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A B S T R A C T   

The present study aimed to determine metal accumulation levels in tissue and biomineralisation in shells of 20 
species of molluscs (13 gastropods and 7 bivalves) from Palk Bay, India. In most cases, metal concentrations in 
the tissues were higher than in the shells of the same species collected from same location, meaning that in many 
cases biomineralisation factors of metal ratios were <1. The highest biomineralisation factor for Cd was detected 
in Melampus sincaporensis (3.72 ± 0.1) from the Thondi mangrove, for Pb in Cerithidea cingulata (2.51 ± 0.17) 
from the Vattanam mangrove, for Cu in Melampus sincaporensis (0.88 ± 0.2) from the Thondi mangrove, and for 
Zn in Cerithidea cingulata (0.93 ± 0.3) from the Devipattinam mangrove. In most cases, metal concentrations 
were higher than reported in previous studies but were within the maximum limits stated by national and in-
ternational regulatory agencies. Variations in the biomineralisation factor of metal ratios among the molluscan 
species likely stems from variations in bioaccumulation efficiency, selectivity of individual organisms, and 
availability of metals in the mangrove and coastal environments.   

1. Introduction 

Marine environments are often contaminated with toxic metals that 
result in adverse health effects in marine flora and fauna and are due to 
the rapid increase in human population, industrialisation, overuse of 
pesticides and herbicides, boating, petroleum wastewater, oil spills, 
garbage dumps, and urbanisation activities globally (Islam and Tanaka, 
2004; Kesavan et al., 2013). Metal contamination is particularly con-
cerning in developing countries and results from both natural (volcanic 
eruptions, oceanic hydrothermal vents, and biogeochemical processes) 
and anthropogenic activities (industrial mining, coal extraction, defor-
estation, pharmaceutical waste, paint and bulb industries, and munic-
ipal and untreated sewage discharges), which contaminate coastal 
environments through river and stream channels (Arulkumar et al., 
2017; Nagarajan et al., 2019). Mining and industrial waste are the main 
sources of metal pollution, especially for Hg, Pb, Cd, Zn, and Cu 
(Velusamy et al., 2014). Consumption of these aquatic products is 
harmful to human health (Anandkumar et al., 2020), and toxic heavy 

metal content in aquatic products has become a universal burden with 
economic impacts. 

Elements such as Fe, Cu, and Zn are required for the growth, enzyme 
reactions, and metabolic activities of marine organisms (Velusamy et al., 
2014). However, they can also be toxic at elevated concentrations. Other 
elements such as As, Hg, Cd, and Pb can be toxic at lower concentrations, 
causing cellular damage, reduced reproduction and growth rates, or 
death (Hosseini et al., 2015; Velusamy et al., 2014). Lead toxicity can 
cause severe health risks to human and animals, including fatigue, ir-
ritability, myalgia, coma, and kidney, liver, and brain damage. Over- 
exposure to Cd results in Itai-Itai disease, which leads to organ failure, 
neuro degenerative diseases, cancer, bone diseases, anosmia, yellow 
discoloration of the teeth, and loss of olfaction abilities (Sankar, 2014). 
Indeed, humans can be exposed via the food-chain, resulting in acute 
and chronic health effects (Anandkumar et al., 2018; George et al., 
2011). 

Mollusca is the second largest invertebrate phylum and plays a vital 
role in the productivity of coastal mangrove swamps. Molluscs are 
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classified as epifauna, infauna, or arboreal fauna, depending on their 
habitat. In India, 215 Mollusca species have been reported from both the 
East and West Coasts, consisting of 133 gastropods, 77 bivalves, 4 
Cephalopoda, and 1 Polyplacophora (Boominathan et al., 2012). In 
addition to their use in human food, detritus degradation, and orna-
mental value, they are popular as poultry feed or as a source of lime 
(Boominathan et al., 2008). According to the aquaculture statistical data 
from the United Nations Food and Agricultural Organization (FAO), 
mollusc (bivalves and gastropods) production accounted for 21.42% of 
the world aquaculture sector, and 17.14 million metric tons of bivalves 
were farmed in 2018 (FAO, 2018). Moreover, 93% of bivalve production 
occurs in Asia (90% of Asia’s production is in China), with the remainder 
in coastal areas of Europe, the Americas, and Oceania (FAO, 2017). 

Molluscs are considered as potential bio-indicators for heavy metal 
pollution because they are filter-feeders; they take up metals from the 
water column, food, and through ingestion of inorganic particulate 
matter. Mollusc shells can record anthropogenic changes in metal levels 
because the biological half-life of metals is longer in shells than in tis-
sues; this means that the shells can potentially bio-concentrate the 
contaminants (Gupta and Singh, 2011; Freitas et al., 2016). Of the 
Mollusca species, gastropods and bivalves are most commonly used as 
bio-indicators for pollution monitoring (Richardson, 2001). Mussels are 
mostly bottom dwellers feeding on suspended substances, phyto-
plankton, and zooplankton in the seawater. They have direct contact 
with polluted water and sediments, which makes them susceptible 

towards accumulation of toxic elements in their soft muscle tissues 
(Sarma et al., 2013). Gastropods and bivalves accumulate large quan-
tities of heavy metals because mostly they reside on the bottom, feed on 
sediment, and live in inter-tidal areas of the marine ecosystems 
(Anandkumar et al., 2019; Prabakaran et al., 2017). Some molluscan 
species are commercially important and cultivable in the tropical re-
gions, and commonly inhabit muddy and sheltered areas of mangrove 
ecosystems (Anandkumar et al., 2017, 2019). 

The results of heavy metal contamination may vary among the spe-
cies even though they come from the same ecosystem due to differential 
species-specific abilities or capacities for regulating the metals. Heavy 
metal content can also be influenced by bioavailability, hydrodynamics 
of the environment, size, sex, age, tissue composition, and reproductive 
cycle (Otchere, 2003). Heavy metal accumulation leads to deformation, 
sinistrality, scalarity, imposex, abnormal egg clusters, and low taxo-
nomic diversity of molluscs (Zuykov et al., 2013). The aim of the present 
work is to investigate metal concentrations (Cd, Pb, Cu, and Zn) in 
mollusc tissues and shells collected from various coastal and mangrove 
ecosystems of Vattanam, Thondi, Karankadu, and Devipattinam along 
the southeastern coast of India, to evaluate the potential human health 
risks due to their consumption. We have also compared our results with 
earlier reported investigations and the maximum permissible limits 
stated by various national and international food safety agencies. 

