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ABSTRACT

An investigation of the radioactive contamination of the water and
marine organisms in and near the Eniwetok Test Site was conducted
during May 1958, shortly before and immediately following an under-
water nuclear detonation. At the end of three and one-half days the
boundaries of the radioactive water mass extended beyond the survey
area, 50 miles to the west of Eniwetok Atoll, and to a depth of at least
300 meters. The plankton contained high levels of Np239, Mo99-
Tcggm, Tel32-1132 ang U237, Also present in lower amounts were
Cel4l-prl4dl Rul03_Rn103 Ba140-1:.a140, Zr95-Nb95, and Cel44-
pri4é Rul(.).G—Rh108 and Ru105—Rh105 were detected once in each
of two samples,

Whole fish samples contained essentially the same radioisotopes
as the plankton. Shrimp and squid contained high levels of Np239

and Tel32-1132 pyt no detectable Mo29-Tc99m
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DISTRIBUTION OF RADIOACTIVITY IN SEA WATER AND MARINE
ORGANISMS FOLLOWING AN UNDERWATER NUCLEAR
DETONATION AT THE ENIWETOK TEST SITE IN 13858

INTRODUCTION
(3) (2, 14)
Studies were made by the United States in 1955 and 1956
(10) (17)

and by Japan in 1954 and 1956 to determine the extent of the re-
sidual radioactive contamination in the western Pacific Ocean resulting
from the nuclear tests at the Eniwetok Test Site. These studies were
concerned with radioactive fallout material produced by the detonation
of nuclear devices on land or in very shallow water.

The present investigation was conducted during the 1958 test series
(Hardtack) and was designed primarily to determine the uptake of the
short-lived isotopes by marine organisms and to outline the mass of
radioactive water immediately following the underwater detonation of a
nuclear device (Wahoo)

The survey was divided into two bhases; the first, a predetonation
survey, was designed tfo evaluate the radioactivity contributed by the
earlier tests of the series; the second, a post detonation survey,
covered the four-day period immediately following the Wahoo detonation.

The Hydrographic Office of the U S. Navy assigned the USS
Rehoboth (AGS-50) to assist the Office of Naval Research in a research

. 1&\7'\?‘5
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program related to the Wahoo event. The Atomic Energy Commission
supplied part of the funds for the operational cost of the' Rehoboth and

in return the Rehoboth was made available for use by the University of
Washington Laboratory of Radiation Biology, an AEC contractor, for
the period May 3, 1958 to May 20, 1958, to conduct a radiobiological
survey.

Eight U. S. Navy Hydrographic Office personnel, under the di-
rection of Mr. Alfred W. Anderson, made oceanographic surveys dur-
ing both phases of the investigation and provided the authors with the
water samples from four locations for measurement of radioactivity.

A radiation monitoring team from the Radiation Technical Division
of the Naval Medical Research Insti.tute, under the direction of L.

J. W Duckworth, measured the radioactivity of water at the surface,
at the intake to the ship's evaporators, and at designated depths from
the surface down to 600 feet. The surface measurements were made
with a survey meter and the measurements of the inflow water to the
evaporators were made with a specially designed ion-chamber that
was fitted around the intake line. For measurements at depth a gamma
scintillation-type probe with a continuous recording device was used.
The probe was a modified "well-logging" type provided by the AEC
Health and Safety Laboratory, New York Operations Office. A report
of these measurements is being prepared for publication by the Naval

Medical Research Institute.



The measurement of radioactivity of the surface water (initial
radiation survey) was conducted with the assistance of personnel from
the Laboratory of Radiation Biology (University of Washingtop) and from
the Radiation Safety Section of the Los Alamos Scientific Laboratory
under the direction of Maj. Gordon Jacks.

