&&n --- 0.26 --- 0.25 2,4 0.10 0.14 --- 0.15 0.093 0.24 
~e --- --- --- 0.043..0.34 0.19.14.o 0.094-0.11 --- --- o.o43-0.39 0.062-0.39 0.095-0.65 
No. --- 50/l --- 2G/7 50/7 25/2 26/1 --- 51/25 27/'J 22/7 

Csl37 Mean --- 0.031 o.o4o 0.054 0.089 0.066 0.095 --- 0.12 0.084 0.12 
Pange --- --- 0.024-0.057 0.049-0.059 0.031-0.18 o.04o-0.12 0.059-0.12 --- 0.038-0.24 0.075-0.093 0.052-0.48 
Nl# --- 50/1 27/2 26/7 50/5 25/5 26/7 --- 51/28 27/3 22/10 

Ru103 Me&n --- 0.99 --- 1.3 2.4 --- --- --- 0.22 0.099 
flange --- 0.93.1.0 --- 1.2-1.6 0.15-4.2 --- --- --- 0.12..0.35 0.063-0 .14 
No. --- 50/2 --- 26/6 50/5 --- --- --- 51/3 27/2 

1131 Me&n --- --- --- 16.o 16.o 8.8 6.7 --- 0.81 0.27 8.5 
Pange --- --- --- 10.0-24.o o.44-32.0 --- --- --- 0.34-3.1 0.23-0.30 ---
No. --- --- --- 26/6 50/2 - 25/1 26/J --· 51/8 27/2 22/l 

co57 t1e&n --- 0.091 -- 0.029 0.066 0.026 0.030 0.14 0.14 0.11 0.094 
~;ge --- --- --- 0.022..Q,041 0.023..0.16 0.020-0.035 o.019..o.o42 --- 0.033-0.31 0.040..0.43 0.027..0.21 
No. --- 50/1 --- 26/6 50/17 25/6 26/10 1/1 51/50 27/20 22/19 

#lo activity e1enifio&ntly abova baol~round. 
>lol<Tote.l number of 88.lllples/number or sar.iplea 1ignificantly 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. 

Differences 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 

radioactivity. On the other hand, the levels of potassium-40 

in liver &amples 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 yellowf in 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 potassiurn-40 levelso 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 strontiurn-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 swmnarized 

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 8 the 

plankton organisms were not separated and the sample was labelled 



Tll.bls 4. Pe.dioa.etivity of nine ~-emitting radicnucl1de1 in dark ll1Wlcl1 of fish C',llected in the vicinity of ~ristrras Island, 
MLrch through August, 1962. Values expressed in p1ooeur1es per gram of vet tissue at time of c~llecti_n. 

Ra.dionuol1de Yellowf1n Dir;e~·e Skipjack HLrl in Wahoo Albacore Sailfish 

1--L&14o 

i(fo 

Co6o 

zn65 

Zr-Nb95 

cs137 

Pu103 

1131 

co57 

Mean* 
Pe.age* 
NJ•** 

Mean 
Pe.nge 
Nu. 

Mean 
~nge 
No. 

Mea.n 
Pe.nge 
No. 

Mean 
Pe.nge 
No. 

Mean 
11Lnge 
No. 

Mean 
Ftl.nge 
Nu. 

Mea.n 

~· No. 

Mean 
llt.nge 
Ho. 

2.7 
0.35-11.0 
107/15** 

J.4 
1.1-4.8 
107/105 

0.11 
0,041-0.30 
107/52 

0.38 
0.14-1.9 
107/33 

1.7 
0.094-14.o 
107/10 

0.085 
0.031-0.18 
107/17 

2.4 
0 .15-4.2 
107/5 

12.0 
o.44-31.0 
107/4 

0.048 
0.020-0.16 
107/33 

1.9 

21/1 

2.8 
1.8-4.3 
21/18 

0.12 
0.047-0.26 
21/7 

0.26 
0.11-0.45 
21/5 

0.39 
0.35-0.43 
21/2 

0.065 
0.056-0.074 
21/2 

1.6 

21/l 

19.0 

21/l 

0.039 
0.016..0.066 
21/7 

2.0 
1, 5-3,0 
16/3 

3.2 
2.7-4.6 
16/16 

0.10 
0.058.-0.15 
16/13 

0.28 
0.21-0.36 
lG/4 

0.23 
0.20-0.26 
16/2 

0.083 
0.059.-0.12 
16/3 

2.8 

16/l 

0.063 
o.0~9-0.049 
16/7 

---*** 

2.9 
1.6-5.0 
5/5 

0.37 

5/1 

0.29 
0.17-0.48 
5/4 

1.3 
0.58-2.l 
5/2 

0.15 

5/1 

2.0 

5/1 

23.0 

5/1 

0.044 
0.031-0.064 
5/ll 

4.7 
·--

2/l 

*I1ee.n and range of cnly those s&111ples vith values s1en1f1oantly greater tran the bacl-,ground count. 
**Total number of samplea/88.lllples s1gn1f1oa.ntly greater tran background oouut. 