Fig. 1. Map of the study area.  
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2. Materials and methods 

2.1. Study area 

Palk Bay is a 110-km long and 64–137-km-wide water body bounded 
to the east and west by Sri Lanka and the coastal state of Tamil Nadu, 
India, respectively. The bay is bounded by Kodiyakkarai (Point Cal-
imere) near Vedarnayam to the north and the shores of Mandapam to 
Dhanushkodi in the southern region (9◦55′–10◦45′ N; 78◦58′–79◦55′ E). 
To determine the metal pollution, gastropods and bivalve samples were 
collected from four stations along Palk Bay, namely the Vattanam, 
Thondi, Karankadu, and Devipattinam coastal mangrove environments 
(Fig. 1). 

Vattanam (9◦46′ N; 79◦02′ E) is a sandy beach covered by two 
hectares of mangroves. Avicennia marina is the dominant species. The 
diversity of mangrove-associated fauna and flora are high. A few shrimp 
farms are located around the mangrove area, and some mechanised 
boats are engaged in fishing activities. Agriculture runoff mixes into the 
mangroves from the Periyaru River. 

Thondi (9◦44′ N; 79◦10′ E) is a small coastal town located south of 
Vattanam. A small channel flows through the nearby agricultural lands, 
carrying agricultural runoff and untreated sewage discharge from 
Thondi. At the channel’s mouth, small mangrove patches are found in 
which Avicennia sp. are dominant. Here, the soil quality is very poor and 
appears black in color (direct field observation). The Thondi coast has 
minimal wave action and sediments are muddy. This coast is an active 
fishing area with many boats in operation. A small level of tidal influ-
ence was observed during high tide. During monsoon season, there is 
water flow, but in other seasons, the water does not flow much. 

The Karankadu estuary (9◦38′–9◦38′ N; 78◦57′–78◦56′ E) is formed 
by mouth of the Kotai River as it drains into Palk Bay. The average depth 
of the river is 1–2 m. This river is bordered by Karankadu and Pudukadu. 
The bottom soil of the estuary consists of clay and silt mixed with sand 
and a large amount of organic detritus. The Karankadu mangroves are 
densely dominated with Avicennia spp. with the rare occurrence of 

Rhizophora spp.; some mangrove-associated species are also found in 
this region. This area receives sewage and agricultural runoff from 
adjoining villages, and fishing and tourism boats are operated here. Boat 
jetty is located very close to the mangrove area. Many shrimp farms are 
located around this area. A crab-processing facility is also located in this 
region. Seagrass meadows are abundant in the near-shore region of 
Karankadu. 

Devipattinam (9◦29′ N; 78◦54′ E) is a small coastal town located 25 
km south of Karankadu. Municipal sewage, fishing activities, shrimp 
farming, and oil leakage from boats were noticed here. The shore is very 
shallow and muddy. Avicennia marina is the dominant mangrove species 
in this region. 

2.2. Sample collection 

Gastropods (Cassidula aurisfelis, C. nucleus, Cerithidea cingulata, 
Chicoreus virgineus, Hemifusus pugilinus, Laevistrombus canarium, Mel-
ampus sincaporensis, M. bidentatus, Murex tribulus, Nassarius pullus, Pythia 
plicata, Strombus marginatus, and Thais tissoti) and bivalves (Crassostrea 
madrasensis, Gafrarium tumidum, Katelysia opima, Mactra cornea, Meretrix 
lamarckii, Paphia textile, and Pinna pectinata) were collected from four 
different coastal and mangrove areas during February 2019 (Table 1). 
Gastropods size used in the present study ranged from 10 mm to 98 mm 
and bivalves from 24 mm to 229 mm. Epiphytes, sediment particles, and 
other debris were removed from samples and identified (Apte, 2014; 
Dey, 2006; Rao and Dey, 2000; Rao, 2003). The collected samples were 
maintained in filtered seawater for 24 h to discard all unwanted sub-
stances present in the molluscs. 

Tissue samples were separated from the shell and dried at 60 ◦C for 
24 h in a hot air oven. After the moisture was removed from the tissues, 
both the shell and tissue samples were powdered separately and stored 
in a desiccator for further analysis. 

2.3. Analysis for metals 

A mixed reagent was prepared at the ratio of 5:2:1 using HNO3, 
HClO4, and H2SO4, respectively. Ten milliliters of mixed reagent was 
taken in a beaker in which 1 g each homogenised gastropod and bivalve 
samples were added separately. Digestion was performed on a hot plate 
at 50 ± 5 ◦C for 50 min. After digestion, 10 ml of 2 N HCl was added and 
the digested solutions were filtered through a 0.45-μm membrane filter; 
25 ml of double-distilled water was added and the resulting solution was 
stored at room temperature for further analysis (FAO, 1983). 

Pb, Cu, Zn, and Cd levels were determined by atomic absorption 
spectroscopy (AAS; Shimadzu AA7000, Japan) at the wavelengths of 
228.80, 324.75, 217.00, and 213.85 nm, respectively. Heavy metal 
standard solutions were used to check the precision of the instrument 
throughout the analysis. The quality assurance and quality control 
protocol set by the United States Environmental Protection Agency for 
metal analysis was used (US EPA, 2001). The quality assurance testing 
relied on the blank controls and the yield of the chemical procedure 
(Arulkumar et al., 2017). The concentrations of metals are expressed in 
μg g− 1 of dry weight. 

2.4. Biomineralisation factor 

To evaluate the different abilities of the bivalve and gastropod spe-
cies to biomineralise the heavy metals within their tissues and shells, the 
biomineralisation factor (BMF) was adapted from the equation for the 
bioaccumulation factor (BAF) reported by Gobas and Morrison (2000). 
The biomineralisation factor of metals (BMFM) was calculated as the 
ratio of the metal found in shells to the metal found in tissues. 

