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ABSTRACT.- Concentrations of five metals (Cu, Cd, Mn, Zn, Fe) were determined in the tissues of
the Antarctic limpet Nacella concinna. Limpets were collected from intertidal zones close to the King
Sejong Station (Monitoring Site) and at a remote site 1.4 km away from the station which was consid-
ered to have been least affected by human activities (Reference Site). Tissue concentrations of these
metals in N. concinna were relatively high compared to those of other limpets in temperate waters,
and decreased with the increase in body size. Fe and Mn concentrations were higher in the limpets
from the monitoring site, while Cd was higher in those from the reference site. This seems to be asso-
ciated with regional variations in input of ice-melt water laden with heavy metals which have origi-
nated from erosion of terrestrial volcanic rocks, and the results of this study indicate higher input of
ice-melt water into the monitoring site. The results of the present study, combined with the fact that
N. concinna is abundant along the Antarctic Peninsula and the adjacent islands and easily collective,
suggest that this limpet species can be used as a useful indicator for metal pollution monitoring in
the Antarctic intertial areas. However, regional variation in geochemical processes and size-effect
should be taken into consideration in establishing a framework for an environmental monitoring

program.
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Introduction

The nearshore environments on King George Island
where eight countries have been operating their
research stations for years, have been exposed to
contamination by human activities such as liquid
waste disposal, oil spill, and fuel combustion.
Bivalves such as mussels and oysters have been
used as indicators for long-term contaminant moni-
toring in coastal waters world-widely under the
design of ‘Mussel Watch” (Farrington et al., 1983;
Goldberg et al., 1983; Lauenstein et al., 1990). In the
Antarctic waters, however, there are no mussels or
oysters, and heavy metal pollution monitoring has
started in the Korean Station, King Sejong using the
Antarctic clam, Laternula elliptica collected from 20-
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30 m water depths at sites close to the King Sejong
Station (Ahn ef al., 1996). Furthermore, in the
Antarctic attention has rarely been paid to intertidal
zones despite the fact that they are most likely sub-
ject to input of anthropogenic contaminants, proba-
bly because of physical instability of the substrates
due to ice impacts and the lack of large-sized life
forms.

The Antarctic limpet, Nacella concinna (Strebel
1908, Patellidae) is the most conspicuous and usual-
ly the only large invertebrate found in the ice-scour-
ing intertidal zones. N. concinna occurs in dense
patches in intertidal and shallow subtidal zones
around the Antarctic Peninsula and the adjacent
islands, and its density tends to decrease with
increasing water depth (Picken, 1980). Its ecology

and physiology have been studied in several areas
(Picken, 1980; Clarke, 1989; Clarke, 1990; Nolan,
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1991; Beaumont and Wei, 1991; Kennicutt et al., 1992;
Bréthes et al., 1994; Peck et al., 1996). This species
was previously used to monitor a fuel spill in
Arthur Harbor (Kennicutt et al., 1990; Kennicutt et
al., 1991; Kennicutt et al., 1992). Kennicut et al. (1992)
reported that the intertidal and subtidal limpets in
Arthur Harbor were found to contain elevated lev-
els of polynuclear aromatic hydrocarbons near the
station in the Arthur Harbor with the highest conta-
minant levels in the intertidal specimens, indicating
the utility of this limpet species for an environmen-
tal monitoring program in the Antarctic.

The present study was undertaken to evaluate the
suitability using N. concinna as an indicator species
for monitoring heavy metal contamination in the
Antarctic intertidal areas. Five selected metals (Cu,
Cd, Mn, Zn, Fe) were determined in the tissues of
Nacella concinna, and the tissue levels of these metals
were compared with those of other limpets from
temperate coastal waters. Influence of local geo-
chemical process on the tissue concentrations was

also discussed.

