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The nearshore environment of King George Island,
where eight countries have been operating year-round
stations, has been exposed to pollutant input arising
from station operations, such as fossil fuel burning,
waste disposal, and oil spills. Signs of metal pollution
have been reported in soils, lichens and seawater near
the station (Lee et al., 1990; KORDI, 1998; Hong et al.,
1999).

The patellid limpet Nacella concinna (Strebel, 1908) is
the most conspicuous and usually the only large inver-
tebrate species found in the intertidal zone of Antarctic
waters. N. concinna occurs in dense patches in intertidal
and shallow subtidal zones around the Antarctic Pen-
insula and the adjacent islands (Walker, 1972; Picken,
1980) where station densities are higher than anywhere
else in Antarctica. The ecology and physiology of M.
concinna are relatively well known, which is expected to
facilitate the potential use of this species as a biomonitor
(Picken, 1980; Davenport, 1988; Clarke, 1989, 1990;
Nolan, 1991; Beaumont and Wei, 1991; Bréthes et al.,
1994; Peck et al., 1996). A previous study showed that
N. concinna accumulated most metals to a considerable
degree and thus suggested its potential as a biomonitor
of metal pollution in the Antarctic intertidal areas where
stations are located (Ahn et al., 1999). A recent study
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further elucidated the baseline accumulation pattern
with respect to sex and tissue type (Ahn et al., 2002).

The previous studies have noted that baseline con-
centrations of some metals, in particular Cu, Mn and Fe
were highly elevated in the tissue of N. concinna from
King George Island as compared to the populations
from other Antarctic regions. The elevation of these
metals has been ascribed to inflow of glacier-melt water
laden with Cu and other metals derived from lithogenic
sources via weathering processes during austral summer
(Ahn et al., 1999, 2002). Cu, Mn and Fe levels were also
much higher in the marine sediment of King George
Island (49-88 pg Cug™' dry matter, >500 pg Mng™!,
>24,000 ug Feg™') than in the Peninsula regions (<15.3
pg Cug!, <259 pg Mng~!, <22,700 pg Feg™!) (Alam
and Sadig, 1993; Ahn et al., 1996). In fact, these ele-
ments are enriched in the terrestrial volcanic rocks near
the study area (Jwa and Lee, 1992; Lee et al., 1996), and
turbid melt-water streams from terrigenous icefields and
submerged glaciers have been observed during austral
summer; this indicates that substantial amounts of
lithogenic particles containing these elements have been
introduced into the bay associated with the land runoff
(Chang et al., 1990; Ahn, 1994; Yoo et al., 1999). In
Admiralty Bay, which is adjacent to the Marian Cove,
annual inflow (occurring mainly during austral summer)
of terrigenous suspended particles brought about by
melt-water streams was estimated at as much as
200,000-240,000 t (2000 tons per day) (Pecherzewski,
1980).
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Fig. 2. Spatial variations of temperature (Temp), suspended particulate matter (SPM) and particulate Al and Fe concentrations in the surface

seawater of Marian Cove.

ranged between 94-117% and 97-116%, respectively.
Water temperature and salinity data were obtained from
a long-term monitoring program conducted at the station
(KORDI, 2001). Water temperature and salinity were
measured using a conductivity meter (YSI 610-D).

A previous study on metal concentrations in N. con-
cinna reported that some metals were significantly higher
in females than in males (Ahn et al., 2002), but the
concentration differences due to sex were not large and
thought to be minimized by a random collection pro-
cedure if the male: female ratio within the sampled
population was constant (Latouche and Mix, 1982). In
this study, therefore, the male to female ratio was kept
constant (1:2) among the different sampling sites to
eliminate the sex effect. Due to large body size variation
among the limpet samples from the different sites, dif-
ferences in metal concentration between the sites were
tested using analysis of covariance (ANCOVA). All the
data were analyzed using a statistical program MINI-
TAB 13 (MINITAB Inc).

