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A comparative ecotoxicological study of heavy
metal concentrations in mussels collected in 2004
from the western and eastern coastal waters in the

Straits of Johore

Abstract

The concentrations of Cu, Cd, Zn, Pb, Ni and Fe in the different soft tissues of Perna viridis
from the west and east coast of The Straits of Johore (SOJ) were determined. Crystalline
style (CS) recorded higher accumulation of Cu (west: 58.2 mg/kg dry weight; east: 56.0 mg/
kg dry weight), Cd (west: 9.45 mg/kg dry weight; east: 3.93 mg/kg dry weight), Pb (west:
49.5 mg/kg dry weight; east: 7.07 mg/kg dry weight) and Ni (west: 40.0 mg/kg dry weight;
east: 20.2 mg/kg dry weight) than those other soft tissues. Byssus meanwhile recorded
high levels of Zn (west: 173 mg/kg dry weight; east: 193 mg/kg dry weight) and Fe (west:
3213 mg/kg dry weight; east: 1221 mg/kg dry weight). By comparing the accumulation
of heavy metal concentrations in all the eight tissues, CS and byssus recorded the highest
accumulation of heavy metals among all tissues, followed by other tissues namely foot, gill,
gonad, mantel, muscle and remainder, which recorded relatively low level on heavy metal
concentrations. Generally, the soft tissues recorded higher heavy metal concentrations on
the east coast than on the west coast of the SOJ. This indicated a high bioavailability and
contamination of the potentially toxic heavy metals on the east coast which was due to
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Introduction

The southernmost portion of Peninsular Malaysia, Johore, and the
island country of Singapore are separated by The Straits of Johore
(SOJ).'?The SOIJ is the subject of this pollution research because they
are significant from an ecotoxicological standpoint.’ The preservation
of biological resources in the nearby seawaters may be threatened
by growing economic development along the coast in some key
Malaysian continental shelf locations.? The state capital of Malaysia’s
state of Johore is located on the Malaysian side, next to a significant
industrial region, and with a fast-expanding international seaport.
Wetland woods may be found in the state’s relatively underdeveloped
eastern region, which borders the SOJ. Apart from a power plant,
much of the northern region of Singapore that borders the SOJ remains
underdeveloped on the Singaporean side. Second, the SOJ is a canal
that is mostly less than 6 km broad and 25 m deep.? Third, there are
18 significant rivers that flow into this partially enclosed strait and
bring harmful chemicals with them. Fourth, the SOJ is crucial for
the aquacultural activities, either in the form of floating hatcheries
or net cages."* By employing the mussels as a biomonitor, Yap et al.’
demonstrated the significance of the SOJ as a significant green-lipped
mussel (Perna viridis) culture coastal water. Fifth, the industrial sector

includes sizable shipyard maintenance and construction facilities,
fossil fuel-fired power plants, and shipping ports near the SOJ.

Sixth, South Johore, Malaysia’s coastline waterways are to varying
degrees contaminated. Domestic trash from human settlements,
agricultural waste from palm oil companies and rubber processing
plants, industrial effluents from industrial estates, and animal farm
discharges are the main causes of pollution. According to Koh et
al.® these pollution issues have had a negative impact on resources
including fisheries, recreational opportunities, as well as the overall
visual quality of the coastal environment, notably the Inner SOJ.
Seventh, as the free flow of water between the two sides of the SOJ
is restricted, the construction of the dam-like Johore causeway might
lead to ecological issues. Since the water circulation is not powerful
enough to send the garbage to the open ends of the SOJ, it tends to
concentrate near the causeway and is received by this semi-enclosed
system from either Malaysia or Singapore. The SOJ has already
been reported to be considerably contaminated by human wastes,
particularly close to the Causeway.>’

A few scholars have written on the pollution studies that had
been conducted in the SOJ. For instance, Wood et al. (1997) reported
the levels of trace metals in sediments taken from the SOJ in 1993.
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According to Mat et al.® the sediments in the SOJ were considerably
enriched in Cu, Ni, Pb, and Zn. The discovery of imposex in snails
obtained from the SOJ, as reported by Tan et al.” was evidence of
an anthropogenic effect. As industrial growth proceeds in places
where monitoring and enforcement of environmental standards are
challenging because of a lack of laboratory facilities and enforcement
mechanisms, the leakage of heavy metals into the marine environment
is growing.'"®!" The objective of this study was to determine the
concentrations of heavy metals in the different tissues of mussels
collected from the western and eastern parts of the Johore Causeway.

