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Bioaccumulation of Cu, Zn, Mn, Fe and Pb in gastropods, 
Bursa spinosa and Nerita oryzarum from 

Uran coast, near Mumbai (India)

Abstract: Bioaccumulation of five heavy metals (Cu, Zn, Mn, Fe, Pb) in the gastropods, Bursa spinosa and 
Nerita oryzarum from three stations along Uran coast (near Mumbai) was studied during 2005-2007.The coast 
receives discharges from the heavily industrialized and highly populated settlements. Bioaccumulation of 
heavy metals in Bursa spinosa followed the order Cu>Fe>Zn>Cd>Mn>Pb and Nerita oryzarum 
Fe>Cu>Zn>Mn>Cd>Pb. Seasonal variations in accumulation in these heavy metals in soft tissue of the 
gastropods were also noticed. Though the observed concentration of heavy metals in the bivalves were below 
the recommended limits, environmental surveillance of the creek is required for contaminant-free gastropods. 

Key words: Bioaccumulation, Heavy metals, Nerita oryzarum, Bursa spinosa, Uran coast.

Introduction

Heavy metals accumulation in marine 
ecosystem is of global concern (Bhattacharya et 
al., 1994; Frias-Espericueta et al., 1999a, b; 
Goksu et al., 2005). They enter in the aquatic 
environment through atmospheric deposition, 
erosion of geological matrix or due to 
anthropogenic activities such as industrial 
effluents, domestic sewage and mining wastes 
(Kennish, 1992; de Astudillo et al., 2005; Reddy 
et al., 2007). The detection of pollutants like 
petroleum hydrocarbons and heavy metals in 
the marine environment has been investigated 
by employing bio-indicators/sentinel organisms 
(Bryan et al., 1979; Kennish, 1992; Phillips and 
Rainbow, 1993). Gastropods are filter-feeders 
and thus uptake of heavy metals in these 
organisms is not only from food and water but 
also from ingestion of inorganic particulate 
materials too (Fang et al., 2003; El-Silkaly et al., 
2004, Sidoumou et al., 2006). Since they 
accumulate most of the contaminants at much 
higher level than those found in the water 
column as such they are representative of the 
pollution of area and considered as appropriate 
indicators as they are spatially distributed, 

relatively large in size and easy to collect 
(Anderlini et al., 1982; Turkmen and Turkmen, 
2004). High concentrations of trace metals have 
been detected in whole soft bodies of several 
species of marine bivalves in many parts of the 
world (Ikuta, 1986; Ikuta et al., 1990; Bu-Olayan 
and Subrahmanyam, 1997; Goksu et al., 2005).

Due to their economic and ecological 
importance as well as their sedentary mode of 
life, molluscs, especially bivalves, play major 
role in monitoring contaminants throughout the 
world and are well established as bio-indicators 
for the concentration of heavy metals in aquatic 
ecosystems (Powell and White, 1990; Sarkar et 
al., 1994; Al-Mafda et al., 1998; Gundacker, 
1999; Neuberger-Cywiak et al., 2003). Since 
rapid industrialization and urbanization during 
the recent years have led to the significant 
increase in heavy metal pollution in the coastal 
ecosystems throughout the world (Phillips, 
1980; Kennish, 1992; Kavun et al., 2002; 
Phillips and Rainbow, 1993; Fang et al., 2003), 
an attempt was made to record the  
accumulation of heavy metals such as copper 
(Cu), zinc (Zn), iron (Fe), manganese (Mn), 
cadmium (Cd) and lead (Pb) in the two species 
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Fig.1b: Magnified to show the sampling sites.
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of gastropods, Bursa spinosa and Nerita 
oryzarum, inhabiting three different sites of Uran 
coast (near Mumbai). 

Materials and Methods

At the beginning of investigation, the coast of 
Uran was surveyed for recording intertidal 
gastropods. This coast is mixture of rock, sand 
and muddy shores. Gastropods were found 
attached to the rocks, in the crevices and below 
large stones. Three sites of Uran coast were 
selected for the present study(Fig. 1a, b). Site - I 
was located along the eastern shore of Bombay 
Harbour opposite Colaba, the substratum being 
rocky (Fig. 2). Site - II was located near Karanja 
village, the substratum formed of basalt rock. 
Due to constant movement of ferries, water of 
nearby areas at this point is muddy showing 
sporadic oil patches (Fig. 3). Site - III was 
located 5 km away from site II and situated at 
Naval Base, Dronagiri. Here upper part of inter-
tidal zone is rocky whereas substratum of 
remaining part is sandy (Fig. 4). Since all the 
above sites were exposed to the environment 
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Fig.1a: General map of the area. Fig. 2. Site-I opposite to Colaba, Mumbai.
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during neap tide, collection of animals was 
possible throughout the year. 

