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Dissolved copper, nickel, and cadmium in the Sargasso Sea 

by Michael L. Bender1 and Christine Gagner1•2 

ABSTRACT 

Concentrations of dissolved Cu, Ni, and Cd were determined in surface water samples and 
25 deep water samples from two stations in the Sargasso Sea. Analyses were performed using 
a modified version of the APDC coprecipitation technique of Boyle and Edmond (1975a). 

Surface water samples were collected in various ways and subsequently analyzed to deter-
mine if samples were contaminated by collection in 30 l , acid-washed PVC Niskin bottles with 
surgical tubing closures. The results show that levels of Cu, Ni, and Cd contamination are 
generally less than .10, .05, and .006 ppb respectively. Samples of surface water close to the 
ship may be contaminated with respect to copper by 0.2 ppb. 

Levels of Cu, Ni , and Cd in the Sargasso Sea surface water samples are about .12, .10, and 
.010 ppb, respectively. Levels of Cu, Ni, and Cd in NADW samples are about .15, .20, and 

.025 ppb, respectively. 
The fact that Ni, Cd, and perhaps Cu are less abundant in surface than in deep waters is 

consistent with the notion that organisms incorporate these metals in ti ssue and deliver them 
to deep waters by sinking and dissolution. Neither Cu nor Ni appears to behave as a limiting 
nutrient in that the area of the Sargasso Sea which we have studied. 

1. Introduction 

While there is a great deal of data on the distribution of dissolved trace metals 
in sea water, very little of the data can be regarded as highly reliable. One may be 
skeptical about the validity of experimental results for the following reasons: 1) in 
laboratory intercalibrations carried out on splits of water samples, the parti cipating 
laboratories have produced inconsistent results; 2) variations in trace metal con-
centrations reported by some investigators have been unrelated to variations in 
other hydrographic properties (Boyle and Edmond, 1975b); 3) a complete trace 
metal intercalibration, where many samples from one location are collected on 
different ships and analyzed in different laboratories, has never been reported; 
4) individual workers have generally not documented that the samples they collect 

are free of contamination. 
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In view of these problems we felt that the concentrations of Cu, Ni, and Cd 
(among other elements) in open ocean water samples are not known, and set out 
to answer the following question: what is the concentration of dissolved Cu, Ni, 
and Cd in surface water (top meter) and North Atlantic Deep Water in the Sargasso 
Sea? We checked for possible contamination during sample collection by collecting 
surface sea water samples in different ways and subsequently analyzing the metal 
content of the samples to ascertain whether samples are contaminated by specific 
aspects of the collection procedure. In addition, we limited our deep water sample 
collection to the depth range 1800-4000 meters (with only one sample taken below 
3700 meters). This sampling interval was chosen for two reasons: firstly, since 
closely spaced samples should have similar trace metal concentrations our sampling 
protocol provides a criterion for judging the credibility of the results. Secondly, it 
provides data for ascertaining if there are maxima in metal concentrations at the 
depth of the Mid-Atlantic Ridge which might be due to a hydrothermal input. For 
this reason, sample collection was centered around the depth of the Ridge crest 
(about 2900 m). 

2. Collection methods and analytical techniques 

a. Sample collection. Two stations were occupied on Trident cruise 153 for the 
purpose of trace metal sample collection. At station 153-1 (33°15'N, 56°34'W) 
trace metal samples were collected at depths between 1800 and 4000 m. Samples 
were collected in acid-washed 30 l PVC Niskin bottles, with surgical rubber tubing 
closures, hung on stainless steel hydrowire. Bottles were tripped with brass mes-
sengers. Samples were drawn with the Niskins still hung on the hydrowire, into 
10 l or 20 l acid-washed linear polyethylene (LPE) jerricans and acidified to pH 2 
with redistilled hydrochloric acid. 

