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The present study aims to analyze the monthly variations of heavy metals like Cu, Cd, Zn and Pb in
water and sediment samples collected from Cuddalore coast during January to December 2011. The
result showed that the accumulation of heavy metals in sediments was higher than the water due to
the metal sink in sediment as well as the fresh water runoff. The Cuddalore coast receives the waste
from SIPCOT industries, municipal wastes, mining wastes, aquaculture and agricultural discharges
are the sources to pollute the study area. The availability of metals in water samples increased in the
order: Cu<Cd<Zn<Pb and in sediments. Cd<Cu<Zn<Ph. Two ANOVA analyses were performed to
find out the significant or insignificant variations of heavy metals in water and sediment samples via
month wise and station wise

Copyright © 2014 Kamal Kumar. Thisis an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Heavy metals in aguatic environments are increasingly
recognized as important intermediate sources for subsequent
pollution in aguatic ecosystems or public health. Considerable
efforts have been expended to assess their presence in harbors
and estuaries. After being released from natural background or
anthropogenic sources near the land surface, eg., rivers
carrying significant metal loadings, soluble heavy metal
species are immobilized and deposited onto the sediment
surfaces through various mechanisms (Lin et al., 2013). These
immobilization mechanisms include adsorption onto
soil/sediments by ion exchange, coagulation with dissolved or
suspended species in water (organic matter), incorporation into
the lattice structure of minerals, and precipitation by forming
insoluble species of heavy metals (Du Laing et al., 2009). The
determination of the total concentrations of metalsin sediments
is not sufficient to be able to predict the capacity for
mobilization of these elements. The environmental behaviour
of trace metals is critically dependent on their chemical form,
that which influences mobility, bioavailability and toxicity to
marine organisms (Passos et al., 2010). Activities such as
mining, agriculture and industrial plants with large urban
settlements  systematically produce pollutants that are
discharged in a dissolved form or suspended in material in
rivers, thus dignificantly decreasing water quality and
increasing the ecological risk to human health (Harguinteguy
et al., 2014).

Heavy metals, such as Cd, Cu, Pb and Zn are elements
that cannot be degraded by microbial or chemical process;
therefore, they tend to accumulate in soils and aquatic
sediment. The problem is not restricted to soils with high
metal levels, such as those of mining areas, as well as
includes those with moderate to low metal contamination
(Eid et al.,, 2012). Metal contamination in aquatic
environments has received much concern due to its toxicity,
large quantity and persistence in the environment, and
conseguent accumulation in aquatic habitats. Heavy meta
residues in contaminated habitats may accumulate in
microorganisms like aguatic flora and fauna, which may enter
into the human through food chain transfer and result in health
problems (Varola and Sen, 2012). The change in environmental
conditions such as pH, redox potential, naturally organic
matters and sediment texture may affect their mobilization of
metals from sediments (Choi et al., 2006). The trace metals
associated with coarse particles may deposit on the upstream
area of the estuary, while dissolved trace metal sand those
associated with fine particles could be transported to
downstream to the surrounding coastal area by physica
transportation (Doong et al., 2008). Marine ecosystems are
highly vulnerable to pollution due to their recipient position
from continents, but their size and complexity often makes it
difficult to evaluate the real impact of anthropogenic
interference. For instance, heavy metal pollution is a serious
worldwide problem for wildlife conservation due to the metals
toxic effect on the biota (Belabed et al., 2013). In the present
study water and sediment samples were collected from station
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1 to 8 in Cuddalore coast for the estimation of heavy metals
like Cd, Cu, Pb & Zn for the period from January to December
2011.

MATERIALS AND METHODS
Study area

The surface water and sediment samples were collected from 8
different stations along the Cuddalore coast, southeast coast of
India. The sampling stations like station 1 and station 2 is a
small fishing village in Cuddalore is located on the bank of
Uppanar estuary. The Uppanar estuary runs behind the
SIPCOT industrial complex. It originates from the north
eastern part of the Shervarayan hills and opens into the Bay of
Bengal near Cuddalore. This estuary receives untreated and
partially treated industrial effluents containing toxic wastes
from nearly 55 industries of SIPCOT industrial complex
(Rejaram et al., 2005).