***No activity signifi0&11tly greater than background count. 

3.1 

1/1 

0.055 

1/1 

o.48 

1/1 

4.2 

1/1 

0.14 

0/1 

1.1 

0/1 

7. 7 

0/1 

I 
~ 
U1 
I 



Table 5. Fadioactivity of nine ga.rma-emitting re.d1onucl1des in light musole of fi•h collected in the vicinity of Christl!as 
Isla.nd, N1.rch through August, 1962. Values expressed in p1Gc,cur1H per gre.m of wet tiSBue at time of collection. 

Flying 
Fadionuclide Yellowfin Diae:te SU~Jaok SJoark l&rlin filh \'111.hoo Albac_,re S&ilfish 

Ba-le.140 Mean* 0.91 1,2 2.0 ---*"'* 1.1 
Fe.l'\ge* • 29-2. l* 0.78-1.6 o.41-3.6 --- o.ao-1.3 
No.** 109/8** 21/3 18/2 --- 6/2 

i(lo Mean 3.9 3.9 J·5 3.5 3.3 .).6 4.7 .3· 6 J· 7 
lange 1. 8-5· 9 J.l-5.0 2.6-4.4 2.6-4.9 2.7-3.8 1.9-6.3 4.3-5.0 --- ---
No. 109/105 21/21 18/18 5/5 6/6 5/5 2/2 1/1 1/1 

Co6o Haan 0.12 0.13 0.10 0.19 0.038 
I1t.r.ge .033-.41 "035-.23 .053-.14 
No, 109/18 21/4 18/3 5/1 C/1 

zn65 Mae.n 0.15 0.21 0.24 -- --- 0.87 
Ra.nee .088-.23 --- 0.21-.28 
no. 109/8 21/l 18/3 --- --- 5/1 --- --- --- I 

Zr-Nb95 
I-' 

Mee.n 0.25 0.35 0.051 0.28 --- --- --- --- --- °' Pa.nge .043-.34 • 34-. 37 I --- ---
No. 109/8 21/2 18/1 5/1 

csl'.37 Mean 0.049 0.054 0.057 0.061 --- 0.12 0.088 
111.nge .024-.059 .032-.076 .049-.065 0.029..0..093 
No. 109/10 21/2 18/2 5/2 --- 5/1 2/1 

Rul0.3 Mean 1.2 1.5 --- 1.4 
Fe.nee • 93-1. 6 i.5-1.6 
No. 109/8 21/2 -- 5/1 

1131 
Mean 15. 19. - 21.0 1.5 
Fang• 10.-24. 18.0-20.0 
No. 109/6 21/2 --- 5/1 6/1 

Co57 Mee..n 0.038 0.034 --- 0.027 --- 0.092 
Ra.nge • 022-.091 .033-.035 --- .026-.029 --- ---
!lo. 109/7 21/2 --- 5/2 --- 5/1 

-
•Hean and range of only those sarnplea with values s1gn1f1oantly gree.ter than th• background count. 

**Total number cf samples/samples significantly greater than the t..ckground count. 
***No a.oit1v1ty s1gnif1oe.ntly gree.tel' than the ba.okground count. 



Table 6. 111.dioa.oti v1 ty of nine gamr:a-em1tt1ng rad1onuolidu 1n 11 ver of' fish oolleoted in the vioinity of Chrtstnae Island, 
M11.roh through August, 1962. Values expressed 1n piooouriea per gram of vet tissue at time of oollection. 

Ra.dionuol1de Yellowt'in B1ee~e SkiEJaek hrk Ml.rlin v•hoo Albs.core Se.1lf'ieh 

E\i.-1.e. 140 Mean* 1. 5 2.1 3.0 
Ra.nee• 0.31-4.8 1.0-3.1 1./-4.3 
No.** 106/25 20/5 14/2 

K4o Mean 2.8 3.0 3.1 2.0 2.2 3.4 1.4 2.4 
Range L0-5.3 2.3-4.2 2.0-4.2 1.6-2.4 1.4-3.1 2 .4-4.4 --- 1.5 
No. 106/103 20/18 14/14 7/6 6/6 313 1/1 1/1 

Co6o Mean 0.32 0.38 0.20 o.47 0.26 0.35 0.082 
F&t18• 0.055-1.2 0.17-0.78 0.14-0.25 0.18-0.76 0.063-0.68 0.30-0.44 
t!o. 106/103 20/18 14/9 7/6 6/6 3/3 1/1 

Zn65 Mean 1.2 0.71 1.1 0.33 0.56 3.9 o.47 
Pe.nge 0.23-3.8 0.29-2.9 0.30-1.B --- 0.,5-1.2 2.1-5.8 --- --- I 
No. 106/103 20/17 14/13 7/1 6/6 3/2 1/1 --- I-' 

-..J 

Zr-Nb95 0.16 0.36 
I 

Mean 0.073 --- 0.077 
P&nge 0.043-0.65 --- 0.15-0.99 --- ---
Ne-. 106/35 20/l iV6 --- 6/1 

c8137 Mean 0.12 0.060 0.17 --- 0.067 --- ---
19.l'lge 0.042..0.48 0.044-0.080 0.058-0.46 --- ---
No. 106/41 20/4 14/6 --- 6/1 