2.5. Statistical analysis 

The results obtained from this study were analysed using Pearson 

Table 1 
Distribution of coastal and mangrove-associated gastropods and bivalves from 
different study areas.  

S. 
No. 

Name of molluscs Study areas 

Vattanam Thondi Karankadu Devipattinam 

Gastropods 
1 Cassidula aurisfelis − + − +

2 C. nucleus − + − +

3 Cerithidea 
cingulata 

+ − + +

4 Chicoreus virgineus + − + −

5 Hemifusus pugilinus + − + −

6 Laevistrombus 
canarium 

− − + −

7 Melampus 
sincaporensis 

− + − −

8 M. bidentatus − + − −

9 Murex tribulus − − + −

10 Nassarius pullus − − + −

11 Pythiaplicata − − − +

12 Strombus 
marginatus 

− − + −

13 Thais tissoti − − + −

Bivalves 
1 Crassostrea 

madrasensis 
− − + −

2 Gafrarium tumidum + − + +

3 Mactra cornea − − + −

4 Paphia textile + − − −

5 Pinna pectinata − − + −

6 Katelysia opima + − − −

7 Meretrix lamarckii + − − −

+ indicates presence of species; − indicates absence of species. 
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correlation coefficients (r2) in the tissues and shells of both gastropods 
and bivalves. The obtained coefficients were used to determine the 
significance of the relationship between the heavy metal residues (Cd, 
Pb, Cu, and Zn). In all cases, the analyses were carried out using SPSS 
statistical tool 14 for Windows (SPSS Inc., USA). 

3. Results and discussion 

A total of 13 gastropod and seven bivalve species were collected from 
four different sampling sites (Table 1). From them, different numbers of 
gastropods and bivalves were sampled for each of the sampling at 
coastal and mangrove areas. Three species of gastropods and four spe-
cies of bivalves were collected from Vattanam, four species of gastro-
pods were sampled from Thondi, eight species of gastropods and four 

species of bivalves were sampled from Karankadu, and four species of 
gastropods and one species of bivalve were obtained from Devipattinam. 

3.1. Accumulation of Cd, Pb, Cu, and Zn in gastropod and bivalve tissues 

In all cases, the Cd levels found in tissues were higher than those 
obtained in shells. In the present study, the observed Cd concentration in 
tested gastropods and bivalves tissue ranged from 0.43 ± 0.54 to 11.70 
± 1.10 μg g− 1. The minimum Cd concentration (0.43 ± 0.54 μg g− 1) was 
noted in Cerithidea cingulata from the Devipattinam mangrove, and the 
maximum Cd concentration (11.70 ± 1.10 μg g− 1) was recorded in 
Chicoreus virgineus from the Vattanam mangrove (Figs. 2–5a). 

Lead levels between 0.61 ± 0.32 and 5.51 ± 0.44 μg g− 1 were found 
in gastropod and bivalves tissue samples. The minimum Pb 
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Fig. 2. Metals accumulation in the (a) tissue and (b) shell samples of coastal and mangrove-associated bivalves and gastropods of Vattanam.  
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concentration (0.61 ± 0.32 μg g− 1) was observed in Pinctada radiata 
from the Karankadu mangrove, and the maximum Pb concentration 
(5.51 ± 0.44 μg g− 1) was observed in Cerithidea cingulata, also from the 
Karankadu mangrove (Figs. 2–5a). 

Copper was found in all tested tissues and shells of gastropod and 
bivalves. Copper concentrations in the tissues of gastropod and bivalve 
species ranged from 2.33 ± 0.41 μg g− 1 to 115.54 ± 1.03 μg g− 1. The 
minimum Cu concentration (2.33 ± 0.41 μg g− 1) was found in Cerithidea 
cingulata from the Devipattinam mangrove, and maximum Cu concen-
tration (115.54 ± 1.03 μg g− 1) was recorded in Thais tissoti from the 
Karankadu mangrove (Figs. 2–5a). 

Zinc was detected in all tissues. Zinc concentrations in tissues ranged 
from 14.53 ± 0.35 to 63.89 ± 0.65 μg g− 1. The minimum Zn concen-
tration (14.53 ± 0.35 μg g− 1) was found in Cassidula nucleus from the 

Thondi mangrove, and maximum Zn concentration (63.89 ± 0.65 μg 
g− 1) was found in Nassarius pullus from the Karankadu mangrove 
(Figs. 2–5a). 

3.2. Accumulation of Cd, Pb, Cu, and Zn by gastropod and bivalve shells 

Cadmium concentrations were found in all tested gastropods and 
bivalves shells and varied from 0.35 ± 0.51 to 5.36 ± 0.52 μg g− 1. The 
minimum Cd concentration (0.35 ± 0.51 μg g− 1) was found in Hemifusus 
pugilinus from the Vattanam mangrove, and the maximum Cd concen-
tration (5.36 ± 0.52 μg g− 1) was found in Melampus sincaporensis from 
the Thondi mangrove. For all the other molluscs sampled, the Cd con-
centration was <1 μg g− 1 in tissues; in many cases, Cd was not detected 
in shells (Figs. 2–5b). 

(a)

Cassidula aurisfelis

Cassidula nucleus

Melampus sincaporensis

Melambus bidentatus

0 5 10 15 20 25 30 35 40 45 50 55

Concentration µg g-1

selpmasseussiT

 Cd
Zn
Cu
Pb

(b)

Cassidula aurisfelis

Cassidula nucleus

Melampus sincaporensis

Melambus bidentatus

0 5 10 15 20 25 30 35 40

Concentration µg g-1

selp
masllehS

Cd

Zn

Cu

Pb

Fig. 3. Metals accumulation in the (a) tissue and (b) shells of coastal and mangrove-associated gastropods of Thondi.  
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Lead was found in all tested gastropods and bivalves shells and 
varied from 0.12 ± 0.128 to 2.51 ± 0.47 μg g− 1. The minimum Pb 
concentration (0.12 ± 0.128 μg g− 1) was found in Hemifusus pugilinus 
from the Vattanam mangrove, and the maximum Pb concentration 
(2.51 ± 0.47 μg g− 1) was found in Paphia textile from the Vattanam 
mangrove (Figs. 2–5b). 