Tamil Nadu
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Indian Ocean
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Station 3 is located at 1km away from the sea mouth where the
discharged industrial effluents were mixed and diluted while at
station 6 the source of pollution by many tourism related
anthropogenic activities which is situated at sea shore of
Cuddalore Old Town. The dation 4 is one of the longest
coastal line in Cuddalore. The small scale fishing activities is
occurred in this area. Station 5 and station 7 are the polluted
area in Cuddalore old town and these areas are located in the
Gadilum river mouth. This station 4 and 5 are engaged with
fishing related activities including processing and marketing of
fish, repair of boats as well as other commerce and services.
These stations are the major dumping places for fish waste,
domestic discharge, boatyard activities etc. The station 8
receives illegal dumping of industrial toxic wastes through
pipeline from SIPCOT industries. Monthly samplings were
made during forenoon from January to December 2011 in all
the stations (Fig. 1).
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Fig. 1. Sampling Stations along the Cuddalore Coast
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Surface water and sediment sample collection

The one litre polyethylene bottles were washed with sterilized
water and acid to remove the minor elements and the water
samples were collected in the bottles. The samples acidified
with 1ml of concentrated HNO; and brought to laboratory for
analysis of heavy metal. The sediments samples were collected
from al the stations using sterilized PVC plastic pipe (1cm
diameter and 3m length) a 1m depth and kept in zip-lock
polythene bags. The collected sediment samples were
transported to laboratory and dried at room temperature for 5

days.
Heavy metal extraction from water

The preserved 1liter of water samples were filtered through
Whatman filter paper and taken into an acid-cleaned separating
funnel (2 litres), 10ml of 1% ammonium pyrolidine dithio
carbomate (APDC) that binds with metal ions and the extracted
with isobutyl methyl ketone (MIBK) after shaking with
10minutes (Jonathan et al., 2009). The organic phase (upper
layer) was collected and aqueous phase (lower layer) was
removed. 50% of HNO; was added to organic phase and
makeup to 25ml with distilled water.

Heavy metal extraction from sediment

The concentration of heavy metal in sediment samples was
analyzed using acid-digestion method by following Kumar
et al. (2008) with dight modifications. The dried sediments
were grained using mortar and pestle, sieved through 2mm
sieve for meta analysis. 1gm of grained sediment was digested
with 5ml of acid mixture HNO3, H2SO, and HCLO, (1:5:2
ratio) and the mixture was dried using hotplate. The complete
digestion was achieved by adding the few drops of HCI were
added with dried mixture and the makeup to 25ml with milli Q
water for metal analysis.

Metal analysis

The different heavy metals such as Copper, Cadmium, Zinc
and Lead present in the water and sediment extracts were
analyzed using Flame Atomic Absorption Spectrometer
(FAAS) (GBC HG 3000; Sens AA, Australia).

Statistical analysis

The collected data were subjected to statistical analysis. Two-
way analysis of variance was used to test differences. All the
data were analyzed statistically applying for all the studied
parameters (Graph Pad Prism, Ver. 5.0).

RESULTS

The water and sediment samples were collected from 8 stations
at in and around the Cuddal ore coastal area, Southeast Coast of
India Heavy metal such as cadmium, copper, zinc and lead
were analyzed in water and sediment samples a ppm
concentration.

Heavy metalsin water
Copper

The concentration of Copper in water samples at eight stations
were analyzed and differed between 0.059 to 0.831ppm in the
study area (Fig. 2a).

In station 1, the Cu concentration was varied from 0.126
(September 2011) to 0.831 (December 2011) ppm. In station 2,
the high concentration was recorded at December 2011
(0.369ppm) and the low concentration was recorded at
September 2011 (0.063ppm). The mean concentration of Cu at
station 3 varied from 0.123 to 0.391ppm in September 2011
and October 2011. In station 4, the Cu concentration was
varied from 0.059 (July 2011) to 0.666 (May 2011).In station
5, has a range of 0.076 to 0.359 ppm in December 2011 and
August 2011. In station 6, the low concentration was recorded
at 0.071 ppm in September 2011 and high concentration was
recorded at 0.753 ppm in November 2011. In station 7, the Cu
was varied from 0.076 ppm (September 2011) to 0.474 ppm
(October 2011). In station 8, the high concentration was
recorded at August 2011 (0.61 ppm) and low concentration was
recorded at June 2011 (0.097 ppm).