Materials and Methods

Sample collection and preparation for analysis

Nacella concinna were collected from intertidal zones
close to the King Sejong Station which was likely to
be subject to input of anthropogenic contaminants
(Monitoring Site) and from a remote site 1.4 km
away from the station which was considered to
have been least affected by human activities
(Reference Site) (Fig. 1). Limpets were hand-collect-
ed near the low water level during ebb tide on the
13th of December, 1996 at the monitoring site and
on the 14th of December at the reference site. After
sampled, limpets were frozen to -20°C for the trans-
portation to Korea. Transported samples were stored
at -70°C until analyzed. For the metal analysis, thir-
ty-five limpets larger than 20 mm in shell lenth were
randomly selected from each group. Frozen limpets
were partially thawed and shell was detached from
each of the limpets. Height, width and length of

each shell were determined to the nearest 0.01 mm.
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Fig. 1. Sampling sites in King George Island, Antarctica. M =
Monitoring site; R = Reference Site.

After freeze-dried for about 3 days, tissue dry weight

of each limpet was determined to the nearest 1 mg.

Analytical procedures

Heavy metal concentrations in the tissues of
Nacella concinna were determined using the methods
described by Ahn et al. (1996) and Zdanowiez et al.
(1993). Metal concentrations were determined by
flame (Mn, Cu, Zn, Fe) and flameless (Cd) spec-
trophotometer (Spectra AA-20, Varian). The accura-
cy of the analytical method used for the limpet tis-
sues was tested using the standard reference materi-
als of oyster (SRM 1566a, NIST) and mussel (CRM
278, Commision of the European Communities).
Data were analyzed using statistical program
MINITAB.

Results
Morphological characteristics of Nacella concinna

from the two sites

Shell dimension and tissue dry weight of the
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Table 1. Shell dimensions and tissue dry weights of Nacella concinna used for metal analysis. Means and standard
deviations are represented (n = 35). SWt = Shell Weight, SL. = Shell Length, SH = Shell Height, SW = Shell Width.

SWt SL SH SW SH/SL SH/SW SW/SL TDW
(g) {(mm) (mm) (mm) X 10 X 10 X 10 (mg)
Monitoring Site 0.95 £0.31 299+3.1 9.6+x13 21.1x23 32+02 46=x04 71=x03 764250
Reference Site 134 +£047 296+32 109+19 208+23 37+x04 52+x06 7.0x03 501=+178
3.4 17.0
L o)
32 L . 15.0 o
—~ g i
O | L
2 3 £ 13.0 _
iy
% o8 | 2 11.0 ¢
— e
o i = 90 |
8 2.6 %
2.4 F 7.0
2.2 PRSI WA SRS T NN AT SN A A NN S, W SN S SN U SR WO SN N SR SR SR S | 5‘0 = : . ! . ! !
1.35 1.4 1.45 1.5 1.55 16 20.0 25.0 30.0 35.0 40.0

Log shell L {mm)

Fig. 2. The relationship between shell length (SL, mm) and
tissue dry weight (TDW, mg) of Nacella concinna from the
monitoring Site (®); regression line, TDW = 107 SL** (n
=35, SE, = 0.282, r* = 0.771, F = 111.26, p < 0.001) and the
reference site (O); regression line, TDW = 107% SL** (n =
35, SE, = 0.174, ¥* = 0.922, F = 387.8, p < 0.001).

limpets used for the metal analysis were presented
in Table 1. Average shell length of the limpets from
the monitoring site (29.9 mm) was very similar to
the average value of those from the reference site
(29.6 mm). However, for a same shell length, the
average tissue weight of the monitoring site was
greater than that of the reference site (Differences
among adjusted means: F=108.27 with degrees of
freedom, 1 and 67, p<0.001, Fig. 2). On the other
hand, the shell weight of the reference site was
heavier than that of the monitoring site by 40%, and
the shell height to shell length ratio was significant-
ly higher in the limpets of the reference site
(Differences among adjusted means: F=52.28 with
degrees of freedom, 1 and 67, p<0.001, Fig. 3).