Copper concentrations in shells ranged from 1.22 ± 0.25 to 11.75 ±
0.54 μg g− 1. The minimum Cu concentration (1.22 ± 0.25 μg g− 1) was 
found in Gafrarium tumidum from the Vattanam mangrove, and 
maximum Cu concentration (11.75 ± 0.54 μg g− 1) was found in Mel-
ampus sincaporensis from the Thondi mangrove. In all cases, the contents 
of Cu found in tissues were higher than those obtained in the shells of the 
same species (Figs. 2–5b). 

Zinc concentrations in shells ranged from 1.38 ± 0.67 to 47.79 ±
1.24 μg g− 1. The minimum Zn concentration (1.38 ± 0.67 μg g− 1) was 
found in Cassidula nucleus from the Thondi mangrove, and the maximum 
Zn concentration (47.79 ± 1.24 μg g− 1) was found in Cerithidea cingulata 
from the Devipattinam mangrove. In all cases, the concentrations of Zn 

were higher in tissues than in shells; however, in some cases, the con-
centrations were similar, such as in Chicoreus virgineus from the Vatta-
nam mangrove (42.18 ± 1.02 μg g− 1 in tissues and 31.81 ± 0.90 μg g− 1 

in shells), and in Cerithidea cingulata from the Devipattinam mangrove 
(51.16 ± 1.23 μg g− 1 in tissues and 47.79 ± 1.24 μg g− 1 in shells) 
(Figs. 2–5b). 

Metal bioaccumulation in marine organisms depends on a combi-
nation of biochemical (i.e., malondialdehyde and metallothionein con-
tent) and histopathological (i.e., lysosomal alteration, DNA integrity, 
and chromosomal damage) characteristics in both bivalves and gastro-
pods (Langston et al., 2012; Zuykov et al., 2013). Most metals are more 
densely concentrated in an organism’s soft tissue than in its shell, and for 
this reason, the vast majority of studies concentrate on the soft tissue 
(Minguez et al., 2012; Smolarz and Bradtke, 2011). Nevertheless, prior 
work suggests that shells can provide more accurate indication of 
environmental change and pollution (Smolarz and Bradtke, 2011). 

In the present work, the accumulations of Cd, Pb, Cu, and Zn in the 
tissues of gastropods and bivalves were, in most cases, higher than in the 
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Fig. 4. Metals accumulation in the (a) tissue and (b) shell samples of coastal and mangrove-associated bivalves and gastropods of Karankadu.  
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shells. Ptashynski et al. (2002) reported that tissues are of greater 
concern and are an important measure for health because they are the 
most edible part of the marine organisms commonly consumed by 
humans. 

Cadmium is a non-essential metal that accumulates through food 
chain magnification and induces kidney dysfunction, skeletal and ner-
vous damage, or the development of cancer; the toxicity of Cd causes the 
Itai-Itai disease, bone disease, anosmia, discoloration of teeth, a loss of 
olfaction abilities, and reproduction deficiencies in humans (European 
Commission, 2001; Sankar, 2014). In the present study, the minimum 
concentration of Cd (0.43 ± 0.54 μg g− 1) was found in Cerithidea cin-
gulata and the maximum concentration (11.70 ± 1.10 μg g− 1) was 
recorded in Chicoreus virgineus. The higher levels found at the Vattanam 
coast and mangrove might be due to the oil leakage from the mechanised 
fishing boats from the fish landing center, which is located very close to 
the mangrove. 

The external shell surface lacks metabolic activity, but can absorb 
metal from ambient water and sediments, reaching higher concentra-
tions than those in soft tissues under some conditions; however, metal 
adsorption into the internal shell surface can be neglected (Zuykov et al., 
2011, 2013). In the present study, the minimum Cd mineralisation in 
shells (0.35 ± 0.51 μg g− 1) was recorded in Hemifusus pugilinus, and the 
maximum mineralisation (5.36 ± 0.52 μg g− 1) occurred in Melampus 
sincaporensis. Although the metal accumulations in the shell were much 
lower than those found in molluscan soft tissue, the shell of the animal 
typically makes up over 75% of the animal’s weight; therefore, the total 
amount of metal present in the shell of the whole animal can be sig-
nificant (Sarkar et al., 2008). 

The Cu, Pb, Cd, and Zn concentrations varied significantly between 
the different sites and different species of gastropods and bivalves. The 
concentration of heavy metals in the tissues of marine organisms de-
pends on the accumulation strategy adopted by each species for each 
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Fig. 5. Metals accumulation in the (a) tissue and (b) shell samples of coastal mangrove-associated bivalves and gastropods of Devipattinam.  
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metal (Monikh et al., 2013). Relative rates of metal uptake and excretion 
are affected by features of the biology of the organisms, including the 
permeability of the external surface, the nature of the food, and the ef-
ficiency of the osmoregulation systems (Monikh et al., 2013). 

3.3. Biomineralisation factor of metals (BMFM) 

The highest BMFM ratio of Cd was observed in Melampus sincaporensis 
(3.72 ± 0.11) sampled at the Thondi mangrove (Table 2). The highest 
ratios of BMFM for Pb occurred in Cerithidea cingulata sampled from the 
Vattanam mangrove and Nassarius pullus (2.50 ± 0.13) from the Kar-
ankadu mangrove. Contrary to values obtained for Cd and Pb, the BMFM 
ratios of Cu and Zn were <1 in all cases. The highest BMFM concentra-
tion ratios for Cu were observed in Melampus sincaporensis sampled from 
the Thondi mangrove (0.88 ± 0.22) and Cerithidea cingulata sampled at 
the Devipattinam mangrove (0.68 ± 0.35). High BMFM concentration 
ratios of Zn were found for Cerithidea cingulata sampled at the Devi-
pattinam (0.93 ± 0.36) and Karankadu (0.86 ± 0.14) mangroves. In a 
similar study, Dar et al. (2018) reported slightly lower BMFM ratios for 
Cd in Brachidontes pharaonis (2.36) and Cardium papyraceumin (0.94) at 
the Great Bitter Lake, Suez Canal, Egypt. In the present study, Pb ratios 
of BMFM were highest in Cerithidea cingulata (2.51 ± 0.1) and Paphia 
textile (1.67 ± 0.01) from the Vattanam mangrove (Table 2). Similarly, 
Dar et al. (2018) reported BMFM ratios of 2.16 and 0.92 in the Great 
Bitter and Timsah lakes, respectively. The BMFM ratios of Pb clearly 
showed differential mineralisation selectivity between gastropod and 
bivalve species. In the Karankadu and Vattanam mangroves, the BMFM 
ratios were lower in different studied species. 

