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ABSTRACT 
The levels of heavy metals zinc, copper, cadmium and lead in Nakane lake of Dhule district, 
Maharashtra, India were studied in  water, sediments and  native fresh water snail species, Bellamya 
bengalensis and Mellanoides tuberculata. The results showed that in surface water the cadmium 
(0.1032 ± 0.001 mg/l) and lead (0.7276 ± 0.002 mg/l) concentration exceeded higher limit of WHO  
water standard. It was observed that, concentration of four  metals  zinc ( 329.44 ± 0.12 μg/g ), copper 
(259.72±0.08μg/g), cadmium (0.1170 ±0.09 μg/g) and lead (64.07±0.03 μg/g) were higher in the 
sediment as compared to water. The bioaccumulation  levels of zinc, copper, cadmium and lead in 
Bellamya bengalensis were 166.70±0.23, 101.19±0.03, 8.33±0.16 and 117.01±0.006 μg/g 
respectively, and for Mellanoides tuberculata were 142.91±0.15, 125.29±0.05, 11.80±0.03 and 
80.26±0.03 μg/g respectively. The metal concentration in snail species was higher than the water and 
sediment. The BCF values suggested that the  Bellamya bengalensis, have  greater capacity  for zinc  
and lead bioaccumulation than Mellanoides tuberculata, While Mellanoides tuberculata has greater 
capacity for copper and cadmium  bioaccumulation than Bellamya bengalensis. Therefore, Bellamya 
bengalensis, is being proposed as sentinel organism for monitoring of zinc  and lead and Mellanoides 
tuberculata for copper and cadmium  in freshwater.  
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INTRODUCTION 
Rapid industrialization, urbanization and modern 
agricultural practices has resulted in the dumping 
of pollutants into aquatic ecosystems. 
Anthropogenic activities, have greatly increased 
the influx of heavy metals to aquatic 
ecosystems.1 The stability of heavy metals in 
sediments and their scarcity in natural 
environments make heavy metal concentrations 
in inorganic and organic elements of the 
ecosystem the most appropriate indicators of 
overall levels of aquatic pollution.2,3 In addition, 
heavy metals biomagnified through the food 
chain may threaten organisms at higher tropic 
levels, such as human and birds.4,5  The ingestion 
of metal contaminants affect not only biology of 
the organisms, but also the health of man that 
depends upon these organisms for food6.  
Materials from surrounding environments are  

carried into wetlands by the hydrologic inputs of 
precipitation, river flooding and surface and 
groundwater inflows.7 These sediments are 
important in supporting biological organisms in 
wetland ecosystems. Heavy metals accumulating 
in the sediments can affect concentrations of 
heavy metals in the organisms that dwell in these 
sediments.8-10 Benthic gastropods in wetlands 
have an especially close relationship with the 
sediments that comprise their habitat and feeding 
site. Gastropods, in turn, are used as food sources 
by birds and fish. Therefore, they are regarded as 
an important link for a transfer of heavy metals 
from the soils to organisms at a higher tropic 
level through aquatic food chains. 
In last decades, studies on heavy metals in 
freshwater ecosystem have been a major 
environmental focus. Knowledge of concen-
tration of heavy metals is desirable for the 
estimation of metal concentration in lake water, 
sediment   and   biota.  The   establishment of  an  *Author for correspondence 
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efficient monitoring program to identify the 
contaminant in a given ecosystem became an 
important priority.11-20  The biomonitoring of 
pollutants using accumulator species is based on 
the capacity which has some plant and animal 
taxa to accumulate relatively large amounts of 
certain pollutants, even from much diluted 
solutions without obvious noxious effects.  
Molluscs are suitable indicators of toxic matters 
in aquatic habitats, due to their often broad 
distribution and great abundances, limited 
mobility and their potential of bioaccumulation 
of  contaminants. For this  reason they are 
commonly studied around the world from the 
ecotoxicological point of view.21  Gastropods are 
example of aquatic organisms that have 
demonstrated the ability as potential bioindicator 
and accumulate metals to high concentrations.22 
The use of gastropods as biomonitors organisms 
offers several advantages like reasonable size, 
sedentary, accumulate contaminant more 
efficiently than that of the surrounding water, 
exhibit low or under detectable enzyme activity 
which metabolize pollutants, and hence fulfill the 
criteria as good bioindicators.23  Many species of 
snails have been studied to determine their 
potential as a biomonitoring organism.24-27 
According to Beady and Eaves,28 snails can 
accumulate higher concentrations of metal ions 
than  any   other   group  of  invertebrate.  These  

