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Nickel-63 in Marine andTerrestrial Biota, Soil, and Sediment

Abstract. A previously unreported radionuclide, nickel-63 (half-life, 92 years),

produced in the testing of nuclear devices, was measured in biological and en-

vironmental samples from areas of the Pacific Ocean and the eastern seaboard

of the United States. The concentrations of nickel-63 are low (maximum of 163

disintegrations per minute per gram of dry weight), but this radionuclide may be
a useful tracer of oceanic processes because of its long half-life and long residence

time in the ocean.

A review of the concentrations of

radionuclides measured in biota of the

Pacific Proving Ground during testing
of thermonuclear devices indicated that

the production of measurable quantities
of the radionuclide “Ni was probable.
The large amounts of ®5Fe, Zn, 57Co,

58Co, and ®Co reported by Lowman
(7) resulted largely from nuclear inter-

actions in the structural material used

in and around the device. We concluded

that stable nickel in these materials
would yield “Ni through the (n,y) ac-

tivation process. The cross section for

this reaction is large (15 barns).

Detection of “Ni by other than
specific radiochemical separation and

liquid scintillation counting is doubtful.
The radionuclide decays by the emis-

sion of a beta particle (100 percent)
whose maximum energy is only 67 kev

(2), an energy intermediate between

Table 1. Concentration of nickel-63 in environmental samples. Errors given are the 95 percent
confidence levels (2 o) of the count rate measurements.
 

 

 

Concentration
. Date of of nickel-63

Location Sample collection (disintegrations per
minute per gram
of dry weight)

Eniwetok Atoll
Belle Islet Soil May 1954 8.2 +02
Belle Islet Clam kidney* August 1964 158.0 + 2.6
Belle [Islet Clam kidney” August 1964 67.8 + 1.6
Elugelab Islet Crater sediment August 1964 96 +02
Engebi Islet Soil August 1958 75 + 2
Aaraanbiru Islet Clam kidneyt September 1958 41.2 + 6
Engebi Islet Ciam kidneyt August 1964 11.4 + 6

Bikini Atoll
Bokonejien Islet Crater sediment May 1967 80.0 + 1.0
Namu Islet Soil August 1964 9.8 +0.2
Bokororyuru Islet Clam kidneyt August 1964 163.0 + 3.5

Rongelap Atoll
Kabelle Islet Soil (0-0.6 cm) September 1961 3.1 + 0,2
Kabelle Islet Soil (0.6-1.3 cm) September 1961 0.5 = .06

Christmas Island
Clam kidneyt April 1962 91+ .14

Penrhyn Atoll
Clam kidney* April 1962 424 14

Northeast Pacific Ocean
Chaetognaths§ February 1964 93 .80

44°38'N,125°20°W Chaetognaths February 1964 2.3 +1.0
44°38'N,125°20'W Chaetognaths April 1964 40 +30
44°38'N,125°20'W Chaetognaths June 1964 45 + 2.4
47°39N,173°OSW Squid || ‘October 1965 0.19 + 0.08
50°30/N,167°OW Squid || August 1966 13 08
30°N,140°W Squid4 July 1965 38+ 24

Aleutian Islands
Amchitka Island -~Lichen# October 1965 A8+ .04
Amchitka Island Lichen October 1965 35 .04

Eastern seaboard
Composite shellfish August 1963 02+ .002

* Tridacna crocea. t Tridacna sp. tTridacna gigas. § Sagitta elegans. |] OQnychoteurhis
sp. { Stenoteuthis bartrami. # Principally Cladonia pacificia.

those of 3H and*!4C. Compared to
other radionuclides produced in weap-

ons testing, the radiological hazard
from ®Ni is much less and therefore
was of little concern in the evaluation

of the effects of radioactivity on biota.

The specificity of the required analysis
and the lesser hazard probably account

for the fact that measurements of the
concentrations of “Ni in the environ-

ment have not been made until now.
However, the use of radioisotopes, both

artificial and natural, as tracers of

oceanic currents and water mixing (3)

prompted us to look for @Ni since (i)

the residence time of nickel in the
ocean is 1.8 X 104 years; (ii) nickel is

a constituent of ferromanganese min-

erals, comprising some 0.4 percent (by

weight) (4); and (iii) Ni has a radio-
active half-life of 92 years and is thus
a more useful long-term tracer than

other radionuclides of the transition

elements which have been found in the
oceans but which have half-lives of a
few years or less.