Comparison of metal concentrations of N. concinna

between two sites

Shell length (mm)

Fig. 3. The relationship between shell length (SL, mm) and
shell height (SH, mm) of Nacella concinna from the moni-
toring Site (®); regression line, SH = -1.71 + 0.379 SL (n =
35, SE, = 0.037, 1* = 0.763, F = 106.13, p < 0.001) and the
reference site (O); regression line, SH = -3.85 + 0.5055L (n
=35, SE, = 0.063, r* = 0.661, F = 64.31, p < 0.001).

Analytical results for the reference materials were
shown in Table 2, and metal concentration in the tis-
sues of N. concinna in Table 3. Cadmium concentra-
tions were significantly higher in the limpets of the
reference site (degrees of freedom, d.f. = 55, t = 8.41,
p < 0.001), while Fe and Mn were higher in the
limpets of the monitoring site (Fe: d.f. = 66, t = -2.83,
p <0.01; Mn: d.f. = 61, t = -1.87, p < 0.05). No signifi-
cant differences were detected in Cu and Zn concen-
trations between the limpets of two sites. Regression
analysis (Figs. 4-8) also showed that for a limpet of a
same tissue dry weight, Cd concentration per unit
tissue weight was higher at the reference site
(Differences among adjusted means: F=37.60 with
degrees of freedom, 1 and 65, p<0.001), while Fe and
Mn concentrations were higher at the monitoring

site (Fe: Differences among adjusted means: F=20.83
with degrees of freedom, 1 and 64, p<0.001, Mn:
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Table 2. Comparison of the certified and measured concentrations (ug g™ tissue dry weight) of the standard reference
materials of oyster and mussel tissues. Means and standard deviations are represented (n = 6).

Oyster (SRM 1566a) Mussel (CRM 278)
Element
Certified Measured % Recovery Certified Measured % Recovery
Cd 4.15 +0.38 4.01 £0.17 97 0.34 + 0.02 0.36 = 0.02 106
Cu 66.3.+4.3 68.7 + 0.6 104 9.6+0.1 10.0 £ 0.0 104
Mn 123+ 1.5 11.7+£02 95 73+02 75+02 103
Zn 830 = 57 883 + 21 106 76 +2 754 1.1 99
Fe 539 £ 15 521 £33 97 133+ 4 131 £ 12 98

Table 3. Comparison of metal concentrations (ug g™ tissue dry weight) in the tissues of Nacella concinna from the
monitoring site and the reference site, King George Island. Means and standard deviations are represented (n = 35

except > n =33 and " n = 34).

Cd Cu Fe Mn n
Monitoring Site 49 +22 20.8 £ 3.8 2265 = 1005 39.9 +10.4* 694 +5.2
Reference Site 10.7 3.3 208 47 1627 + 863" 346 +12.6 T14+6.5
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Fig. 4. The relationship between Fe concentration (ug g™ tis-
sue dry wt) and tissue dry weight (TDW, mg) of Nacella
concinna from the monitoring Site (®); regression line, Fe
Conc. = 6843 - 1661 Log TDW (n = 33, SE, = 0.770, r* =
0.130, F = 4.65, p < 0.05) and the reference site (O); regres-
sion line, Fe Conc. = 9925 - 3100 Log TDW (n = 34, SE, =
0.7996, r* = 0.32, F = 15.03, p < 0.001).

Differences among adjusted means: F=11.15 with
degrees of freedom, 1 and 64, p<0.01). Since shell
morphology was significantly different between the
limpets from the two sites, the regression curves of
metal concentrations were plotted against tissue dry
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Fig. 5. The relationship between Mn concentration (ug g™'tis-
sue dry wt) and tissue dry weight (TDW, mg) of Nacella
concinna from the monitoring site (®); regression line, Mn
Conc. = 106 - 23.0 Log TDW (n = 33, SE, = 11.28, r* = 0.119,
F =4.17, p < 0.05) and the reference site (O); regression
line, Mn Conc. = 160 - 46.4 Log TDW (n = 34, SE. = 13.58,
r* = 0.268, F = 11.69, p < 0.005).