The radiobiological survey extended from 10° 56' N to 11° 25' N
and from 161° 16' E to 162° 10! E, the area southwest of Eniwetok
Atoll (Fig. 1). The survey included thirty-five plankton stations and
four water stations. Eight mid-water trawl collections also were made
during the period. Details of these collections describing location,
depth of sample, temperature, and depth of thermocline are given in
Table 1 and Appendix Tables A, B, and C, and the locations of the
stations are shown in Figures 1, 2, and 3. Details of the work aboard
ship and the methods of collection were similar to those  described by

(2) (14)
Donaldson et al.  and Seymour et al.

MATERIALS AND METHODS

Plankton
Plankton samples were collected with a 1/2-meter plankton net of
No. 6 mesh while the ship was drifting at a rate of approximately 0.5

to 1.8 knots per hour. The net, hauled by a 3/16-inch wire cable on a



Table 1. Gross beta activity and temperature of the water obtained
with Nansen casts. Values expressed in d/m/1 in the
particulate matter and in the water (filterable portion less
K40 at time of collection.

a/m/1**
Sample Depth Temp. Particulate
Station no. (meters) °C matter***  Water Total
H-7 106 0 27.82 120 7,400 7,520
Collected 107 8 (27. 84)* 170 600 770
5/5/58 108 16 27, 81 0 9, 000 9, 000
1408 109 24 27.81 0 0 0
11°21.8' N; 110 39 27,77 0 850 850
162°09. 1'E 111 59 27.77 0 0 0
112 79 26. 69 0 0 0
113 119 24,68 0 0 0
114 160 17.85 0 0 0
115 201 13.21 0 0 0
116 244 11,07 0 0 0
117 337 ( 9.70)* 0 0 0
118 334 10,04 0 0 0
119 416 ( 9.51)% 0 0 0
120 501 8.17 0 0 0
121 586 7.22 0 0 0
122 675 6.27 0 0 0
123 857 5.12 0 0 0
124 1039 4,15 0 0 0
w-1 513 0 27,66 64, 000 160, 000 224, 000
Collected 514 5 27.69 62, 000 120, 000 182,000
5/16/58 515 25 27. 69 10, 000 73,000 83, 000
1910 516 50 27,58 22, 000 30, 000 52, 000
11°19.3'N; 517 100 26.76 3, 800 22,000 25, 800
162°09.4'E 518 200 15.79 1, 900 30, 000 31, 900
519 300 10.71 3,100 (lost)
% Doubtful.
*¥ Correction factor for self absorption based on K40,
%%k >0, 45u. .
’ ARCIIIVES,
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bathythermograph (BT) winch, was lowered rapidly to the desired depth,
towed at this depth for designated periods varying from 15 to 125 minutes,
and then raised rapidly to deck level. Haul depths from the surface to
457 meters were determined by the use of a BT. The volume of the
sample was determined volumetrically by allowing the sample to settle
for five minutes in a graduate cylinder. Details of the plankton hauls
are given in Appendix Table A.

In order to direct the movement of the ship while attempting to de-

lineate the mass of radioactive water produced by the Wahoo detonation,

d - PDOY Ol O ) 1 d O AITIP1E afiad U 7= wd e UUuy d

Millipore filter disc 47 mm in diameter (pore size 0. 45u), and the total
gamma activity of the plankton was determined immediately on the wet
sample. Later, at the Eniwetok Marine Biological Liaboratory on Parry
Island, the gross beta activity of the sample was determined on the
dried material,

In some samples the plankion were separated into 'large' and
“"small" plankton. The sample was first filtered through a bronze
screen 2-3/4 inches in diameter with a mesh of 99 to the inch (large
plankton), and then through a Millipore filter disc with a pore size of
0.45u (small plankton).

For the determination of gross beta activity,a portion of each sample
was placed on a 1-1/2-inch stainless steel planchet, dried under infrared

lamps, and counted aboard ship. The beta-counting equipment consisted
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of an end-window counter with a 2-inch Anton t;lbe in 2 3-inch Anton
shield and a Nuclear-Chicago Model 181 scaler. The correction factors
for geometry, self-absorption, backscatter, and decay used to convert
c/m to d/m/g of wet tissue at time of collection are included in Appendix
Tables D to H.