Ru103 Mean 0.17 --- 0.28 
?&nge 0.063-0.35 --- 0.24-0.33 
No. 106/5 --- 14/2 

!131 Mean o.66 --- i6.o 
&nge 0.23-3.1 
No. 106/10 --- 14/1 

co57 Man 0.12 0.12 0.071 0.16 0.083 0.13 0.030 
11a.nge 0.033..0.43 o.41-0.24 o.o46..o.12 0.068..0.29 0.032..0.25 0.092-0.19 ---
No. 106/95 20/17 14/5 7/6 6/6 3/3 1/1 

-
*Mean and l'llJ'lge of only those aamplea v1th w.luee signifioantly graa.ter than the bs.okground count. 

**Tot&l nl.ll!lber of samples/samples signifioantly greater th&n the 1-okground oo'l.Ult. 
***No aot1Tity significantly gr-.ter tl-an the bl.okground count. 
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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 sr90 units of wet 
no. collectiCl'I. 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 Yellowf in tuna Light muscle nsd* nsd 0.12 

73 8-4-62 Yellowf in tuna Light muscle nsd nsd 0.15 

61 8-1-62 Yellowf in tuna Dark muscle nsd nsd 0.24 

65 8-2-62 Yellowf in tuna Dark muscle 0.038±0.022 llo.±64. 0.34 

73 8-4-62 Yellowf in tuna Dark muscle 0.034±0.021 + 26.-16. 1.3 

61 8-1-62 Yellowf in tuna Liver 0.053±0.029 + 110.-63. 0.46 

65 8-2-62 Yellowf in tuna Liver nsd nsd 0.59 

*No significant data. 

I ..... 
00 
I 
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"unsorted" (Appendix Table 2) . "Unsorted" and "remainder" 

samples containe<l 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 zirconiwn-niobium-95 and 

cerium-141,144 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 ~est as 161°40'W. The radioactivity in the samples 

ranged from 1 to 687 pc/g dry weight for zirconiwn-niobium-95 

at station 53, 1 to 120 pc/g for ceriurn-141,144 at station 86 

and 1 to 29 pc/g for zinc-65 at station 28. 

,? 



500 
~ ~ L 

[J 

......... a • a 
~ 

,____ 

_t)-, 2 - 00 
~ 
~ 100 

C) 

' 50 
C) 

E: 
t:> 20 \..... 
~ 

\..... 10 Q) 

ct 
V) 
Q) 5 -\..... 
:'::) 
C) 
C) 2 . (.,) 
ct 

- a ~ M• J' 
a a 11 

>--

0 o 

~ 0 

' • 0 
o a 

I 0 :::J 
~ !- •all 

;::: 1,• o o~'a 
~ 0 t"I' 

- •Jee !::,,. I. o•1~ • r• ~ 
- I~ I - ~·· 
- • .tr "' -r:i u.. -

Bd:L!> 01 16 • D !l. • • ,. . ~ 
II .~ l~i I I 1111 I~ I 

I 30 
Mar. 

10 20 
April 

30 5 10 
May 

20 30 10 15 20 
June 

5 15 
July 

11 1111 1111 ! I ' 11 I : 11 

25 30 5 10 
Aug. 

Fig. 2. Radionuclides in plankton from the central Pacific, March-August, 1962. 
Comparison of Zn65 (triangles), zr95-.Nb95 (squares) and cel41,l44 (circles) 
in plankton based on date of collection. Open circles, squares and tri-
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angles indicate surface samples: solid figures indicate samples from 50 meters. 
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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 swmnarized 

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 the 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 

radioactivity (see Appendix Table 3). 

The radionuclides ruthenium-103, zirconium-niobium-95 0 

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 
Zn65 cel41,144 (meters) zr-~95 csl37 Rul03 

0 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 
Nwnber (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 
Nwnber (11/0) (11/ 4) (11/0) (11/4) (11/4) 

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

**Total nwnber of samples/samples significantly greater than the back­
ground count. 
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and water were analyzed for radioactivity. Of these, more 

than 500 showed some potassium-40 activity. The levels of 

radioactivity of potassium-40 averaged 3.4 and 2.8 pc/g of 

wet tissue for dark muscle of yellowf in and bigeye tun~ 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 muscle, respec­

tively; the values were based on the amount of stable potassium 

as determined by flame spectrophotometry. 

Flame spectrophotometry analyses of 10 samples of mi~ed 

light and dark muscle of yellowf in tuna, with an average po­

tassium-40 count of 3.48 pc/g wet weight, resulted in a count 

of 2.73 pc/gas 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 mad~, 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 yellowf in 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 potassiurn-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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Appendix Table 1. Common and scientific names of 
fish collected during the cruises 
of the Charles H,.. Gilbert. March 
through August, 1962. 

