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The heavy metals constitute one of the major groups of pollutants monitored in
the coastal zone (Ardiles and Inda 2000). Their distribution within an
environment depends on factors such as general and local circulation patterns,
sediment composition, and local human activities (Grecco et al. 2003). The metals
are categorized s oligoelements, with natural concentrations in the ppb range.

Although at low concentrations many of thesc metals are indispensable for
metabolic functioning in a wide variety of species, at high concentrations ranging
to two orders of magnitude above natural concentrations, numerous of the heavy
metals show varying risks of toxicity. Under some conditions, certain heavy
metals may become accumulated in biological systems, based on their capacity
for transference and biomagnification in trophic webs. The preceding has resulted
in the development of technical methods for analysis of their bio-availability, and
of the different chemical forms in which they may be found in environmental
matrixes, including water, sediments, and organisms. A major line of research in
this area has been the establishment of baseline values of heavy metal content in
environmental matrixes in support of environmental monitoring programs for
assessment of heavy metal pollution (Romin et al. 1994). It is assumed that the
response of an organism to a stimulus may be modified within the environment
both by biotic and abiolic factors.

In the present study we have employed the capacity of a small, fast-growing
mussel species, Semimytilus algosus, as an indicator of resistance to cadmium
insult in relation to nearness to human industrial or other activity. S. algosus is a
normally populous filter feeding bivalve on the coast of south-central Chile,
although showing manifest declines in its population of some coastal arcas. This
mussel 15 distributed from Manta, Ecuador (00°56°S; 80°44°W) to the Gult of
Arauco, Chile (37°02°8, 73°32"W) (Guzman et al. 1998). Of primary importance
was determination of the range of tolerance of this specics to Cd as & pollutant.
Marine bivalves have traditionally been used as bio-indicators in ecotoxicological
studies, given their ubiquitous presence in marine environments, and their
capacity for filtering large volumes of water and sedimentary materials, in some
cases concentrating pollutants in their tissues (Goldberg 1980, Llancs-Baeza and
Gonzilez 2002).
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Figure 1. Map of the study area, lo show beach collection sites for juvenile
Semimytilus algosus during May 2003. The Coronel and Lirquén beaches were
nol far Trom industrial activilics.

The hypothesis to be tested in the present study is that tolerance to Cd as a
toxicant is comparatively greater among individuals of S afgosus inhabiting
rocky shores exposed 1o man's activilics than among individuals of the same
species occurring far removed from man's activities.

MATERIALS AND METHODS

Mussels were collected at four beaches in central-southern Chile (Fig.1). The
sampling sites differed in their degrees of exposure to the open sea and in their
degrees of exposure to human activity in each area. The individual characteristics
of each site are outlined as follows:

Cocholgiie beach is located at the northern extremily of Concepcidn Bay. It is a
beach exposed to the ocean and subject to strong wave activity. Rocks on the
beach are heavily populated by 5. afgosus. The main activity in the area is
artisanal [ishing, and there is no manifest evidence of industrial activity. It was
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assumed that the background Cd values at this site were similar to the
"unpolluted".

Lirquén beach is in the SE sector within Concepcién Bay, and has a low
abundance of S. algosus. There are port facilities nearby, active in the loading of
forestry and agricultural products. The Cd concentration in the water and
organism tissue in this area has been reported (Table 1).

Ramuntcho beach is in the SE sector of San Vicente Bay. It is small and protected
and is well populated by S. aigosus. There is no industrial activity in the area, and
low Cd background values were assumed as for Colchogiie.

Coronel beach is located within Coronel bay, and has a low abundance of S.
algosus. The main industrial activities in the arca are commercial fishing and coal
mining. Cadmium in the seawater of this area has been reported (Table 1).

Juvenile Seminytilus algosus (Gould, 1850) (1.5 £ 1 cm) were hand-collected
from natural populations in the four study areas cited above. The mussels were
cleaned and distributed into 600 ml glass vessels with 10 mussels per system.
Seawater in the systems was oblained distant from any industrial activity at Lenga
(36°45°S; 73°08"W) and was filtered to 0.45u. Acclimation of the organisms to
conditions in the laboratory proceeded for 10 days, at 11 + 2 °C, salinity = 33 psu,
dissolved oxygen = 8 mg/L, pH = 8.4 and with a 12:12 hr photoperiod. Once in
the lab, the mussels were fed ad /ibitum with an artificially culture of Dunaliella
salina. Every 48 hr all treatments were cleaned and the toxicant concentration was
return to the initial condition. During acclimation and experimentation the water
was constantly aerated to maintain oxygen saturation. Survival of S. algosus in the
tanks was 100% prior to beginning the experiments.

The treatments, in triplicate, included exposing the mussels to four (nominal) Cd
concentrations, including 0.0 (control), 1.6, 6.4, and 12.8 ug/L. Organisms were
monitored for 312 hr at 24 hr intervals. Death of the musscls was noted as gaping
of the valves und lack of any response to mechanical stimulus. Test solutions were
prepared from (CdSQ4, 8H>0) (Merck Co.).

Table 1. Mean cadmium concentrations in representative matrixes in areas related
te sampling sites in the present study.