The samples for total gamxﬁa counting were placed in pliofilm bags
and counted in a single-channel, 50-position, automatic-advance spec-
trometer with a 2-inch well-type sodium iodide crystal. Samples coh-
taining significant amounts of gamma activity were analyzed to determine
the energies of the radionuclides present. Samples containing detectable
amounts of beta activity were recounted at frequent intervals to de-
termine radioactive decay.

Because of the difficulties of weighing samples aboard ship, the
weights were determined at the Eniwetok Marine Biological Laboratory.

The radiochemical composition of nine samples was determined by

ion-exchange techniques.

Fish

A mid-water trawl of the Isaacs-Kidd type with a spread of six
(1)
feet . was used to collect fish and macroplankton from depths of 14
to 365 meters. Trawl hauls were made at speeds of 4 to 5 knots

and for periods of 35 to 147 minutes. A deep-sea, steam-powered

anchor-winch was used for streaming the trawl with a 1/2-inch
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wire cable. The maximum tension obtained during the deepest trawl was
approximately 6, 000 pounds as measured by a dynamometer. The aver-
age tensiqn while trawling was approximately 3, 500 pounds. Details of
each trawl haul are given in Appendix Table B.

After the small fish, shrimp, and miscellaneous plankton were sepa-
rated, portions of each of these were placed on planchets for beta counting
and in pliofilm bags for gamma counting. Radiochemical analyses were

made of six samples by ion-exchange techniques.

Water

Four series of water samples, one before and three following - the
Wahoo detori:cltion, were obtained from casts with Nansen bottles made by
personnel of the U. S. Navy Hydrographic Office. The last three series
consisted of seven samples obtained from depths of 0 to 300 meters,
whereas the first series consisted of nineteen samples from depths of 0
to 1, 039 meters. Details of each sample are given in Table 1.

Five hundred ml of water were passed through a‘ Millipore filter
47 mm in diameter and with a pore size of 0. 45u to collect the particu-
late matter present in the water. The filter paper was placed on a 1- 1/2-
inch stainless steel planchet, dried, and dissolved with acetone, then
counted for total beta activity. Four ml of saturated sodium carbonate
were added to 80 ml of the filtrate, and the cérbonate precipitate was
collected on a second Millipore filter paper and counted for beta activity.
Naturally occurring K40, normally present in sea water to the extent of

HOT ARCHIVES
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about 660 d/m/1 (beta), re:iains in the filtrate by this method. Radio-
cesium also remains in the filtrate; however, it accounts for less than

(3)

one per cent of the total disintegration rate at the time of collection .

Gamma. radiation survey of surface water

The gamma radiation measurements of the surface water immedi-
ately following the Wahoo test were obtained with U. S. Navy survey
meters (AN/PDR-27C and AN/PDR-43(XiN-2)) by three-man teams
stationed on the bow of the ship. The readings were relayed to the
bridge by telephone at frequent intervals and plotted with the posi-
tions of the ship during the survey. The ship was maneuvered to fol-

low a 10 mr/hr surface radiation field (Fig. 4).

Radiochemical analyses of the samples

Radiochemical analyses by ion-exchange techniques were made of
sixteen samples including plankton, fish, shrimp, and squid. The
samples were wet-ashed with concentrated HNO3 and superoxol and dis-
solved in 0. 2N HCL. The samples were then passed through 0.28 cm? x
10-cm columns cpntaining Dowex-50% (100 -200 mesh), and the radioiso-
topes were eluted with 50 ml of the following reagénts: 0. 5 per cent ox-
alic acid and 5 per cent ammonium citrate at pH 3, pH 4, and pH 6. 5(?)