Fig. 2 shows that a distinct temperature gradient
developed in the bay with the lowest temperature values
near the sources of glacial runoff. Concentrations of
suspended particulate matter (SPM), Al and Fe were

Table 1
Concentration ranges of suspended particulate matter (SPM, in
mgl~!) and of various metals (particulate and dissolved fractions,
pgl=!) in the surface seawater of Marian Cove during the 2000/2001
season

Particulate Dissolved

max min max min
SPM 10.2 1.029
Al 3224 10.08 ND
Fe 318.0 4.029 ND
Mn 23.41 0.195 ND
Cu 2.438 0.026 0.393 0.140
Pb 0.580 0.025 0.052 0.006
Zn 3.034 0.147 0.598 0.240
Cd 0.004 0.0004 0.075 0.052
Co 0.456 0.003 0.029 0.002

Seawater samples were collected on the same date, December 8th, 2000.
ND: not determined.

notably elevated at the sites near the melt-water sour-
ces (10.2, 3.2 mgl~! and 318 pgl™!, respectively), and
sharply decreased with increasing distance from the melt-
water sources. Cu, Mn, Pb and Zn also showed distri-
butional patterns very similar to those of SPM, Al and
Fe. Analysis showed that substantial portions (40% to
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Fig. 4. Comparisons of metal concentrations (g g~ TDM except Fe in %TDM) between N. concinna collected from different sampling sites. Data
from St. A and St. B were shown to have no statistical difference with each other, and they were pooled for clarity of statistical analysis. The
concentration values from St. D were intermediate between St. C and St. E, and not plotted for visual clarity of the comparisons. Solid regression
lines are statistically significant; dotted lines, statistically insignificant, are plotted for clarity of comparisons.

limpet tissue were more than three times higher at St. A—
B than at St. E, and Cu, Mn and Fe about twice as high
at St. A-B than St. E. Thus, the concentrations of most
metals in the limpet tissue reflected the background
levels in the ambient seawater, and the spatial variation
of Cu, Mn, Fe and Pb concentrations in the N. concinna
tissue are likely to be related to glacier-melt water dis-
charge during austral summer.

Unlike the other elements, the highest Cd values in
the limpet tissue were found at St. E, where Cd con-
centrations in seawater were lowest. This indicates that
Cd accumulation in the limpet tissue may be influenced

by other factors such as food availability and growth
rate rather than the melt-water process. The density of
microphytobenthos, which is considered as an impor-
tant food source for N. concinna (Bréthes et al., 1994),
could be highly variable over short distances, and the
amount of Cd accumulated in N. concinna would be
expected to be variable site to site depending on the food
amount consumed. The Cd values from this study at St.
E (11.7 pgg™! TDM) and St. C (4.7 pgg~' TDM) were
similar to the values (10.7 ugg™' TDM and 4.9-5.0
pgg~! TDM, respectively) reported in the correspond-
ing period of previous years (Ahn et al., 1999, 2002).
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Fig. 6. Ranges of metal concentrations (ugl™! for seawater, pgg~' TDM for the others) in seawater, seaweed (Adenocystis utricularis and Iridea
cordata) and N. concinna tissue and feces. All the data are presented as vertical points. ND: not determined.

ticulate matter, and the metal concentrations in the
limpet tissue reflect their concentrations in the sur-
rounding seawater. This may suggest that an alternative
pathway of biomagnification is working; non-living
particulate matter which sediments on algal mats or is
attached on seaweed blades may be directly consumed
by N. concinna when they browse algal food. The rela-
tive importance of biomagnification processes based on
non-living particulate matter is yet to be resolved.
Tissue concentrations of Cu, Mn, and Pb correlated
highly with those of Fe (Fig. 7), strongly suggesting that
these metals of lithogenic sources accumulate in the
limpet tissue in an unregulated fashion, and thereby, the
tissue concentrations of these metals reflect changes in
the environment. Previous studies in this area reported
that Pb concentrations were elevated in some inshore
waters adjacent to the station with a dramatic decrease

towards the offshore, and indicated that Pb originated
from point sources at the station (Lee et al., 1990;
KORDI, 1998). We, however, found that the overall Pb
concentrations in the limpet tissues were very low, and
they were linearly proportional with the Fe concentra-
tions, indicating that the spatial variation was due to
varying degrees of ice-melt water influence not due to
contamination.

Thus, we have found little sign of contamination in
seawater and in organisms, and the metal concentrations
we observed can be considered as baseline levels. We
have, however, found a wide range of spatial variation
in the baseline concentrations in seawater, seaweed and
limpet tissue with varying degrees of ice-melt water
influence. Glacial-melt water runoff would be subject
to change in amount and composition temporally as
well as spatially, causing some fluctuations in natural
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