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INTRODUCTION

Man's impact on the oceanic environment has always been the cause for a great deal of concern.
Inspite of several investigations on trace metals in different waters, the information from the world oceans
is never complete either due to small number of samplings over a vast area or due to lack of reliable data
because of varying techniques of sampling and analysis. The fact that the study of trace metals in different
natural environments is essential, needs no emphasis. Several workers have reported data on the
distribution of trace metals in different oceanic environments. Chester and Stoner (1974) have studied the
distribution of some trace metals in different regions of the world ocean and have discussed their data in
comparison with the earlier ones. Harris and Fabris (1979) have reported data on particulate Cd, Cu, Pb
and Zn in the Indian Ocean sector of the Antarctic Ocean and Danielsson (1980) reported values of some
trace metals in the Western Indian Ocean.

Earlier studies carried out by us were mostly in regions close to the coast in the Arabian Sea and the
Bay of Bengal where man's impact has an influence (Sea Gupta et al 1978, Sanzgiry and Moraes 1979,
Braganca and Sanzgiry 1980 and Sanzgiry and Braganca 1981). Comparison of the coastal or nearshore
data with open ocean data is very necessary to understand the magnitude of human influence on the
oceanic environment. Utilizing the opportunity to collect data from the unpolluted Southern Ocean, water
samples were collected for trace metal analysis during the First Indian Expedition to Antarctica on board
M. V. Polar Circle from December 1981 to February 1982. This study deals with the distribution of
dissolved and particulate forms of a few trace metals in the Southern Ocean and their comparison with
earlier data.

METHODS OF COLLECTION AND ANALYSIS

Water samples were collected using Niskin GOFLO sampler using stainless steel wire. Sampling was
done at different depths at 8 stations (G, to 16) between 69°58.14'S Lat., 11°54.65'E. Long, and
39°25.6'S Lat. and 45°0.3.8'E Long. To avoid contamination from the ship's hull the first sample was
collected at 10 m and treated as a surface sample. Sampling could not be done at more frequent intervals as
well as at the same depths at all the stations due to technical problems during the expedition. However,
stations have been covered in such a way that waters having antarctic to subtropical characteristics have
been sampled. Station G, is in an antarctic polynya, G4, Gg and Gy are representative of antarctic
divergence, Gy, and Gy, are in the antarctic convergence region and G4 and G are in the subtropical
convergence waters.

The method of analysis was similar to that described earlier (Sen Gupta et al 1978, Sanzgiry and
Moraes 1979, Braganca and Sanzgiry 1980 and Sanzgiry and Braganca 1981). The precision of the analysis
reported as coefficients of variation is less than or equal to 10% for all the metals.

! National Institute of Oceanography, Dona Paula, Goa 403 004.
95



Distribution of Few Trace...

RESULTS AND DISCUSSION

Table 1 shows the location of the sampling stations and the trace metal concentrations (dissolved and
particulate) at different depths. The average concentrations of all the trace metals in different regions, as
discussed in the text, are given in Table 2. Due to difficulties encountered in sampling, data of very few
stations could be discussed. However, an attempt has been made at comparison. The distribution of
individual trace metals is discussed below.

TABLE 1
Concentrations of trace metals (D—Dissolved in w/1; P—Particulate in uggmgdy weight)

