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Bivalves are well known for their ability to concentrate heavy
metals in their tissue from environmental water. Substantial
enrichment of heavy metals in bivalve molluscs have been reported
(Eustace 19743 Ratkowsky et al. 19743 Phillips 19763 Talbot and
Cheguwidden 19823 Eisenberg and Topping 19843 Pfeiffer et al.1985).
Experimental studies on the accumulation of these pollutants by
molluscs have been extensively conducted (Brookes and Rumsby 19653
Pringle et al. 1968; Ayling 1874; Aoyamma et al. 1978). The depu-
ration of accumulated metals in a toxicant free medium has also
been studied (Cunningham and Tripp 1973 & 1975; Schulz-Baldes 1974;
Simpson 1979; Riisgaord 1984). Bivalve molluscs may form useful
tools in monitoring heavy metal pollution. However, such studies
are scant in tropical species (D'silva and Kureishy 19783 Laksh-
manan and Nambisan 1979 & 1985). This paper reports the bioaccu-
mulation and depuration of Hg, Cu, Zn and Pb by the mussel Perna
viridis (linnaeus) from seawater and explores its suitability as
an indicator organism for metal pollution.

MATERIALS AND METHODS

The mussels were collected from the sea near Cochin and acclimati-
zed in the laboggtory for 3 to 4 days (water characteristics:
salinity = 25x10 ~, temperature = 30+2 C, pH = 7.440.2, dissolved
0, = 95+5% saturation). Animals of uniform shell length (average
(31 .5mm) were taken for the study.

Uptake and release experiments were conducted in static repleni-
shing seawater systems following standard methods. Ten animals
were exposed in each glass aquarium of 10l capacity containing 5.
test medium. The metals studied (viz., Hg, Cu, Zn & Pb) were
introduced as their aqueous salt solutions prepared from HgClZ,
CuSQ,+5H,0, ZnS0,.7H,0 and Pb (NC13)2 (BDH Analar grade), respec-

tively. Separate experiments were conducted for each metal.
Controls were maintained through out. The test medium was aerated
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and renewed once every 24 h. The animals were not fed during the
experiment. Bioconcentration was measured in the exposed mussels
at intervals of 2, 4 and 6 days. Three animals were taken from
each tank and the total metal content in the soft tissue were
determined by Flame Atomic Absorption spectrophotometer (Varian
Techtron 1100 or Perkin Elmer 2380) following the AODAC (1975)
method. Mercury was estimated using a Mercury Analyser (ECIL
Model MA 5800) after wet digesting the tissue in Bethge's appa-
ratus using con. HND3 and con. HZSD4 (4:1 v/v). The distribution

pattern of the metals in the various body components was deter-
mined after dissecting the treated animals into mantle (mantle +
gonad), muscle (adductor + foot), gills and the remaining soft
parts were taken as visceral mass, at definite intervals of time
(Table 2). Replicates were run in all cases.

Depuration of trace metals in P. viridis was studied by removing
3 animals each after a 4 day continuous exposure to specified con-
centrations of the metal ions (0.10 ppm Hg, 0.10 ppm Cu, 0.50 ppm
Zn and 1.0 ppm Pb) and transferring them to toxicant free seawater
medium. They were sampled periodically to determine the time
required to eliminate the accumulated metal. The data were sta-
tistically analysed by student t-test according to Snedecor and
Cochran (1967) and significant difference between control and
experimental groups were found (pﬁ_D.OS to pg_D.DD1).

RESULTS AND DISCUSSION

The results are presented in Tables 1 and 2 and Figure 1. Mercury
content in the soft parts of the mussels exposed to different con-

centrations of H92+ (0.05, 0.10 & 0.20 ppm) increased signifi-
cantly and reached a value of 9.756 ug/g (wet weight) in animals
exposed for 2 days to 0.2 ppm Hg against a background level of
0.08 ug/g. The corresponding values in animals exposed to 0.05
and 0.10 ppm Hg were 2.501 and B6.004 ug/q respectively. The
amount of Hg in the tissue was very much dependent on the concen-
tration in the medium and length of expasure {Table 1). At higher
concentrations of Hg there was rapid initial uptake. The rate
decreased subsequently. Bio-concentration factor (C.F) was the
highest in 0.05 ppm Hg (404 at 6 days exposure) and there was
gradation in C.F. with increasing metal concentration (Table 1).

Copper content in the mussel, after exposure to various concentra-
tions (0.025, 0.05 & 0.1 ppm), ranged from 11.38 to 22.44 ug/q wet
wt. in B days period. The C.F. for Cu varied from 224 (in
0.10 ppm) to 455 (in .025 ppm).

Zinc content in mussels exposed to Zn2+ increased at all concen-
trations, the highest being in 2.0 ppm solution. At this concen-
tration, the tissue Zn level registered a four-fold increase at
the end of 6 days. The highest body burden of Zn was 53.63 ug/g
wet wt. (control : 13.81 ug/g).. The C.F. varied from 27 to 41,
the highest being at 0.5 ppm and the lowest at 2.0 ppm Zn. The
efficiency of Zn uptake by the mussel is rather low.
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Figure.1. Uptake and release of Cu, Hg,Zn and Pb
by P viridis as a function of time.

