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Abstract: In this study, the patterns of the distributions and redistributions of heavy metals
in the different soft tissues of Perna viridis were determined. Crystalline style and muscle
were found to be sensitive organs to pollution as evidenced by total disturbances in the
patterns of metal occurrences. The present findings confirmed the use of different soft
tissues as an effective way of monitoring the status of metal pollution in tropical coastal
waters. Therefore, the distribution of metals in different parts of P. viridis is proposed as
a good indicator of metal pollution in tropical coastal waters.
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INTRODUCTION

Increasing anthropogenic activities nowadays have made heavy metal pollution in tropical coastal
waters a major cause of concern from the ecotoxicological point of view. Efficient and practical
approaches for assessing the problems caused by pollution are needed in order to find ways of
overcoming them, therefore the use of biomonitors serves an important function due to the fact that
they provide integrated measures of the bicavailable metals which are of ecotoxicological significance
in a habitat (Philips and Rainbow, 1993; Rainbow, 1995; Rainbow ef &f., 2002, 2004; Yap et a/.,
2006a). The metals accumulated in the soft tissues of marine mussels can be a measure of the
bicavailability of metals originating from both natural and anthropogenic sources (Rainbow ef af., 2004,
Yap ef al., 2006a). However, the metal distribution in the different soft tissues is more informative in
order to identify specific organs that may be particularly selective and sensitive to the accumulation
of heavy metals (Pourang et of., 2004; Szefer et af., 1990). Information on the tissue distribution of
metals also would allow insights into the factors governing trace metal concentrations in the different
tissues of the molluses (Depledge, 1989). There are a lot of factors including environmental,
physiological and genetic ones which would directly or indirectly affect the distribution of heavy metal
in the different tissues of molluscs (Yap ef af., 2006a).

According to Couillard (1996), metallothionein in the soft tissues of mussels was associated with
the distribution of Cd, Cu and Zn. Pourang and Amini (2001) also reported the roles of metallothionein
in the distribution of trace metals in the shrimps Penaeus merguiensis and Metapenaues affinis.
However, the influence of heavy metal pollution in the distribution of metals in the different soft
tissues of bivalves has not been well studied. Therefore, the objective of this study was to determine
the impact of heavy metal pollution in the distribution of Cu, Cd, Fe, Ni, Pb and 7Zn in the different
soft tissues of P. viridis.
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MATERIALS AND METHODS

Sample Preparation

Mussels were collected from the Straits of Johore and Senggarang during our sampling trips
conducted from 10-12 August 2004. Descriptions of the sampling locations are presentedin Table 1.
The collected mussels were placed in plastic bags and stored in an ice compartment before being taken
back to the Laboratory.

The mussels were carefully dissected into different soft tissues: gonad, gill, muscle, mantle,
byssus, Crystalline Style (CS) and remainder {Yap ef «f., 2003a, 20031, 2005a, 2004a, 2006a,b) Then,
the pooled tissues were placed in aluminum foils and were dried in an oven for 72 h at 60°C to constant
dry weights. The dried samples were then stored in clean plastics bags.

Digestion of Mussel Soft Tissues

About 0.5-0.7 g of dried tissues were weighed and placed in acid washed digestion tubes.
Concentrated nitric acid (AnalaR grade, BDH 69%) was addzd to the digestion tube to digest the
tissues (Yap ef al., 2002, 2003g, 2004b,c, 2005d, 2006d). They were then placed in a digestion block
at 40°C for 1 h and were then fully digested at 140°C for at least 2-3 h (Yap et &l., 2002, 2003b, g,
2004b, ¢, 2005d, 2006d). After cooling, each sample was diluted to 40ml with double de-ionized water.
The digested samples were then filtered through Whatman No. 1 (filter speed: medium) filter paper
in a funnel into acid-washed pill boxes. Later, the pill boxes were stored in the refrigerator until used
for metal determination.

Metal Determinations

All the samples stored in acid-washed pill boxes were determined for Cd, Cu, Fe, Ni, Pband Zn
by using an air-acetylene Perkin-Elmer™ flame atomic absorption spectrophotometer Model AAnalyst
800. Blank determinations were carried out for calibrations of the instrument. Standard solutions were
prepared from 1000 ppm stock solutions provided by MERCK Titrisol for Cd, Cu, Fe, Ni, Pb and
Zn and the data obtained from the AAS were presented in pg g~ dry weight basis. Recoveries were
done by using prepared standard solutions for each metal. The metal recoveries were satisfactory, being
between 90-120%.