Aliquots of the collected fractions were counted for total gamma activity,

and the fractions with significant amounts of gamma radioactivity were

% ~ AnCHIVES
Available from Dow Chemical Co., Midland, Michigan, PO e
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most part was in a soluble form. Five and one-half hours after deto-
nation, radioactivity was present at all depths sampled and the
amounts of radioactivity were much higher than those found one and
three-quarter miles southwest of target zero. The particulate matter
suspended in the water accounted for 6 to 40 per cent of the gross beta
activity. Twenty-seven hours after detonation, four miles due west of
target zero, the measured amounts of beta radioactivity in the water

were approximately the same. At W 1 48, at target zero, the greatest
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Table 2, Radioactivity of the plankton.
of gross beta activity and ¢/m/cc of total gamma activity

at time of collection,

Values expresced as d/m/g

R adioactivity

Gross beta activity = Gamma activity

Sample Collected 10° d/m/g of 106 ¢/m/cc of

no. Date Hour dry plankton* wet plankton

P-1 5/4/58 1540 0.000374

P-2 " 1945 0,.000854

P-3 5/5 1423 0.000346

P-4 " 1950 0.000434

P-6 5/6 1615 292.0

P-17 " 19853 53.2

P-8 5/17 1427 11.3

P-9 " 1637 4,06

P-10 5/8 1845 8.58

P-11 5/9 1225 0.424

P-12 5/10 1300 0.00244

P-13 5/16 1609 32.2

P-14 " 1907 257

P-15 5/17 1015 4,76

P-16 " 1405 10.3

P-17 " 1705 96.2

P-18 " 2140 17.4

P-19 5/18 1040 25.2

P-20 " 1830 15.5

P-21 " 2304 33.7

P-22 5/19 0858 18.6 0.200

P-23 i 1000 46. 6 0. 166

P-24 " 1100 3.60 0.182

P-25 Y 1230 0.286

P-26 " 1352 0,220

P-27 " 1814 7.66 0.100

P-28 " 1935 12,1 0.125

P-29 " 2004 27.4 0,080

P-30 5/20 0101 7.52 0.0182

P-31 " 0145 6.93 0.0129

P-32 " 0400 0.0222

P-33 " 0617 3.18 0.0432

P-34 " 0855 0.0344

P-35 " 1510 0.0480

P-36 5/26 0945 2.30 . 1?5

RN Re

ol

*Correction factor for self-absorption based on K40

\‘\,O?" '
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Table 4. Sr90 in samples collected aboard the USS Rchoboth May 6
to May 20, 1958. Analyses made January 21, 1959. Values
expressed as d/m/g of dry weight at time of collection.
Gross beta sro0
Date of activity sr90 per cent of gross
Sample collection 109 d/m/g d/m/g  beta activity
P-6 Large plankton 5-6-58 290 2050 0. 00070
P-7 " " " 55 12 0.00002
P-8 " " 5-7 11 0 0
P_g 1" 1" 1 4. 0 0 O
P-10 " " 5-8 8.6 0 0
P-12 " " 5-10 0.0024 0 0
P-13 " " 5-16 32 6.0
P-13) Small plankton "
P_15) 1" 1 5_ 17 44.0 415 0.00090
P-15 Large plankton 5-17 4.8 1710 0.04000
P-16 " " " 10 441 0.00400
P-17 " " " 96 2286 0.00020
P-18 " " " 17 3280 0.02000
P-25) " " 5-19 -
P-26) " " y 54 705 0.00010
P-34) N iy 5-20 8.9 1030 0. 01000
P'35) 18] 1] t
-7 Shrimp 5-18 3.2 0 0
S
<
s



~26~

Table 5. Gross beta radioactivity of the organisms collected

in the mid-water trawls.

of dry weight at time of collection.