Bursa spinosa (Lamarck, 1843) and Nerita 
oryzarum (Recluz 1841), found in intertidal 
zone, were collected during the low tide from the 
three selected sites of Uran coast between 
January to December during 2005-2007. They 
were of uniform size and their whole soft tissues 
carefully removed by shelling with plastic knife 

0(Chiu et al., 2000). Samples were dried at 60  to 
cons tant  we igh t .  A tomic  absorp t ion  
spectrophotometer (GBC 93ZAA) was used to 
estimate metals in the samples. Briefly, an 
accurately weighed dried powdered sample 
was taken in a beaker. To this, 20 ml 70% HNO  3

was added and subjected to digestion till brown 
fumes completely disappeared and residue 
became whitish. 1 ml 30% HClO  added after 4

the residue was cooled. This was digested for 
10-15 minutes to dryness. The dried residue 
was cooled and the final volume made to 25 ml 
with 2 M HNO . All the reagents were of 3

analytical grade. Metals were estimated from 
the samples using acid as a blank. The metal 
concentration in the tissue of the molluscs was 
calculated by using standard calibration curve.

Results and Discussion

Bivalve clams are employed as bio-monitor to 
determine the effect of marine pollution (Al-
Mafda et al., 1988; Zorba et al., 1992; Tomazelli 
et al., 2003; El-Silkaly et al., 2004). The 
concentration of metals in molluscs not only 
dependent on levels of the elements in 
environment but also on other factors viz. size, 
age, growth, sex and reproductive conditions 
(Phillips, 1980; Phillips and Rainbow, 1993; 
Boening, 1999; Frias-Espericueta et al., 1999 b; 
Fang et al., 2003). In the present study, the 
intertidal clams, Bursa spinosa and Nerita 
oryzarum were identified from Uran coast near 
Mumbai. Both the species have been reported 
among intertidal molluscan diversity of Mumbai 
coasts (Apte, 1993; Datta et al., 2010; Pawar, 
2012). Bioaccumulation of heavy metals in the 
soft tissues of Bursa spinosa and Nerita 
oryzarum have been summarized in Table 1-2 

Bioaccumulation of Cu, Zn, Mn, Fe and Pb in gastropods

Fig. 3. Site-II located near Karanja.

Fig. 4. Site-III near Naval Base, Dronagiri.
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while the average values of bioaccumulation are 
given in Table 3. Accumulation of Heavy metals 
in Bursa spinosa followed the order 
Cu>Fe>Zn>Cd>Mn>Pb (Table 1) while in Nerita 
oryzarum, the decreasing order was  
Fe>Cu>Zn>Mn>Cd>Pb (Table 2). The 
concentration of heavy metals showed 
significant variations between the two species of 
gastropod (Table 3). Seasonal variations in 
accumulation in these heavy metals in soft 
tissue of the gastropods were also noticed 
(Table 1, 2). Accumulation of cadmium (Cd) and 
lead (Pb) in noticeable amount in Bursa spinosa 
and Nerita oryzarum clearly showed that the 
effluents containing these heavy metals enter 
into the coastal waters of Uran from the adjacent 
industries. Bioaccumulation of heavy metals in 
Tympanotonus fuscatus followed the order 
Cu>Zn>Cd (Daka et al., 2006) whereas in 
Donax trunculus and Donax faba, the 
accumulation was found in order as 
Zn>Cu>Pb>Cd in two contaminated sites in 
Gulf of Annaba, Algeria ( Beldi et al., 2006) and 
in the four beaches of Eayong Provice, Thailand 
(Dungchangwat et al., 2011). In the latter case, 
the highest concentration of Zn and Cd were 
recorded in the hot season, Cu in cool season 
and Pb during the rainy season (Dungchangwat 
et al., 2011). In the present investigation, higher 
level of Fe, Cu, Zn and Cd were accumulated by 
Bursa spinosa and Nerita oryzarum (Table 3). A 
trend in accumulation of metals in decreasing 
order Fe>Zn> Mn>Cu>Cd>Hg has also been 
found in Cerithidea cingulata, C. obtuse, 
Telescopiun telescopiun, Thais lacera and 
Nerita articulata of Sundarban wetland 
ecosystem of India (Sarkar et al., 2002). 
Bioaccumulation of heavy metals in Meretrix 
meritrix in estuaries of Sabah, North Borneo 
s h o w e d  t h e  d e c r e a s i n g  t r e n d  l i k e  
Zn>Cu>Cd>Cr>Pb (Abdullah et al., 2007) 
whereas in the edible soft tissue of Perna viridis 
inhabiting Mahe estuary, Pondicherry followed 

the order Zn>Cu>Pb>Ni>Cr (Gopinathan and 
Sobhana Amma, 2009).  