In contrast to Zn, a very high biomagnification potential was
exhibited for Pb by the mussel. The whole soft-tissue content
of Pb in the animal varied from 80 (in 0.25 ppm) to 918 ug/g-
wet wt. (in 2.0 ppm) in 6 days period (control = 1.86 ug/qg).
It is significant to note that, unlike the other metals, the
C.F. continuously increased with increasing concentration of

Pb, showing greater uptake efficiency. The C.F. varied from
281 to 453.
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The distribution pattern of the four metal ions in the various
body components along with the C.Fs are presented in Table 2.
Gills of the mussel form the major site of accumulation for all
the metals. This was followed by viscera. Accumulation in the
muscle/mantle region was relatively low. The C.Fs attained by
the gills for the four metals were 457 (Hg), 309 (Cu), 46 (Zn)
and 495 (Pb). The order of preference of metals by the body
components (based on C.F.) was as follows:

Hg @ Gills ») Viscera ) Muscle ) Mantle
Cu : Gills ) Viscera ) Mantle ) Muscle
Zn : Gills X Viscera ») Muscle )} Mantle
Ph : Gills J>) Viscera )) Muscle ) Mantle

The results of depuration studies are presented in Fig. 1. The
depuration of accumulated Hg by the mussel was a slow process
in a metal free medium. Only 23.3% of the accumulated metal
was lost during a 20 day period. Mercury content declined from
15.22 to 11.67 ug/g (control = 0.086 ug/g). The rate of release
of copper was faster in the mussel in a pollutant free medium.
Thus, Cu content declined from an exposure value of 13.34 ug/g
to B6.96 ug/g during a clearance period of 24 days (control
= 3.71 ug/g). 1In all, 63.3% of Cu was eliminated in the process.
The rate of depuration of Zn also was slow. About 40% of the
accumulated metal was lost during a depuration period of 24 days.
The metal content reached to a value of 15.27 from 17.83 ug/g
during the experimental period (controcl Zn = 11.25 ug/g). In
1.0 ppm Pb-exposed animals the metal content reached to a value
of 286.64 ug/g in 4 days period (control = 1.91 ug/g). Although
the rate of wuptake of Pb was a rapid process, release of
accumulated Pb was rather slow. Thus, as much as 81.5% of Pb
was retained in the tissue at the end of 24 days depuration.
The final tissue burden of Pb was 237.05 ug/g. Total purification
of metals could not be achieved in the mussel during 20/24 days.

The results of the experiment clearly indicate the ability of
the mussel P. viridis to accumulate appreciable quantities of
trace metals from the environmental water. The amounts of metals
in the tissue were very much dependent on the exposure
concentration and length of time. The decreasing CFs with
increasing metal concentration may be due to the deactivating
effect of the metal ions on the animal at higher concentrations.
Sequestering of the metals and subseguent release of additional
metals could also lead to lower CFs. The low bioavailability
of the metals may be another reason. The rapid and continuous
accumulation of Pb even at higher concentrations may be attributed
to its non-lethality to the animal (non-lethal up to 10 ppm).

The high concentrations of trace metals found in the gill tissues
of the mussel is explained as due to the filter feeding of the
mollusc whereby uptake occurs across this organ. Brookes and
Rumsby (1965) had observed rapid accumulation and large
concentration of Hg and other trace metals in gill tissues of
some of the New Zealand bivalves (scallops, mussels and oysters).
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Similar observations have also been made by Smith et al. (1975)
and Cunningham and Tripp (1975) in certain molluscs. The
relatively high content of Cu found in the viscera of the mussel
may be due to the high rate of uptake and subsequent loss of
Cu in the fecal matter. Brookes and Rumsby (1965) also observed
a similar phenomenon.

The slow rate of metal release in P. viridis indicates the
possibility of forming strong metal complexes with the tissue
components. However, there was a steady release of Pb by the
animal throughout the experiment. Pringle et al. (1968) found
that in Crassostrea virginica lead loss was characterised by
an increase in the B4 value with an increase in the body burden
of Pb. UWhen tissue Pb was very high little Pb was lost and they
suggested a permanent deposition of the metals. Schulz-Baldes
(1974) reported that the rate of loss of Pb in the mussel Mytilus
edulis was very much dependent on the internal Pb concentration
in the animal. The slow rate of release of Pb observed in the
present study may be explained similarly.

The present study confirms the ability of the mussel P, viridis
to reflect the environmental concentrations of mercury, copper,
zinc and lead in their body tissues. The metal levels also
declined in the animal in a pollutant-free medium. This suggests
the mussel P. viridis as a potential sentinal organism in
environmental monitoring of trace metal pollution.
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