Common name Scientific name 

Albacore tuna Thunnus alalunqa 

Bigeye tuna Thunnus obesus 

Black marlin Makaira ampla 

Flying fish Cypselurus suttoni and 
Progonichth_ys albirnaculatus 

Sailfish Istiophorus orientalis 

Sharks Pterolamniops lonqirnanus, 
Isurus glaucus, Eulami~ 
floridanuse and Prionace 
glauca 

Skipjack tuna Katsuwonus pelamis 

Wahoo Acanthocybium solandri 

Yellowf in tuna Thunnus albacares 



Appand1JC Table 2, Fe.dionuclides in plankton collected 1n the v1c1n1ty of Christr.as Island during Operation Dor:iinic, 1962, lk,luee &nd the 95 per cent 
counting error expressed 1n picoouriee per gram of dry weight at time of collection. 

Vol. of Dry 
Sta. Depth \111.ter Type of weight r.-I.a Zr-Nb Ce 
!:~. ,_,...l!tl_ {n3} sa.r.1i:le {i;:l 140 KJ.fo Co-6o Zn-6~ 25 Ce-lJZ Ru-lOJ I-lJl Co-22 141-144 

1 (; --* Unsorted 1.015 nd** 50.b.,3. nd 29.±:J.6. nd nd nd nd nd nd 

2 0 -- " l.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 

4 0 -- II 1.146 nd nd nd nd nd nd nd nd nd nd 

5 0 11/7 II 8.40 nd 8.6±5.0 nd nd 2.$±1.1 nd 1.4±1.4 nd nd 2.71:2.0 

5 50 1054 II 14.38 nd 13.:±4.5 nd nd 1. ifu. 76 nd nd 62.:±48. nd nd 

,.. 
7J " - l..c.ntem f'l sl: 5.900 nd nd nd nd nd nd nd nd nd nd I 

I 
'7 l.3 -- Cruata.ooa }/.010 nd i7.±:i.2. nd nd 2.4±1.5 nd nd nd nd nd (\J 
I '-J 

0.740 
I 

7 7.3 -- Jellyfish nd nd nd nd nd nd nd nd nd nd 

7 n -- Rerraindor 0.510 nd nd nd nd nd nd nd ml nd nd 

9 50 1305 Unsorted 13.56 nd 14.:±4.7 nd nd 3. r-to. 85 nd l. 6±1.2 nd nd nd 

12 50 1564 " 12,38 nd 11.fs.9 nd nd ·2.o±:J..2 nd nd nd nd nd 

14 0 943 II 19.21 7.4±6.0 9.;'±2.9 nd l.Bfu.90 1.o±o.56 nd nd nd nd 2. s±:i. .1 

14 50 1267 II 18~74 nd 7.~.70 nd 1. 2±:!. .o l.6!o.37 nd nd nd nd 2.&ti.6 

15 73 -- l&ntern fish .3 .4-0o nd nd nd nd nd nd nd nd nd nd 

15 73 -- Crustacea 8.840 nd nd nd nd nd nd nd nd nd nd 

15 73 -- Jellyfish 2.56o nd nd nd nd nd nd nd nd nd nd 

*Volume of 'Water not measured 
**Deteoted activity is less than tvo sta.nda.r·I de'l/ic.tl%e of the net activity 
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Appendix Table 2, {continued) 

Vol. of Dry 
Sta.. Depth -water Type of weieht &.-Le. Zr-lib Ce 
r.o, (m) (m3) sa.nple (g) 140 K-4-0 Co-6o Zn-65 95 Ca-lJZ Ii.u-103 I-131 Co-57 141-144 

18 50 1975 Unsorted 19.88 nd 8.~.9 nd nd 2.~.32 nd o.4;±o.42 nd nd 2.6!o.76 

19*** ') 

19*** 0 

19*** 0 

19 

22 

50 

50 

23*** 0 

23*** 0 

23*** 0 

2~ 50 

2~ 50 

24*** 50 

24*** 50 

27 50 

30 50 

Jl"'** 50 

3' 100 

,5 100 

35 100 

35 100 

***Trawl 

106o 

1060 

l06o 

1596 

1778 

106o 

106o 

1060 

172.3 

1872 

1870 

2025 

l..&ntern fish 6,790 

Jellyfish 3.230 

Reminder 

Unsorted 

If 

18.22 

12.95 

13.16 

Le.ntel'!1 fish 8.820 

Jellyfish l.66o 

Rer:ainder 3.790 

Lantern fish o.490 

Crustaoea 1.300 

Jellyfish o.26o 

Re1.19.inder 0,930 

Unsorted 

II 

It 

" 

i5.54 

13.76o 

7.230 

7.080 

Lantern fish 1,310 

Crustacea 0.520 

Pyroaot?a 3.400 

nd nd 

nd nd 

nd 6.Bl:o.98 

12.±8.1 J.~.56 

nd nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

13.ni.82 

5.7:!4.5 

15.±7.7 

26.±11. 