Cadmium

The concentration of Cadmium in water samples at eight
stations were analyzed and differed between 0.001 to
1.507ppm in the study area (Fig. 2b). In station 1, the Cd
concentration was varied from 0.02 (April 2011) to 0.91
(October 2011) ppm. In station 2, the high concentration was
recorded a December 2011 (0.004ppm) and the low
concentration was recorded at May 2011 (0.425ppm). The
mean concentration of Cd at station 3 varied from 0.007 to
1.507ppm in May 2011 and September 2011. In station 4, the
Cd concentration was varied from 0.023 (December 2011) to
0.089 (June 2011). In station 5, has a range of 0.003 to 0.398
ppm in November 2011 and August 2011. In station 6, the low
concentration was recorded at 0.012 ppm in October 2011 and
high concentration was recorded at 0.102 ppm in November
2011. In station 7, the Cd was varied from 0.004 ppm (June
2011) to 0.325 ppm (August 2011). In station 8, the high
concentration was recorded at September 2011 (0.671 ppm)
and low concentration was recorded at August 2011 (0.001

ppm).
Zinc

The concentration of Zinc in water samples at eight stations
were analyzed and were differed between 0.254 to 0.817ppmin
the study area (Fig. 2c). In station 1, the Zn concentration was
varied from 0.254 (December 2011) to 0.671 (May 2011) ppm.
In station 2, the high concentration was recorded at June 2011
(0.817ppm) and the low concentration was recorded at
September 2011 (0.255ppm). The mean concentration of Zn at
station 3 varied from 0.259 to 0.393ppm in August 2011 and
June 2011. In station 4, the Zn concentration was varied from
0.284 (November 2011) to 0.414 ppm (December 2011). In
station 5, has a range of 0.271 to 0.404 ppm in October 2011
and December 2011. In station 6, the low concentration was
recorded a 0.282 ppm in September 2011 and high
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concentration was recorded at 0.465 ppm in May 2011. In
station 7, the Zn was varied from 0.294 ppm (September 2011)
to 0.661 ppm (June 2011). In station 8, the high concentration
was recorded at November 2011 (0.256 ppm) and low
concentration was recorded at May 2011 (0.459 ppm).
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Fig. 2 a-d Concentration of Heavy Metals (Cu, Cd, Zn & Pb) in water samples collected from
station 1 to station 8 during January to December 2011

Lead

The concentration of Lead in water samples at eight stations
were analyzed and were differed between 0.001 to 1.124ppmin
the study area (Fig. 2d). In station 1, the Pb concentration was
varied from 0.001 (December 2011) to 0.425 (June 2011) ppm.
In station 2, the high concentration was recorded at November
2011 (0.811ppm) and the low concentration was recorded at
June 2011 (0.001ppm). The mean concentration of Pb at station
3 varied from 0.002 to 0.212ppm in September 2011 and May
2011. In station 4, the Pb concentration was varied from 0.001
(December 2011) to 0.861(November 2011).In station 5, has a
range of 0.001 to 0.003 ppm in December 2011 and July 2011.
In station 6, the low concentration was recorded at 0.001 ppm
in July 2011 and high concentration was recorded at 0.154 ppm
in October 2011. In station 7, the Pb was varied from 0.002

Heavy metalsin Sediment
Copper

The concentration of Copper in sediment samples at eight
stations were analyzed and differed between 0.45 to 30.85 ppm
in the study area (Fig. 3a). In station 1, the Cu concentration
was varied from 0.45 (April 2011) to 30.27 (June 2011) ppm.
In station 2, the high concentration was recorded at January
2011 (18.7ppm) and the low concentration was recorded at
April 2011 (0.45ppm). The mean concentration of Cu at station
3 varied from 0.525 to 24.325ppm in March 2011 and May
2011. In station 4, the Cu concentration was varied from 0.55
(March 2011) to 6.77 (February 2011).In station 5, has a range
of 0.625 to 18.375 ppm in March 2011 and January 2011. In
station 6, the low concentration was recorded at 0.45 ppm in
March 2011 and high concentration was recorded at 23.1 ppm
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in April 2011. In station 7, the Cu was varied from 0.475 ppm
(March 2011) to 30.85 ppm (January 2011). In station 8, the
high concentration was recorded at July 2011 (7.125 ppm) and
low concentration was recorded at March 2011 (0.65 ppm).