High BMFM concentration ratios of Cu were observed in Melampus 
sincaporensis (0.889) from the Thondi mangrove and in Paphia textile 
(0.185) from the Vattanam mangrove. High BMFM ratios of Zn were 
recorded in Cerithidea cingulata at Devipattinam (0.88 ± 0.2) from the 
Karankadu mangrove (0.86 ± 0.1) and in Melampus sincaporensis from 
the Thondi mangrove (0.74 ± 0.1). These results are similar to reports of 
Zn (2.99–3.22 μg g− 1), Cu (2.30–2.5 μg g− 1), Pb (8.77–9.65 μg g− 1), and 
Cd (1.93–2.14 μg g− 1) from the Timsah Lake, Suez Canal, Egypt 
(Nesreen and El-Regal, 2014). El-Sorogy et al. (2013) reported concen-
trations Zn (20–174 μg g− 1), Cu (5.0–89.01 μg g− 1), Pb (30.93 μg g− 1), 
and Cd (1.8–3.9 μg g− 1) from the coast of the Red Sea. Zuykov et al. 
(2013) found that the mineralisation and trace element incorporation 
within mollusc shells (calcification process) is influenced by growth 
rate, cessation, metabolic function, and environmental conditions. In the 
present study, high assimilation values of Cd, Pb, Cu, and Zn suggest that 
the selectivity of gastropod and bivalve bioaccumulation of heavy 
metals from the surrounding environments may be from ambient sedi-
ment and seawater. 

The Cd concentrations in this study (Table 3) were higher than in 
most other reported Cd concentrations in mollusc tissue and shell sam-
ples, with the exceptions of Jha et al. (2019), who found a Cd range of 
0.1–2.3 μg g− 1 in bivalves sampled from Nellore (southeast coast of 
India), and Liu et al. (2017), who reported a Cd concentration of 1.3 μg 
g− 1 in ark clams from Laizhou Bay, China. The results obtained for shells 
were more similar to those reported by previous works; Yap and Cheng 
(2013) reported 3.13 μg g− 1 in molluscs shells from Malaysia, and Dar 
et al. (2018) reported a Cd content of 0.09–10.49 μg g− 1 in bivalve and 
gastropod shell samples from Egypt. Palanichamy and Rajendran (2000) 
reported higher concentration of Cd 0.68 μg g− 1 in seawater and 2.0 μg 
g− 1 in sediment collected from Gulf of Mannar, Palk Bay, on the 
southeast coast of India. Increased Cd concentration may be due to the 
substantial anthropogenic input from boat and ship waste and anti-
fouling paints applied to boat surfaces because the high maritime traffic 
in this area. Land-based inputs like chemical fertilizers and pesticides 
from agriculture runoff are also a contributing factor in Cd 
concentrations. 

Lead is a non-essential toxic metal; its concentration in the tissues of 
gastropods and bivalves ranged from 0.61 ± 0.06 μg g− 1 in Cerithidea 
cingulata to 5.51 ± 0.44 μg g− 1 in the tissue of Cerithidea cingulata. 
Krishnakumar et al. (2017a,b) reported Pb concentrations of 348.4 and 
496.7 μg g− 1 from the surface sediments of Van Island and Koswari Is-
land, in Gulf of Mannar Biosphere Reserve on the southeast coast of 
India. The higher concentration of available metal might be a reason for 

Table 2 
The BMFM ratios (metal in shells/metal in tissues) of the metals in gastropod and 
bivalve shells and tissues of different coastal and mangrove environments along 
Palk Bay, India.  