weight.
Effects of body size of N. concinna on the metal

accumulation
Fe and Mn concentrations per unit body weight
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Fig. 6. The relationship between Cd concentration (ug g™ tis-
sue dry wt) and tissue dry weight (TDW, mg) of Nacella
concinna from the monitoring site (@) and the reference
site (), regression line, Cd Conc. = 35.0 - 9.12 Log TDW
{n =33, SE, = 3.350, r* = 0.193, F = 7.41, p < 0.01). No sig-
nificant relationship was found at the monitoring site.
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Fig. 7. The relationship between Zn concentration (ug g™ tis-
sue dry wt) and tissue dry weight (TDW, mg) of Nacella
concinna from the monitoring site (@); regression line, Zn
Conc. = 105 - 12.6 Log TDW (n = 33, SE, = 4.808, r* = 0.181,
F =6.87, p < 0.05). No significant relationship was found
at the reference site (O).

decreased significantly with increase in body weight
within the size range analyzed at both sites (Figs. 4
and 5). Cd concentrations significantly varied with
body size only at the reference site; Cd concentra-
tion of a 300-mg N. concinna (12.4 ug g* TDW) was
one and half times higher than that of a 800-mg
individual (8.5 ug Cd g™ TDW) (Fig. 6). On the other
hand, Zn and Cu varied signicantly with body size
only at the monitoring site (Figs. 7 and 8).
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Fig. 8. The relationship between Cu concentration (g g™ tis-
sue dry wt) and tissue dry weight (TDW, mg) of Nacella
concinna from the monitoring Site (@®); regression line, Cu
Conc. = 43.8 - 8.05 Log TDW (n = 33, SEy = 3.725, r* =
0.131, F = 4.67, p < 0.05). No significant relationship was
found at the reference site (O).

Discussion

Morphological characteristics of Nacella concinna
from the two sites

The limpets from the two sampling sites significant-
ly differed in shell shape (Table 1, Fig. 3). For a same
shell length, the limpets from the reference site were
shown to have steeper and heavier shell. The mor-
phological difference in shell shape between the two
sites was also confirmed by the data from the
regression analysis. The mean slope of regression of
shell height on shell length is 0.505 for the limpets
from the reference site and 0.379 for those from the
monitoring site. These figures are very close to those
for the littoral form (0.52) and the sub-littoral form
(0.38), respectively given by Walker (1972).
Equivalent figures for the two forms are 0.49 and
0.32 by Beaumont and Wei (1991) and 0.416 and
0.299 by Nolan (1991). According to these previous
studies on the shell morphometry, the limpets from
the reference site fall into the littoral group, but
those from the monitoring site seem to lie between
the littoral and the sublittoral forms. It appears that
the limpets were collected nearer the sublittoral

zone at the monitoring site than at the reference site,
and those from the monitoring site may be mixed
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with some sublittoral forms.

Comparisons of metal concentrations in N. concin-
na with those of other limpets in temperate coastal
waters

The metal concentrations in N. concinna were rela-
tively high in comparison with those of the repre-
sentative limpet species from other geographical
regions and comparable to those found in Patella
spp. in some polluted coastal waters (Butterworth et
al., 1972; Nickless et al., 1972; Preston et al., 1972;
Peden et al., 1973; Stenner and Nickless, 1974). In
particular, Cd and Cu concentrations were highly
elevated in comparison with those found in Patella
vulgata from a clean site (Miramand and Bentley,
1992).