studies strongly supported the use of gastropods 
as biomonitors of heavy metal pollution in 
aquatic ecosystem. 
Nakane lake has input load of  natural and 
anthropogenic  activities that  leads to  change in 
the  water quality. The water of this lake is being  
used for a public,  industrial supply, irrigation 
and fishing purpose, therefore it is imperative to 
monitor the metal pollution. Metal uptake pattern 
of aquatic  micro invertebrates is comparatively 
less known.  Furthermore there have never been 
any published reports on this background. 

AIMS AND OBJECTIVES 
To evaluate concentration of heavy metals Zn, 
Cu, Cd and Pb in water, sediment and 
Gastropods; Bellamya bengalensis and 
Mellanoides  tuberculata inhabiting the Nakane 
lake and to decide a suitable snail species as 
sentinel animal for monitoring of metal pollution 
in freshwater ecosystem. 

MATERIAL AND METHODS 
Morphometry of Nakane lake  
The Nakane lake is located about  3.8 kms away 
from Dhule. It is manmade reservoir constructed 
in 1893 and located geographically at latitude  
200 52’ 54.82” N and longitude 740  43’ 54.09” E. 
It is the main water reservoir of Dhule city. The 
water of this lake is reserved for drinking and 
irrigation purposes (Fig. 1).  

 
Fig. 1 : Map of Nakane Lake, Maharashtra, India (Source- Google Earth) 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development      Vol. 9 No. 02, October-December 2014 

326 
 

Sampling techniques 
Water, sediment and snail samples were 
collected during the period of March to June 
2009 from Nakane lake. The collected samples 
were mixed with concentrated HNO3 and 
preserved in a refrigerator at 40C.The soil 
samples were sieved by using a sieve (mesh 
size 0.5 mm) and the fine fractions obtained 
were air dried. Air dried samples were 
preserved in a desiccators till digestion.  
At least 50 specimens of each snail species 
were collected and brought in the same water 
to the laboratory. From these samples, 
medium, equal sized ten animals of each 
species are selected by measuring the length 
and width of the animals. The snails were 
dissected within 12 hours of collection and 
their whole body tissues were removed, 
washed in distilled water and dried separately 
in oven at about 800C.  After complete drying 
the tissues were powdered and stored 
separately.   
Determination of heavy metal levels in 
water, sediments and Snail’s tissue 
500 mg dry powder of whole soft body tissue 
of snails was digested  in 10 ml mixture of 
Nitric acid (70%, from Merck): Perchloric acid 
(70% HClO4, from Merck) in 5:1 ratio. After 
half hour stirring the samples were left 
overnight and were digested on hot plate till 
the clear white fumes appeared. 10 ml volume 
of solution was maintained by adding acidic 
mixture of Nitric acid: Perchloric acid drop by 
drop. After allowing the flask to cool, double 
glass distilled water was added to bring the 
volume to 50 ml in volumetric flask and then 
solution was filtered through Whatman filter 
paper number 41. Surface water and soil 
sediments were also similarly processed. The 
analysis of metal concentrations in surface 
water, soil sediment and whole body tissue of 
snail was carried out by using Atomic 
Absorption Spectrophotometer (AAS) 
(Thermo Scientific, U. K. make, Solaar A 
series model). Flame temperature of air–
acetylene used for estimation of Zn, Cd, Cu 
and Pb was 1100oC, 1000oC, 2100oC and 
1200oC   respectively.   While band path for Zn  
was 0.2 and for Cd, Cu and Pb was  0.5. Before 
each metal determination the AAS was calibrated 