Values expressed as d/m/g

Maximum
Sample depth Type of
no. (meters) organism d/m/g
T-1 180 Shrimp Background**
Plankton Background¥*
T-2 180 Miscellaneous* Background**
T-3 175 Miscellaneous* Background**
T-4 6 Miscellaneous* Background**
T-5 25 Fish 259, 000
- Shrimp 2, 680, 000
Squid 3,060, 000
T-7 365 Fish 1,730, 000
Shrimp 3, 240, 000
Squid 900, 000
Plankton (large) 114, 000
T-8 365 Fish 756, 000
Shrimp 1, 050, 000
Plankton (large) 106, 000
*Mixture of small fish, shrimp and plankton.
**Background, 16 c¢/m.
9
‘.\‘:\&‘
10
N
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DISCUSSION

The extent of contamination of the water immediately following the
Wahoo detonation was determined by means of gamma survey meters.
This initial survey showed that at W + 1-1/2Yone and one-half hours
after Wahoo) the area of contamination extended one and one-half miles
southeast of the target,and at W + 2-1/2, it extended about four miles
west of target zero. The rédioactivity of water samples taken at W + 5,
abbut two miles southwest of target zero, was found mostly above the
thermocline, although sbme radioactivity was found in the deeper samples.

At W + 27, survey meter measurements taken four miles west of
target zero were not significantly greater than the pre-Wahoo levels.
However, gross beta activity determinations of water from the same
area contained high levels of radioactivity in the uppermost 50 meters
and lesser amounts in the deeper water. At W + 48, in water samples
taken at target zero, the greatest amount of radioactivity was in the
samples taken below the thermocline. These data show that the deeper
water was moving horizontally at a slower rate than the water above
the thermocline.

The radioactivity measurements of the plankton showed that in
three days the contamination had extended at least 50 miles to the west

of target zero. Samples taken 20 miles to the south, about 10 hours



nese ailerences 1n rd SCTOPIC content may o€ used 10 es-

tablish the origin of the radioactive material in the samples collected
during the survey. As seen in Table 3, the radioisotopes in samples
P-25 and P-26, collected at the western periphery, were similar to
the radioisotopes in earlier samples; therefore, it was assumed that
the origin of the radioactive material was the same for all samples
collected after the Wahoo detonation. |

Resultis of radiochemical separations and gamma spectrum analyses

revealed that the percentages of Bal40-1.a140 and U237 were higher in



-31-

large plankton and Mogg—Tcggm were higher in small plankton; other-

wise the radioisotopic compositions were gimilar.

Analysis of sea water collected shortly after another underwater

39

2

detonation (Umbrella), in the lagoon at Eniwetok, showed that sz

132 (o 143_p 143

Tel32-1 , and Mo22-7c99m were the predominant
radioisotopes in the particulate matter (>0. 45u) present in the surface

water near target zero (Table 8).

Table 8. Percentage of gamma emitting radioisotopes in the
particulate (3 0.45p) and soluble (0. 45y) form in
sea water collected 75 minutes after the Umbrella

event.(g)
Per cent of Per cert of

Particulate particulate  Soluble soluble
Radioisotope 106 d/m/1 activity 106 d/m/1 activity
Np239 5.2 62.5 30.0 75.6
237 0.02 0.2 4.0 10. 1
Tel32-1132 1.9 22.3 L9 4.7
Mo99-1c?9m 0.48 5.8 3.1 7.8
Celdl-prl4l 0.028 0.3 0
cel43.prl43 0.66 7.9 : 0
Cel44-prléd 0.0028 £0.1 0
Bal40.1,5140 0.076 0.9 0.7 1.8

Some of these isotopes also were present in high amounts in
the <0.45u fraction (Table 8), which could include materials

x\: E:)%\;
- §: o



-32-

in the colloidal form. These radioisotopes, with the exception of Ce143-

Pr143, were also the predominant ones in the plankton collected after
Wahoo, a weapons testing device identical to Umbrella.12 These data
suggest that in the first few days after detonation of a nuclear device
these radioisotopes are mostly insoluble and that in this form they are
removed from the water by the plankton.