Matrix Concentration Location Reference
2.10 ug/L Concepcion Bay | Carrera et al. {1993)
0.10 ug/LL Concepcion Bay Balabanoff ct al. {(1980)
(1.59 ug/L Concepcidn Ba Gutiérrez (1989)
Water column. | g ug/L Corongl : Arcos et al. (1993)
0.045 ppb Lirquén Gutiérrez (1989)
0.016 ppb | Gulf of Arauco Gutiérrez (1989)
220 mg/Kg | Concepcién Bay | Carrera et al. (1993)
Sediment 6.27 mg/Kg | Concepcién Bay | Salamanca et al. (1988)
224 mg/Kg | Gulf of Arauce | Salamanca et al. (1988)
Tissue
A. ater 3.48 mg/Kg | Lirquén Chiang (1989)
P. purpuratus 3.62 mg/Kg | Lirquén Chiang (1989)
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Daia  analysis: The Trimmed Spearman-Karber method from the Toxstat
(Hamilton et al. 1977) program was used to calculate the lethal concentration of
the toxicant (LCsq). Factorial ANOVA was applied with repeated measurements
(SS type III), using site and concentration of toxicant as orthogonal factors and
the time as the repeated measurement. Mortality of the S. algosus (%) was
transformed to y = arcsin Vx/100 to comply with assumptions of normality,
homoscedasticity, and sphericity (Zar 1999).

RESULTS AND DISCUSSION

The control organisms showed behaviour identical to that observed during their
acclimation to laboratory conditions, including normal ventilation with valves
semi-open, mantle extended, exhalant siphon extended, rapid adherence to the
walls of the test vessel, and response to mechanical stimulation,

The mussels exposed to different concentrations of Cd showed sublethal reactions
to the toxicani, including release from the substrate, closing of the valves,
production of bubbly exudates and/or spontaneous spawning. These responses
increased progressively beginning after 96 hr exposure, depending on the
concentration of Cd in solution.

The Table 2 presents the different responses of mussels to the toxicant. The three
factors showed significant differences both at spatial and temporal levels. The
results of the factorial statistical analysis showed a significant interaction between
the site and the toxicant concentration, demonstrating in this way that the
mortality of mussels is the result of the joint effect of both factors. Likewise, the
temporary factor showed significant interaction with the spatial effects, reason
why il is possible to demonsirate thalt mussels’ mortality is the result of combined
effects among the collection site, the toxicant concentration and the exposure
time.

Table 2. Results of 2-way repeated measures ANOVA, using type III sum of
squares, for the effects of site (random), concentration of toxicant (fixed), and
exposure time to the toxicant (repeated measurement).

Source of variation S5 df MS F P
Site (8) 14.376 3 4.792 162.140 <0.001
Concentration (C) 25.143 3 8.381 13.074 =0.001
SxC 5.769 9 0.641 21.690 <0.001
Residual 0.946 32 0.030

Exposure time (T) 38.147 13 2.934 379.069 <0.001
TS 5.887 39 0.151 19.498 <0.001
TxC 14.045 39 0.360 46.521 <0.001
TxSxC 3.108 117 0.027 3.432 <0.001
Residual 3.220 416 0.008
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Figure 2. Mortality (%) of Semimytilus algosus at different concentrations of Cd
(ug/L). Sites A) Ramuntcho and B) Cocholgiie had no evident human alteration,
and C) Lirquén and D) Coronel were near industrial activities.

The most sensitive mussels were those collected at Ramuntcho and at Lirquén. In
these tests, the first mortalities were observed after 48 hr of exposure, as shown in
Figures 2A and 2C respectively. In tests with mussels collected at Cocholgiic, the
first mortality was observed at 72 hr into the experiment (Fig. 2B). In contrast,
mussels collected at Coronel only began to show mortality after 120 hr of
exposure (Fig. 2D).

The 312 hr LCsq for Cd in these mussels was 1.2 ug/L for specimens obtained
from Ramuntcho; 1.6 ug/L for those from Cocholgiie and 5.38 ug/L for thosc
[rom Lirquén. The LCsq for mussels from Coronel could not be determined within
the time period of the observation. The effect of the graded Cd concentrations at
312 hr exposure was greater in mussels from Ramunicho and Cocholgiie with
mortalitics of 90% and 80% respectively (Fig. 2A and 2B); the mussels from
Lirqguén and Coronel, had mortalities of 60% and 30%, respectively.
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It is concluded that §. algesus juveniles collected trom sites exposed to potential
sources of pollution were significantly, and variably more tolerant to Cd than
were those from sites distant from human influence. This response was probably
conditioned by the degree of human alteration encountered by the mussels within
their habitat.

At the polluted sites, the toxicant/organism relation could induce a series of
adaptive processes which would ultimately be expressed as mechanisms of
resistance to the toxicant (Viarengo 1985, Anisimova et al. 1993, Montuelle et al.
1994, Moraga et al. 2003). The resistance to heavy metals could result from
exposure of the mussels to sublethal pollution in the form of chreonic low
concentrations of toxicant over long periods of time (Daka and Hawkins 2004).
For example, low metal concentrations can induce synthesis of metallothioneins
or similar, which play an important role in the metabolism and in the
detoxification of metals (Bebianno and Langston 1992). In fact, metal-binding
proteins (similar to metallothioneins) has been found in several tissues of Mytilus
galloprovincialis and M. edulis exposed to cadmium in laboratory conditions
(Viarengo et al. 1985, Nolan and Duke 1983a, b), in samples collected from
contaminated sites {(Pavicic et al. 1985) and also in organisms exposed fto
contaminated sediments (Geffard et al. 2002).

An alternative explication is that mussels inhabiting polluted areas are the
products of a genetic selection process in which only the Cd resistant individuals
survived outl of large cohorts of mussels produced in the region. A test of this
hypothesis in future research should be made using mass culture techniques with
wild mussels, with Cd bioassays applied to determine differential survival of the
larvae which might indicate a genetic component in Cd resistance. These
methods, however, require a highly specialized laboratory infrastructure, not
available to us at this time.
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