A "contamination evaluation experiment" was performed at station 153-2 (35° 
40'N, 60°20'W). Surface water samples were collected using a variety of proce-
dures, and trace metal sub-samples were then drawn in various ways to ascertain 
if samples collected as described above are contaminated with respect to Cu, Ni, 
and Cd (Table 1). Samples were collected from the port side of the Trident or 
from a rubber raft ("batboat") launched from the ship. Either 1 0 / LPE jerricans, 
PVC Niskins described above, or 10 l metal-free PVC Niskins (designed and 
loaned to us by L. Benninger of Yale University) were used for sample collection. 
Some samples were collected in LPE jerricans and not processed further except 
for acid addition, which was done on the deck. Whenever samples were drawn 
from collection bottles, transfers were made on the deck of the ship except where 
otherwise noted. In cases where surface waters were sampled using Niskins hung on 
the hydrowire, samples were drawn before the Niskins were removed from the 
hydrowire. 

As part of the contamination evaluation experiment, several of the initial sea 
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water samples were sub-sampled in a variety of ways. In the case of 142A and 
143, eight 10 l jerricans were filled with water from a batboat 200 m from the 
Trident. The jerricans were returned to the ship and divided into two groups of 
four. In the first group, 7 .5 l from each jerrican were poured into a Niskin bottle; 
the remaining 2.5 l from each jerrican were all poured into one of the jerricans, 
making sample 142A. The Niskin thus filled was hung on the hydrowire and 
lowered to 100 m depth for 30 min. It was then brought to the surface and sam-
ple 144 was drawn from it. Samples 143 and 145 were collected in the identical 
manner starting with the water from the other four 10 l jerricans. 

The water for samples 148-160 was obtained in the same way. Water from four 
10 l jerricans was used to fill one 30 l Niskin and to provide a 10 l "composite" 
sample. The Niskin was then sampled at various times after filling. Samples 148 
and 150-154 are from one original water sample; 149 and 156-160 are from 
another. 

Samples 161-164 were collected from surface water using a Niskin hung on the 
hydrowire. Water was drawn from this Niskin in various places in the ship im-
mediately after collection. 

Samples were not filtered. Thus our analyses of dissolved metals in fact include 
any particulate metals (defined here as metals retained on a 0.6 micron filter) 
which are dissolved at pH 2. Data of Brewer et al. (1974) indicates that less than 
5% of the Cu is particulate; Eaton's (1974) results indicate that less than 20% 
of the Cd in surface waters and 5 % of the Cd in deep waters are in the particu-
late form. Judging from the limited enrichment reported here of Ni in deep relative 
to surface waters (a reflection of the downward flux of particulate Ni), it appears 
likely that suspended particulates bear less than 10% of the total Ni. 

b. Analytical techniques. Copper, nickel, and cadmium concentrations were de-
termined by an adaption of the APDC coprecipitation technique of Boyle and 
Edmond (1975a). Sea water samples, acidified to pH 2, were spiked with the 
reactor-produced short-lived radioisotopes Cu64 (t112 = 12.8 hrs, Ey = 511 keV) 
and Ni65 (t112 = 2.56 hrs, Ey = 1481 keV) to determine yields for each sample 
analyzed. One liter sea water samples at pH 2 were spiked with these radioisotopes 
(as Cu(NO3) 2 and Ni(NO3) 2) and the sample and tracer allowed to equilibrate for 
0.5-5 hours. 2 ml of a 3.5 mM C0Cl2 solution were added, followed by addition of 
3 ml of a 2 % by weight aqueous APDC solution. Samples were then filtered 
through a 0.45 u, 4 7 mm Nucleopore filter using a Millipore filtering rig. Follow-
ing filtration, trace metal-APDC complexes were dissolved off the filters and into 
2.5 ml of a 3N HNO3 solution by inserting the filters into acid in polyvials, and 
immersing the polyvials in the water bath of an ultrasonic generator. Those parts 
of the procedure in which solutions were exposed to air, were performed in a 
laminar flow clean bench to reduce chances of contamination. 
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Table I. Copper, nickel and cadmium concentrations of surface water samples collected in 
different ways (analyses of Cullen, Klinkhammer and Boyle are not included in this table) 

at station 153-1. 

Sample 

# 

136 

137 

138 

Collection Method 

A jerrican was filled from a batboat underneath 
the hero platform. 