Name of mollusc Heavy metals 

Cd Pb Cu Zn 

Thondi 
Cassidula aurisfelis 0.00 ±

0.00 
0.62 ±
0.23 

0.10 ±
0.11 

0.00 ±
0.00 

C. nucleus 0.00 ±
0.00 

0.21 ±
0.01 

0.21 ±
0.05 

0.09 ±
0.15 

Melampus sincaporensis 3.72 ±
0.11 

0.22 ±
0.12 

0.88 ±
0.22 

0.74 ±
0.17 

M.bidentatus 0.00 ±
0.00 

0.20 ±
0.14 

0.06 ±
0.41 

0.13 ±
0.22  

Vattanam 
Cerithidea cingulata 0.78 ±

0.11 
2.51 ±
0.17 

0.12 ±
0.35 

0.58 ±
0.01 

Chicoreus virgineus 0.04 ±
0.01 

1.00 ±
0.30 

0.15 ±
0.05 

0.74 ±
0.26 

Hemifusus pugilinus 0.23 ±
0.21 

0.08 ±
0.22 

0.10 ±
0.07 

0.48 ±
0.51 

Gafrarium tumidum 0.08 ±
0.35 

0.00 ±
0.00 

0.12 ±
0.01 

0.06 ±
0.03 

Paphia textile 0.28 ±
0.17 

1.67 ±
0.01 

0.18 ±
0.03 

0.54 ±
0.13 

Meretrix lamarckii 0.00 ±
0.04 

0.00 ±
0.00 

0.25 ±
0.33 

0.59 ±
0.14 

Katelysia opima 0.09 ±
0.62 

0.00 ±
0.00 

0.22 ±
0.24 

0.14 ±
0.04  

Karankadu 
Cerithidea cingulata 0.00 ±

0.00 
0.11 ±
0.14 

0.16 ±
0.10 

0.86 ±
0.14 

Chicoreusvirgineus 0.03 ±
0.14 

1.06 ±
0.02 

0.10 ±
0.01 

0.24 ±
0.31 

Hemifusus pugilinus 0.02 ±
0.12 

0.56 ±
0.05 

0.16 ±
0.32 

0.15 ±
0.02 

Laevistrombus 
canarium 

0.37 ±
0.01 

0.49 ±
0.14 

0.03 ±
0.04 

0.00 ±
0.00 

Murex tribulus 0.00 ±
0.00 

0.93 ±
0.03 

0.22 ±
0.21 

0.20 ±
0.10 

Nassarius pullus 0.14 ±
0.12 

2.50 ±
0.13 

0.04 ±
0.05 

0.56 ±
0.18 

Strombus marginatus 0.16 ±
0.34 

1.07 ±
0.64 

0.20 ±
0.13 

0.05 ±
0.03 

Thais tissoti 0.11 ±
0.10 

1.30 ±
0.23 

0.05 ±
0.10 

0.00 ±
0.00 

Crassostrea 
madrasensis 

0.50 ±
0.02 

0.64 ±
0.01 

0.15 ±
0.02 

0.37 ±
0.41 

Gafrarium tumidum 0.63 ±
0.10 

0.63 ±
0.13 

0.29 ±
0.01 

0.13 ±
0.05 

Mactra cornea 1.89 ±
0.46 

1.50 ±
0.15 

0.09 ±
0.03 

0.04 ±
0.01 

Pinna pectinata 0.00 ±
0.00 

0.51 ±
0.18 

0.62 ±
0.13 

0.04 ±
0.01  

Devipattinam 
Cassidula aurisfelis 0.10 ±

0.01 
1.14 ±
0.12 

0.16 ±
0.11 

0.17 ±
0.11 

C. nucleus 0.00 ±
0.00 

0.66 ±
0.23 

0.20 ±
0.11 

0.09 ±
0.11 

Cerithidea cingulata 0.00 ±
0.00 

1.85 ±
0.15 

0.68 ±
0.35 

0.93 ±
0.36 

Pythia plicata 0.00 ±
0.00 

0.91 ±
0.38 

0.12 ±
0.04 

0.02 ±
0.04 

Gafrarium tumidum 0.00 ±
0.00 

1.43 ±
0.35 

0.05 ±
0.21 

0.00 ±
0.00  
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accumulation of Pb in tissues and shells of gastropods and bivalves. 
Palanichamy and Rajendran (2000) reported a higher concentration of 
Pb (2.64 μg g− 1) in seawater and in sediments collected from Gulf of 
Mannar and Palk Bay (8.85 μg g− 1). Contrary to concentrations of Cd, 
the previous reports from Pb contamination in mollusc tissues were, in 
some cases, higher than those obtained in the current work; Ibrahim and 
Abu El-Regal (2014) found 19.1–30.25 μg g− 1 in gastropod and bivalve 
tissues from Egypt. Satheeswaran et al. (2019) and Jha et al. (2019) 
found 0.53–2.45 μg g− 1 in bivalves from the Parangipettai coast, India, 
and 0.17–1.23 μg g− 1 in tissues of bivalves from Nellore, India, respec-
tively; similar results are obtained in the current study. 

In shell samples, the Pb concentrations obtained varied from 0.12 ±
0.128 μg g− 1 found in Hemifusus pugilinus to 2.51 ± 0.47 μg g− 1 found in 
Paphia textile. Much higher Pb concentrations were found in shells in 
different species of molluscs collected from the Great Bitter Lake, Suez 
Canal, Egypt, reaching Pb concentrations of 6.78–32.9 μg g− 1 (Dar et al., 
2018). In an earlier study on Pb concentrations in the shell of Ostrea sp., 
concentration of Pb was 0.003–0.922 μg g− 1 at the Rosetta Beach on the 
Egyptian Mediterranean coast (El-Sorogy and Attiah, 2015). Zuykov 
et al. (2013) reported that the mineralisation and the element incorpo-
ration within the mollusc shells (i.e., the calcification process) is influ-
enced by the growth rate, growth termination, metabolic activity, and 
physicochemical parameters. These high assimilation values of Pb and 
Cd demonstrate the selectivity of molluscs in assimilating metals from 
the surrounding environment. 

Copper is an important element for the synthesis of hemocyanin, a 
blood pigment in marine gastropods and bivalves (Yap and Cheng, 
2013); it is essential for its enzymatic and metabolic activity. In the 
present work, the observed Cu concentration in gastropod and bivalve 
species ranged from 2.33 ± 0.41 μg g− 1 in Cerithidea cingulata to 115.54 
± 1.03 μg g− 1 in Thais tissoti. Krishnakumar et al. (2017a,b) reported 
higher Cu concentrations of 57.81 and 54.2 μg g− 1 recorded in sedi-
ments collected from Gulf of Mannar and Palk Bay, respectively. Metal 
contamination is a major problem in the developing countries from both 
natural (volcanic eruptions, oceanic hydrothermal vents, and biogeo-
chemical processes) and anthropogenic activities (industrial mining, 
coal extraction, deforestation, pharmaceutical waste, paint and bulb 
industries, and municipal and untreated sewage discharges), which 
contaminate the coastal environments through river and stream 

channels (Arulkumar et al., 2017; Nagarajan et al., 2019). Mining and 
industrial waste are the main sources for metal pollution, especially for 
Hg, Pb, Cd, Zn and Cu (Velusamy et al., 2014). The higher concentration 
of Cu present in water and sediment might be the reason for the metal 
concentration in gastropod and bivalve species. Other authors have re-
ported Cu concentrations within the range obtained in the current work, 
such as the values obtained for the bivalves Perna viridis (11.15 μg g− 1), 
Meretrix lusoria (7.81 μg g− 1), and Ostrea edulis (18.4 μg g− 1) collected 
from the Parangipettai coast of India (Satheeswaran et al., 2019) and 
gastropods Thiasca rinifera (17.5 μg g− 1) collected from Timsah Lake, 
Suez Canal, Egypt (Ibrahim and Abu El-Regal, 2014). According to 
Arulkumar et al. (2017), the high Cu concentrations commonly observed 
in fish in Palk Bay can be related to continuous discharge of agriculture 
runoff, untreated wastewater, oil from fishing activities, and expanding 
tourism on the shore. 

