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Abstract

The concentrations of zinc, copper, cadmium and lead in surface water, sediments and two native
snail species, Bellamya bengalensis and Melanoides tuberculata from Latipada reservoir were
determined. The concentrations of cadmium and lead in surface water were higher than the WHO
recommended limits for drinking water standards; where as those of zinc and copper were within
the permissible limits. The concentrations of zinc, copper, cadmium and lead were higher in
sediments than in water. The observed bioaccumulated level of zinc, copper, cadmium and lead in
Bellamya bengalensis were Zn- 197.22, Cu- 172.14, Cd- 11.59 and Pb- 112.57g g'l, while in
Melanoides tuberculata were Zn- 136.59, Cu- 132.04, Cd- 13.25 and Pb- 27.691g g'l. The metal
concentrations in both species of snails were higher than those of the water and sediment.
Bioaccumulated metal concentrations, Bio-Water Accumulation Factor (BWAF) and Bio-
Sediment Accumulation Factor (BSAF) values indicated that Bellamya bengalensis had high
potential for zinc, copper and lead bioaccumulation than Melanoides tuberculata, while
Melanoides tuberculata had high potential for cadmium than Bellamya bengalensis. Therefore,
Bellamya bengalensis is proposed as sentinel organism for monitoring zinc, copper and lead,
while Melanoides tuberculata for monitoring cadmium in freshwater.
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Introduction

Heavy metal pollution in aquatic ecosystems has
been recognized as a serious environmental issue. In many
cases, heavy metals occur in natural water bodies at levels
below their toxic thresholds. However, due to their non-
degradable nature, such low concentrations may still cause
toxic effects after uptake and subsequent bioaccumulation by
organisms. In wetlands, sediments can accumulate large
amounts of heavy metals thus becoming important reservoirs
(Caccia et al., 2003). Heavy metals accumulated in
sediments can affect the concentration of heavy metals in the
organisms that dwells in these sediments (Kim and Kim,
2006). Benthic gastropods in wetlands have a close
relationship with the sediments that constitute their habitat
and feeding site. Molluscs are capable of accumulating

metals in their tissues many times higher than those in water
concentrations (Waykar and Shinde 2011; Waykar and
Deshmukh 2012).

Metal bioaccumulation can be of importance from the
public health point of view, especially when a human
consumes the accumulators (Soegianto and Irawan, 2008;
Celechovska ez al., 2008). Secondly, this phenomenon is now
being exploited for the assessment of environmental quality
(Javanshir and Shapoori, 2011). Bioaccumulation of
toxicants is one of the tools used in biomonitoring and is the
only way to evaluate the bioavailability of pollutants present
in water (Abdullah et al., 2007). Snails are appropriate to be
used as biomonitors in situ, because they are benthic animals
which are in contact with polluted bottom sediments and have
short generation time, abundant, with relative longevity,
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large, as well as can be easily collected and weighed (Lefcort
etal.,2004).

Many species of snails have been studied to determine
their potential as a biomonitoring organism (Hamed and
Emara 2006; Kim and Kim 2007). Waykar and Petare (2013)
studied bioaccumulation of heavy metals in freshwater snails
Ballamya bengalensis and Lymnea accuminata from
Malgaon wetland of Dhule district, India. Petare et al. (2014)
reported that snails as sentinel animals for biomonitoring of
heavy metals from freshwater ecosystem. These studies
strongly support the use of snails as biomonitors of heavy
metal pollution in aquatic ecosystems.

Anthropogenic activities in the study area have
affected the hydrobiological qualities of Latipada reservoir.
Panzara river flows from mountain to plain and weathering
soil and rock have become source of heavy metal. Catchment
area of reservoir is agricultural land, which is polluted by
fertilizers and pesticides. Villages settled on bank of river,
releases domestic wastes into the rivers. The small scale
bricks industries are on the bank of river. High boating
activity due to fishing in reservoir, changes the water quality
of reservoir. The water of reservoir is used for drinking,
irrigation and fishing purpose, therefore it is imperative to
monitor the metal pollution of the reservoir.

There have never been any published reports on the
background of metal accumulation in freshwater snail
species, B. bengalensis and M. tuberculata. The snail species
have potential to accumulate metals from surface
water/sediments into its tissue can be determined using
BWAF/BSAF values (Usero et al., 2005) and these values are
also used to find out most appropriate sentinel species to
monitor heavy metal pollution in water and sediments.

The aim of the present study was to determine the
concentrations of heavy metals zinc, copper, cadmium and
lead in water, sediments and snail species, B. bengalensis and
M. tuberculata inhabiting Latipada reservoir.