Quality Control and Quality Assurance

All the equipment and glassware were first acid washed in 10% nitric acid solution to avoid
contammination. All the digested samples were stored in acid washed pill boxes and kept in a refrigerator
until metal determination. The solutions were prepared by using double de-ionized water (USF
Maxima, 18.2 M'Q cr ). The Procedural blanks and quality control samples made from the standard
solution for each metal were analyzed once in every ten samples to check for sample accuracy
(Yap et af., 2002, 2003b, g, 2004b, ¢, 2005d, 2006d).

Table 1: Descriptions of the sampling locations

Sites GPS Sampling date Site descriptions

Senggarang N01°45.150" E 103°03.080 10 August 2004 Mussel selling stall

Gelang patah N 01°25.714° E 103°40.159° 11 August 2004 Fishes culturing
Mussels culturing
Boat repairing

Senibong ™ 01°28.993" E 103°48.748° 11 August 2004 Mussels culturing
Power generating plant

Telok Jawa N 01°28.560° E 103°50.414" 11 August 2004 Mussels culturing
Seaport

Kampung Masai N 01°27.910° E 103°51.772° 11 August 2004 Mussels culturing
Seaport
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Data Analysis

One-way ANOVA was applied to find the significance value of heavy metal concentrations
between the different tissues; heavy metal concentrations between the five locations. The Statistical
software, SPSS 12.0 for Windows was used for the data analysis.

RESULTS

CS, byssus and gill always exhibited high accumulations of heavy metal concentrations in all the
five sampling locations (Table 2). Other tissues such as remainder, muscle and mantle also showed high
concentrations of heavy metals but not in any consistent pattern as were shown by the CS and byssus.
The Remainders were found to accumulate high concentrations of Cd in the Gelang Patah and Telok
Jawa populations while high Pb was found in the Gelang Patah population. High concentrations of Cd
and Pb were found in the muscle of P. viridis from the Senggarang and Telok Jawa populations,
respectively. The Mantle accumulated high concentrations of Ni in Senibong.

Table 2: Heavy metals (Cu, Cd, Zn, Pb, Ni and Fe) concentrations (mean pg g~ dw) in the different soft tissues of Perna
viridis collected from Senggarang, Gelang Patah, Senibong, Telok Jawa and Kampung Masai

Senggarang

Cu 4.60 7.22 7.58 7.88 8.37 11.15 13.26 34.43
Muscle < Gonad < Mantle < Foot < Gill < Remainder < Byssus <8
a b b b b b b c

Ccd 0.81 1.11 1.56 1.78 1.86 2.21 2.35 14.35
Gill < Gonad < Foot < Remainder < Byssus < Mantle < Muscle <8
a a a a a a a b

Zn 49.35 64.87 73.92 79.84 79.92 101.09 168.50 193.83
8 < Foat < Mantle < Gonad < Muscle < Remainder < Gill < Byssus
a a a a a a a a

Pb 52.30 56.19 59.46 62.13 63.64 65.61 72.95 466.57
Gill < Gonad < Muscle < Remainder < Foot < Mantle < Byssus <8
a a a a a a a b

Ni 1812 18.92 19.26 19.28 19.93 22.20 29.25 133.14
Gill < Mantle < Gonad < Muscle < Remainder < Foat < Byssus <8
a a a a a a a b

Fe 66.27 95.87 99.19 121.69 348.20 438.00 478.05 1321.88
Muscle < Foot < Mantle < Gonad < Gill < Remainder < C8 < Byssus
a a a a b b b c

G. Patah

Cu 6.15 7.96 819 8.55 10.69 10.83 37.05 58.18
Muscle < Mantle < Foot < Gonad < (Gill < Remainder < Byssus <CS
a a a a a a b c

Ccd 1.54 1.88 1.94 1.94 2.21 2.46 247 9.45
Mantle < Muscle <Gill < Foot. < Gonad < Byssus < Remainder < C8
a a a a a a a b

Zn 0.73 45.83 57.02 57.55 58.62 62.66 78.33 172.74
CS < Mantle < Foot < Muscle < Gonad < Remainder < Gill < Byssus
a b b b b b b c

Pb 5.15 5.50 6.06 6.46 6.71 8.39 10.12 49.45
Gonad < Mantle <Gill < Foot < Muscle < Byssus < Remainder < CS
a a a a a a a b