Cadmium

The concentration of Cadmium in sediment samples at eight
stations were analyzed and differed between 0.025 to 4.95ppm
in the study area (Fig. 3b). In station 1, the Cd concentration
was varied from 0.05 (October 2011) to 2.375 (December
2011) ppm. In station 2, the high concentration was recorded at
December 2011 (4.95 ppm) and the low concentration was
recorded at February 2011 (0.15ppm). The mean concentration
of Cd at station 3 varied from 0.05 to 1.475ppm in June 2011
and November 2011. In station 4, the Cd concentration was
varied from 0.25 (August 2011) to 1.3 (October 2011).In
station 5, has a range of 0.375 to 3.65ppm in May 2011 and
September 2011. In station 6, the low concentration was
recorded at 0.025 ppm in July 2011 and high concentration was
recorded at 1.225 ppm in October 2011. In station 7, the Cd
was varied from 0.175 ppm (June 2011) to 2.525 ppm (March
2011). In station 8, the high concentration was recorded at
December 2011 (1.375 ppm) and low concentration was

recorded at May 2011 (0.1 ppm).
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The concentration of Zinc in sediment samples at eight stations
were analyzed and differed between 0.1 to 35.85 ppm in the
study area (Fig. 3c). In station 1, the Zn concentration was
varied from 0.325 (August 2011) to 19.775 (November 2011)
ppm. In station 2, the high concentration was recorded at
September 2011 (12.95ppm) and the low concentration was
recorded at April 2011 (0.1ppm). The mean concentration of
Zn at station 3 varied from 0.225 to 35.85 ppm in January 2011
and May 2011. In station 4, the Zn concentration was varied
from 0.875 (September 2011) to 19.3(November 2011). In
station 5, has arange of 1.15 to 4.075 ppm in October 2011 and
July 2011. In station 6, the low concentration was recorded at
0.254 ppm in March 2011 and high concentration was recorded
at 16.55 ppm in April 2011. In station 7, the Zn was varied
from 0.125 ppm (January2011) to 20.1 ppm (April 2011). In
station 8, the high concentration was recorded at August 2011
(18.125 ppm) and low concentration was recorded at March
2011 (0.125 ppm).

Lead

The concentration of Lead in sediment samples at eight stations
were analyzed and differed between 0.75 to 112.25ppm in the
study area (Fig. 3d). In station 1, the Pb concentration was
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Fig. 3a-d Concentration of Heavy Metals (Cu, Cd, Zn and Pb) in sediment samples collected from
station 1 to station 8 during January to December 2011
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varied from 8.225 (January 2011) to 53.6 (March 2011) ppm.
In station 2, the high concentration was recorded at March
2011 (77.375ppm) and the low concentration was recorded at
October 2011 (1.225ppm). The mean concentration of Pb at
station 3 varied from 26.525 to 46.154ppm in February 2011
and June 2011. In station 4, the Pb concentration was varied
from 3.15 (September 2011) to 46.275 (May 2011). In station
5, has a range of 0.75 to 112.25 ppm in February 2011 and
March 2011. In station 6, the low concentration was recorded
at 4.975ppm in July 2011 and high concentration was recorded
at 110.3 ppm in March 2011. In station 7, the Pb was varied
from 0.825 ppm (July 2011) to 103.7 ppm (April 2011). In
gtation 8, the high concentration was recorded at December
2011 (3.1 ppm) and low concentration was recorded at March
2011 (22.875ppm).

Statistical analysis

Two ANOVA results showed that the heavy metal
concentration in water was insignificantly varies over the
month wise rather than the station wise although the
concentration of Cu in sediment samples was not significant at
station wise and month wise (p>0.005%). Two way ANOVA
showed that the significant variations at station wise
(p<0.005%) were obtained in zinc and cadmium and
insignificant at month wise (p>0.005%) in water samples while
in sediment samples the concentration of Cd and Zn was not
significant (p>0.005%) over the station wise and also month
wise. The significant variation of lead concentration at month
wise (p>0.005%) and insignificant at station wise in water
samples was obtained from Two way ANOV A analysis. While
the concentration of lead in sediment samples was significantly
varies over the station wise and month wise (Table 1 & 2).