Same as 136. 

A metal-free Niskin was filled from a batboat 
200 m from Trident. 

[Cu] 
(ppb) 

:=:,:.3 

~.3 

.13 

139 A jerrican was filled while attached to hydrowire. ~.3 

140 A Niskin was filled using the hydrowire. ~.3 

141 

142 

142A 

144 

143 

145 

146 

147 

148 

150 

151 

152 

153 

154 

149 

156 

A jerrican with a messenger on the spout was 
filled while attached to the hydrowire. 

A Niskin was filled using the hydrowire. 

Four jerricans were filled from a batboat 200 m 
from Trident. 

A Niskin on the hydrowire was filled with water 
from sample 142A, soaked at 100 m depth for 
30 minutes, and sampled. 

Same as 142A. 

Same as 144, but using water from sample 143. 

A metal-free Niskin hung on a plastic rope 
was filled from Trident. 

Same as 146. 

Four jerricans were filled from a batboat 200 m 
from Trident. 

A Niskin on the hydrowire was filled with water 
from sample 148, and an aliquot was drawn 
immediately. 

Same as 150, but the water was sampled 
4 minutes later. 

Same as 150, but the water was sampled 
15 minutes later. 

Same as 150, but the water was sampled 
1 hour later. 

Same as 150, but the water was sampled 
4 hours later. 

Four jerricans were filled from a batboat 200 m 
from Trident. 

A Niskin on the hydrowire was filled with water 
from sample 149, and an aliquot was drawn 
immediately. 

.26 

.46 

.19 

.23 

.32 

.23 

.33 

.10 

.25 

.11 

.20 

.15 

.14 

.087 

.10 

.13 

Ni 
(ppb) 

.095 

.060 

.024 

.16 

.14 

.15 

.14 

.10 

.087 

.11 

.14 

.10 

.11 

.10 

.17 

.11 

.10 

Cd 
(ppb) 

.002 

.013 

.003 

.004 

.013 

.003 

.004 

.002 

.002 

.006 

.010 

.007 

.006 

.007 

.002 

.006 
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Table 1 (continued). 

Sample [Cu] Ni Cd 
# Collection Method (ppb) (ppb) (ppb) 

157 Sarne as 156, but the water was sampled .13 .067 .010 
4 minutes later. 

158 Same as 156, but the water was sampled .13 .091 .006 
15 minutes later. 

159 Sarne as 156, but the water was sampled .27 .088 .006 
1 hour later. 

160 Same as 156, but the water was sampled .24 .12 .010 
4 hours later. 

161 A Niskin was fill ed using the hydrowire, and a .13 .15 .004 
sample was drawn on the hydrowire. 

162 The Niskin filled for sample 161 was sampled .10 .072 .003 
on the deck. 

163 The Niskin filled for sample 161 was sampled .14 .11 .003 
in the wet lab. 

164 The Niskin fill ed for sample 161 was sampled .089 .20 .003 
in the dry lab. 

The solutions were counted using a Ge(Li) detector. The yields of Cu and Ni 
were computed from relative activities of samples and standards counted in identi-
cal geometries. Where necessary Cu04 count rates were corrected to remove 511 
keV counts ascribable to Na2 4 activity; this correction never amounted to more 
than 4% . Yields determined in this way were subsequently used in computing the 
Cu and Ni concentrations in each sample analyzed. The mean yield (and standard 
deviation) was 85% ± 4% for Cu and 85% ± 6% for Ni. 

Cadmium yields were determined by tracer addition experiments on twelve 
samples using Cd100 (t11 2 = 430 days, Ey = 88 keV). Yields were found to average 
83% ± 4% for five 1 l samples and 69% ± 7% for five 0.25 l samples. These 
values were assumed to obtain for all samples analyzed. 