The Cu concentrations in the shells of gastropods and bivalves 
ranged from 1.22 ± 0.25 μg g− 1 found in Gafrarium tumidum to 11.75 ±
0.54 μg g− 1 in Melampus sincaporensis. All previous work included in 
Table 3 reported lower Cu concentration in shells; the most similar re-
sults were reported by Dar et al. (2018), who found Cu concentrations of 
1.11–6.2 μg g− 1 in bivalve shells from the Suez Canal, Egypt. 

High concentrations of Zn always occur in marine organisms because 
Zn is an essential micronutrient required for the growth, development, 
physiology, and metabolism of marine organisms (Atique Ullah et al., 
2017). Molluscan processes do not seem to be affected by excess zinc 
accumulations, and zinc is frequently accumulated in excess of the or-
ganism’s immediate needs (Eisler, 1981). In the present work, Zn con-
centrations in tissues ranged from 14.53 ± 0.35 μg g− 1 recorded in 
Cassidula nucleus to 63.89 ± 0.65 μg g− 1 in Nassarius pullus. Krishna-
kumar et al. (2017a,b) reported higher Zn concentrations (52.5 and 
16.9 μg g− 1) recorded in sediments collected from Gulf of Mannar and 
Palk Bay. The higher concentration of Zn present in water and sediment 
might be the reason for the metal concentration in gastropod and bivalve 
tissues and shells. Ibrahim and Abu El-Regal (2014) reported a high Zn 
concentration in gastropod (89 μg g− 1 in Thias carinifera) and bivalve 
(132.3 μg g− 1 in Venerupis aureus) at the Timsah Lake, Suez Canal, Egypt. 
Similar results were found by Satheeswaran et al. (2019) from three 
bivalves collected from the Parangipettai coast, India (19–75.62 μg g− 1). 

The observed Zn mineralisation in shells ranged from 1.38 ± 0.67 μg 

Table 3 
Comparison of metals concentration in molluscs (μg g− 1) tissues and shells sampled from the southeast coast of India with previously published works.  

Molluscs species/sampling site Samples (tissue/shell) Cd Pb Cu Zn Reference 

Bivalves/Cuddalore, SIPCOT, India Tissue samples 0.02–0.12 0.07–0.28 0.31–3.00 1.79–7.76 Kesavan et al., 2013 
Gastropods/Kuala Selangor, West coast of Peninsular 

Malaysia 
Tissue samples 0.5 0.36 1.53 5.67 Yap and Cheng, 2013 

Gastropods/Timsah Lake, Suez Canal, Egypt Tissue samples – 30.25 17.5 89 Ibrahim and Abu El-Regal, 
2014 

Bivalves/Timsah Lake, Suez Canal, Egypt Tissue samples – 19.1 26 132.3 Ibrahim and Abu El-Regal, 
2014 

Bivalves/Laizhou Bay, China Tissue sample (Ark 
clam) 

1.30 0.10 1.17 17.53 Liu et al., 2017 

Tissue sample (Surf 
clam) 

0.22 0.21 1.11 9.89 

Tissue sample (Manila 
clam) 

0.26 0.22 1.78 21.35 

Bivalves/Taranto Local fish market, Southern Italy Tissue samples 0.13–0.70 0.13–0.70 – – Prato et al., 2019 
Bivalves/Parangipettai coast, India Tissue samples 0.66–0.86 0.53–2.45 7.81–18.4 19–75.62 Satheeswaran et al., 2019 
Bivalves/Daya Bay, China Tissue samples 0.06–0.66 0.24–0.48 0.90–12.04 10.36–11.95 Yuan et al., 2020 
Bivalves, Nellore Southeast coast of India Tissue samples 0.10–2.3 0.17–1.23 1.1–7.1 8.46–48 Jha et al., 2019 
Gastropods/Bivalves, Southeast coast of India Tissue samples 0.43–11.70 0.61–5.51 2.33–115.54 14.53–63.89 Present work 
Bivalves/Cuddalore SIPCOT, India Shell samples 0.002–0.099 0.03–0.08 0. 102–0.112 0.993–3.63 Kesavan et al., 2013 
Gastropods/Kuala Selangor, West coast of Peninsular 

Malaysia 
Shell samples 3.13 2.86 1.40 0.47 Yap and Cheng, 2013 

Bivalves/Rosetta Beach, Egyptian Mediterranean 
Coast 

Shell samples – 0.003–0.922 – 0.22–4.117 El-Sorogy and Attiah, 2015 

Bivalves and gastropods/Great Bitter Lake, Suez 
Canal, Egypt 

Shell samples 0.09–10.49 6.78–32.90 1.11–6.20 1.95–9.57 Dar et al., 2018 

Gastropods/Bivalves, Southeast coast of India Shell samples 0.35–5.36 0.12–2.51 1.22–11.75 1.38–47.79 Present work  
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g− 1 in Cassidula nucleus at the Thondi mangrove to 47.79 ± 1.24 μg g− 1 

in Cerithidea cingulata at the Devipattinam mangrove. Other authors 
found lower Zn concentrations in shells than those reported in the cur-
rent work, such as Yap and Cheng (2013), who reported Zn concentra-
tion (0.47 μg g− 1) in bivalve shells from Nerita lineata in Kuala Selangor, 
Malaysia, or Dar et al. (2018), who reported Zn concentration in the 
shells of gastropods and bivalves ranging from 1.95 μg g− 1 in Cardium 
papyraceum to 9.57 μg g− 1 in Fusinus sp. collected from the Great Bitter 
Lake, Suez Canal, Egypt. 