for each metal using lower  detection limit of 
AAS was 0.004mg/L for Zn and Cd,0.005mg/L 
for Cu and 0.003mg/L for  Pb. All reagents used 
were A.R. grade (Merck). To avoid possible 
contamination, all laboratory equipments were 
washed in 10% HNO3 solution and rinsed by 
distilled water prior to use. Procedural blanks and 
quality control samples prepared from solutions 
for Zn, Cu, Cd and Pb, were analyzed after every 
10 samples in order to check sample accuracy. 
Dry weight  of each animal was used to calculate 
the metal concentration per unit body weight 
(μg/g).  
Bioconcentration Factor (BCF) 
According to U. S. Environmental Protection 
Agency guidelines (2003), the Bioconcentra-
tion Factor (BCF) is defined as the ratio of 
chemical concentration in the organism to that 
in surrounding water. The potential of a snail 
to accumulate metals from a medium into its 
tissue can be estimated using Bioconcentration 
Factor (BCF) which decides  snails potentially 
useful as sentinel animal for water quality 
monitoring programmes.It is an important 
parameter in the determination of total body 
burden of heavy metals along with the water 
chemistry.  The bioaccumulatio  factor of the 
metals in the tissues of the snails was 
calculated by dividing the concentration in the 
water/sediment in which the animals were 
exposed.29 Measured  BCFs are a essential 
component for both aquaculture ecosystems 
and human health risk assessment.30 

BCF can be calculated in relation to water 
BCF (m-w) and soil BCF (m-s) 

BCF (m-w) =   
Concntration of metal in tissue        
Concentration of metal in water 

BCF (m-s) =      
Concntration of metal in tissue 
Concentration of metal in soil 

Results were expressed as mean ± standard 
deviation (SD).  

RESULTS AND DISCUSSION 
Metal concentration in lake water-  
The concentration  in surface water, sediments 
and snail species were determined and 
summarized   in   Table 1 and Fig. 2.  The results  
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of metal concentration in surface water of 
Nakane lake was compared with WHO water 
standards. The   orders of levels of metal 
concentration in water were Pb>Zn>Cd>Cu. In 
the surface water, lead (0.7276±0.002 mg/l ) and  
cadmium (0.1032±0.001 mg/l) concentrations 
exceeded than higher permissible  values of 
WHO standards, indicating that Nakane dam 
water is polluted by cadmium and  lead.  The 
levels of zinc (0.2387±0.0004 mg/l) and copper 
(0.0382±0.0007 mg/l) were observed below 
permissible limit.  
 

Metal concentration in soil sediments  
Table 1 and Fig. 3 reveals that the concentrate- 
ons of zinc, copper and lead in the sediments 
were higher than cadmium and found as 329.44 
± 0.12, 259.72 ±0.08 and 64.07±0.03 μg/g 
respectively while in cadmium  was 0.1170 ± 
0.09 μg/g as shown  in Table 1.  It was also 
observed that concentrations of all four metals 
were much more higher in the sediment as 
compared to water. The order of metal 
concentration in sediment was Zn>Cu>Pb>Cd. 
Sediment acts as indicators of the burden of 
metals in an aquatic environment, as they are the 
principal reservoir for metals.31  

Table 1 :  Metal concentration and bioaccumulation factor of surface water, soil sediments 
and snail species (tissue dry weight basis) of Nakane lake 

S/N Metal 

*WHO 
water 

Standards 
(1993) 

Concentration 
of metals 
in water 
(mg/l) 

Concentration 
of metals in 
Sediments 

(μg/g) 

Snail 
species 

Concentration 
of metals in 
tissue (μg/g) 