In the present study, essential metals were 
accumulated in higher concentration than non-
essential metals in Bursa spinosa and Nerita 
oryzarum as high level of Cu, Zn and Fe were 
detected than that of Mn, Cd and Pb. 
Accumulation of high levels of Cu, Zn and Fe in 
soft-bodied gastropods can be attributed to their 
metabolic requirement where these metals act 
as a co-factor in metabolic processes. Similar 
cor re la t ions between t race e lement  
accumulations and metabolic activities have 
been reported in other bivalves too (Gundacker, 
1999; Frias-Espericueta et al., 1999a; Ke and 
Wang, 2001; Wang and Ke, 2002). Further, 
seasonal variations noticed in accumulation of 
heavy metals by both the gastropods (Table 1, 
2) may probably be associated with food supply, 
changes in run-off, particularly the material to 
the sea precipitation and variations related to 
the reproductive cycle (Fowler and Oregioni, 
1976; Lotouche and Mix, 1981; Turkmen and 
Turkmen, 2004,  Beld i  et  a l . ,  2006;  
Dungchangwat et al., 2011). It is well known that 
Cu, Zn and Fe are biologically essential metals 
and play as cofactor in enzymatic processes 
(Singh and Steinnes, 1994; Gundacker, 1999), 
however, their accumulations in higher side 
affect biological processes in marine 
vertebrates (Kennish, 1993; Phillips and 
Rainbow, 1993). In conclusion, higher level of 
heavy metals detected in Bursa spinosa and 
Nerita oryzarum present in Uran coast may 
affect the life processes of the gastropopds. 
Though the observed heavy metals 
concentrations in both the clams were below the 
recommended  l im i t s ,  env i ronmenta l  
surveillance of the creek for contaminant-free 
gastropods is required for safe human health 
(Fang et al., 2003; Modassir and Sivadas, 2003; 
Babu et al., 2010). 
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65

Bioaccumulation of Cu, Zn, Mn, Fe and Pb in gastropods

T
a
b

le
 1

 -
  
B

io
a
cc

u
m

u
la

tio
n
 o

f 
h
e
a
vy

 m
e
ta

ls
 in

 B
u
rs

a
 s

p
in

o
sa

 (
m

g
/g

).

F
e

b
ru

a
ry

 
M

a
rc

h
 

A
p

ri
l

 
M

a
y

 
J

u
n

e
 

J
u

ly
 

A
u

g
u

s
t 

 
S

e
p

te
m

b
e

r 
 

O
c

to
b

e
r 

 
N

o
v

e
m

b
e

r 
 

D
e

c
e

m
b

e
r 

 
A

v
e

ra
g

e
 

 
A

v
e

ra
g

e
 S
D

  
 

0
.3

11
0

.2
7

5
 

0
.3

0
5

 
0

.3
4

8
 

0
.3

1
9

 
0

.3
0

1
 

0
.3

1
6

 
0

.3
2

6
 

0
.4

9
1

 
0

.3
1

2
 

0
.4

4
6

 
0

.3
3

9
 

±
0

.0
2

5
 

0
.3

0
9

0
.2

7
4

 
0

.3
0

4
 

0
.3

3
9

 
0

.3
1

5
 

0
.3

2
1

 
0

.2
1

2
 

0
.2

9
1

 
0

.4
2

2
 

0
.3

6
2

 
0

.4
3

2
 

0
.3

2
4

 
0

.3
1

3
0

.2
7

9
 

0
.3

0
8

 
0

.3
5

1
 

0
.3

2
1

 
0

.4
1

2
 

0
.3

2
6

 
0

.3
3

6
 

0
.5

1
6

 
0

.4
9

1
 

0
.5

0
2

 
0

.3
7

3
 

0
.9

7
3

0
.5

4
6

 
0

.7
4

8
 

0
.6

6
2

 
0

.5
3

0
 

0
.6

8
2

 
0

.6
4

9
 

0
.5

11
 

0
.4

1
4

 
0

.4
0

8
 

0
.4

3
9

 
0

.5
9

3
 

±
0

.0
0

9
 

0
.9

6
9

0
.5

3
4

 
0

.7
4

2
 

0
.6

5
2

 
0

.5
3

8
 

0
.6

8
9

 
0

.6
9

1
 

0
.5

2
2

 
0

.4
1

0
 

0
.4

1
9

 
0

.4
2

9
 

0
.5

9
5

 
0

.9
7

9
0

.5
5

1
 

0
.7

5
3

 
0

.6
7

0
 

0
.5

5
1

 
0

.6
9

9
 

0
.7

0
3

 
0

.5
3

0
 

0
.4

2
1

 
0

.4
4

1
 

0
.4

4
5

 
0

.6
0

9
 

0
.2

8
0

0
.2

1
3

 
0

.2
3

8

 
0

.1
1

0

 
0

.4
5

3

 
0

.0
9

0

 
0

.0
5

5

 
0

.0
3

2

 
0

.2
0

3

 
0

.0
5

3

 
0

.1
5

5

 
0

.1
9

5

 
±
0

.0
1

2

 

0
.2

7
5

0
.1

9
5

 