Materials and methods

The sampling was done between August 10 and 12, 2004. The SOJ
sampling locations are shown on the map in (Figure 1). The western
and eastern portions of the Johore Causeway in the SOJ were sampled
from Gelang Patah (N 01 25.714, E 103 40.159), and Kampung Masai
(N 01 27.910, E 103 51.772), respectively. Mussels were gathered,
put in plastic bags, and preserved in the ice before being transported
back to the Department of Biology’s Ecotoxicology lab. Following
the procedure outlined by Yap et al.'> mussels were meticulously
divided into various soft tissue parts: gonad, gill, muscle, mantel,
byssus, crystalline style (CS), and the rest. After that, wrap with
aluminium foil. Then, it was dried to a consistent weight in the oven
for 72 hours at 60°C. Then, dried samples were kept in pristine plastic
bags. Weighing around 0.5-0.7g of dried soft tissue components, we
put them in acid-washed test digestion tubes. To break down the soft
tissues, 5.0 ml of strong nitric acid (AnalaR grade, BDH 69%) were
added to the digesting tube. They were first fully digested at 140°C
for two to three hours after spending an hour in a digestion block at
40°C."7 After cooling, double de-ionized water was used to dilute it to
40ml. The digested samples were then funnelled into an acid-washed
pill box after being filtered with Whatman No. 1 filter paper (medium
filter speed). The pillboxes were afterwards kept in the fridge until the
metal content was determined.
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Figure | Map showing the two sampling locations of Perna viridis at The Straits
of Johore.

Using an air-acetylene Perkin-ElmerTM flame atomic absorption
spectrophotometer model AAnalyst 800 for heavy metal analysis, all
samples kept in acid-washed pill boxes were examined. The equipment
was calibrated using a blank determination. For Cu, Zn, Cd, Pb, Ni,
and Fe, standard solutions were made from 1000ppm stock solutions
given by MERCK Titrisol, and data from the AAS were reported on
mg/kg dry weight basis. Utilizing ready-made standard solutions for
each metal, recoveries were carried out.
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Results and discussion

Figure 2 displays the levels of heavy metals in various soft tissues
of P. viridis that were taken from The SOJ’s west and east coasts.
The accumulation of Cu (west: 58.2 mg/kg dry weight; east: 56.0
mg/kg dry weight), Cd (west: 9.45 mg/kg dry weight; east: 3.93 mg/
kg dry weight), Pb (west: 49.5 mg/kg dry weight; east: 7.07 mg/kg
dry weight), and Ni (west: 40.0 mg/kg dry weight; east: 20.2 mg/kg
dry weight) was greater in the crystalline style (CS) than in the other
soft tissues. While this was happening, Byssus measured significant
levels of Zn and Fe (west: 3213 mg/kg dry weight; east: 1221 mg/
kg dry weight). By comparing the concentrations of heavy metal
accumulation in each of the eight tissues, it was found that CS and
byssus had the highest accumulation of heavy metals, followed by
the foot, gonad, mantel, muscle, and remaining tissues, which had
relatively low concentrations. With the exception of Fe, which did not
exhibit a distinct pattern, the soft tissues in the SOJ generally reported
greater levels of heavy metal concentrations on the eastern part than
on the western part.
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Figure 2 Concentrations (mean * SE, mg/kg dry weight) of Cu, Cd, Zn, Pb, Ni
and Fe in different soft tissues of Perna viridis collected from the western and

eastern parts of Johore Causeway on the Straits of Johore.

The fluctuations in metal concentrations in mussels may be
influenced by metal bioavailability, the season, and the physiology of
the mussels.'*"” Changes in water temperature and salinity, according
to Wong et al. may also be responsible for variations in metal
concentrations. Metals accumulate more quickly in circumstances of
high temperature and low water salinity due to the mussel’s higher
filtration rate.?* 2> Gonadal development would biologically lower the
metal contents in the mussels, according to Regoli and Orlando et al.®
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The presence of digestive enzymes and subsequent participation in
extracellular digestion certainly contributed to the high quantities of
heavy metals in CS, making the style fascinating from the standpoint
of the detoxification procedure.24 The accumulation of heavy metals
in P. viridis’ byssus, however, was brought on by metabolic pathways
rather than coming into contact with the nearby seawater.>* Yap et
al. claim that the byssus was expelled from a byssal gland in the foot.
This substance’s protein collagen has a potential metal-binding site.
The soft tissues of P. viridis from the east coast showed higher levels
of heavy metal concentrations because to various human activities
such anchoring, petrochemical plants, shipping, land reclamation,
urbanisation, and other industrial activities.””-? This implied that the
east bank of the SOJ was highly bioavailable and severely polluted
with heavy metals. One of Malaysia’s major industrial zones, Pasir
Gudang, is located close to this area.?®3° Additionally, this site is not
far from Pasir Gudang Port, one of Malaysia’s largest ports. Finally,
according to Yap and Mohd Syazwan et al.’! Mussel Watch will
continue to be used to monitor our coastal waterways in the future.
Last but not least, even though the samples were collected in 2004,
many reported pollution studies from the recent literature do indicate
that such human activities especially in Pasir Gudang area almost
could not deny similar pollution status beyond 2020. 2832

Conclusion

According to the available data, which supports the idea that
these two organs may gather considerable amounts of heavy metal
concentrations, Byssus and CS may be the ideal biomonitoring organs
to monitor the heavy metal pollution in coastal zones. The east coast
of The SOJ is more extensively polluted, as evidenced by the fact that
the majority of P. viridis soft tissues collected there exhibited greater
levels of heavy metal pollution than those from the west. Therefore,
in order to achieve environmentally sustainable development, it is
imperative to implement efficient management and control methods to
preserve and further improve the water quality. The research examines
a number of pollution control measures for the Inner SOJ. There
are options for both partial opening and complete removal of the
Causeway to boost the tidal flow for better diluting and dispersion of
pollutants. For future reference, the present information is essential.
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