Ni 3.75 4.64 6.92 7.16 7.34 7.38 26.26 40.00
Foot < (Gill < Gonad < Remainder < Muscle < Mantle < Byssus <CS
a a a a a a b c

Fe 85.69 98.76 114.03 142.29 189.02 370.18 535.33 3212.84
Foot < Muscle < Mantle < Gonad < Remainder < CS$ < (Gill < Byssus
a a a a a b b b

Senibong

Cu 8.47 8.97 932 10.38 12.95 14.69 3017 43.36
Gonad < Muscle < Fooat < Mantle < Remainder < Gill <8 < Byssus
a a a a a a b
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Cd

Zn

Pb

Fe

T.Jawa

Cd

Zn

Pb

Fe

Kg.Masai

Cd

Zn

Pb

Fe

0.78
Mantle
a
39.09
Mantle
a

4.69
Gonad
a

0.20
CS

a
34.79
Muscle

8.20
Muscle
a
0.93
Gill
a
0.19
[

a
9.84
Foot

4.29
Gonad

59.35
Muscle

9.20
Muscle
a

1.37
Muscle
a
46.84
Foot

a

2.68
Foot

a

6.79
Muscle
a

74.88
Muscle
a

0.85
< Gonad

40.69
< Foot

540
< Foot

249
< Foot

47.37
< Foot

.61

< Foot

a

0.97

< Gonad
a

50.58

< Foot

b

11.15

< Byssus
a

4.57

0.93
< Foot

49,51
< Gonad

5.90
< Gill

3.04
< Gonad

50.71
< Gonad

9.54

< Gonad
a

1.51

< Foot

a

50.64

< Mantle
b

11.19

< Gonad
a

4.98

< Remainder < Mantle

a
87.26

< Gonad
a

9.49

< Gonad
a

1.58

a
100.13

< Mantle
a

10.01
< Foot
a

1.63

< Remainder < Mantle

a
51.77

< Mantle
a

6.49

< Mantel
a

7.50

< Gonad
a

83.68

< Foot

a

a
60.99

< Gonad
a

7.07
<8

a

8.35

< Mantle
a

83.89

< Gonad
a

1.15

< Remainder
a

61.70

< Gill

a

6.10

< Muscle
a

3.21

< Muscle
a

91.51
<C8

a

12.48

< Mantle

a

1.58

< Muscle

a

60.75

< Gonad

b

11.87

< Gill

a

5.25
< Foot
a
113.54
< (C8
a

11.32

< Mantle
a

1.74

< Gonad
a

72.32

1.26

< Muscle

a

65.39

< Remainder
a

6.51

< Mantle

a

3.30

< Remainder
a

110.11

< Mantle

a

13.13
< Gill
a
1.64
< Mantle
a
87.64
< Muscle
b
13.94
< Remainder
a
6.18
< Muscle
a
125.29
< Foot
a

12.19

1.97

< Gill

a

70.72

< Muscle

a

6.98

< Remainder
a

6.82

< Gill

a

134.87

< Remainder
a

14.19
< Remainder
a
2.06
< Byssus
a
113.25
< Remainder
b
14.85
< Mantle
a
9.61
< Gill
a
150.25
< Remainder
a

13.42

< Remainder < Gill

a
1.85

< Foot
a
76.82

< Remainder < Muscle

a
T.46

< Muscle
a

893

a
7.58

< Gonad
a

922

< Remainder < Foot

a
125.40

< Mantle
a

a
181.03

a
1.93

< Byssus

a

115.88

< Gill

a

8.20

< Remainder
a

9.71

< Gill

a

216.19

< Remainder < Gill

a

a

2.09

< Byssus
a

95.06

< Byssus
a

10.99
<C8

a

13.95

< Mantle
a

137.02
< Gill

a

34.04

<CS

b

2.12

< Remainder

a

151.86

= Gill

b

15.01

< Muscle

a

18.96
<CS
b
170.21
< Gill
a

5015
< Byssus
b

2.38

< (Gill
a
139.01
<C8
a

9.56

< (Gill
a
20.16
<C8
b
245.03
<C8
a

4.40
<C8

b

315.28
<CS

b

56.69

< Byssus
b

25.62

< Byssus
a

T702.04
< Byssus
b

71.64

< Byssus
c

3.87
<C8

b

179.03
< Byssus
b

37.91
<C8

b

41.64

< Byssus
c

925.82
< Byssus
b

56.02
<C8

b

3.93
<CS

b

193.17
< Byssus
a

24.37

< Byssus
a

31.71

< Byssus
c
1220.74
< Byssus
b

Objects indicated with different alphabet: p<0.05, Objects indicated with same alphabet: p>0.05

Fe and Zn were the metals which were accumulated in the highest concentrations by all the

different soft tissues while Cd was the least metal accumulated by the soft tissues (Table 3).