Preconcentrated samples were stored in polyvials until they were analyzed for 
Cu, Ni, and Cd; samples were made approximately 0.1 M in sulfate prior to 
cadmium analysis. Analyses of these metals were carried out using a Perkin-Elmer 
HGA 2100 graphite furnace with either a Perkin-Elmer 503 or P.E. 360 atomic 
absorption spectrophotometer. Correction for nonspecific absorbance was made 
using deuterium arc background correctors. Standards were made up in 3N HN03 

but bad neither APDC nor Co added to them. Matrix effects on Cd determinations 
were checked by comparing absorbances in four solutions identical except for the 
fact that Co and APDC, in amounts equal to levels in typical samples, were added 
to two of the solutions. Absorbances were 5 % higher for the Co-APDC-bearing 



332 Journal of Marine Research [34, 3 

Ni 

Cu 

, , 1.A , ,·~~,I 
0.04 008 0.12 0.16 o.zo 024 028 /i >0-30 

BJ s~~;.; f~g/:'r;i~!~ited D 
s~~f~ler odjocenl 0 

deep water rn 

METAL CONCENTRAT ION, pp b 

Figure 1. Histogram diagram of copper, nickel, and cadmium concentrations in surface and 
deep water samples. 

solutions; this was regarded as being within the uncertainty, and no matrix correc-
tions were made. 

Concentrations were calculated after suitable corrections were made for trace 
metal enrichment, addition of stable copper and nickel during radioisotope spiking, 
and evaporation of acid from polyvials prior to atomic absorption analysis. 

Blanks were determined by analyzing 250 ml solutions in a manner identical to 
that in which one liter samples were analyzed. Following the application of the 
above corrections, the blank was calculated from the equations: 

1) (apparent concentration in 1 liter of sea water) 
= (true content per liter) + (blank) 

2) (apparent concentration in 0.25 liter of sea water) 
= (0.25 X true content per liter) + (blank) 

Blanks measured in this way were .019 ± .014 ppb for Cu (lo- for 9 samples), 
.003 ± .018 ppb for Ni (lo- for 6 samples) and .004 ± .003 ppb for Cd (lo- for 7 
samples). All analytical results were corrected for the average blanks. 

G. P. Klinkhammer and J. D. Cullen of the University of Rhode Island carried 
out replicate analyses of a number of samples. No Cu and Ni tracers were added 
in their determinations; yields were assumed to be the average values given above. 
Results are summarized in Table 2. The standard deviations from the mean for 
replicates by U.R.I. analysts were 14% for ten Cu replicates, 11 % for seventeen 
nickel replicates, and 9 % for ten Cd replicates having Cd concentrations """ .020 
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Table 2. Results of replicate analyses by Gagner, Klink.hammer and Cullen (at the University 
of Rhode Island) and Boyle (at the Massachusetts Institute of Technology). 

Sample Water Metal Concentration (ppb) 
Number Depth Analyst Cu Ni Cd 

101 1800 m Gagner .15 .19 .028 
Klinkhammer .23 
Klinkhammer .24 
Boyle .11 .23 .029 
Boyle .13 .28 

104 1815 m Gagner .29 .19 .033 
Gagner .32 .23 .026 
Klinkhammer .26 .028 
Klinkhammer .25 .030 

105 1820m Gagner .097 .19 .032 
Gagner .11 .26 .033 
Klinkhammer .23 .031 
Klinkhammer .21 .032 

106 1825 m Gagner .14 .27 .D30 
Klinkhammer .23 
Klinkhammer .23 
Boyle .15 .28 .028 
Boyle .13 .31 

128 2000m Gagner .16 .18 .030 
Cullen .21 .20 .041 

128 + .32 ppb Cu, .32 ppb Ni, and .032 ppb Cd Cullen .43 .52 .057 
128 + .93 ppb Ni, .93 ppb Cu, Cullen .87 1.00 .106 

and .093 ppb Cd 

149 surface Gagner .11 .002 
Cullen .12 .13 .004 
Cullen .15 .17 .005 

149 + .32 ppb Cu, .32 ppb Ni, Cullen .42 .44 .031 
and .032 ppb Cd 

149 + .93 ppb Ni, .93 ppb Cu, Cullen .97 1.05 .085 
and .093 ppb Cd 

153 surface Gagner .14 .18 .007 
Cullen .21 .16 .013 

.17 .14 .012 

ppb. Analyses by Gagner were carried out three to six months after sample collec-
tion; those by Klinkhammer were made twelve months after collection, and those by 
Cullen were done eighteen months after collection. Cullen's Cu analyses were higher 
than those of Gagner by an average of 0.05 ppb; this may reflect leaching of Cu 
from the walls of the sample storage bottles. If such leaching proceeds at a constant 
rate, all Cu concentrations in Table 1 and Fig. 1 are high by .01 - .02 ppb, and the 
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precision is better than 14% (since differences between analysts are in part due to 
true concentration differences). 