We separated nickel from biological
and environmental samples and other

elements by precipitation and solvent

extraction. Before dissolution of the
samples in concentrated nitric and per-

chloric acids, 6 mg of stable nickel
were added to each sample to serve as
both a carrier and a yield determinant.
Nickel was concentrated from the di-

gest by precipitation of nickel 1,2-cyclo-

heptanedione dioxime from acid solu-
tion (5). The precipitate was collected

by filtration, removed from the filter

by dissolution in 844 HNO,, and oxi-
dized with perchloric acid to destroy

the organic matter; the nickel was con-

centrated again by a second precipita-

tion with heptoxime. After dissolution
and oxidation of the second precipitate,

Ni(OH). was precipitated by the addi-
tion of NaOH. The precipitate was dis-

solved in 6N HCl, and the resultant
solution was extracted with 10 ml of a

solution of 10 percent Alamine-336 in
xylene. The phases were separated by

centrifugation, the organic layer was
decanted, and the nickel was again pre-

cipitated as the hydroxide. The hydrox-
ide precipitate was prepared for liquid

scintillation counting (Packard Instru-
ment liquid scintillation spectrometer
model 3375) by dissolution in 0.5
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Table 2. Specific activities of nickel-63 in clam kidneys.
 

Specific activity

 

Nickel-63 Stable of nickel-63
Sample Location (disintegrations nickel (disintegrations

per minute) (mg) per minute
per milligram)

Tridacna sp. Eniwetok Atoll 3052 3 12.4 24 +02

Tridacna gigas Bikini Atoll 1050 + 11 3.8 276 +3

Tridacna gigas Christmas Island 7x O04 8.7 0.8 + 0.05

Tridacna crocea Penrhyn Atoil 3+ O07 4.0 0.8 + 0.17

 

ml of 6N CH,COOH, 2 ml of Bio-
Solv (Beckman Instruments), and 15 ml
of a solution containing 5 g of 2,5-

diphenyloxazole (PPO) and 0.5 g of
1,4-bis-[2-(4-methyl-5-phenyloxazolyl)]-

benzene (POPOP)perliter of toluene.

We measured the yield by wet-ashing

the liquid scintillation solution with
HNO, and HCI1O,, reprecipitating the
nickel as the heptoxime complex, and
weighing the dried product. Decontam-
ination factors of > 104 were observed

tor the radioisotopes %Sr-Y, Fe,
ICs, 207Bi, 6Ry-Rh, 147Pm, 6Co,

125§b, 144Ce, %Zr-Nb, 120mAg, 226Ra

plus daughters, and ®Zn. The clean

separations obtained suggest that the
activity in the low-activity samples is
indeed “Ni.

Figure I shows the relative activity
plotted against lower level settings de-
rived from the liquid scintillation count-

ing of a Ni standard and a *®Nispike,
along with the spectrum obtained from

the analysis of a clam kidney that was
collected at Bikini Atoll. Clearly, the
activity separated from this tissue was
63Ni. The concentrations of ®Ni in
these samples are listed in Table 1.

Generally, the liquid scintillation

counter was set to record 10,000 sam-

ple counts or to count for 500 minutes.

Background was counted for 500 min-
utes. and the average rate for the ™Ni

settings was 15.8 + 0.4 count min~!,
The detection limit at this background

counting rate and at an average over-

all efficiency of 59 percent for ™Ni

detection was 1.4 + 1.0 disintegrations
per minute per sample at the 95 per-
cent confidence level (6). The values
listed in Table 1 are adjusted to unit

dry weight and therefore are numerical-
ly smaller than the detection limit.
However, sample sizes exceeded 10 g,
except for the chaetognaths, and the
values for all samples were above the
calculated detection limit.

The Ni concentrations in marine
species ranged from a low of approxi-

mately 0.02 disintegration per minute
per gram of dry weight for shellfish
taken on the eastern seaboard of the

United States to a high of 163 disinte-

grations per minute per gram of dry
weight for a clam kidney taken on the
western rim of Bikini Atoll. Nicholls
et al. (7) reported high concentrations
of stable nickel in chaetognaths, which

prompted us to analyze this organism
for “Ni. The concentrations were very
low, approaching the limit of detection.
This suggests a low concentration of

®3Ni in surface waters in this area and
indicates the absence of appreciable

amounts of “Ni in Columbia River
water, which is used upstream as a

coolant for the nuclear reactors at the
Hanford complex. This observation is

consistent with Kirby’s (8) radiochem-

ical procedure fortheisolation of “Ni

from Columbia River water (8 to 12

liters) collected near the reactors. This

procedure makes possible the measure-
ment of a concentration of 10—8 «ue of
S5Ni per milliliter. Because of its low
specific activity, the activity of “Ni is
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Lower level discriminator settings

Fig. 1. Relative activity and discriminator
settings for "Ni (A) and “Ni (©) spike
solutions, plus the activity isolated from

Tridacna gigas clam kidney collected from
Bikini Atoll ((). Instrument settings were
20 percent gain and 4 percent window.

jee

expected to be much lower than this.
In addition, there are large dilutions in

the Columbia River and ocean waters;
thus the river is an unimportant source
of “Ni for the marine environment.