DISCUSSION

In the modern world, the source for the heavy metal wastes to
coastal environment from various activities such as
anthropogenic, industrial  discharge, agriculture and
aquaculture wastes, river run off etc., that cannot be averted by
naturally or mechanically. The effect of heavy metals on
agquatic organisms depends upon the concentration that leads to
affect the total marine environment. In the present study, the
concentration of heavy metals was differed owing to the
existence and seasonal divergence in both the water and
sediment samples. Due to the effortless settling ability of
metals, sediments have high concentration than water in al the
stations. There are 8 stations selected along the Cuddalore
coastal area were based on the discharge of industrial wastes,
anthropogenic activities etc., to analyse the heavy metal
concentration in water and sediment samples. The heavy
metals like cadmium, copper, zinc and lead were analysed in
the collected samples.

Agricultural and industria activities are mainly responsible for
elevated levels of the measured elements in river water. The
mean values of the elements at different stations showed that,
Pb was the most abundant element in all stations followed by
Zn, Cd and Cu. Generdly, al the metals had a higher
concentration at station 2 and 3. This may be due to the large
guantities of sewage, industrial wastes and also agricultural
discharges received by this station. It was found that these
gtations are rich in organic carbon (Mathivanan et al., 2014),
and many authors found a correlation between the
concentration of heavy metals in the water and the abundance
of organic matter (Sankar et al., 2010). The highest levels in
the water were found during summer, while the lowest values

Table 1. Twoway ANOVA and seasonal variations of heavy metalsin water samples of study area (meanz standard deviation)

Metals Stations Minimum  Maximum Average STDV Factor df F- Vaue P-Vaue MS
1 0.126 0.83 0.35 0.23
2 0.063 0.37 0.21 0.11
3 0.123 0.73 0.30 0.19
Copper 4 0.059 1.10 0.39 0.35 Stations 11 1.397 0.195 0.050
5 0.076 0.36 0.19 0.07 Months 7 1.240 0.291 0.044
6 0.071 0.75 0.34 0.16
7 0.076 0.47 0.26 0.10
8 0.074 0.61 0.25 0.16
1 0.004 0.91 0.28 0.32
2 0.004 0.43 0.11 0.14
3 0.002 151 0.27 0.42
Cadmium 4 0.004 0.10 0.06 0.03 Stations 11 3.59 0.0004 0.034
5 0.003 1.99 0.47 0.68 Months 7 0.77 0.6112 0.007
6 0.004 0.10 0.05 0.03
7 0.004 0.33 0.11 0.12
8 0.001 0.67 0.19 0.24
1 0.254 0.67 0.36 0.11
2 0.255 0.82 041 0.16
3 0.259 0.79 0.36 0.14
Zinc 4 0.284 0.70 041 0.12 Stations 11 3.590 0.0004 0.034
5 0.271 0.40 0.33 0.04 Months 7 0.773 0.6112 0.007
6 0.282 0.47 0.35 0.06
7 0.278 0.66 0.39 0.11
8 0.256 0.49 0.36 0.08
1 0.001 0.55 0.21 0.19
2 0.001 0.81 0.22 0.25
3 0.002 0.25 0.11 0.09
4 0.000 0.86 0.21 0.25 Stations 11 1.243 0.274 0.074
Lead 5 0.001 0.00 0.00 0.00 Months 7 3.521 0.002 0.210
6 0.001 0.15 0.05 0.06
7 0.002 1.02 0.45 0.45
8 0.001 112 0.26 0.31
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Table 2. Twoway ANOVA and seasonal variations of heavy metalsin sediment samples of study area (meanz standard deviation)

Metals Stations Minimum M aximum Average STDV Factor df F- Value P-Value MS

1 0.45 30.28 6.22 797

2 0.45 18.70 5.01 4.76

3 0.53 24.33 7.04 7.86
Copper 4 0.55 6.78 3.30 1.98 Stations 11 1.930 0.048 70.23
5 0.63 18.38 5.63 474 Months 7 1.350 0.238 49.12