Samples were also analyzed "blindly" by Edward Boyle of M.I.T. Cu and Cd 
results of U.R.1. and M.I.T. are in satisfactory agreement. Ni results of Boyle's 
analyses are 15% higher than those of Gagner and Klinkhammer. 

Addition experiments were performed by Cullen (Table 2) on samples 128 and 
149. The Cd concentration measured by Cullen for sample 128 is .011 ppb higher 
than the result which Gagner obtained; this is believed to reflect contamination and 
the value of .030 ppb is used to compute the expected Cd concentration in the 
addition samples. Metal concentrations measured for the addition samples are 
within the precision of the predicted concentrations except for Cu results of sam-
ple 128, which are low by about 25 % . Overall, Cu concentrations in the addition 
samples are low (relative to the predicted values) by 15 % , Ni concentrations are 
low by 5%, and Cd concentrations are low by 12% (using the value of .030 ppb 
for the Cd concentration of SW 128). Thus our computed concentrations may 
suffer from a systematic error of 5-15 % . 

3. Results of the contamination evalu~tion experiment 

Copper, nickel, and cadmium concentrations in surface water samples collected 
in different ways are summarized in Table 1 and Fig. 1. 

a. Copper. The copper concentrations determined by us are variable and the 
interpretation of these results is somewhat equivocal. Thirteen sea water samples 
were collected in the contamination evaluation experiment and analyzed for 
copper. Of these, two (138 and 149) which were collected in either a jerrican or 
a metal-free Niskin bottle on a batboat 200 m from the Trident had Cu concen-
trations of about .12 ppb; for reasons given below this value is believed to be 
close to the true copper concentration in these waters. Samples 142A, 143, and 
148 were collected in a similar way but had Cu concentrations between .19 and 
.32 ppb. These samples are believed to have been contaminated. In the case of 
148 this must be true, since samples drawn from the same water have much lower 
Cu concentrations; 148 must have been contaminated after the composite Niskin 
sample was set up. Nine samples analyzed for copper were collected from or 
adjacent to the Trident. Of these, seven (136, 137, 139, 140, 141, 142, 146) were 
seriously contaminated (assuming the true surface water [Cu] value is .12 ppb); two 
(147 and 161) appeared uncontaminated. 

Samples drawn from Niskins following initial collection in jerricans do not 
appear to be systematically contaminated from either sitting in or being drawn 
from the Niskin. For example, samples 144 and 145 were not higher than 142A 
and 143, 150-154 were not higher than 148, and 156-58 were comparable to 149. 
Only 159 and 160 were seriously contaminated. 
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Samples drawn from a Niskin on the hydrowire (161), the deck (162), the wet 
lab (163), and the dry lab (164) had copper concentrations differing by about 
.06 ppb. There is no indication from this particular experiment that samples are 
overwhelmingly contaminated by having been drawn in any of these places. 

These results document that samples of sea water can sometimes be entrapped 
in Niskin bottles and drawn into jerricans without detectable contamination (this 
is the case for samples 156-158, for example); some of our deep water results are, 
therefore, expected to reflect the true Cu content of the water sampled. Of the 
surface samples analyzed, fourteen had Cu concentrations of .12 ± .03 ppb; none 
had lower values. We conclude that all these samples were uncontaminated. If this 
is correct and if the Cu content of the waters sampled is constant the remaining 
fifteen samples (all of which have > .19 ppb Cu) must have been contaminated. 
The high Cu content of the seven of these latter samples taken next to the Trident 
may be ascribed to ship's contamination. Eight samples, or 36% of the samples 
unaffected by ship's contamination, were contaminated with at least .07 ppb Cu by 
a random factor (possibly poorly cleaned LPE jerricans). In a vertical profile col-
lected using the procedures described earlier, we can then expect about one-third 
of the samples to have anomalously high Cu values and the rest to cluster near 
the true value. 