Elevation of Cd level was also reported in the
Antarctic bivalves, Adamussium colbecki (26-49 ug g™
tissue dry weight) (Mauri et al., 1990) and Laternula
elliptica (7.5 ug g™ tissue dry weight) (Ahn et al.,
1996). Similar values were also reported for N.
concinna collected from a different site on King
George Island (Moreno et al., 1997). The elevation of
Cd seems to be a unique feature of the Antarctic
herbivorous organisms living in the naturally Cd-
enriched waters. Cadmium concentrations are sever-
al times higher in the Southern Ocean than in any
other oceans, and this may be accounted for the
upwelling of enriched deep water to the surface
(Orren and Monteiro, 1985; Honda ef al., 1987). Cd
levels comparable to those in contaminated area
were also reported in Antarctic macroalgae and
other invertebrates in the Antarctic Peninsula region
(Moreno et al., 1997). Cd having a high affinity to
phosphate in general shows a positive correlation
with phosphate concentration in sea water (Orren
and Monteiro, 1985). Cadmium then seems to be
taken up by primary producers along with phos-
phate, and as a result, appears to be accumulated in
herbivores grazing on primary producers, and to a
considerable degree in the Antarctic herbivorous
organisms. In addition, N. concinna is known to
grow very slowly compared to other limpets in tem-
perate waters. For a same-sized individual, N.
concinna is older than the limpets in temperate

waters, and probably accumulate metal for a longer
period of time. This may contribute in part to the
elevation of Cd in N. concinna.

The elevation of Cu, on the other hand, seems to
be associated with a local geochemical process dur-
ing summer, metal-laden glacial-melt water runoff. Ahn
et al. (1996) reported that Cu concentrations in the
nearshore coastal sediment near the study area were
highly elevated (68-88 ug g dry weight) and con-
tended that the elevated Cu has originated from ero-
sion of terrestrial volcanic rocks by ice-melt water
during summer. Terrestrial rocks on King George
Island are composed mainly of volcanic rocks con-
taining high amounts of Cu, Mn and Fe, and espe-
cially Cu is highly enriched (>100-186 ug g dry
weight) in the rocks near the study area (Jwa and
Lee, 1992). Berkman et al. (1992) also reported that
trace metal concentrations were higher in the shells
of the Antarctic scallop Adamussium colbecki in shal-
low water adjacent to glacial meltwater runoff, sug-
gesting that the significant decreases in the concen-
trations of Fe, Mn, Cu and Zn with depth be caused
by the decreasing influence of the glacial runoff
towards the offshore.

Variations of Fe, Mn and Cd in N. concinna
between the two sites

There were significant differences in Fe, Mn and Cd
concentrations between the two groups of limpets
from the monitoring and from the reference sites,
and this also seems to be related to the metal-laden
ice-melt water input. The input of ice-melt water
was reported to vary regionally within the Maxwell
Bay (Ahn et al., 1996). Higher Fe and Mn concentra-
tions in the limpets from the monitoring site indi-
cate larger amount of input of ice-melt water laden
with the heavy metals. On the other hand, Cd con-
centration appears to be higher in the sea water than
in ice-melt water, and the higher Cd concentrations
in the limpets of the reference site indicate less influ-
ence of ice-melt water. Apart from the geochemical
process, Cd concentration in the tissues of N. concin-
na may be differentiated also by difference in food
availability between the two sites. Density of micro-
phytobenthos which is a significant food source for



N. concinna (Bréthes et al., 1994) could be highly
variable over short vertical and/or horizontal dis-
tance, and the amount of Cd accumulated in N.
concinna would be expected to be variable site to site
depending on food amount consumed.

Effects of body size of N. concinna on the metal
accumulation

Body size can be important in making data compa-
rable especially when there are considerable differ-
ences in metal concentrations among individuals of
various body size, and therefore should be taken
into consideration in sampling and data analysis.
The regression analysis (Figs. 4-8) showed that in
general concentrations of the metals decreased with
increase in body size. Similar relationships between
body size and tissue metal concentrations were fre-
quently reported in other gastropods and bivalves
in temperate waters (Peden et al., 1973; Boyden,
1977; Ramelow, 1985). Boyden (1977) observed that
Cu, Fe, Pb and Zn varied inversely with size for
Patella sp., with the only exception of Cd showing a
positive correlation. Ramelow (1985), on the other
hand, reported that Cd, Cr, Cu, Ni, Pb, Zn decreased
with increasing shell length of Patella sp., while As,
Sr, Fe increased with the size. Thus, the pattern of
size-dependent variation seems to differ depending
on species, physiological condition and possibley
geographic regions.