G a Fe Mo Zn P Co Ni
Srn
No La$ LongE Dph D P D P D P D P D P D P D P D P
m
10 31 W 15 2 2 228 N> I3 468 30 26 5 14 ND 37 14
G, B4 115465 2 30 B 05 B 4 m 28 ND R 9 17 ND 14 ND 35 ND
20 25 1B ND 2 31 202 28 ND 17 24 27 3 ND ND 18 25
G, 68°43.50' 110670 W 17 M 07 ® 27 55 16 2B 8 17 22 10 ND ND 21 16
1500 14 ® 02 ND 6 T 12 W 133 ND 24 ND U 17 30 W4
W 19 B 08 B 8 I5 41 ND 19 9 35 ND ND ND 66 24
Gy  63°3020" 222613 50 13 48 08 ND 43 7 41 U 179 T 34 T 15 15 34 ND
G, 61°2821' 250LIS' 0 47 3 07 ® 65 9% 13 ND 296 M 21 8 09 ND 30 ND
0 12 1 02 ND 6 106 16 ND 166 83 29 214 11 ND 32 ND
Gy S84 26%981' 100 15 ND 03 3 11 62 21 4 285 K 29 I 10 ND 23 ND
S <1 W 04 2 7 I 16 ND 168 9 <I ND ND ND 12 25
0 1 5 06 ND 71 20 26 ND 219 1® 21 ND ND 1 ND B3
till 2B S W <t 7 06 ND 7 ND <I ND 168 M5 17 ND <l ND 27 16
5 1 71 03 ND 61 14 14 ND D8 28 13 46 ND ND <1 ND
to 12 10 09 ND 53 47 25 10 251 BP 24 M5 15 29 15 27
G 45807 AU W 18 I 05 ND B ND 21 ND 116 ND 12 @ 17 16 27 ND
5 14 ND 11 ND 10 3 <l ND 129 1B 49 @ 19 20 34 ND
10 18 NA 08 NA 125 NA 11 NA 17 NA 46 NA 16 NA 17 NA
Gis 39°25.60' 450380 MW 14 NA 08 NA 118 NA <I NA 135 NA 35 NA <l NA 25 NA
50 55 NA 07 NA 407 NA 21 NA 46 NA 34 NA 18 NA 28 NA
ND- not detectable
NA- not analysed
TABLE 2
Concentrations of dissolved trace metals (in ug/l) (values are average + SE)
Regi Depth
egion epth range Cu Cd Fe Mn Zn Pb Co Ni
(m)
Antarctic 10 + +
Polynya 31+02 15+ 0.1 2£02  ND 468+4.6  2.6+0.2 1.4£0.1 37403
100-500
3£0.2 0.5+ 0.03 4+04 2.8+0.2- 12+12 17£0.1 1.420.1  35+0.2
Antarctic 10 47£02  0720.04
Divergence 65£06  13x01  29.63 21202 0.9 2007 3402
100—500 1.9+0.1 08+005  52+0.5
-8 £ 0. 20 37 203 341,
below 500 154001 044002 47408 a0l ﬁ fl‘ii f 3.2+0.3 0.5£0.04 3.9+ 0.3
A4 =0 £l 2.3£0.2 0.6 £0.04 2.6+ 0.2
Antarectic 10 1.120.1 04 £ 0.02
Convergence o 69+0.7 21 £0.2 19.3£1.9 2.5+0.2 0.6+0.04  1.6+0.1
100-500 1.120.1 0.8 £0.02 "
TRLOTASEOL I87EL9 17201 051004 18201
Subtropical 10 15+ 0.1 0.9 + 0.05 78408
convergence 8+0. 18+0.2 21+2 35+03 1.6+0.1  1.6+0.1
100-500 25+0.1 0.520.04 -+
18.9£1.9 1.6+0.1 204 +£2 3.3+0.3 1.6+0.1 2.9 40.2

ND-non detectable
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Copper and Cadmium

Dissolved Cu concentration hardly shows depthwise variation in waters of the polynya as expected
from the mixed nature of the water. In the antarctic region, average dissolved Cu decreases from surface
to bottom while it is the reverse in the subtropical convergence region. Average Cu concentration in the
antarctic waters in the depth range 100-500 m shows a similarity to that of the subtropical surface waters.
The range of surface Cu observed in the present study-is 1-4.7ng/1 which agrees fairly well with the
observations of Chester and Stoner (1974). However, average surface Cu in this study is higher than that in
their study. This could be due to very few surface samples analysed by us.