Materials and Methods

The Latipada reservoir was constructed in 1966 at
village Latipada on Panzara river and is 80km away from
Dhule city. Geographically, Latipada reservoir is located at
20°56'3"N 74°6'0"E having total catchment area of 215.14
sq. km (6478 ha). The total gross storage capacity of reservoir
is 745.50 million cubic meters and the total live storage is
about43.11 million cubic meters.

Surface water, soil sediments and snail species were
collected from various location of Latipada reservoir during
the period of July to September 2009. Surface water samples
were collected from 50 cm depth during morning hours and
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were filtered and mixed with concentrated HNO, (70%,from
Merck) and preserved at 4'C before laboratory analysis. Soil
sediments were collected from various locations of reservoir
and were sieved by using a sieve (mesh size 0.5mm) and the
fine fractions obtained were air dried. Air dried samples were
then ground, powders and preserved in desiccators.

At least 100 specimen of each species of snail's were
collected and medium, equal sized twenty animals of each
species were selected The snails were dissected within 12 hrs
of collection and their whole body tissues were removed,
washed in distilled water and dried separately in oven at
about 80°C. The dried tissues were powdered and stored
separately. 500mg powder of whole soft body tissue of snails
was digested in 10 ml mixture of nitric acid (70%, from
Merck): perchloric acid (70% HCIO,, from Merck) in 5:1
ratio. After half hour stirring the samples were left overnight
and were digested on hot plate till clear white fumes
appeared. 10 ml volume of solution was maintained by
adding acidic mixture of nitric acid: perchloric acid. The
solution was then filtered through Whatman filter paper
number 41. Surface water and soil sediments were also
processed similarly. 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). Dry weight of each animal was used
to calculate the metal concentration per unit body weight (LLg
g'l). The BWAF/BSAF values of metal in tissue were
calculated (Usero et al., 2005). Results were expressed as
mean £SD. The paired sample student't' test were used in
order to access whether heavy metal concentrations varied
significantly between the species. All the statistical
calculations were performed with SPSS 21.0 version.

Results and Discussion

The concentrations of cadmium and lead in surface
water were higher than the WHO (2008) recommended limits
for drinking water standards; where as those of zinc and
copper were within limits. This indicates that surface water of
Latipada reservoir was polluted by lead and cadmium. The
elevated concentrations of cadmium and lead recorded were
attributable to the anthropogenic activities input through
agricultural run-off, domestic untreated waste water, brick
industries waste and high boating activity due to fishing in the
reservoir. Catchment area of reservoir is agricultural land,
chemical fertilizers and pesticides with heavy metal are used,
this might be possible sources of cadmium and lead pollution
(Kara et al., 2004). Super phosphate is an important fertilizer
used at the time of plantation of paddy seedlings and it
contains 3mg Cd kg1 super phosphate (Mason, 2002). Chopra
et al. (2009) reported that use of cadmium containing
fertilizers and sewage sludge is the main reason for enhance
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in the cadmium content in water. Cd enrichment also occurs
due to the application of manure and limes (Ross, 1994). The
catchment area of reservoir also brings the waste from brick
industries and domestic waste water of villages. Aksoy et al.
(2005) and Huang et al. (2007) reported that domestic waste
and agricultural waste matter acts as major source of
cadmium and lead.

High level of lead recorded was attributable due to
high boating activity due to fishing in the reservoir and run-
off from agricultural field and traffics. Many investigators
have reported that high level of Pb in lake water could be
attributed to drop of leaded petrol from fishing and
ecotourism boats and dust which holds large amount of lead
from the burning of petrol in automobile (Ebrahimpour and
Mushrifah, 2008; Reddy et al., 2012).

It was also observed that concentrations of zinc,
copper, cadmium and lead were much higher in sediments as
compared to water (Table 1). Sediment acts as indicators of
the burden of metals in an aquatic environment, as they are
the principal reservoirs for metals (Audry et al., 2004; Yusuf
and Osibanji, 2006). Heavy metals accumulation in the
sediments can affect concentrations of heavy metals in
aquatic organisms that inhabit in these sediments (Wildi et
al., 2004; Kim and Kim 2006). The amount of metals in
sediments can lead to greater environmental problem when
polluted sediments are taken up by filter feeder animals.