Acknowledgements

The authors thank the 10th Korean Antarctic
Summer and Overwintering Research Teams for
their emotional and technical support. This work
was supported by the Ministry of Maritime Affairs
and Fisheries.

References

Ahn 1Y, Lee S.H., Kim K.T., Shim J.H., and Kim D.-Y. 1996.
Baseline heavy metal concentrations in the Antarctic clam,

Laternula elliptica in Maxwell Bay, King George Island,
Antarctica. Mar. Pollut. Bull. 32: 592-598.

Ahn et al.: A Preliminary Study on Heavy Metals 7

Beaumont A.R. and Wei J.H.C. 1991. Morphological and
genetic variation in the Antarctic limpet Nacella concinna
(Strebel, 1908). J. Moll. Stud. 57: 443-450.

Berkman P.A., Foreman D.W., Mitchell J.C., and Liptak R.J.
1992. Scallop shell mineralogy and crystalline characteris-
tics: proxy records for interpreting Antarctic nearshore
marine hydrochemical variability. Antarct. Res. Ser. 57: 27-
38.

Boyden C.R. 1977. Effect of size upon metal content of shell-
fish. J. Mar. Biol. Ass. U. K. 57: 675-714.

Bréthes J.-C., Ferreyra G., and de la Vega S. 1994.
Distribution, growth and reproduction of the limpet
Nacella (Patinigera) concinna (Strebel 1908) in relation to
potential food availability, in Esperanza Bay (Antarctic
Peninsula). Pol. Biol. 14: 161-170.

Butterworth J., Lester P., and Nickless G. 1972. Distribution
of heavy metals in the seven estuary. Mar. Pollut. Bull. 3:
72-74.

Clarke A. 1989. Faecal production and an estimate of food
intake in the wild of the Antarctic limpet Nacella concinna
(Strebel). . Moll. Stud. 55: 261.

Clarke A. 1990. Faecal egestion and ammonia excretion in the
Antarctic limpet Nacella concinna (Strebel, 1908). J. Exp.
Mar. Biol. Ecol. 138: 227-246.

Farrington J.W., Goldberrg E.D., Risebrough R.W., Martin
J.H., and Vaughan T.B. 1983. US Mussel Watch 1976-1978:
an overview of the trace-metal, DDE, PCB, hydrocarbon,
and artificial radionuclide data. Environ. Sci. Technol. 17:
490-496.

Goldberg E.D., Koide M., Hodge V., Glegal A.R., and Martin
J. 1983. Mussel Watch U.W.: 1977-1978 results on trace
metals and radionuclides. Estuar. Coastal Shelf Sci. 16: 69-
93. ‘

Honda K., Yamamoto Y., Tatsukawa R. 1987. Distribution of
heavy metals in Antarctic marine ecosystems. Proc. NIPR
Symp. Polar Biol. 1: 184-197.

Jwa Y.-]. and Lee J.I. 1992. Geochemistry of the volcanic
rocks from the Fildes Peninsula, King George Island,
Antarctica. [. Korean Earth Sci. Soc. 13: 200-211.

Kennicutt M.C. II, McDonald T. J., Denoux G. J., and
McDonald S. J. 1992. Hydrocarbon contamination on the
Antarctic Peninsula II. Arthur Harbor-Inter- and subtidal
limpets (Nacella concinna). Mar. Pollut. Bull. 24: 506-511.

Kennicutt M.C. II, Sweet S.T., Fraser W.R., Stockton W.L. and
Culver M. 1991. Grounding of the Bahia Paraiso at Arthur
Harbor, Antarctica. 1. Distribution and fate of oil spill
related hydrocarbons. Environ. Sci. Technol. 25: 509-518.

Kennicutt M.C. II et al. (1990) Oil spillage in Antarctica:
Initial report of the National Science Foundation-spon-

sored Quick Response Team on the grounding of the Bahia
Paraiso. Environ. Sci. Technol. 24: 620-624.