31.±27. 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd nd 

nd nJ 

i.4:±b.62 nd 

17.±5.2 ncl 

nd 2.~.2 

nd nd 

nd nd 

nd nd 

nd nd 

nd nJ 

nd ml 

nd nd 

2.s±i.8 nd 

.5o±.45 nd 3.6b:i.90 

13.±i.6 

27.±2.7 

nd nd 

o. 9ttto. 97 nd 

nd nd nd 

8.2±s.8 nd nd 

nd 5.4±4.1 nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd 4.¢1.9 nd 

l.rlJ..2 nd nd 

nd nd nd 

nd nd nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

ncl 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd nd 724.:!:581. nd 

nd 

nd 

4.¢2.1 

6.i.±2.2 

ml 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

i.7±:1.6 
2.4±1.9 

12.±3.3 

6.2:!4.3 

nd 

38.±23. 

nd 

I 
N 
ro 
I 



Appendix Table 2, (oontinued) 

Vol. of Dry 
Sta. Depth water Type of wei;:;bt &-1..e. Zr-l!b 

(m) (i;iJ} S&tlJlle ___ Ltl_ ___ l~-- _ KJH> _Q!I~~- _ Z!i-65 __ _25 Cs-1.37 Ru-103 I-131 Co-57 no. 

35 100 

36 

36 

36 

36 

39 

39 

4o 

4o 

43 

44 

44 

45 

48 

49 

49 

50 

50 

50 

50 

51 

51 

0 

50 

50 

50 

50 

50 

0 

50 

50 

0 

50 

60 

50 

0 

50 

0 

0 

50 

50 

0 

0 

1488 

2014 

2014 

2014 

1452 

1452 

1814 

1205 

1223 

1792 

1067 

1271 

2155 

1016 

2149 

2149 

1868 

1868 

2272 

2272 

Sa.lps 

Crua+..aaea. 

Pyroaona 

Sa.lp 

RaLainder 

Jell;:: fish 

Ratr&inder 

Un1orted 

II 

" 
II 

" 
Pyrosor.a 

Unsortad 

11 

Jellyfish 

II 

Rana ind er 

11 

Jellyfish 

Lantern fish 

Ror:ainder 

0.670 

20.610 

2.410 

36.36 

14.270 

3.420 

6.310 

3.700 

11.670 

4.410 

v.64o 

8.450 

4.450 

4.3&l 

6.300 

5.700 

1.200 

19.000 

4.210 

6.020 

2.467 

4.011 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

ll<l 

nd 

10.:b+.4 

24.±i7. 

16.±?.5 

7.¢6.3 

il1.:..t::i.2. 

10.±c.6 

nd 

lG.±5. 7 

nd 

13.:b+. 9 

11.±G.7 

nd 

12.±/7,o 

nd 

10.±o.97 

nd 

9.6!1-i.3 

nd 

nd 

nd 

nd 

nd 

l.i±o.ln 

nd 

nd 

nd 

1. ;.±:i.1 

nd 

2 .o:l."1. 7 

nd 

nd 

ltd 

nd 

nd 

o.79i:o.69 

1,)±Lo 

nd 

nd 

0 • 77±o • 4o 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

9.Ctti.1 

nd 

4.;!-V.49 

3.)±i.4 

1).2'4,9 

;.4.i.1.6 

3.2±1.7 

21.±i.4 

nd 

nd 

1. c:b. .2 

3· c±3.1 nd 

nd 

3.n±:z.1 

nd 

nd 

nd 

nd 

5.¢;.o 

12.±6.6 

8.ct6.4 

4.6±i.4 

4.o±i.o 

i.¢.1 

nd 

5.1~.99 

14.±G. 8 

nd 

13.±12. 

1(8.±is. 

nd 

ntl 

nd 

0.2¢0.20 

nd 

nd 

16.±il, nd 

nd nd 

7.¢4.7 nd 

o.77±o. 61 nd 

nd ntl 

nd nd 

nd nd nd 

nd 3.2±2.0 nd 

o.6i±o.49 nd nd 

ncl 

nd 

nd 

nd 

nd 

1. .;!:, 90 

nd 

nd 

nd 

o.77±o.61 

nd 

nd 

rrl 

nd 

nd 

nd 

nd 

nd 

2.¢1..2 
l.Ctti.2 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

l. ;.ti .o 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

tid 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

Ce 
141-144 

112.:bn. 

9.4±1.9 

nd 

4.¢1.o 

3.Gb.6 

12.±5.7 

5.4±3. 6 

18.!/ .6 

.3· 2±2 .4 

7.8±4.6 

nd 

4.¢2.7 

nd 

nd 

20.:b+.5 

4.4±o.92 

nd 

7. 2±i.8 

7.siJ.+.4 

nd 

9.4±8.7 

i3.±9.1 

I 
N 
\0 
I 



Appendix Table 2. (oontii;ued) 

Vol. of Dry 
Sta. Depth w.ter Type of weight !11.-1& Zr-Nb Ce 
no. (m) (mJ) sanple (g) 140 KJ+o Co-60 Zn-65 25 C1-137 Ru-103 I-131 Co-57 141-144 