For Cu (Table 4), the highest concentrations were found in the mantle, gonad, byssus and
remainder of P. viridis from Telok Jawa and in the foot and muscle of mussels from Kampung Masai;
CS and gill of mussels from Gelang Patah and Senibong, respectively. The lowest Cu concentrations
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Table 3: Patterns of metal occurrence in the different soft tissues of P. viridis

Soft tissue Senggarang G. Patah Senibong

Foot Fe >Zn =Ph =Ni =Cu >Cd Fe>Zn>Cu =Ph >Ni>Cd Fe>Zn>Cu =Ph >Ni>Cd

Mantle Fe =7Zn =Ph =Ni =Cu =>Cd Fe =Zn =Cu =Ni =Pb >Cd Fe =Zn =Ni »Cu =Ph >Cd

Gonad Fe >Zn =Ph =Ni =Cu >Cd Fe>Zn>Cu =Ni =Pbh >Cd Fe>Zn>Cu =Ph >Ni>Cd

C. style Fe =Pb =Ni =Zn >Cu =Cd Fe =Cu =Pb =Ni =Cd =7Zn Zn >Fe =Cu =Pb =Cd =Ni
Gill Fe >Zn =Ph =Ni =Cu >Cd Fe>Zn>Cu =Ph >Ni>Cd Fe>Zn>Cu =Ni =Pbh >Cd

Muscle Zn =Fe =Ph =Ni =Cu =Cd Fe =Zn =Ni =Ph =Cu =Cd Zn »Fe =Cu =Ph =Ni =Cd
Byssus Fe >Zn =Ph =Ni =Cu >Cd Fe>Zn>Cu =Ni =Ph >Cd Fe>Zn >=Pbh =Cu >Ni >Cd

Remaining soft tissue

Table 3: Continued

Fe>Zn =Pb >Ni =Cu >Cd

Fe>Zn =>Cu =Pb =Cd =Ni

Fe =Zn =Cu =Pb =Ni >Cd

Soft tissue T. Jawa Kg. Masai

Foot Fe=Zn=Pb =Cu =Ni >Cd Fe =Zn =Cu =Ni =Ph >Cd

Mantle Fe >Zn »Pb =Cu =Ni >Cd Fe =»Zn =Cu =Ni =Pb >Cd

Gonad Fe=Zn=Pb =Cu =Ni >Cd Fe =Zn =Cu =Ph =Ni >Cd

C. style Fe =Ph =Cu =Ni =Cd =7Zn Fe =Zn =Cu =Ni =Pb =Cd

Gill Fe »7Zn =Cu =Pb >Ni >Cd Fe »7Zn =Cu >Ni >Pb >Cd

Muscle Zn =Fe =Ph =Cu =Ni >Cd Fe =Zn =Cu =Pb =Ni >Cd

Byssus Fe>Zn>Cu =Ni =Pbh >Cd Fe >Zn >Cu =Ni =Pb >Cd

Remaining soft tissue Fe >Zn >Cu >Pb =Ni >Cd Fe >Zn =>Cu >Ni =Pb >Cd

Table 4: Comparison of Cu concentration between different soft tissues of P. viridis

Soft tissue Locations

Foot Kg. Masai > Senibong = T. Jawa = G. Patah = Senggarang
a a a a a

Mantle T. Jawa > Kg. Masai > Senibong = G. Patah = Senggarang
a a a a a

Gonad T. Jawa > Kg. Masai > G. Patah = Senibong = Senggarang
a a a a a

C. Style G. Patah = Kg. Masai > Senggarang = T. Jawa > Senibong
NA NA NA NA NA

Gill Senibong = Kg. Masai > T. Jawa = G. Patah = Senggarang
a a a a a

Muscle Kg. Masai > Senibong = T. Jawa = G. Patah = Senggarang
a a a b b

Byssus T. Jawa > Kg. Masai > Senibong = G. Patah = Senggarang
a a a a a

Remainder T. Jawa > Senibong = Kg. Masai > Senggarang = G. Patah

a

a

a

a

a

Objects indicated with different alphabet: p=0.05, Objects indicated with same alphabet: p>0.05, NA =Not Available