b. Nickel. Six samples were collected from or near the Trident and analyzed 
for nickel (136, 141, 142, 146, 147, 161). One (141) had an anomalous Ni con-
centration; it was apparently contaminated by the brass messenger adjacent to the 
mouth of the jerrican during filling . In addition, sample 142 was apparently con-
taminated by ship's debris. 

Samples collected in jerricans were not systematically contaminated by sub-
sequent sampling through Niskin bottles (compare 144 and 142A, 145 and 143, 
150-153 with 148, and 156-160 with 149). 

Samples I 61-164 corresponded to water drawn from the same Niskin in different 
locations on the ship. The analyses of samples drawn on the deck and in the wet 
lab were in good agreement with other data. The sample drawn from the bottle 
on the hydrowire may have been contaminated by about .05 ppb, and the sample 
drawn in the dry lab appeared to be contaminated by .10 ppb. 

Sixteen of the samples had Ni concentrations less than or equal to .13 ppb. The 
mean standard deviation for these samples is .10 ± .02 ppb. Of the other nine 
samples, one was apparently contaminated by the messenger and one by ship's 
debris. The remaining seven had Ni contents equal to or greater than .15 ppb. This 
is believed to reflect contamination by some unknown factor, most probably sam-

ple storage bottles. 
Our results document that some samples are collected from Niskin bottles with 

no detectable contamination. The surface water nickel concentration at station 
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Figure 2. Copper, nickel and cadmium concentrations in North Atlantic Deep Water samples 
from station 153-1 (33° 15'N, 56°34'W, depth= 5480 m). 

153-2 is believed to be .10 ± .02 ppb. The results suggest that about one-third of 
the deep water samples will be contaminated with respect to nickel by .05-.15 ppb. 

c. Cadmium. All cadmium concentrations determined on surface water samples 
were very low. Only two samples had concentrations above .010 ppb. Of these, 
136 was taken adjacent to the ship and is believed to have been contaminated by 
ship's debris. 

Results from samples 144 and 148-160 indicate that the Cd concentration of 
samples stored in Niskins as cleaned by us increased by about .006 ppb over the 
Cd content in the initial samples. (Note that all Cd concentrations in samples of 
this set taken from Niskin bottles were higher than values of initial samples). On 
the other hand, other results do not reveal any increase in Cd as water quickly 
passes through Niskins (compare results of other samples taken from Niskins with 
other samples taken from jerricans). 

Based on these results, we conclude that the Cd concentration of surface water 
at Station 153-2 is less than .010 ppb and probably less than .005 ppb. Contami-
nation resulting from sampling in Niskins is approximately .006 ppb. 

4. Cu, Ni, and Cd in North Atlantic Deep Water in the Sargasso Sea 

Cu, Ni , and Cd concentrations were determined in twenty-five water samples 
taken at Trident station 153-1 (33°15'N, 56°34'W, depth = 5480 m). Results are 
summarized in Fig. 2. 

Five of the Cu samples had concentrations greater than .25 ppb; these are be-
lieved to have been seriously contaminated. The remainder of the samples had Cu 
concentrations of .15 ± .03 ppb; these are believed to record the true average Cu 
concentration of NADW at this station. The Cu concentration appears to increase 
with water depth, but the uncertainty in the numbers is so large that no conclu-
sions about the variability of the copper concentration in the water column can be 
drawn from this data. 

Nickel concentrations ranged from .16 ppb to .53 ppb. Six samples had Ni 
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concentrations greater than .25 ppb and were believed to have been contaminated. 
The remaining nineteen samples had Ni concentrations of .20 ± .04 ppb (total 
range). From this, we estimate that the average Ni content of these waters is .20 ppb. 