52 O 1789 lantern fiah 0.801 nd nd nd nd 186.:!46. nd nd nd nd ;12.±24 • 

52 

5.3 

53 

54 

54 

55 

5~ 

55 

55 

55 

56 

56 

)6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

5~ 50 

5~'* 50 

5~ 50 

58 

58 

58 

58 

0 

0 

0 

5<J 

1789 Renainder 1.336 

1838 Lantern fish 1.244 

1838 Re!l1P.inder 0.959 

1551 lantern fish 2,547 

1551 Re!l1P.inder .3·592 

2293 L&ntem fish 3.307 

2293 

2293 

II 

Pyros or.a 

0.893 

0.727 

22 93 Sa.lpa O .lf70 

2293 Renainder 5.281 

2310 lantern fish 3.174 

2310 Pyroso~ 4.87 

2310 Reuainder 12.4o6 

1482 

1482 

14e2 

2292 

2292 

2292 

2011 

lantern fish o.431 

Siphonophorea 0.532 

Rerre.ind(;lr 13.918 

Lantern fish 9.636 

Jellyfish 1.586 

Renainder l0.75.3 

Pyrosona 0.518 

nd nd nd nd 

nd nd nd 12.:!.11. 

nd nd nd nd 

nd nd nd 7.i±6.8 

nd nd nd nd 

nd nd nd nd 

nd nd nd nd 

nd nd nd nd 

nd nd nd nd 

nd nd nd nd 

nd 18.±9.8 nd nd 

nd nd nd nd 

nd 7.2±7.0 nd nd 

nd nd 13.±8.6 nd 

nd nd nd nd 

nd 6.,3±5.7 o.7~.54 nd 

nd 7,7f6.o nd nd 

nd nd nd nd 

nd nd nd nd 

nd nd nd nd 

77.±28. 

28.±17. 

687.±32. 

nd 

133.±:i.7. 

131.±:i.7. 

62.±22. 

.370.±34. 

nd 

nd 

4.4±2.5 

nd 

l.a±:i..7 

nd 

,.6±2.a 
3.,3±3.1 

nd nd 

96.±76. nd 

ia7.±B9. nd 

nd nd 

nd nd 

nd nd 

nd nd 

270.±:i.10. nd 

1500.±95, nd nd nd 

360.±24. nd nd nd 

nd nd nd nd 

22.±3.9 0.5/±o.52 nd nd 

78.±3.0 l.o±o.83 nd nd 

nd nd 48.±36. nd 

nd 

22.±i.9 

nd 

5.i.±5.0 

11.±i.6 

nd 

nd 

ud 

nd 

nd 

nd 

nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

.35.±15. 

15.±14. 

104.±17. 

nd 

24.±11. 

19.±i.4. 

nd 

E4.±2o • 

150.±43. 

30.±i.o. 

nd 

6.7f3.4 

14.:!4.3 

nd 

nd 

4.ob.6 

nd 

nd 

6. 2±3.3 

nd 

I 
w 
0 
I 



ft pp end ix Ta.bl e 2. ( oont inued) 

Vol. of Dry 
Sta.. Depth water Type of weight Ba-la Zr-Nb Ce 
no. {m) (m3) B&lllPle {al 140 K-4o Co-6o Zn-65 95 Cs-137 Ru-103 I-131 C0-57 141-144 

58 50 2011 Reminder J.8.11 nd 12.±4.7 nd nd 5.s:IJ,.o nd nd nd nd 5.7-b.1 

60 

6o 

6o 

63 

64 

0 

0 

50 

50 

0 

64 0 

64 0 

64••• 50 

64>1<** 50 

67 

68 

GB 

68 

71 

72 

72 

72 

72 

72 

75 

~o 

0 

0 

50 

50 

0 

0 

0 

50 

50 

50 

1570 

1570 

1705 

1194 

1941 

1941 

1941 

2064 

2064 

1414 

1083 

1083 

lo46 

1165 

2151 

2151 

2151 

2164 

2164 

1549 

f.a.ntem fish 0.967 

Renainder 7.579 

II ll ,078 

Unsorted 5.617 

Lantern fish 5.941 

JeHyfiah 

Re1111.inder 

Jellyfilh 

Rena ind er 

Unsorted 

lantern fish 

Rel!ll.inder 

Unsc;rted 

II 

Jellyfi.sh 

Reminder 

lantem fish 

Pyrosc;rra 

Rerm.inder 

Unsorted 

i.034 

4.868 

0.326 

11.51 

4.386 

o.458 

6.58 

5.8o4 

3.542 

0.210 

6.213 

19.90 

6.01 

12.109 

7.o43 

nd nd nd nd 

nd nd nd nd 

nd 15.±3.6 o.64±o.41 nd 

nd nd nd nd 

nd nd nd nd 

nd nd nd nd 

nd nd nd nd 

nd nd nd nd 

66.±,5. l0.±6.9 nd nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

13.±i.2. 

nd 

nd 

nd 

nd 

14.±4.3 

lo.±/.o 

nd 

nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd 2.4±2.0 

nd nd 

nd nd 

6.2±2.0 nd 

25.±o.96 nd 

2.¢2.4 nd 

nd nd 

11.~.6 

16.±2.3 

_38.±21. 

12.±i..6 

17.±3.6 

nd 

32 .:b.9 

.36o.±i5. 