In considering the distribution of radioactivity in the sea following
a nuclear detonation, the role of the plankton should be considered. To
estimate the relative amounts of radioactivity in water and plankton
samples, the amount of water strained by the plankton net was calcu-
lated in the following manner.

The total volume of water filtered was calculated to be the product
of the distance the net was towed, the filtering efficiency of the net
: (SQ per cent), and its cross-sectional area. When the radioactivity of
’Fhe total volume of water that passed through the net was calculated
and compared with the radioactivity of the plankton in the same volume
of water, the value for the water was found to be several thousand
times greater (Table 9). This comparison indicates that the removal
of radioactivity from the water by the plankton was apparently a minor
factor, at least in the first 48 hours after detonation.

90

The amount of Sr”" in the samples varied from 0 to 0. 04 per cent

of the gross beta activity. These values agree well with those obtained
.\,\f‘g‘*%

x\’\c"‘i
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Sample Date Hour M3 cc Water Plankton m
P-14  5/16/58 1907 8 1.7x106 4, 400
w-1 5/16/58 1910 90 7.5x109

P-17  5/17/58 1705 14 5.2x106 11, 000
W-2 5/17/58 1653 180 , 5.7x1010

pP-19 5/18/58 1040 10 1.1x108 3 000
W-3 5/18/58 1348 180 3.3x109

in other investigations of the levels of Sr90 in marine organisms in the

, (3,4,7,11)
open sea

The low levels of Sr20 in the plankton may be due to the low amounts -
present at the time of collection and to the unavailability of Srgo, which
may be explained on the basis of solubility, coprecipitation with calcium

carbonate, competition with calcium, and isotopic dilution by stable

(7)
strontium .

The small fish collected after Wahoo had essentially the same radio-

isotopic composition as the plankton samples. A sample of dolphin liver
\,‘lﬁ‘%
N (\X

NG
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obtained before Wahoo contained Np239, Ru103-Rh103, and Tel32-1132
but no detectable amounts of the other radioisotopes which were found
in the smaller fish and in the plankton,

Samples of whole shrimp and squid had high levels of Np239 and
relatively higher levels of Te132-1132 than the plankton. However,
they contained no detectable amounts of Mo99-1c9m,

Because these data indicate that som= discrimination occurs in the
uptake of radioisotopes by marine organisms, it would be of interest to
determine which isotopes are incorporated or metabolized by these
organisms. Some of the radioisotopes were concentrated rapidly by

samples of mixed plankton species; knowledge of their concentration

and fate in single species of plankton would be of interest.

SUMMARY

1. A survey of the radioactivity of sea water and marine organisms,
was conducted at the Eniwetok Test Site from May 3, 1958 to May 20,

1958, immediately before and after an underwater nuclear detonation.

2. Seventy-two hours after the underwater nuclear detonation, Wahoo,
the radioactive water mass thus produced extended more than 50 miles

westward from site zero, both above and below the thermocline.

Ao:]
» (‘\r‘;\"\ﬁ
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3. The radioisotopic comyosition of the plankton and other marine
organisms was determined by means of ion-exchange separations and

gamma spectrum analyses.

4. Np239 was the major radioisotope present in all of the samples,

contributing more than 50 per cent of the total radioactivity.

5. Other radioisotopes present in the plankton in the order of contri-
bution were: Te132-1132, Mogg—Tcggm, Ba140-La140, U237, Cel4l.-

Prl4l Rul03.rn103, Zr95-Nb?5 and Cel44-pr144, Rul05-Rnh105

and Rul06-Rn106 were detected only once.

N

6. Small whole fish contained essentially the same radioisotopes as

the plankton. A liver sample from a large dolphin (fish) contained
only Np239, RulOS-Rhlog, and Tel32.7132
7. Shrimp and squid samples concentrated Np23g and Tel32-1132

but contained no M099—Tc99m.
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