BWAF 
value 

BSAF 
value 

01 Zn 3.00 0.2387± 
0.0004* 

329.44± 0.12 
 

B.bengalensis 166. 70± 0.23 698.53± 
0.97 

0.50± 
0.002 

M.tuberculata 142.91± 0.15 
598.70 
± 0.88 

0.44± 
0.0002 

02 Cu 2.00 
0.0382± 
0.0007 

 

259.72± 0.08 
 

B.bengalensis 101.19± 0.03 
2648.95 
± 27.71 

0.39± 
0.0001 

M.tuberculata 125.29± 0.05 
3279.84 
± 36.22 

0.49± 
0.0003 

03 Cd 0.003 
0.1032±  

0.001 
 

0.1170± 0.09 
 

B.bengalensis 8.33± 0.16 
77.72 
± 0.82 

68.79± 
16.20 

M.tuberculata 11.80± 0.03 
114.34 
± 1.18 

101.20± 
23.96 

04 Pb 0.01 
0.7276± 
 0.002 

 

64.07± 0.03 
 

B.bengalensis 117.01± 0.006 
160.81 
± 0.37 

1.83± 
0.009 

M.tuberculata 80.26± 0.03 
110.30 
± 0.26 

1.26± 
0.0006 

*Values in (±) indicates the standard deviation, 
**Permissible limit of drinking water (WHO standard, 1993) 
Metal concentration in tissues 
Concentrations of  metals per gm dry tissues 
(Table 1 and Fig. 4),  shows  that the 
freshwater snail, B. bengalensis accumulated 
zinc (166.70 ± 0.12 μg/g), lead (117.01±0.006 
μg/g), copper (101.19±0.03 μg/g) and 

cadmium (8..33 ± 0.16μg/g). M. tuberculata 
accumulated, zinc (142.91±0.15μg/g) copper 
(125.29±0.05μg/g) lead (80.26 ± 0.03μg). It 
was observed that B. bengalensis accumulated 
higher concentration of zinc and lead and 
lower    concentration of copper and cadmium  
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than M. tuberculata. M. tuberculata shows 
higher concentration of copper and cadmium 
and lower concentration of zinc and lead than 
B. bengalensis. The orders of levels of metal 
concentration in B.bengalensis and M. 
tuberculata were Zn>Pb>Cu>Cd and 
Zn>Cu>Pb>Cd respectively. It was observed 
that the metal concentrations in both snail 
species were higher than the concentrations in  
water and sediment.    
The profiles for metals in one organism do 
not match those seen in another species from 
the same area, since different species respond 
to different portions of the total metal load in 
an ecosystem.32  To evaluate the potential of 
metal bioaccumulation in the two snail 
species, from a medium into their tissues can 
be estimated using Bioconcentration Factor 
(BCF). By comparing BCF one can compare 
the potential of that snail in taking up metals 
from water and sediments and their retention 
in tissues.  
Bioconcentration factor in relation to water 
(BCFm-w) 
Table 1 and Fig. 5 shows the order of BCFm-w 
for B. bengalensis and M. tubercu-lata as 
Cu>Zn>Pb>Cd and Cu>Zn> Cd>Pb respecti-
vely. In  B. bengalensis , the higher values  of 
bioconcentration actor (BCF-m-w) for zinc 
(698.53±0.97) and lead(60.81±0.37) and  low 
(BCF-m-w) values for copper (2648.95±27.91) 
and cadmium (77.72±0.82) are found as compare 
to  M. tuberculata.  While higher values of 
bioconcentration factor (BCF-m-w) for copper 
(3279.84 ±36.22)  and cadmium (114.34±1.18) 
and low values for zinc (598.70±0.88) and lead 
(110.30±0.26) were observed in M. tuberculata,  
as compared to B. bengalensis. Such high value 
of (BCF-m-w) indicates that the snail 
accumulated these metals in considerably high 
quantity in their tissues. On other hand copper 
and cadmium   exhibits low (BCF-m-w) values 
in B. bengalensis. Such a low value indicates that 
the B. bengalensis has low capacity to absorb the 
copper and cadmium from water or has high 
excretory   rate   for  both  these  metals. The  low  

