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In Malaysia, the green-lipped mussel Perna viridis (Linnaeus), is a commercial
bivalve species although it is not as popular as the cockle Anadara granosa
among the local people. Over the last ten years (1989-1998), mussel production
ranged from 778-1779 (mean: 1135) metric tons and that of cockles ranged
from 35932-100276 (mean: 64977) metric tons (Rosly 2002). Marine mussels
have been used and proposed as biomonitors for heavy metals since two
decades ago (Goldberg 1975). Their potential for biomonitoring purposes is due
to their wide geographical distribution, sedentary lifestyle, reasonable
abundance and availability throughout the year, easily identified and sampled,
bioaccumulative and correlative properties with the average pollutants of the
environment, tolerance to natural environmental fluctuations and pollution, and
ecological and economical importance (Phillips and Rainbow 1993). Although
their capability to accumulate a wide range of chemicals is one of the attributes
that led to the use of marine mussels as biomonitors, this is probably not a good
point in promoting marine mussels as a seafood delicacy.

P. viridis has been used as a biomonitor for heavy metals in the Southeast Asian
waters, Hong Kong and India (Tanabe 2000). In Malaysia, £. viridis had been
suggested as a potential biomonitoring agent for heavy metals in the west coast
of Peninsular Malaysia (Ismail et al. 2000) since its metal concentrations (Cd,
Cu and Pb) showed good correlations with those found in its environment (Yap
et al. 2002a) and low genetic differentiation was found among its different
geographical populations in the west coast of the peninsula (Yap et al. 2002b).

Hg has drawn particular attention since it is prone to be bioaccumulated in the
food chain (Watras and Bloom 1992). The phenomenon of Hg bioaccumulation
was first recognized in 1953 when Minamata disease was caused by the human
consumption of Hg contaminated shellfish living in the sediments of Minamata
Bay, Japan (Fujiki and Tajima 1992). Since there is no detailed information on
Hg levels in P. viridis from Peninsular Malaysia, this paper aimed at providing
such baseline information on both natural and aquacultured mussel populations
found along the west coast of Peninsular Malaysia.
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Figure 1. Map showing sampling stations of the green-lipped mussel Perna
viridis from the west coast of Peninsular Malaysia.

MATERIALS AND METHODS

The 15 sampling sites of P. viridis, both from the wild (8) and aquacultured (7)
sites, are shown in Figure 1 and Table 1. All the mussels were collected
between 1998 and 2000. The samples were brought back to the laboratory and
kept at —10°C until analysis. Similar size of mussels were selected and analysed
for total Hg (Table 1). Since there is a possibility of metal distribution in
different soft tissues of P. viridis (Ismail et al. 1999), only the mantle tissue of
the mussels was analysed from all populations in order to have a reliable
comparison among the different locations. The soft tissue mantle was selected
because it is an easily dissectable organ and is one of the soft tissues consumed
by humans.

Heat vaporization method analysis was conducted on the fresh samples by
using a Hg Analyser Model MA-1S. The samples were analysed for total Hg
concentration. The analytical method (USEPA method 7473) used two different
types of additives (activated alumina and calcium hydroxide) to minimize the
effect of measurement interruptive materials. The additive application followed
the procedure as described in the instruction manual for Hg/MA-1S (Nippon
Instrument Corp). The accuracy of the data was checked by performing
recovery tests by using a quality control sample made from Hg standard
solution (mercuric nitrate, Wako Pure Chem., Japan) before and after each day
of measurement. The recovery for the Hg was between 90-100%.
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Table 1. Mean (mm) shell lengths (SL) (n=5), description of sampling sites of
green-lipped mussel Perna viridis and their levels of mercury (mean pg/kg wet
weight + SE).