were found in the foot, mantle, gonad, gill, muscle and byssus of P. viridis from Senggarang; CS and
remainder of those from Senibong and Gelang Patah, respectively. For Cd (Table 5), the highest
concentrations were found in the foot, gonad, byssus and remainder of P. viridis from Gelang Patah,
and the mantle, CS and muscle of mussels from Senggarang; while the highest Cdlevel was found in
the gill of mussels from Kampung Masai. While foot, mantle, muscle and remainder of Senibong
recorded the lowest Cd concentrations. The lowest concentrations of Cd were also found in the gill and
byssus of P. viridis from Senggarang; and the CS of those from Telok Jawa.

The foot, mantle, gonad, gill and byssus of mussels from Senggarang accumulated the highest
concentrations of Zn (Table 6). High concentrations of Zn were also found in the CS of mussels from
Senibong and the muscle and byssus of mussels from Telok Jawa. Meanwhile, the lowest
concentrations of Zn were found in the foot, mantle, gonad, gill and byssus of mussels from Senibong.
Low concentrations of Zn were also recorded in the CS of mussels from Telok Jawa. The highest Zn
concentrations were found in the muscle and remainder of mussel from Gelang Patah. As for Pb
(Table 7), highest concentrations were found in all soft tissues of P. viridis collected from Senggarang.
The lowest concentrations of Pb were found in the foot and CS from Kampung Masai; the mantle and
byssus from Gelang Patah; and the gonad, gill, muscle and remainder from Senibong.
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Table 5: Comparison of Cd concentrations between different soft tissues of P. viridis

Soft tissue Locations

Foot Senggarang > G. Patah > T. Jawa > Kg. Masai >
a a a a

Mantle Senggarang = T. Jawa > Kg. Masai > G. Patah =
a a a a

Gonad G. Patah = Kg. Masai > Senggarang = T. Jawa >
a a a a

C. Style Senggarang = G. Patah = Senibong = Kg. Masai >
NA NA NA NA

Gill Kg. Masai > Senibong > G. Patah > T. Jawa >
a a a a

Muscle Senggarang > G. Patah > T. Jawa > Kg. Masai >
a a a a

Byssus G. Patah > Senibong > T. Jawa > Kg. Masai >
a a a a

Remainder G. Patah = T. Jawa > Senggarang = Kg. Masai >
a a a a

Senibong

a

Senibong

a

Senibong

a

T. Jawa
NA
Senggarang
a

Senibong

a
Senggarang
a

Senibong

a

Objects indicated with different alphabet: p<.0.05, Objects indicated with same alphabet: p>0.05, NA = Not Available

Table 6: Comparison of Zn concentrations between different soft tissues of P. viridis.

Soft tissue Locations

Foot Senggarang > G. Patah > T. Jawa > Kg. Masai >
a a a a

Mantle Senggarang = Kg. Masai > T. Jawa = G. Patah =
a a a a

Gonad Senggarang = Kg. Masai > T. Jawa = G. Patah =
a a a a

C. Style Senibong = Kg. Masai > Senggarang = G. Patah =
NA NA NA NA

Gill Senggarang > T. Jawa > Kg. Masai > G. Patah >
a a a a

Muscle T. Jawa > Senggarang > Kg. Masai > Senibong >
a a a a

Byssus Senggarang > Kg. Masai > T. Jawa > G. Patah >
a a a a

Remainder T. Jawa > Senggarang > Kg. Masai > Senibong =
a a a a

Senibong
a
Senibong
a
Senibong
a

T. Jawa
NA
Senibong
a

G. Patah
a
Senibong
a

G. Patah
a

Objects indicated with different alphabet: p<c0.035, Objects indicated with same alphabet: p=0.035, NA =Not Available

Table 7: Comparison of Pb concentrations between different soft tissues of P. viridis