0
.2

1
3

 

0
.1

0
3

 

0
.4

4
5

 

0
.0

7
8

 

0
.0

7
3

 

0
.0

2
9

 

0
.1

9
5

 

0
.0

5
5

 

0
.1

3
0

 

0
.1

8
6

 
0

.2
8

5
0

.2
2

3

 

0
.2

4
8

 

0
.1

2
0

 

0
.4

6
0

 

0
.1

0
3

 

0
.0

7
8

 

0
.0

6
6

 

0
.2

1
8

 

0
.0

6
5

 

0
.1

7
3

 

0
.2

0
9

 
0

.1
5

2
0

.1
8

6

 

0
.1

4
6

 

0
.1

6
9

 

0
.1

1
8

 

0
.1

6
3

 

0
.1

6
3

 

0
.1

2
9

 

0
.1

2
9

 

0
.2

0
8

 

0
.1

8
0

 

0
.1

6
1

 
±
0

.0
1

6

 

0
.1

4
6

0
.1

7
4

 

0
.1

1
8

 

0
.1

5
2

 

0
.1

0
7

 

0
.1

7
4

 

0
.1

1
8

 

0
.0

6
8

 

0
.1

5
8

 

0
.1

8
6

 

0
.1

6
3

 

0
.1

4
5

 
0

.1
5

8
0

.1
9

7

 

0
.1

6
3

 

0
.1

8
6

 

0
.1

2
4

 

0
.1

8
6

 

0
.1

8
0

 

0
.1

4
6

 

0
.1

8
0

 

0
.2

1
9

 

0
.1

7
4

 

0
.1

7
7

 
0

.2
1

8
0

.2
5

5

 

0
.2

5
0

 

0
.2

3
6

 

0
.3

4
5

 

0
.1

3
2

 

0
.1

8
6

 

0
.1

4
1

 

0
.1

4
5

 

0
.1

8
6

 

0
.1

8
2

 

0
.2

1
0

 
±
0

.0
1

7
0

.2
0

0
0

.2
3

2
0

.2
3

6
0

.2
2

3
0

.3
2

3
0

.0
9

5
0

.2
0

9
0

.1
4

5
0

.1
4

1
0

.1
9

5
0

.1
9

1
0

.2
0

2

0
.2

2
3

0
.2

7
7

0
.2

5
5

0
.2

5
0

0
.3

5
5

0
.1

4
1

0
.2

1
4

0
.1

7
7

0
.1

8
6

0
.2

5
5

0
.2

3
6

0
.2

3
6

0
.5

0
5

0
.5

2
4

0
.5

8
1

0
.5

1
9

0
.5

5
2

0
.4

9
0

0
.5

3
3

0
.5

3
3

0
.5

3
8

0
.5

1
4

0
.5

4
8

0
.5

2
7

±
0

.0
1

0
0

.4
9

5
0

.5
1

9
0

.5
6

2
0

.5
0

0
0

.5
3

8
0

.5
0

0
0

.5
3

8
0

.5
2

9
0

.5
4

3
0

.5
1

9
0

.5
3

8
0

.5
2

2

0
.5

1
0

0
.5

4
3

0
.5

9
5

0
.5

2
4

0
.5

6
2

0
.5

0
5

0
.5

5
2

0
.5

4
3

0
.5

5
7

0
.5

3
8

0
.5

5
7

0
.5

4
1

H
e
a
v
y

M
e
ta

ls
I II II
I I II II
I I II II
I I II II
I I II II
I I II II
I

S
it

e
 

Z
n

C
u

M
n

P
b

C
d

F
e



66

Sandhya et al. 

T
a
b

le
 2

: 
 B

io
a
cc

u
m

u
la

tio
n
 o

f 
h
e
a
vy

 m
e
ta

ls
 in

 N
e
ri
ta

 o
ry

za
ru

m
 (

m
g

/g
).

S
it

e
J
a
n

u
a
ry

 
F

e
b

ru
a
ry

 
M

a
rc

h
 

A
p

ri
l

 
M

a
y

 
J
u

n
e

 
J
u

ly
 

A
u

g
u

s
t

 S
e
p

te
m

b
e
r

 
O

c
to

b
e
r

 
N

o
v
e
m

b
er

 
D

e
c
e
m

b
e
r

I
0
.2

4
2

 
0
.2

11
 

0
.3

6
4

 
0
.3

5
4

 
0
.2

5
6

 
0
.3

11  
0
.3

2
2
 

0
.3

1
6

 
0
.4

1
2

 0
.3

1
2

 
0
.3

1
2

 
II

0
.2

3
9

 
0
.2

0
9

 
0
.3

5
8

 
0
.3

5
1

 
0
.2

5
1

 
0
.3

0
9

 
0
.3

6
1

 
0
.4

11

 
0
.3

1
6

 0
.4

11

 
0
.2

9
1

 
II
I

0
.2

4
8

 