No. Location SL (min- Area Range Hg level
max) description (min-max)
iw  Sangkar Ikan, 69.8(61.9- Townand 990-21.0 149+
Langkawi 91.0) aquaculture 3.26
2w Penang Bridge, 86.3 (70.0- Port, industry 7.00-16.6 11.0 £
Penang 96.8) and urban 2.87
3w Pulau Aman, 91.5(72.0- Aquaculture 20.7-35.4 264+
Penang 113) 4.56
4c K. Dinding, 87.1 (67.2- IJetty and 12.8-153 146+
Perak 98.8) aquacultural 1.60
areas
5c  Bagan Lalang, 88.9 (73.5- Recreational 6.29-15.5 10.1 +
Selangor 97.1) beach and 1.26
agriculture.
6c  Pasir Panjang, 8.78 (7.41- Recreational 3.89-803 503+
Negeri Sembilan  10.8) beach and 0.90
aquaculture
7c  Kuala Linggi 61.1 (51.8- Port, industry 6.80-10.5 891+
91.3) and urban 2.30
8w  Pantai Kundor, 87.8 (80.6- Recreational 13.8-19.2 16.2 +
Malacca 97.7) beach 2.50
9c  Anjung Batu, 922 (84.3- Agriculture 530-923 750+
Malacca 106) and 0.89
aquaculture
10c  Telok Emas, 97.7(78.0- Aquaculture 8.60-11.6  10.1 %
Malacca 113) 1.50
11c  Sebatu, Malacca 85.4 (75.2- Aquaculture 5.65-734 650+
88.0) and agriculture 0.49
12w Muar Estuary, 84.4 (68.2- Agriculture 16.0-19.1 17.6 +
Malacca 99.2) 1.55
13w Tanjung 83.6 (70.0- Port and 10.7-23.5  16.6+
Kupang, Johore  90.0) aquaculture 3.73
14w Pantai Lido, 64.6 (53.4- Port, industry 20.2-39.8 325+
Johore 82.4) and urban 7.30
15w Kg Pasir Puteh, 61.1(51.8- Port, industry 19.7-50.0 338z
Johore 91.3) and urban 5.51

Note: No. follows those found in Fig. 1. w: wild mussels, ¢: cultured mussels.
RESULTS AND DISCUSSION

The Hg levels found from the 15 sampling sites along the west coast of
Peninsular Malaysia ranged from 3.89-50.00 ng/kg wet weight (Table 1). The
Hg levels in Kampung (Kg.) Pasir Puteh and Pantai (P.) Lido were higher than
other populations. High levels of Cd, Cu, Pb and Zn in P. viridis had also been
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reported by Ismail et al. (2000) at the Kg. Pasir Puteh. Similarly, Moradi et al.
(1999) reported an elevation level of polycyclic aromatic hydrocarbons in this
mussel species at Kg. Pasir Puteh. Yap et al. (2002a) reported high levels of Cd,
Cu, Pb and Zn in the soft tissue of P. viridis and sediment at the same site.
These levels were most probably due to anthropogenic inputs in the vicinity of
the sampling sites. Based on the site description (Table 1) at the Kg. Pasir
Puteh, the sampling site was characterized as having received a variety of
anthropogenic activities such as domestic wastes, industrial effluents and
marina activities.

The Hg levels of P. viridis recorded from the present study were considered
low when compared to those reported from this region. Hutagalung (1987)
reported that the Hg levels in P. viridis were as high as 848 pg/kg wet weight
from Jakarta Bay while Senthilnathan et al. (1998) reported the levels in the
mussels from Indian waters as being between 19 and 495 pg/kg dry weight.
Samples from Thailand’s Chao Phraya River had a wider range of Hg levels
(10-290 pg/kg dry weight) (Menasveta and Cheevaparanapiwat 1981). The Hg
levels in P. viridis collected from Victoria harbor in Hong Kong and Putai coast
in Taiwan were reported to be 110-140 ng/kg dry weight and 210 pg/kg dry
weight, respectively.