Satt tissue Locations

Foot Senggarang = T. Jawa > G. Patah = Senibong =
a b b b

Mantle Senggarang > T. Jawa > Senibong > Kg. Masai >
a b b b

Gonad Senggarang = T. Jawa > Kg. Masai > G. Patah =
a b b b

C. Style Senggarang = G. Patah = T. Jawa = Senibong =
NA NA NA NA

Gill Senggarang = T. Jawa > Kg. Masai > G. Patah =
a b b b

Muscle Senggarang > T. Jawa > Kg. Masai > G. Patah >
a b b b

Byssus Senggarang > Senibong > Kg. Masai > T. Jawa >
a a a a

Remainder Senggarang > T. Jawa > G. Patah > Kg. Masai >
a b b b

Kg. Masai
b

G. Patah
b
Senibong
b

Kg. Masai
NA
Senibong
b
Senibong
b

G. Patah
a
Senibong
b

Objects indicated with different alphabet: p<c0.035, Objects indicated with same alphabet: p=0.035, NA =Not Available
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Table 8: Comparison of Ni concentrations between different soft tissues of P. viridis

Soft tissue Locations

Foot Senggarang = Kg. Masai > T. Jawa = G. Patah = Senibong
a b b b b

Mantle Senggarang > Senibong > Kg. Masai > G. Patah > T. Jawa
a a a a a

Gonad Senggarang = Kg. Masai > G. Patah = T. Jawa > Senibong
a b b b b

C. Style Senggarang > G. Patah > Kg. Masai > T. Jawa > Senibong
NA NA NA NA NA

Gill Senggarang = Kg. Masai > T. Jawa = Senibong = G. Patah
a b b b b

Muscle Senggarang > G. Patah > Kg. Masai > T. Jawa > Senibong
a b b b b

Byssus T. Jawa > Kg. Masai > Senggarang = G. Patah = Senibong
a a a a a

Remainder Senggarang > Kg. Masai > G. Patah > T. Jawa > Senibong
a b b b b

Objects indicated with different alphabet: p<.0.05, Objects indicated with same alphabet: p>0.05, NA = Not Available

Table 9: Comparison of Fe concentrations between different soft tissues of P. viridis

Soft tissue Locations

Foot T. Jawa > Senggarang > G. Patah = Kg. Masai > Senibong
a a a a a

Mantle Kg. Masai > G. Patah > Senibong > T. Jawa > Senggarang
a a a a a

Gonad G. Patah = Senggarang > T. Jawa = Kg. Masai > Senibong
a a a a a

C. Style Senggarang > G. Patah > Kg. Masai > T. Jawa > Senibong
NA NA NA NA NA

Gill G. Patah = Senggarang > Kg. Masai > T. Jawa > Senibong
a a a a a

Muscle G. Patah > Kg. Masai > Senggarang > T. Jawa > Senibong
a a a a a

Byssus G. Patah = Senggarang > Kg. Masai > T. Jawa > Senibong
a b b b b

Remainder Senggarang > G. Patah > Kg. Masai > T. Jawa > Senibong
a b b b b

Objects indicated with different alphabet (in bold fonts): p<0.05, Objects indicated with same alphabet: p=0.05,
NA =Not Available

For Ni (Table 8), most of the soft tissues accumulated the highest concentrations in Senggarang
except for byssus from Telok Jawa. Six of the soft tissues from Senibong recorded the lowest
concentrations of Ni together with another two soft tissues namely the mantle and gill from Telok Jawa
and Gelang Patah, respectively. Four soft tissues from Gelang Patah namely gonad, gill, muscle and
byssus accumulated the highest concentrations of Fe (Table 9). Other soft tissues such as CS and
remainder from Senggarang recorded the highest concentrations of Fe. High levels of Fe were also found
in the foot and mantle from Telok Jawa and Kampung Masai, respectively.

DISCUSSION

Based on the above results, some important points can be noted. High levels of heavy metals were
found in the CS and byssus. For the CS, the high levels of Cu found in this organ could be related to
its function as the digestive tract with enzymatic activities which needed Cu in their physiological
finctions (Yap ef af., 2006a). CS which plays a role in extracellular digestion where secreting digestive
juices (Yap et al., 2006a) was found to accumulate the highest level of Cu. The byssus was reported
as an important organ mainly involved in the excretion of pollutants or unwanted materials
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(Phillips and Rainbow, 1989; Phillips, 1995; Rainbow, 1995; Szefer ez of., 2002, Yap ef al., 2003¢, d,
e, 2005b, ¢, 2006¢). Therefore, the elevated levels of heavy metals found in the byssus could be due
to the metals regulated from the soft tissues. Other soft tissues like remainder, muscle and mantle
which also accurmulated high levels of heavy metals in some places could be influenced by the different
metal bioavailabilities of the sampling sites.