0
.2

1
4

 

0
.3

7
1

 

0
.3

5
6

 

0
.2

5
8

 

0
.3

1
4

 

0
.4

11

 

0
.4

1
6

 

0
.4

1
7

 0
.5

1
2

 

0
.4

1
6

 
I

0
.4

11

 

0
.7

5
5

 

0
.2

2
5

 

0
.5

3
6

 

0
.5

3
4

 

0
.5

0
1

 

0
.5

8
1

 

0
.6

7
2

 

0
.4

0
7

 0
.4

0
8

 

0
.4

5
6

 
II

0
.3

9
9

 

0
.7

4
4

 

0
.2

2
1

 

0
.5

3
8

 

0
.5

11

 

0
.4

9
1

 

0
.5

6
7

 

0
.6

6
2

 

0
.3

9
1

 0
.4

1
9

 

0
.4

4
3

 
II
I

0
.4

1
8

 

0
.7

6
3

 

0
.2

2
9

 

0
.5

4
4

 

0
.5

4
3

 

0
.5

0
5

 

0
.6

1
6

 

0
.6

7
6

 

0
.4

1
7

 0
.4

3
3

 

0
.4

6
8

 

I
0
.2

5
5

 

0
.3

0
5

 

0
.2

8
0

 

0
.3

8
5

 

0
.1

4
0

 

0
.2

2
0

 

0
.0

7
8

 

0
.0

5
0

 

0
.0

5
8

 0
.0

6
5

 

0
.0

7
8

 

II
0
.2

5
0

 

0
.2

9
8

 

0
.2

7
5

 

0
.3

7
3

 

0
.1

3
0

 

0
.2

1
5

 

0
.0

5
5

 

0
.0

6
5

 

0
.0

7
3

 0
.2

2
3

 

0
.1

0
3

 

II
I

0
.2

7
3

 

0
.3

1
0

 

0
.2

8
8

 

0
.4

0
3

 

0
.1

4
3

 

0.
2
2
5

 

0
.1

0
5

 

0
.0

7
8

 

0
.0

7
8

 0
.2

4
3

 

0
.1

0
5

 

I
0
.1

6
9

 

0
.1

4
6

 

0
.1

4
6

 

0
.1

2
9

 

0
.1

6
3

 

0
.1

5
8

 

0
.1

5
2

 

0
.1

5
2

 

0
.1

7
4

 0
.1

1
8

 

0
.1

7
4

 

II
0
.1

6
3

 

0
.1

3
5

 

0
.1

3
5

 

0
.1

1
3

 

0
.1

3
5

 

0
.1

4
6

 

0
.1

4
1

 

0
.1

6
8

 

0
.1

4
6

 0
.1

4
6

 

0
.2

6
4

 

II
I

0
.2

2
5

 

0
.1

6
3

 

0
.1

4
6

 

0
.1

5
8

 

0
.1

7
4

 

0
.1

6
9

 

0
.1

6
3

 

0
.2

0
8

 

0
.1

8
6

 0
.2

0
3

 

0
.2

8
1

 

I I

0
.2

2
7

 

0
.2

0
9

 

0
.2

5
0

 

0
.2

3
2

 

0
.2

2
3

 

0
.1

0
1

 

0
.1

4
1

 

0
.1

1
3

 

0
.1

5
0

 0
.0

9
5

 

0
.1

7
8

 

II
0
.1

3
6

0
.1

9
5

0
.2

4
5

0
.2

2
3

0
.2

0
5

0
.0

9
9

0
.0

9
5

0
.1

0
1

0
.0

9
5

0
.1

3
2

0
.1

5
5

II
I

0
.3

1
4

0
.2

1
8

0
.2

5
0

0
.2

4
5

0
.2

3
2

0
.1

11
0
.1

5
9

0
.1

1
6

0
.1

5
9

0
.1

4
1

0
.1

8
1

0
.4

8
6

0
.5

1
9

0
.4

9
0

0
.5

0
5

0
.4

8
1

0
.5

1
9

0
.4

9
5

0
.4

8
1

0
.5

0
5

0
.5

1
9

0
.5

1
0

±
0
.0

2
3

±
0
.0

1
0

±
0
.0

1
7

±
0
.0

2
1

±
0
.0

2
0

II II
I

F
e

±
0
.0

1
0
 

0
.5

0
2

0
.4

8
1

0
.5

0
5

0
.4

7
6

0
.4

9
5

0
.4

7
1
 

0
.4

9
5
 

0
.4

9
5

0
.4

9
0
.5

0
2

0
.5

1
0
.5

1
4

0
.5

0
5

0
.4

9
5

0
.5

0
0

0
.5

1
9

0
.5

0
0

0
.5

1
4

0
.4

9
5

0
.5

2
9

0
.5

0
0

0
.4

9
5

0
.5

6
6

0
.5

2
9

0
.5

1
9

0
.5

1
4

0
.5

1
5

H
e
a
v
y
 

M
e
ta

ls
 

A
v
e
ra

g
e

Z
n

0
.3

11
 

0
.3

1
0

0
.3

2
2

 
0
.3

2
2

 
C

u
0
.4

3
5

 
0
.4

2
9

 
0
.4

4
7

 
M

n
0
.0

5
8

 