.9.o±3.2 

nd 

13.::b .4 

nd 

2.3 ±i..3 

4.7±i.3 

13.±2.1 

nd 

1. )±o. 9.3 

nd 

nd 

nd 

11.±J.L 

nd 

nd 

nd 

nd 

l.o±o.96 

nd 

nd 

nd 

i.¢o.88 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

6.1±4.2 

8.L±l..9 

nd 

nd 

31.±J.2. 

4.8!).6 

nd 

6.2±3.1 

12.±/.5 

94.±33. 

9.2~.o 

n.±,.4 

7.&!:6.5 

nd 

9.ats.1 

nd 

2.¢2.9 

6.6±2.9 

5._3±4.5 

I 
w ..... 
I 



Appendix Table 2. (continued) 

Vol. of Dry 
Sta. Depth 'Water Type of weight &-I.& Zr-11b Ce 
no. (m) (:n3) sample (g) 14o K.Jw Co-60 Zn-65 95 Cs-137 Ru-103 I-131 Co·57 14l-lli4 

76 

76 

76 

76 

79 

80 

80 

80 

80 

82 

82 

82 

82 

84 

84 

84 

85 

86 

86 

0 

0 

0 

50 

50 

0 

0 

0 

50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1)1.3 

1)1.3 

Le.nteM'l fish 3.221. 

Pyro1oaa 2.6o2 

1.31.3 Rena ind er 6.276 

1192 Unsorted 10.026 

142) II 9.66o 

1086 lantern fieh 2.480 

1086 Pyroaona 

1086 Reoainder 

1439 Unsorted 

2.751 

8.114 

10.856 

2153 

2153 

Le.nteM'l fish 0.737 

Jellyfish 1.023 

215.3 PyrosoLB 5.41 

215.3 Reaainder 5.151 

2296 l.antern fish 0.873 

2296 Jell.7f1sh 0.383 

2296 Reaainder 4.095 

2611 Unsorted 3.130 

1969 Lantern fi1h 0.964 

1969 Reaainder o.488 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

15.±11. 

nd 

nd 

nd 

14.±6.; 

nd 

nd 

19.±a.2 

8. 6±7.1 
nd 

nd 

12.±.7.7 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd nd 

nd nd 

nd nd 

i.i±o.74 nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd nd 

nd 

nd 

,3.:rb.1 

2.6ti.4 

76.±z.4 

nd 

nd 

13.±i.8 

22.±z.1 

nd 

1.¢.l.7 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd nd 250.±36. 7.2±3.8 

4.214.o 

nd 

i.a±J.. 6 

nd 

nd 

l.8±J..5 

2.:rb.4 

,3.6±2.6 

14.±9.2 

nd 

nd 

5200 .±i4o. nd 

12.~.5 nd 

7,6i],2 6o.±i5. 

nd 49.±34, 

nd 210.±.50. 

11.±6.0 430.±20. 

nd 110.±23. 

nd 23.±22, 

nd 36o.~9. 

nd 

nd 

nd 

2.7-±:i.5 

nd 

nd 

nd 

nd nd nd 

nd nd nd 

nd 380.±350, nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd 290.±270. nd 

3.6±2.8 nd nd 

nd nd nd 

300.±110. nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

290.±i50. nd nd 

nd nd nd 

nd nd nd 

nd nd nd 

210.±190. nd nd 

6.o±.5.1 

nd 

11.±5.0 

4.¢3.1 

14.±2.9 

nd 

8.1±6.o 

11.~.o 

8.8±3.3 

100.±25. 

46o.±39. 

nd 

16.±9.1 

28.±21. 

77.±37. 

64.:b.o. 

li4.±i4. 

17.±15. 

120.~9. 

I 
w 
N 
I 

····-·---· 
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Appendix Ta.ble J. Clamlla-emittin8 ra.dionuclides in particulate and soluble fra.otiona of saa 118.ter 
collected in_the vicinity of Chr1stnas Iala.nd, ~11,.y through A~t, 1962. '111.lues 
expressed in picocuriea per liter at time of collection plua or minus the 95 
per cwt counting error. 

Station znl5 Zr-Ilb95 calJ7 Ru103 0.141,144 Other 
and date Depth Pa.rt. SoL Pa.rt. Sol. Pa.rt. 5ol. Pa.rt. Sol. fti.rt. Sol. Pa.rt. Sol. 

6 Om. 1¢ J.o± 4.o± 1¢ 
5-2-62 10 3.0 2.0 13 

25 m. no± 4oo± 2¢: 
49 28o 17 

50 m. no± 3¢ 
'Tl 22 

100 m. 5_¢ 8¢ 
51 76 

JOO m. 

10 O m. 96±: l.o± 11± J.JU± 12± 
5-J-62 27 1.0 2.0 170 6.o 

25 111. 9.o± 
7.0 

50 m. no± i5o± 31± 
4-0 120 20 

100 m. 59o± ii± 27o.± 
200 n 89 

JOO m. 

lJ O m. 4.o± 5¢ 12± J.o± 24± 
5~-62 J.O 17 10 2.0 11 

25 m. lBo.± 32o± 12o± 
170 290 77 

50 m. 9.o± 
8.o 

100 m. 15o± 14-0± 
120 55 

JOO r:1. 10o± 
Bo 

17 0 n. 46± *0.19¢ 
5-5-62 17 0.034 

**7·o±: 
4.o 

25 r.;. 7¢ 
71 

*Sr90 
**Co6o 
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Appendix Table ,. (oontinued) 

Station 1.1165 Zr-Nb95 ca137 Ru103 c.141,144 Other 

&Dl1 -~· De~ Je.rS. Sol. .!Vt. Sol. IV;.. Sol. a.rt. Sol • .tart. SOl • 1"rt;. so1. 