In general, higher concentrations of Fe and 7Zn in all of the soft tissues indicated that the two
essential metals which are associated with biochemical mechanisms tended to be present at fixed
concentrations within a particular tissue regardless of the environmental exposures of the orgamsms
to the metals (Turoczy et af., 2001). The distributions of heavy metals in the different tissues
(highlighted in Table 2) were due to binding sites for metallothionein. This indicated that the pattern
of metal occurrence for all the different soft tissues were changed (or disturbed) due to metal
bicavailability or contamination of the mussel habitats. From the study conducted, it was found that
the CS and muscle were very sensitive to contamination by the heavy metals since the most obvious
change of the pattern of metal occurrence were found in these two tissues.

The different tissues (except for CS) of mussels from Kampung Masai, Telok Jawa and Senibong
accumulated the highest level of Cu (Table 3) when compared to the other locations in the Johore
Straits and Senggarang. This indicated the high bicavailability of Cu at the three sites which are sitnated
on the east coast of the Johore Straits. This is in agreement with the report by Yap ef af. (2006b), that
the east coast is a marina and some petrochemical plants and port activity in the vicinity may be
suspected as anthropogenic sources in this east part of the Straits. In the case of CS, the highest level
of Cu was found in Gelang Patah. According to Yap et af. (2006b), Gelang Patah is a site where a boat
garage, a jetty and an aquacultural arza could be found. Since CS is a good biomonitoring organ to
monitor Cu and Pb contamination { Yap ef al., 20064, ¢), therefore the high concentrations of Cuin the
CS could be used as an indicator of the Cu bicavailability in that area. Cu leachate from the anfifouling
paints of the boats in the garage was believed to cause Cu contamination in Gelang Patah.

The high levels of Cd which were found in the different soft tissues of mussels collected from
Gelang Patah, Senggarang and Kampung Masal were probably due tothe marine bivalves being exposed
to varying levels of Cd in their natural habitats in estuaries and in coastal areas (Sokolova ez af., 2005).
Since Gelang Patah and Kampung Masai are where the garages and a seaport located. These
anthropogenic activities could possibly caused the Cd contamination of the sampling sites. However,
the source for the Senggarang population was unknown since it was bought from the mussel stall. In
Addition, the detoxification of Cd involving metallothionein binding could possibly result in high Cd
concentrations in the different soft tissues. According to George ef af. (1979), the major protein in
M. edulis exposed to metal contaminant had a high-SH content, related to a metallothionein. The high
tissue tolerance may be related to the mussel’s ability to isolate the metal internally via the granular
vesicles (Fowler er af., 1975) or by protective chelating proteins such as metallothionein (Webb, 1987).
Therefore, it is possible that the detoxification processes contributed to the high level of Cd in the soft
tissues.

The Senggarang population was found to have high levels of Zn, Pb and Ni. This could be due to
the high bioavailability of these metals in the mussels’ habitat. Meanwhile for Pb and Ni. the
phenomena could be due to these non-essential metals being bound to metallothioneins
(Viarengo ef al., 1985). For Fe, the Johore Straits had high bioavailability of that metal as exhibited by
six of the different soft tissue of mussels which originated from Telok Jawa (foot), Kampung Masai
(mantle) and Gelang Patah (gonad, gill, muscle and byssus). However, the mussels from Senggarang
recorded the highest Fe concentrations in the CS and remainder, which may also reveal the Fe’s
bioavailability in the mussel’s habitat.

The widespread occurrence of metallothioneins in aquatic species is now firmly documented
(Pourang et ai., 2004). Over the recent decades, the roles and functions of metallothionein have been
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studied from various aspects and angles (detoxification, inducibility, homeostatic regulation of metals
and ete.), but its possible role in the redistribution of heavy metals in the tissues of aquatic orgamsms
has not yet been studied comprehensively. Therefore, further investigations are needed to study the
biochemical processes of the distribution and redistribution of different trace elements in the different
soft tissues of P. viridis.

CONCLUSIONS

As a conclusion, all the soft tissues of P. viridis are suitable to be used as biomonitoring tools for
heavy metal contamination but the use of the CSis recommended since high concentrations of Cu, Cd,
Zn, Pb, Ni and Fe were found in this organ. Therefore, it is suggested that the mussel watch approach
should include metal distribution in the different soft tissues of P. viridis in order to increase the
accuracy of the data interpretation besides using the total soft tissues.
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