0
.3

1
9

0
.3

5
5

0
.4

9
3

0
.4

8
5

0
.5

0
5

0
.1

6
4

0
.1

0
5

 

0
.1

2
5

 

P
b

0
.1

6
3

 

0
.1

6
9

 

0
.2

0
3

 

C
d

0
.1

4
1

 

0
.1

5
9

0
.1

8
0

0
.1

9
8

0
.1

5
4

0
.1

5
5

0
.1

9
0

0
.1

7
2

0
.1

5
3

0
.1

8
6

0
.1

9
3

0
.5

1
0

A
v
e
ra

g
e

(S
D

)

T
a
b

le
 3

: 
A

ve
ra

g
e
 v

a
lu

e
s 

o
f 

h
e
a
vy

 m
e
ta

ls
 (

m
g
/g

) 
a
cc

u
m

u
la

te
d
 in

 t
h
e
 g

a
st

ro
p

o
d

s 
a

t 
S

ite
 I
, 
II
 a

n
d

 I
II
.

Z
n

 
C

u
 

M
n

 
P

b
 

C
d

 
F

e
 

 
0

.3
4

5
 ±

0
.0

2
5

 
0

.5
9

9
 ±

0
.0

0
9

 
0

.1
9

7
±
0

.0
1

2
 

0
.1

6
1

±
0

.0
1

6
 

0
.2

1
6

 ±
0

.0
1

7
 

0
.5

3
0

±
0

.0
1

0
 

 
0

.3
2

8
 ±

0
.0

2
3

 
0

.4
9

4
±
 0

.0
1

0
 

0
.1

8
1

±
0

.0
1

7
 

0
.1

6
6

 ±
0

.0
2

1
 

0
.1

7
3

 ±
0

.0
2

0
 

0
.5

0
4

±
0

.0
1

0
 



67

References

Abdullah, M.H., Sidi, J. and Aris, A.Z. (2007) Heavy metals (Cd, 
Cu, Cr, Pb and Zn) in Meretrix metretrix Roding, water and 
sediments from estuaries in Sabah, North Borneo. Intl. J. 
Environ. Sci. Educ., 2, 69-74. 

Al-Mafda, H., Abdel-Moati, M.A.R. and Al-Glmaly, F.H. (1998) 
Pinctada radiata (pearl oyster): a bio-indicator for metal 
pollution monitoring in the Qatari waters (Arabian Gulf). 
Bull. Environ. Contam. Toxicol., 60,  245-251.

Anderlini, V.C., Mohammed, O.S., Zorba, M.A. and Omar, N.A. 
(1982) Assessment of trace metal and biological pollution in 
the marine environment of Kuwait. Report 605, Kuwait 
Institute of Scientific Research (KISR), Kuwait.

Apte, D.A. (1993) Marine Gastropoda of Bombay - a recent survey. 
J. Bombay Nat. Hist. Soc., 90, 537-539. 

Babu, A., Kesavan, K., Annadurai, D. and Rajagopal, S. (2010) 
Bursa spinosa - a mesogastropod fit for human 
consumption. Adv. J. Food Sci. Tech., 2, 79-83. 

Beldi, H., Gimbert, F., Maas, S., Scheifler, R. and Soltani, N. 
(2006) Seasonal variations of Cd, Cu, Pb and Zn in the 
edible mollusc, Donax trunculus (Mollusca, Bivalvia) from 
Gulf of Annaba, Algeria. Afr. J. Agric. Res., 1, 85-90. 

Bhattacharya, B., Sarkar, S.K. and Maji, P.K. (1994) 
Bioaccumulation of heavy metals in flora and fauna of 
Hooghly esturary, east coast of India. Toxicol. Environ. 
Chem., 42, 123-130. 

Boening, D.W. (1999) An evaluation of bivalves as biomonitors of 
heavty metal polluyion in marine water. Environ. Monit. 
Assess., 55, 459-470.  

Bryan, G.W., Waldichuk, M. Pentreath, R.J. and Darracott, A. 
(1979) Bioaccumulation of marine pollutants. Phil. Trans. R. 
Soc. (Lond.), 286B, 483-505.

Bu-Olayan, A.H. and Subrahmanyam, M.N.V. (1997) 
Accumulation of copper, nickel, lead and zinc by snail, 
Lunella coronatus and pearl oyster, Pinctada radiata from 
the Kuwait coast before and after the Gulf war oil spill. Sci. 
Total Environ., 197, 161-165.