6 0.45 23.10 5.99 5.90

7 0.48 30.85 10.34 9.94

8 0.65 7.13 317 1.69

1 0.05 2.38 097 0.79

2 0.15 4.95 121 1.47

3 0.05 1.48 053 0.40
Cadmium 4 0.25 1.30 0.63 0.28 Stations 11 2434 0.011 1.255
5 0.38 3.65 1.19 0.92 Months 7 1.186 0.320 0.611

6 0.03 1.23 0.63 0.45

7 0.18 253 0.94 0.68

8 0.10 1.38 054 0.33

1 0.33 19.78 6.10 5.16

2 0.10 12.95 6.12 4.83

3 0.23 35.85 7.62 9.63
Zinc 4 0.88 19.30 10.29 6.06 Stations 11 1.264 0.261 45.98
5 115 4.08 2.68 0.96 Months 7 1.507 0.177 54.81

6 0.25 16.55 5.08 481

7 0.13 20.10 6.18 6.19

8 0.13 18.13 6.34 6.76

1 8.23 53.60 18.86 12.55

2 123 77.38 25.83 25.45

3 26.53 46.15 37.05 553
Lead 4 3.15 46.28 13.62 13.45 Stations 11 7.524 0.0001 2173
5 0.75 112.25 26.79 31.86 Months 7 3.817 0.0013 1102

6 4.98 110.30 35.14 29.00

7 0.83 103.70 34.14 33.00

8 3.10 22.88 11.42 7.10

occurred during winter. The seasonal variations may be due to
the fluctuation of the amount of agricultural drainage water,
sewage effluents, and industrial wastes discharged into the
estuary.

Copper occurs high at station 1 and 7 in water and sediments
samples at December and January 2011 respectively. Station 1
receives the industrial and agricultural discharges while station
7 covers fish landing centre where the anthropogenic activities
are relatively high. High concentration of Cu in post-monsoon
season can be attributed to industrial effluents derived from the
SIPCOT industrial complex during the monsoonal and their
subsequent settlement during post-monsoon season (Rajaram et
al., 2013; Mathivanan et al., 2014). Low concentration was
obtained in water at July (Station 4) and in sediment at March
and April (Station 1, 2 and 6). Palanques et al. (1995) reported
that the sediment mobilization, biodegradation and recycling of
heavy metals in sediments may contribute to decrease the
concentration of heavy metals. According to Sankar et al.
(2010) lower levels of copper in the surface water could be the
result of Cu adsorption by particulate matter and their
accumulation in sediments. Extensive use of antifouling paints
are source of Cu content during post monsoon was reported
(Ananthan et al., 2005). Eventually, it would be settled from
the water column by flocculation and sedimentation
(Karthikeyan et al., 2007, Sankar et al., 2010).

The concentration of Cd and Zn in water was high at station 3
and in sediment at station 2 during September and December
2011 respectively. The low amount of Cd was recorded at
station 8 and station 6 in August and July 2011 respectively.

Cd is one of the most dangerous pollutants due to its high-
potential toxic effects. The high concentration of Cadmium
may be due to input of sewage and industrial discharges, metal
and plastic pipes congtitute a possible source of Cd in water.
The overal data showed that variation in Cd concentrations
was dramatically influenced by coastal tidal action and regular
discharges of Cd containing effluents from SIPCOT industrial
complex (Mathivanan and Rajaram, 2014). The main source of
zinc in coastal areas arises from smelting, industrial and
domestic waste discharges and agricultural use of pesticides
and fungicides containing ZnSO, adds up zinc accumulation.
The amount of Zn was low at station 1 and 2 in water and
sediment due to the high river run off during the study period.
Jain et al., (2008) stated that the many factors such as rain fall,
river run off and recycling of metals might be occupied for the
inhibition of sedimentation.