The reported Hg concentrations in intertidal molluscs including P. viridis were
also limited. In Malaysia, Liong (1986) reported Hg levels as being between 20
and 70 pgkg wet weight in P. viridis found from the northern part of
Peninsular Malaysia. In comparison with other bivalve species in Malaysia, the
Hg level in P. viridis from the west coast of Peninsular Malaysia was much
lower than those reported in cockle Anadara granosa (1443 ng/kg wet weight)
(Sivalingam and Ahzura 1980).

When compared with other biological samples, the Hg level in P. viridis was
comparable to those reported in fish species, squids, prawns and crabs from the
Straits of Singapore and the Straits of Malacca (Chai and Wong 1976) and
some freshwater molluscs species from the Sarawak River (Lau et al. 1998).
Chai and Wong (1976) reported that Hg levels of six species of fishes from the
Straits of Singapore ranged from 5 to 90 pg/kg wet weight which were also
comparable to the present Hg levels. The overall results in the present study
were lower than the Hg levels (20-260 pg/kg wet weight) in some fish species
collected from the coastal waters off Perlis, Kedah, Penang, Selangor and
Terengganu (Babji et al. 1986) and much lower than that (1200-1288 pg/kg wet
weight) found in the cockle 4. granosa from Jakarta Bay (Hutagalung 1987).
Earlier, Babji et al. (1979) reported that the Hg levels in six species of coastal
fishes caught from Peninsular Malaysia ranged from 80 to 110 ug/kg wet
weight. Only Law and Singh (1988) reported that some fishes caught from the
Klang Estuary had a high Hg level (510 pg/kg wet weight). Similarly, the Hg
levels of some fish species of other countries were much higher than those in P.
viridis from the present work such as fishes from the waters of Colombia (6-
334 pg/kg wet weight) (Alonso et al. 2000) and Brazil (68-311 pg/kg wet
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weight) (Moraes et al. 1997). In addition, the range of Hg level was also lower
than that reported in clams (180 ng/kg wet weight) and oysters (180 ug/kg wet
weight) from the coastal waters off Taiwan (Han et al. 1998).

Many studies on Hg in fish and shellfish (Alonso et al. 2000) showed that Hg
contamination was related to anthropogenic activities. Since an elevated level
of Hg in P. viridis was not found, the Hg status in the west coast of Peninsular
Malaysia using P. viridis as the biomonitor is considered as the background
level.

From the public health point of view, it was found that the Hg levels (3.89-50.0
pg/kg wet weight) found in the mussels collected from the west coast of
Peninsular Malaysia were about 10 times lower than the maximum permissible
limit set by the Malaysian Food Regulation (1985) (500 pg/kg wet weight). The
present range of Hg found was also below the maximum permissible limits for
fish products set by USEPA (600 ug/kg wet weight) (Fairey et al. 1997),
Chinese national EPA (300 ug/kg wet weight) (Luo et al. 1988) and health
standards in Canada (500 ng/kg wet weight) (Health Canada 1992). Therefore,
the consumption of P. viridis from the west coast of Peninsular Malaysia is not
a health hazard as far as contamination by Hg is concerned although this could
depend also on the amount of mussels being consumed.

The Hg levels found in P. viridis collected from the west coast of Peninsular
Malaysia can be used for future reference. By using the biomonitor P. viridis,
anthropogenic Hg contamination in the waters of the west coast of Peninsular
Malaysia was found not to be serious and this will give confidence to the
expansion of mussel aquacultural operations along the west coast of the
peninsula. An important point to be emphasized here is that although the
present Hg levels were low in P. viridis, future monitoring is still much needed
since the accumulation of Hg can be affected by age of mussels, season,
reproductive cycles and other intrinsic factors (Lobel, 1989). Besides, any
future increased input of Hg will be of great concern and P. viridis is
recommended as a suitable biomonitoring agent for this metal in the waters off
the west coast of Peninsular Malaysia.
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