Chiu, S.T., Lam, S.F., Tze, W.L., Chau, C.W. and Ye, D.Y. (2000) 
Trace metals in mussel from mariculture zones, Hong 
Kong. Chemosphere, 41, 101-108. 

Daka, E.R., Oweisana, L.I. and Braide, S.A. (2006) Accumulation 
of heavy metals from single and mixed metal solution by 
gastropod mollusc, Tympanotonus fusatus Linnaeus a 
Niger Delta estuary: implications for bio-monitoring. African 
J. Biotechnol., 5, 1954-1962.

Datta, S.N., Chakraborty, S.K., Jaiswar, A.K. and Ziauddin, G. 
(2010) A comparative study on intertidal faunal biodiversity 
of selected beaches of Mumbai coast. J. Environ. Biol., 31, 
981-966. 

de Astudillo, R., Yen, I.C. and Bekele, I. (2005) Heavy metals in 
sediments, muyssels and oysters from Trinidad and 
Venezuela. Intl. J. Trop. Biol., 53 (Suppl. 1), 41-53. 

Dungchangwat, T., Roachanakanan, R., Naiyanetr, P. and 
Songchitsomboon, S. (2011) Accumulation of heavy metals 
in edible Hoi Seab, Dionax faba Gmelin, 1789 at beaches of 

thRayong Province, Thailand. In: Proceedings of the 37  
Congress of Science & Technology of Thailand (October 
10-12, 2011). Faculty of Science, Mahidol University, 
Bangkok. pp. 1-5. 

El-Silkaly, A., Khaled, A. and El-Nemr, A. (2004) Heavy metal 
monitoring using bivalves     from Mediterranean 
Sea and Red Sea. Environ. Monit. Assess., 98, 41-58.

Fang, Z.-Q., Cheung, R.Y.H. and Wang, M.H. (2003) Heavy 
metals in oysters, mussels and clams collected from sites 
along the Pearl river delta, South China. J. Environ. Sci., 15, 
9-24. 

Fowler, S.W. and Oregioni, B. (1976) Trace metals in mussels 
from the NW Mediterranean. Mar. Pollut. Bull., 7, 26-29.

Frias-Espericueta, M.G., Ortiz-Arellano, M.A., Osuna-Lopez, J.I. 
and Ronson-Paulin, J.A. (1999a) Heavy metals in rock 
oyster, Crassostrea iridescens (Filibranchia: Ostreidea) 
from Mazatlan, Sinaloa, Mexico. Rev. Biol. Trop., 47, 843-
849.  

Frias-Espericueta, M.G., Osuna-Lopez, J.I., Sandoval-Salazar, 
G. and Lopez-Lopez, G. (1999b) Distribution of trace metals 
in different tissues in the rock oyster, Crassostrea 
iridescens: seasonal variation. Bull. Environ. Contam. 
Toxicol., 63, 73-79.   

Goksu, M.Z.U., Akar, M., Cevik, F. and Findik, O. (2005) 
Bioaccumulation of some heavy metals (Cd, Fe, Zn, Cu) in 
two bivalvia species (Pinctatda radiata Leach 1814 and 
Brachidontes   pharaonis Fischer 1870). Turk. J. Vet. Anim. 
Sci., 29, 89-93. 

Gopinathan, K.M. and Sobhana Amma, R. (2009) 
Bioaccumulation of toxic heavy metals in the edible soft 
tisuues of green mussel (Perna viridis L.) of Mahe Region. 
Project Report. Submitted to the Department of Science, 
Technology and Environment (DSTE), Government of 
Pondicherry, Pondicherry. 30 p. 

Gundacker, C. (1999) Tissue-specific heavy metal (Cd, Pb, Cu, 
Zn) deposition in a natural population of the zebra mussels 
(Dreissena polymorpha Pallas). Chemosphere, 38, 3339-
3356.

Ikuta, K. (1986) Correlations between ratios of metals 
concentration in byssuses to those in soft bodies and metal 
concentration in soft bodies of bivalves. Bull. Fac. Agric. 
Miyazaki Univ., 33, 265-273.

Ikuta, K., Morikawa, A. and Sakoda, K. (1990) Adequate sample 
size to means of copper and zinc concentrations in a 
population of Crassostrea gigas. Bull. Fac. Agric. Miyazaki 
Univ., 37, 7-14.

Ke, C. and Wang, W.X. (2001) Bioaccumulation of Cd, Se and Zn 
in an estuarine oyster (Saccrostrea glomerata). Aquat. 
Toxicol., 56, 133-151. 

Kavun, V.Y., Shulkin, V.M. and Khristoforova, N.K. (2002) Metal 
accumulation in mussels of the Kuril Islands, north-west 
Pacific Ocean. Mar. Environ. Res., 53, 219-226.

Kennish, M.J (1992) Ecology of Estuaries: Anthropogenic Effects. 
CRC Press, Boca Raton, Florida. 