Cadmium concentrations ranged from .016 to .055 ppb. Twenty-two of twenty-five 
samples had Cd concentrations of .031 ± .004 ppb (total range); samples falling 
outside this range are believed to reflect analytical errors (for the 3000 m sample) 
or contamination (for the 3300 m and 3400 m samples). We previously concluded 
that Cd samples are contaminated by about .006 ppb; we therefore estimate that 
the true Cd content of these samples is about .025 ppb. There is no evidence for 
any variability in deep water Cd concentrations at this station. 

5. Discussion 

Based on data presented above, we conclude that the Cu, Ni, and Cd concen-
trations of surface water at Trident station 153-2 are .12 ± .03, .10 ± .02, and 
.005 ± .005 ppb respectively; and Cu, Ni, and Cd concentrations from 1800-3700 
mat station 153-1 are .15 ± .03, .20 ± .04, and .025 ± .006 ppb respectively. 
The ranges must not be regarded as 100% confidence limits. In the case of surface 
and deep water copper values in particular, scatter is so great that we cannot write 
off the possibility that the true values are far lower than concentrations reported 
here. 

At depths of 1800-3 700 m in the Sargasso Sea, no routinely measured param-
eters show dramatic vertical or horizontal gradients, and we suspect that this also 
applies to trace metal concentrations. Cu, Ni, and Cd concentrations reported by 
other workers for Sargasso Sea waters are generally higher than values reported 
here, and we question whether some earlier results may be high due to contamina-
tion. This applies to Cu and Ni data of Spencer and Brewer (1969) and Ni data 
of Schutz and Turekian (1965). Our Cu, Ni, and Cd concentrations are also about 
an order of magnitude lower than values reported by Riley and Taylor (1972) in 
the Eastern North Atlantic. 

The levels found by us are comparable to levels found in different regions by 
some other workers. Knauer and Martin (1973) found surface water cadmium 
values of :=:;_ .02 ppb in North Pacific surface water. Eaton (1974) reported Cd 
concentrations as low .025 ppb in Sargasso Sea deep water (although some of his 
values were considerably higher). Boyle and Edmond (1975b) reported Cu con-
centrations of .07-.21 ppb for Southern Ocean samples. 

Our deep water samples (taken at Station 153-1) were collected at the site of 
Geosecs station 120. This permits a direct independent intercalibration with 
Geosecs data once analyses of Geosecs samples from this station are completed. 

Concentrations of Ni, Cd, and probably Cu in deep water are equal to or greater 
than concentrations in surface water. Therefore the residence times of these ele-



338 Journal of Marine Research [34, 3 

ments must be at least as great as the turnover time of the oceans. The fact that deep 
water Ni and Cd concentrations are higher than surface water concentrations indi-
cates that these elements are removed from surface waters by organic productivity 
and released to deep waters by oxidation of organic matter and/ or dissolution of 
skeletal debris. Cu, Ni, and Cd residence times must be far longer than residence 
times of the naturally occurring "pollutant analogs" Pb21 0

, Th230
, and Th284

• 

No anomalies in Ni, Cu, or Cd concentrations were detected at the average 
depth of the Mid-Atlantic Ridge. Thus hydrothermal input does not appear to be 
important in the Cu, Ni, and Cd budgets over the time scale of the residence time 
of Sargasso Sea deep water. Simple box model calculations indicate that this does 
not preclude the possibility that hydrothermal inputs are important in the material 
balance of these elements in the oceans: such inputs may be "mixed out" due to 
the long residence time of Cu, Ni, and Cd. 

Boyle and Edmond (1975) determined Cu concentrations in surface waters 
around the Antarctic convergence. They showed that Cu concentrations covaried 
with nitrate concentrations in these waters, approaching zero as NO3 approached 
zero, and inferred from this that in these waters Cu behaved as a limiting nutrient. 
We found little or no Cu depletion in our surface water samples relative to our 
deep water samples, and conclude that copper does not behave as a limiting 
nutrient in the Sargasso Sea. Since the fauna and flora of the two regions are very 
different, the two conclusions are not incompatible. 
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