High amount of lead was at station 7 in water during January
and August due to the more anthropogenic activities and the
low amount was obtained in station 8 during September. Lead
in water mainly comes from lead processing industries, or due
to the use of lead pipes. The low concentration of Pb observed
during the post-monsoon season could be attributed to the
scavenging of this metal from the water due to adsorption by
the increasing suspended or re-suspended bottom sediments
(Ananthan et al., 2005). The high concentration of Pb in water
and sediment samples of station 5 and station 8 is due to Pb
consuming industries like pigment, electroplating industries
etc. A number of mechanized fishing boats also cause for Pb
contamination in this study site. The differentiation of lead
content in water and sediment at station 8 owing to the metal
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content in water varies very short periods (minutes to hours)
whereas the sediments tend to be much more stable (months to
years). Cameron (1992) reported that the high concentration of
lead due to the decomposition of rocks, industrial and
household wastes (paints and batteries).

Overdll, the probable enlightenment for the accumulation of
heavy metal at this study area that located near the discharging
point sources of heavy industria flow, domestic wastes,
municipal wastes, agricultural wastes and anthropogenic
activities. Kannel et al., (2007) reported that the due to flow of
organic waste that changes the pH of water leads to modify the
biochemical process and increase the level of pollution in
watershed while Nazeer et al., (2014) reporting that the
contribution of organic waste via drainage and river runoff
plays a major role in rise the concentration of heavy metalsin
sediments. From the above study, it is clear that surface
sediments show high degree of heavy metals contamination
than water samples. Station 2 and station 3 showed the highest
degree of contamination among the stations as it received
domestic and sewage effluents and aso indicates high
anthropogenic pressure on upstream Uppanar riverine
ecosystem. However, the highest metal concentrations were
generally detected at station 5 and station 8 along with highest
values of Pb. These results showed that the industrial effluent
discharge is responsible for the deposition of heavy metals in
sediments and water of Cuddalore coastal area.

Acknowledgement

We acknowledge the authorities of Bharathidasan University
for providing the facilities to carry out this work and University
Grant Commission (UGC), Government of India for providing
the financial support (F. No. 36-55/2008 (SR) Dated 24-03-
2009).

REFERENCES

Ananthan, G., Sampathkumar, P., Soundarapandian, P.,
Kannan L. 2005. Heavy metal concentrations in
Ariyankuppam estuary and Verampattinam coast of
Pondicherry. Indian. J Fish., 52: 501-506.

Belabed, B.E., Laffray, X., Dhib, A., Fertouna-Belakhal, M.,
Turki, S. and Aleya, L. 2013. Factors contributing to
heavy metal accumulation in sediments and in the
intertidal mussel Pernaperna in the Gulf of Annaba
(Algeria). Marine Pollution Bulletin. 74: 477-489.

Cameron, R.E. 1992. Guide to Site and Soil Description for
Hazardous Waste Site Characterization. vol. 1: Metals. pp
228.

Doong, RA., Lege, SH., Lee, C.C,, Sun, Y.C. and Wu, S.C.
2008. Characterization and composition of heavy metals
and persistent organic pollutants in water and estuarine
sediments from Gao-ping River, Taiwan. Marine Pollution
Bulletin. 57: 846-857.

Du Laing, G., Rinklebe, J., Vandecasteele, B., Meers, E,,
Tack, F.M.G. 2009. Trace metal behaviour in estuarine
and riverine flood plain soils and sediments: a review. Sci.
Total Environ. 407: 3972-3985.

Eid, EMM., Shdtout, K.H., El-Sheikh, M.A. and Asaed, T.
2012. Seasonal courses of nutrients and heavy metals

in water, sediment and above and below-ground
Typhadomingensis biomass in Lake Burullus (Egypt):
Perspectives for phytoremediation. Flora 207: 783-794.

Harguinteguy, C.A., Cirelli, A.F. and Pignata, M.L. 2014.
Heavy metal accumulation in leaves  of aguatic plant
Suckeniafiliformis and its relationship with sediment and
water in the Suquiariver (Argentind). Microchemical
Journal. 114: 111-118.

Jain, C., Gupta, H., Chakrapani, G. 2008. Enrichment and
fractionation of heavy metals in bed sediments of River
Narmada, India. Environ. Monit. Assess. 141: 35-47.