Lauenstein G.G., Robertson S. and O’connor T.P. 1990.
Comparison of trace metal data in mussels and oysters
from a mussel watch programme of the 1970s with those
from a 1980s programme. Mar. Pollut. Bull. 21: 440-447.

Mauri M., Orlando E., Nigro M., and Regoli F. 1990. Heavy
metals in the Antarctic scallop Adamussium colbecki. Mar.

Eco. Progr. Ser. 67: 27-33.
Miramand P., and Bentley D. 1992. Heavy metal concentra-



8 Korean J. Polar Res. Vol. 10(1), 1999

tions in two biological indicators (Patella vulgata and Fucus
serratus) collected near the French nuclear fuel reprocess-
ing plant of La Hague. The Science of the Total Environment
111: 135-149.

Moreno J.E.A. de, Gerpe M.S., Moreno V.J., and Vodopivez
C. 1997. Heavy metals in Antarctic organisms. Polar. Biol.
17: 131-140.

Nickless G., Stenner R., and Terrille N. 1972. Distribution of
cadmium, lead and zinc in the Bristol Channel. Mar.
Pollut. Bull. 3: 188-190.

Nolan C.P. 1991. Size, shape and shell morphology in the
Antarctic limpet Nacella concinna at Signy Island, South
Orkney Islands. J. Moll. Stud. 57: 225-238.

Orren M.]., and Monteiro P.M.S. 1985. Trace element geo-
chemistry in the Southern Ocean. In: Siegfried W.R.,
Condy P.R., and Laws R.M.(eds), Antarctic Nutrient
Cycles and Food Webs, Springer-Verlag, Berlin,
Heidelberg. pp. 30-37.

Peck L.S., Baker A.C., and Conway L.Z. 1996. Strontium
labelling of the shell of the Antarctic limpet Nacella concin-
na (Strebel, 1908). J. Moll. Stud. 62: 315-325.

Peden ].D., Crothers ]J.H., Waterfall C.E., and Beasley ]J. 1973.
Heavy metals in Somerset marine organisms. Mar. Pollut.
Bull. 4: 7-9.

Picken G.B. 1980. The distribution, growth, and reproduction
of the Antarctic limpet Nacella (Patinigera) concinna

(Strebel, 1908). J. Exp. Mar. Biol. Ecol. 42: 71-85.

Preston A., Jefferies D.F., Dutton J.W., Harvey B.R,, and
Steele A.K. 1972. British isles coastal waters: the concen-
trations of selected heavy metals in sea water, suspended

matter and biological indicators-a pilot survey. Environ.
Pollut. 3: 69-82.

Ramelow G.]J. 1985. A study of heavy metals in limpets
(Patella sp.) collected along a section of the Southeastern
Turkish Mediterrian coast. Mar. Envir. Res. 16: 243-253.

Stenner R.D. and Nickless G. 1974. Absorption of cadmium,

copper and zinc by dog whelks in the Bristol Channel.
Nature 247: 198-199.

Walker A.].M. 1972, Introduction to the ecology of the
Antarctic limpet Patinigera polaris (Hombron & Jacquinot)
at Signy Island, South Orkney Islands. British Antarc. Sur.
Bull. 28: 49-69.

Zdanowicz V.S., Finneran T.W., and Kothe R. 1993. Digestion

of fish tissue and atomic absorption analysis of trace ele-
ments. In: Sampling and Analytical Methods of the
National Status and Trends Program — National Benthic
Surveillance and Mussel Watch Projects 1984-1992, NOAA
Technical Memorandum NOS ORCA 71 Vol. IIL: 31-51.

Received 7 December 1998
Accepted 6 April 1999



	A Preliminary Study on Heavy Metals in the Antarctic Limpet, Nacella concinna (Strebel, 1908) (Gastropoda: Patellidae) in an Intertidal Habitat on King George Island
	ABSTRACT
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgements
	References