Data in Table 1 compares the mean heavy metal
concentrations in soft body tissues of fresh water snail
species, B. bengalensis and M. tuberculata collected from
Latipada reservoir. Both the species showed different
capacities for accumulating heavy metals. The concentrations
of Zn (197.22 ug g') Cu (172.14pg grl) and Pb (112.57pg g-l)
appeared considerably higher in B. bengalensis than those
determined in M. tuberculata. On the other hand, mean
concentration of Cd (13.25pg g-l) appeared higher in M.
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tuberculata than those determined in B. bengalensis. The
results of paired sample Student 't' test (Table 1) indicated
difference between the mean value of heavy metal
concentrations of both the species were statistically
significant (p<0.05). It was observed that the metal
concentrations in both species of snails were higher than
those in water and sediments.

The values of Bio-Water Accumulation Factor
(BWAF) and Bio-Sediment Accumulation Factor (BSAF)
were determined to evaluate the potential of metal
bioaccumulation in two snail species from surface
water/sediments into their tissues. Table 1 shows higher
mean values of BWAF and BSAF for zinc, copper and lead in
B. bengalensis and for cadmium in M. tuberculata. The
results of paired sample Student 't' test indicated that the
difference between the mean values of BWAF and BSAF for
the both species were (Table 1) statistically significant
(p<0.05). High values of BWAF and BSAF indicated that B.
bengalensis was able to accumulate higher quantity of zinc,
copper and lead; while M. tuberculata was able to
accumulate higher quantity of cadmium from water/
sediments into their tissues.

Many researchers have reported that sentinel or
indicator species accumulate pollutant in their tissue higher
than those of the surrounding medium (Hamed and Emara,
2006; Casas et al. 2008; Waykar and Shinde, 2011; Waykar
and Deshmukh, 2012). The accumulated metals body
burden in molluscs may reflect the concentration of metals
in surrounding water and sediments, and thus might be an
indicator of quality of the surrounding environment.
Molluscs accumulate significant amount of contaminants
from the environment that are near or below detection
limits. Thus, such organisms have been largely used in
biological monitoring of water (Avelar et al., 2000; Rutzke
etal.,2000).

Table 1 : Metal concentrations, BWAF and BSAF values of surface water, soil sediment and snail species at Latipada reservoir

Metals WHO Metal content Metal content Snail species Metal content BWAF value BSAF value
standard in water in sediments in tissue
(mgl’) (mgl’) (mgg’) (mgg")
Zn 3000 103.65+1.13 122.03+0.99 B. bengalensis 197.22*£1.58 1.91*¥+0.009 1.62*+0.006
M. tuberculata 136.59+4.06 1.31 +0.006 1.12+0.005
Cu 2000 57.91+0.30 109.93 £1.60 B. bengalensis 172.14*£1.72 2.98*+0.03 1.57%+0.04
M. tuberculata 132.04+1.50 2.28+0.02 1.21+0.03
Cd 3 6.24+0.45 9.14+0.16 B. bengalensis 11.59+0.46 1.87+0.08 1.27+0.07
M. tuberculata 13.25%+0.50 2.14*%+0.23 1.45%+0.03
Pb 10 12.51+0.51 14.4+0.66 B. bengalensis 112.57*+0.76 9.01*%+0.32 7.82%+0.32
M. tuberculata 27.69+0.56 2.21+0.13 1.92+0.13

() indicate the standard deviations; Permissible limit of drinking water (WHO standard, 2008); *Indicates significant variation as per Paired sample

student‘t’ test at p<0.05 in the bioaccumulation potential of mentioned species
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It was found that the magnitude of heavy metal
accumulation in snail tissues depends upon the type of heavy
metal and snail species. The observed difference in metal
concentrations in tissues between snail species might be due
to variation in genotype of the animal, difference in
metabolic rate, body weight and presence or absence of
enzyme system that can degrade the pollutants. Element
concentrations in molluscs differ between different species
due to species-specific ability/capacity to regulate or
accumulate trace metals (Abdullah et al., 2007; Christopher
etal., 2010) and might be related to species-specific digestive
physiology and absorption rate of a metal across gut
epithelium (Jung-suk and Byeong-Gweon, 2005). The
response of organisms are specific for different element
(Waykar and Shinde 2011; Waykar and Deshmukh, 2012).
Therefore, two species that live in same place can differ in the
type and concentration of metals they accumulate (Wang,
2002). Aquatic molluscs possess diverse strategies in
handling and storage of accumulated metals (Rainbow,
2002).

The findings of the present study demonstrates that B.
bengalensis is a sentinel organism for monitoring of zinc,
copper and lead; while M. tuberculata for cadmium in fresh
water ecosystem. The effective environmental monitoring
exercise should be encouraged to check metal concentration
from point and non-point sources of Latipada reservoir.
Heavy consumption of other aquatic animals from Latipada
reservoir by humans, as in the current situation poses several
health implications.
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