Jonathan, M.P., Srinivasalu, S, Thangadurai, N.,
Ayyamperumal, T., Armstrong-Altrin, J.S. 2009.
Contamination of Uppanar River and coastal waters off
Cuddalore, Southeast coast of India. Environmental
Geology. 53:1391-1404.

Kannel, P.R., Lee, S, Lee, Y.S, Kanel, SR., Khan, SP.
2007. Application of water quality indices and
dissolved oxygen as indicators for river water
classification and urban impact assessment. Environ.
Monit. Assess. 132: 93-110.

Karthikeyan, R., Vijayalakshmi, S., Balasubramanian, T. 2007.
Monthly variations of heavy metalsand metal resistant
bacteria from the Uppanar estuary (Southeast coast of
India). Res J Microbiol. 2: 50-57.

Kumar, K.S., Sgjwan, K.S., Richardson, J.P., Kannan, K. 2008.
Contamination profiles of heavy metals, organochlorine
pesticides, polycyclic aromatic hydrocarbons and
alkylphenols in sediment and oyster collected from
marsh/estuarine Savannah GA, US. Mar. Pollut. Bull. 56:
136-149.

Lin, Y.C., Chang-Chien, G.P., Chiang, P.C., Chen, W.H. and
Lin, Y.C. 2013. Multivariate analysis of heavy meta
contaminations in seawater and sediments from a heavily
industrialized harbor in Southern Taiwan. Marine
Pollution Bulletin. 76: 266-275.

Mathivanan, K. and Rgaram, R. 2014. Anthropogenic
influences on toxic metals in water and sediment samples
collected from industrially polluted Cuddalore coast,
Southeast coast of India. Environ Earth Sci. 997-1010.

Mathivanan, K. and Ragaram, R. 2014. Isolation and
characterization of the cadmium resistant bacteria from
industrially polluted coastal ecosystem, Southeast coast of
India. Chemistry and Ecology. http://dx.doi.org/10.1080/
02757540.2014.889125

Nazeer, S., Hashmi, M.Z. and Malik, R.N. 2014. Heavy metals
distribution, risk assessment and water quality
characterization by water quality index of the River Soan,
Pakistan. Ecological Indicators. 43: 262-270.

Palanques, A., Diaz, J. and Farran, M. 1995. Contamination of
heavy metals in the suspended and surface sediment of the
Gulf of Cadiz (Spain): the role of sources, Currents,
pathways and sinks. Oceanol. Acta. 18: 469-477.

Passos, E.A., Alves, J.C., dos Santos, I.S., Alves, JP.H.,
Garcia, C.A.B., Costa, A.C.S. 2010. Assesment of trace
metals contamination in estuarine sediments using a
sequential extraction technique and principal component
analysis. Microchem.J. 96: 50-57.

Rajaram, R., Srinivasan, M., Ragasegar, M. 2005. Seasonal
distribution of physico-chemical parameters in effluent



8700 International Journal of Current Research, Val. 6, | ssue, 09, pp.8692-8700, September, 2014

discharge area of Uppanar estuary, Cuddalore, South-east ~ Sankar, R. L., Ramkumar, M., Rajkumar., Jun Sun. and

coast of India. J Environ Biol. 26: 291-297 Ananthan, G. 2010. Seasona variations in physico-

Rajendran Ragaram., Jamaldheen Sumitha Banu. and chemical parameters and heavy metals in water and
Krishnamurthy Mathivanan. 2013. Biosorption of Cu (1) sediments of Uppanar estuary, Nagapattinam, India
ions by indigenous copper-resistant bacteria isolated from Journal of Environmental Biology. 31(5): 681-686.
polluted coasta environment. Toxicological and Varola M. and Sen, B. 2012. Assessment of nutrient and heavy
Environmental Chemistry. DOI:10.1080/02772248.2013 metal contamination in surface water and sediments of the
.801979. upper Tigris River, Turkey. Catena 92; 1-10.

kkkkkk*%x



Directory of :

Journals Indexing scholar

Scribd. <5 New Jour

A division of the American Chemical Sockety » Electronk Josrmals & Newshetters «

www.yahoo.in

INDB{C COPERNICUS JOurnal | _I AT
|.\'H§\Anoxn ?Y See INAR' (| ); \ | JURNAS




	1.pdf
	6396.pdf
	2.pdf