17 50 11. 1.o± 5.o± 
5-5-62 1.0 3.0 

100 m. 2:¢ Bi± 
22 69 

.300 m. .3so± 
.300 

21 0 llu 4ltt ,&t 46!: 7.o± l.'¢ 
5-6-62 8.o 14 44 ,3.0 6.o 

25 m. leo± 92± 
150 68 

50 m. .311-0± sso± 
120 700 

100 m. ,6o± 
.310 

.300 m. 

26 O m. 5.o± 5)± J¢ 
5-7-62 5.0 36 20 

·25 m. 

50 m. noo± 7¢ 
76o 74 

100 rn. 

)00 m. .38o± 14oo± .3¢ 
120 750 30 

29. O m. 7i.± 
6-12-62 S6 

25 m. 

SO m. 27± 5¢ 91± 
20 46 70 

loo m. 9e± 
71 

JOO m. 32± 24o± 
27 81 

34 o m. 4.o± **2.o± 
6-14-62 )uO l.O 

25 m. 

so t:l. 18o± 
170 
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Appendix Tabla J• ( oont inued) 

Station Zn65 Zr-Nb95 csl37 nulOJ c.141,144 Other 
and date De Eth Part. Sol. Part. Sol. · 11Lrt. Sol. &rt. Sol. Part. Sol. Fa.rt. Sol. 

J4 100 Cl. isc± 
6-14-62 98 

JOO m. 36o± 
200 

38 O m. 7.e>± 3.e>± 7.e>± *O.oyd: 
5-16-62 4.o 2.0 6.o 0.023 

25 m. 28± 26± 38± 
24 2.3 .3.3 

50 m. 22e>± 
16o 

100 m. J4o± 7.o± Boo± 12o± 
79 6.o 36o 44 

JOO c. 51C>± 45e>± 12o± 
91 .370 .39 

42 O m. is± 
6-16-62 11 

25 m. 2i± 12e>± ne>± 78o± Ja± 10c± 
20 46 16o 550 24 100 

50 rn. Jrl 17e>± 
JO 140 

100 m. 

.300 r.i. ioo± 
69 

47 O m. ;.o± l.o± 
6-17..62 2.0 1.0 

25 m. 

50 m:. 

100 m. 24± ioe>± 
19 47 

JOO .n. 57± 
27 

56 0 m. 74:t >1().057 
7-29-62 19 0.036 

5'7 0 mo 6oo± iii± 22± 2o± 
7-J0-62 6.o 7.0 15 8.o 

58 O m. 5.o± le>± 9.o± 
7-J0-62 ;.o 6.o ;.o 
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Appendix Tabla 3• {continued) 

Sta.ti on zn65 Zr-t~5 c.ir Rul03 c.141,144 Other 
and date DeJ;?th RI.rt. Sol. Fla.rt. Sol. Flt.rt. Sol. Pa.rt. Sol. P&rt. Sol. Fart. Sol. 

59 o m. 2J± 2¢ 16± 
7-31-62 4.o 9.0 6.o 

60 0 m. 4o± l.o± ¢ 3i± 
7-31-62 4.o 1.0 9.0 5.0 

62 50 r.i. 26±. 
8-1-62 23 

200 m. 2jt 
4.o 

63 O m. 6.o± 41± 9.o± >l().o42± 
7-31-62 3.0 23 4.o 0.025 

64 0 m. 7.o± i.o± 2.o± 
8-1-62 6.o 1.0 1.0 

66 50 m. 1¢: 2J± •1.o± 
B-2-62 10 11 1.0 

200 r.i. l.o± 9.o± 
1.0 8.o 

68 0 ::i. 

8-2-62 

70 50 r.. 3i± 2¢ 
B-3~-62 12 13 

93 mo 7.o± 
4.o 

71 O m. 6.o± >1().056± 
8-3-62 6.o 0.023 

72 O m. 9.o± 
8-3-62 600 

74 50 m. 4.o± 16± 4.o± 
8-4-62 4.o 15 3.0 

131 m. ljt 
12 

75 0 m. 2.o± 8.o± 4.o± 
8-4-62 1.0 6.o 3.0 

76 0 f!I. 

8.J+-62 



Appendix Table .3· (eontinued) 

Station 
and date Depth 

78 O m. 
8-5-62 

107 m. 

Zn65 
Part. Sol. 

Zr-mi95 
Part. S:,l. 

-37-

CslJ7 
Part. Sol. 

RulOJ 
Part. Sol. 

Ce.141,144 

&rt. Sol. 

,3.c± 
J.O 

other 
Part. Sol. 

lfl*l.o± 
1.0 