In the antarctic polynya dissolved Cd decreases deeper down while the surface average is always
lower than the average between 100-500 m for all the remaining 3 regions considered. As in the case of Cu,
antarctic waters between 100-500 m have on an average almost the same Cd concentration as the
subtropical surface waters. The overall range of surface Cd is 0.18-1.5ng/1 with an average of 0.8ug/1
which is much higher than that reported by Chester and Stoner (1974) for the world ocean waters
(0.02-0.18 pg/l; avg 0.07pg/1). Concentrations as high as 4.2pg/1 of Cd have been reported in surface
waters of the English Channel by Abdullah et al(1972). Stations in the present study reflect intermediate
characteristics between oceanic and shelf waters.

Particulate Cu shows a scatter and indicates no trend of variation for drawing any definite conclusion
while particulate Cd is almost negligible.

Iron and Manganese

Dissolved Fe shows a steady increase from the antarctic surface towards the subtropical surface while
particulate Fe is fairly high in the antarctic region, reflecting the possibility of presence of high organic
matter in the region resulting, probably, from ice melting. This can be seen from the very high value at the
surface of the polynya (Stn. G,, Table 1). Average dissolved Fe shows an enrichment in the 100-500 m
depth in all the regions except in the antarctic divergence where the surface average is higher. At station
G, a typical station of the subtropical region, dissolved Fe is higher at all depths than at other stations,
the highest being at 500 m. Observation of concentrations of dissolved Fe between 100-500 m shows that,
average dissolved Fe in the antarctic polynya is the lowest, intermediate in the antarctic region and the
highest in the subtropical region.

Compared to Fe, Mn concentrations are low in the 100-500 m layer. In the polynya and antarctic
divergence regions, Mn is higher in the 100-500 m layer than at surface while it is the reverse in the
antarctic convergence region (Table 2). Particulate Mn is low throughout.

Zinc

Surface dissolved Zn is the highest in the antarctic polynya, the concentration being twice the surface
average in the antarctic as well as the subtropical surface waters. At all the stations average Zn
concentration at surface is higher than that at the 100-500 m layer. Average surface Zn in the antarctic and
subtropical regions is about 23.3 ng/1. This compares well with the range 6.5-22 ng/1 from the North
Eastern Atlantic (Riley and Taylor, 1972).

Particulate Zn at all the stations is higher at surface and intermediate layers while it decreases at
depths thus adding to soluble Zn pool (Table 1).

Lead
Surface average Pb concentrations in the polynya and antarctic region are comparable while the
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subtropical surface average is higher (Table 2). Pb is an element quite prone to contamination and as sucn
no definite conclusion about any region can be arrived at, unless there is a close frequency of sampling.
Particulate Pb does not show any specific trend of variation however the range ND-214pg/gm (dry
weight) agrees well with the observation of Harris and Fabris (1979) for the Indian Ocean sector of the
Antarctic Ocean.

Cobalt and Nickel

Concentrations of dissolved Co lie between non-detectable values to 1.9ug/1 while the particulate
fraction is negligible. Average concentration from the polynya compares well with the subtropical
average while in the antarctic region Co concentration is appreciably low (Table 2). In the subtropical
region, average surface Ni concentration is 1.6ug/1 which is very similar to that in the antarctic converg-
ence region while in the Antarctic divergence region it is almost twice as much. Our range of surface Ni is
well within that quoted by Chester and Stoner (1974) for open ocean (<1-23.5 pg/1; avg 1.2 pg/1).
However, our average is higher than theirs. This is due to very few samplings done by us. Particulate Ni is
in general, negligible.

Only a few zooplankton samples could be collected during this Expedition.The results of the analysis
have been given in Table 3. However, no comments can be made due to lack of sufficient data.

TABLE 3

Concentrations of trace metals in zooplankton (ppm, dry weight)

Stn. Cu G Fe Mn Zn Pb Co Ni
No.

GI10 145 NA 765 7.6 96.3 433 33 ND
Gl11 102 NA 441.8 9.1 70.2 26.8 38 2.9
GI12 59.9 NA 2573 25.7 621.2 5272 — 6.7
GI13 403 NA 2474 26.4 770.2 1795 85 16.6
NA—not analysed

ND—not detectable

Before drawing any conclusion, regarding the intercomparison of trace metal concentrations between
the antarctic and subtropical regions, we require to collect many more samples at stations closely spaced
over a wide area.
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