Latouche, Y.D. and Mix, M.C. (1981) Seasonal variation in soft 
tissue weights and trace metal burdens in the Bay mussels, 
Mytillus edulis. Bull. Environ. Contam. Toxicol., 27, 821-
828. 

Lopez, M.A., Soria, M.L. and Repetto, M. (1989) Heavy metals 
accumulation in bivalve molluscs in the Huelva estuary. 
Bull. Environ. Contam. Toxicol., 42, 634-118.

Modassir, Y. and Sivadas, S, (2003). Conservation and 
sustainable management of molluscan resources along 
Goa coast, central west coast of India. In: Recent Advances 
in Environmental Science (K.G. Hiremath, ed.). Discovery 
Pub. House, New Delhi. pp. 399-421. 

Neuberger-Cywiak, L., Achituv, Y. and Garcia, E.M.  (2003)  
Effects of zinc and cadmium on the burrowing 
behaviour LC and LT  on Donax trunculus Linnaeus 50 50

(Bivalvia: Donacidae). Bull. Environ. Contam. Toxicol., 70,  
713-722.

Pawar, P.R. (2012) Molluscan diversity of mangrove ecosystem of 
Uran (Raigad), Navi Mumbai, Maharashtra, west coast of 
India. Bull. Environ. Pharmacol. Life Sci., 1, 55-59. 

Phillips, D.J.H. (1980) Quantitative Aquatic Biological Indicators. 
Application Science, Essex, U.K.

Phillips, D.J.H. and Rainbow, P.S. (1993). Biomonitoring of Trace 

Bioaccumulation of Cu, Zn, Mn, Fe and Pb in gastropods



68

Aquatic Contaminants. Elsevier Applied Science, New 
York.

Powell, M.I. and White, K.N. (1990) Heavy metals accumulation 
by barnacles and its implication for their use as biological 
monitors. Mar. Environ. Res., 30, 91-118.

Reddy, M.S., Mehta, B., Dave, S., Joshi, M., Karthikeyan, L., 
Sarma, V.K.S., Basha, S., Ramachandriah, G. and Bhatt, P 
(2007) Bioaccumulation of heavy metals in some 
commercial fishes and crabs of the Gulf of Cambay, India. 
Curr. Sci., 92, 1489-1491. 

Sarkar, S.K., Bhattacharya; B. and Debnath, S. (1994). The 
suitability of tropical marine bivalves as biomonitors of 
heavy metals in deltic Sundarbans, North-east India. 
Chemosphere, 29, 759-770. 

Sarkar, S.K., Bhattacharya; B., Debnath, S., Bandopadhaya, G. 
and Giri, S. (2002) Heavy metals in biota from Sundarban 
wetland ecosystem, India. Implications to monitoring and 
environmental assessment. Aquat. Ecosyst. Hlth. Manage., 
5,  467-472.

Sidoumou, Z., Gnassia-Barelli, M., Siau, Y., Morton, V. and 
Romeo, M. (2006) Heavy metal concentration in molluscs 
from the Senegal coast. Environ. Intl., 32, 384-387.

Singh, B.R. and Steinnes, E. (1994) Soil and water contamination 
by heavy metals. In: Soil Processes and Water Quality (R. 
Lal and B.A. Stewart, eds.).  Boca Raton, Florida. pp. 233-

272
Tomazelli, A.C., Martinelli, L.A., Avelar, W.E.P., de Camargo, P.B., 

Fostier, A.-H., Ferraz, F.S.B., Krug, F.J. and Santos, D. Jr. 
(2003) Biomonitoring of Pb and Cd in two impacted 
watersheds in southeast Brazil using the freshwater 
mussel, Anodontites trapesialis (Lamarck, 1819) (Bivolvia: 
Mycetopoididae) as a biological monitor. Brazilian Arch. 
Biol. Technol., 46, 673-684. 

Turkmen, A. and Turkmen, M. (2004) The seasonal variation of 
heavy metals in the suspended particulate material in the 
Iskenderun Bay (North-eastern Mediterranean Sea, 
Turkey). J.  Fish. Aquat. Sci., 21, 307-311.

Walsh, K., Dunstan, R.H. and Murdoch, R.N. (1995) Differential 
bioaccumulation of heavy metals and organopollutants in 
the tissue and shell of the marine gastropods, 
Austrocochlea constricta. Arch. Environ. Contam. Toxicol., 
28, 35-39.

Wang, W.X. and Ke, C. (2002) Dominance of dietary intake of 
cadmium and zinc by two marine predatory gastropods. 
Aquat. Toxicol., 56, 153-163. 

Zorba, A.M., Jacob, P.G., Al-Bloushi, A. and Al-Hafisi, R. (1992) 
Clams as pollution bioindicators in Kuwait's marine 
environment: metal accumulation and depuration. Sci. Total 
Environ., 120, 185-204.

Sandhya et al. 