The reasons for the high concentration of metals in tissues can be 
related to the presence of metallothioneins and other metal-binding 
organic or inorganic compounds that vary depending upon physiolog-
ical parameters and each tissue’s role in metal detoxification (Rodney 
et al., 2007). The metal accumulations in mollusc shells are important 
because they can represent a terrestrial reservoir of aquatic pollutants 
that can be adsorbed or released into the environment, depending upon 
the nature of the metal and ambient concentrations. In addition, metals 
and other aquatic pollutants may influence the normal mineralisation 
and metal composition of oyster shells, possibly decreasing shell 
strength and stability (Rodney et al., 2007). 

Comparing the results obtained with the maximum permissible limit 
set by national and international regulatory agencies (Table 4), most of 
the results mean that the gastropods and bivalves investigated are 
suitable for human consumption. Thus, Cd concentration of all the 
species investigated in the current work, except Hemifusus pugilinus, 
Melampus sincaporensis, Gafrarium tumidum, and Cassidula aurisfelis, was 
lower than the maximum permissible limits set by Food Safety and 
Standards Authority of India (FSSAI, 2011) (1.5 μg g− 1), or the World 
Health Organization (WHO, 1989, 2000) (2 μg g− 1). Pb concentrations 
in tissues from all species except Nassarius pullus, Cerithidea cingulata, 
Melampus sincaporensis, Cassidula nucleus, and Cassidula aurisfelis were 
lower than the maximum allowed limit set by FSSAI (2011) (2.5 μg g− 1), 
or the Food and Agriculture Organization of the United Nations (FAO, 
1989) (3 μg g− 1). Cu concentrations in all species were lower than the 

maximum allowable limit set by the United States Environmental Pro-
tection Agency (US EPA, 2002) (50–150 μg g− 1). Finally, Zn concen-
tration in tissues from all tested species except Pythia plicata, Cerithidea 
cingulata, Nassarius pullus, Melampus sincaporensis, Katelysia opima, and 
Meretrix lamarckii was lower than the maximum allowable limits set by 
FSSAI (2011) (50 μg g− 1), (WHO, 1989, 2000) (50 μg g− 1), or US EPA 
(2002) (50–150 μg g− 1). 

The accumulation of toxic heavy metals such as Pb and Cd can result 
in biomagnification in the food chain and food web. The high concen-
tration of Pb and Cd may pose health risks such as fatigue, irritability, 
myalgias, coma, seizures, encephalopathy, dysfunction of nervous sys-
tem, development of cancer, or kidney, liver, and brain damage (Arul-
kumar et al., 2017). In the present study, the Cu and Zn concentrations 
in all tested species were lower than the maximum allowable limit set by 
the US EPA (2002) and in most cases were lower than maximum 
allowable limits set by FAO (1989), WHO (1989, 2000) and FSSAI 
(2011). The excess levels of Cu in the liver can cause Wilson’s disease, an 
inborn error of metabolism, and hepatolenticular degeneration. Exces-
sively deficient levels of Cu and/or Zn are primary factors in one type of 
schizophrenia, called “histapenia” (low blood histamine) (Arulkumar 
et al., 2017). The sampling sites are located near to a major fishing 
harbor and tourism location. Regular monitoring of the trace metal 
concentration (Cd, Pb, Cu, and Zn) in the marine flora and fauna is 
essential to protect the coastal area and mangrove ecosystem. 

The metal–metal Pearson correlation coefficients in the tissues and 
shells of both gastropods and bivalves are depicted in Table 5. There are 
strong positive correlations between Cu, Zn, and Cd in the shells of 
gastropods and bivalves (Cu–Zn, 0.987, P < 0.01; Cu–Cd, 0.999, P <
0.01). The heavy metal contamination origins are marine vessels 
(mainly from fishing and tourism boats), agricultural runoff, and un-
treated domestic municipal discharge (Arulkumar et al., 2017, 2019; 
Ragi et al., 2017). 

4. Conclusions 

The metals, particularly Cu and Zn, were recorded in higher con-
centrations in the gastropods than in the bivalves at four sampling sites 
in the Palk Bay, India. The concentrations were higher in the tissues than 
in the shells of the molluscs. Cd was undetected in most of the molluscan 
shells. The studies revealed that Melampus sincaporensis and Cerithidea 
cingulata from the Thondi and Vattanam coastal mangroves had the 
highest BMFM ratio for Cd and Pb of all molluscan species investigated. 
This may be a threat to the food chain through which the metals can be 
magnified into higher trophic levels and thereby adversely affect other 
consumers. 
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Table 4 
Standard permissible limit of heavy metals in molluscs (μg g− 1) based on Indian 
and International guidelines.  

National/international 
standards 

Heavy metals (μg g1) References 

Cd Pb Zn Cu 

Food and Agriculture 
Organization  

1  3 30 20 FAO, 1989 

World Health Organization  2  2 50 3 WHO, 1989, 
2000 

United States Environmental 
Protection Agency  

1.4  1.7 200–500 50–150 US EPA, 2002 

European Commission  1  1.5 – – EC, 2001 
Food Safety and Standards 

Authority of India  
1.5  2.5 50 20 FSSAI, 2011 

EC: European Commission; FAO: Food and Agricultural Organization; FSSAI - 
Food Safety Standards Authority of India; US EPA: United States Environmental 
Protection Agency; WHO: World Health Organization. 

Table 5 
Pearson correlation matrix indicates the interrelationship among Pb, Cu, Zn, and Cd in molluscs tissues and shells.   

Molluscs tissue Molluscs shell  

Molluscs tissue Pb Cu Zn Cd Pb Cu Zn Cd 
Pb 1 − 0.371 − 0.104 − 0.449 0.444 − 0.107 − 0.047 0.069 
Cu  1 0.428 0.511 − 0.399 − 0.823 − 0.569 0.883 
Zn   1 0.935 − 0.927 − 0.696 0.436 0.573 
Cd    1 − 0.991 − 0.582 0.414 0.484 
Pb Molluscs shell     1 0.489 − 0.525 − 0.377 
Cu      1 0.987* 0.999** 
Zn       1 0.988* 
Cd        1  

* Correlation is significant at the P < 0.05. 
** Correlation is significant at the P < 0.01. 
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