value indicates that the M. tuberculata, has low 
retention of copper and cadmium. High BCF m-
w values show that these snail species are best 
bioindicators for monitoring these metals as 
pollutants in water and vice versa. The snails 
with low bioaccumulation factor for the 
accumulation of metal are not good for 
monitoring of above mentioned metal pollutants. 
Bioconcentration factor in relation to 
sediment (BCFm-s) 
BCF mollusc-sediment (BCFm-s) is defined as 
the ratio of metal concentration in the mollusc to 
that in sediment. Table 1 and    Fig. 6 shows 
higher  (BCFm-s) values for zinc (0.51±0.002), 
and and lead (1.83±0.0088) and low (BCF m-s) 
values for copper (0.39±0.0001) and cadmium 
(68.8±16.2) in B .bengalensis as compared to M. 
tuberculata, while higher (BCFm-s) values for 
copper (0.49±0.0003) and cadmium (101.3± 
23.96) and lower (BCF m-s) values for zinc 
(0.44±0.0002) and lead(1.26±0.0006) in M. 
tuberculata, compared to B.bengalensis. The 
order of (BCFm-s) value for B. bengalensis and 
M. tuberculata, was Cd>Pb>Zn>Cu and Cd>Pb> 
Cu>Zn respectively. Thus, this investigation 
indeed indicated that B. bengalensis was able to 
accumulate higher quantity of zinc and lead 
while M. tuberculata, was able to accumulate 
higher quantity of and copper cadmium. 
The observed differences in tissue metal 
concentration in snail species might be restricted 
to variations in body size, weight. growth, 
fitness, reproductive condition, genotype and  
metabolic rate . Variability in metal body 
concentrations between closely related species 
might be due to interspecific differences in the 
biokinetics of uptake, elimination and different 
physiological rates such as pumping, filtration 
and respiration. Differences in metal efflux rates 
are also important in determining interspecific 
differences in accumulated metal concentrate-
ions among the snails. The interspecific 
difference in the metal concentrations was 
evidence that different organisms display a range 
of capacities varying from low accumulation of 
certain elements to very high accumulation.33  
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Wang et al34 reported that the interactions 
between metal geochemistry and animal 
physiology determine the differences in the 
bioavailability among metals. Abdullah et al35 

and Christopher et al36  reported that the element 
concentrations in molluscs differ between 
different species due to species-specific ability/ 
capacity to regulate or accumulate trace metals.  

 

 
Fig. 2 : Concentration of metals in water from Nakane lake 

 
Fig. 3 : Concentration of metals in soil sediments from Nakane lake 
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Fig. 4 : Concentration of metals in snails from Nakane lake 

 
Fig. 5 : Bioconcentration factor in relation to water [BCF(m-w)] of Nakane lake 

 
Fig. 6 : Bioconcentration factor in relation to soil [BCF(m-s)]  of Nakane lake 
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CONCLUSION 
The finding of this study showed that the 
concentration and BCF value for zinc and lead 
was highest in the B. bengalensis, while 
concentration and BCF values are higher for 
copper and cadmium  in M. tuberculata, 
Therefore these results indicate that B. 
bengalensisis is sentinel organism for the 
biomonitoring of for zinc and lead and M. 
tuberculata, for copper and cadmium in 
Nakane lake. This study showed that water 
samples analyzed had higher lead and 
cadmium concentrations than the limit value 
set by regulating agencies. Effective 
environmental monitoring exercise should be 
encouraged to check metal concentration from 
point and non-point sources. Heavy 
consumption of other aquatic animals from 
Nakane lake by humans, as in the current 
situation, is therefore, at a risk of health 
implications. 
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