Folsom and Young supplied us with
the squid specimen (Stenoteuthis bart-

rami) for which they reported values

for the concentrations of ®Co and
ldmAg of 4100 and 1500 pc perkilo-
gram of wet weight, respectively (9).

Using a ratio of wet weight to dry

weight of 4 for this specimen, we calcu-
lated that the “Ni concentration is

approximately two orders of magnitude

lower than the reported Co concen-
tration present at the time of catch,

1965. The average concentration of
®INi for lichens from the Aleutians is

lower by only a factor of 2 than the
69Co concentrations of lichens reported
by Hanson et af. (10) for Anaktuvak
Pass, Alaska; however, the comparison

of results from insular species in the

Aleutians to those of similar continental

species may be invalid.
Some specimens contained sufficient

stable nickel to permit comparison of

the specific activities of “*Ni, an indica-
tion of the variations that occur be-
tween similar organisms. Table 2 shows

the results of the measurements of ®Ni
specific activity in clam kidneys col-
lected at test sites and from islands

some distance away.

The high specific activity in the clam
kidney from Bikini Atoll is due, in part,

to the fact that this specimen was taken
at Bokororyuru Islet on the western

edge of the atoll. Wind-driven surface
currents movethe lagoon waters toward

the southwest and, as a consequence,

Bokororyuru Islet receives waterborne

radionuclides in addition to local fall-
out at the time of testing. The presence
of ®Ni in association with short-lived

57Co (171) in the specimens taken from

Christmas Island and Penrhyn Atoll in

April 1962, prior to the United States
tests of that year, suggests that the

source of “Ni in these specimens was
the Soviet tests of 1961. The evidence

is not conclusive, however, since the

age of the clams was not determined
and it is probable that they were ac-
cumulating “Ni over a period of time.
Bikini and Eniwetok atolls lie in the

path of the North Equatorial Current

which moves water toward the Asian

continent.

Yon Arx (72) has described the

circulation and refreshment times of
both Bikini and Rongelap atolis and

has found that the exchange of lagoon
water with seawater resulted in winter
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months from tide and wave action and

in summer months from ‘tides and the

North Equatorial Current. The surface

movement of waterborne radioactivity

from Bikini and Eniwetok atolls would
therefore be westward toward the

Philippine Islands, with the possibility

of some movement back toward the

east in the Equatorial Countercurrent

and possibly eastward at shallow depth

in the Cromwell Current (73). Both

Christmas Island and Penrhyn Atoll lie
in the path of the westward-moving

South Equatorial Current and con-
sequently would be unlikely recipients

of waterborne radioactivity emanating

from Bikini and Eniwetok lagoons.
Nickel-58 comprises some 68 percent

of stable nickel, and we have consid-

ered the possibility of the production

of 5°Ni (half-life, 80,000 years) both

by (n,y) interactions with stable nickel,
(pn) reactions with stable cobalt, and

(p,a@) reactions with “*Fe (92 percent

abundance). Based on abundances,

cross sections, and decay constants, we

calculated an activity ratio of “Ni to

59Ni of approximately 600 for the (n,y)

production of **Ni. Nickel-59 decays

by electron capture and is determined

by measuring the 6.9-kev x-ray which

results from the de-excitation of its

daughter, ®°Co. A 3000-minute count

UNCLASSIFIED
of the most radioactive clam kidney

from Eniwetok Atoll in an anticoinci-

dence shielded x-ray counter gave a
positive indication of ®°Ni (at a count-

ing error of 1 S.D.), with an upper

limit of some 0.1 disintegration per

minute per gram of dry weight. No

59Ni was detected in 1000-minute

counts of soil samples obtained from

either atoll. It is probable, therefore,

that no large amounts of 5°Ni were

produced, and that the presence of
small amounts of 5°Ni precludes its

usefulness as a tracer in oceanic proc-

esses.
A realistic assessment of the total

®Ni present at Bikini and Eniwetok

atolls is not possible from the data
presented here, although knowledge of
such an inventory and of the rate at
which it is injected into the North

Equatorial Current would help one to
determine its usefulness as a down-
stream tracer for these waters. How-

ever, the giant clam Tridacna sp. ap-
pears to be an excellent indicator or-

ganism, which could be used to deline-

ate the downstream penetration of ®Ni.

THOMAS M. BEASLEY

Epwarpb E, HELp

Laboratory ef Radiation Ecology,

University of Washington, Seattle
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