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Abstract: The pollution of the natural environment is a universal problem. The heavy metals released in the
environment as the result of human activities, atmospheric depositions and erosions would finally enter in to the
aqua systems. Since, heavy metals are toxic, stable in the environment and are highly potential to combine with
the nutritive continuum. Thus, they are considered as one of the most significant pollutant in aqua systems. In
the present study, the distribution of heavy metals in the sediments of the Kortalaiyar river in the Chennai
region from the Poondi Lake is evaluated. The Kortalaiyar River forms a main source of agriculture and
domestic purpose along its flow area. It is assessed that this river is contaminated with the heavy metals like Cr,
Ni, Cu, Mn, Zn, Ti, Co, Pb and Cd.Though the concentrations of the Co, Pb and Cd are below detectable levels
in few locations, the other heavy metals exhibit their existence in significant levels.The distribution of these
heavy metals in the Pre-Monsoon and the Post- Monsoon seasons have been studied and it has been analyzed
using the dendrograms of the cluster analysis.
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I.  Introduction

It is well known that significant amount of contaminants are introduced into rivers, estuaries and
coastal regions due to increase in the industrial activities, economic development and urbanization in the
metropolitan cities all over the world in recent years .Heavy metals are the serious pollutants among the various
aquatic ecosystems. It is due to their environmental persistence, toxicity and ability to be incorporated into food
chains [1, 2].

Numerous studies have revealed that the riverine sediments are highly polluted by heavy metals;
therefore the evaluation of metal distribution in surface sediment is useful to assess pollution in the aquatic
environment [3, 4]. Enriched Heavy metal concentrations (e.g. Cr, Ni, Cu, Mn, Zn, Ti, Co, Pb, Cd etc) in aquatic
environment are often considered indicators of anthropogenic influence and are themselves of high potential risk
to the natural environment. Therefore, it is important to assess and monitor the abundance of these heavy metals
in aquatic ecosystems [5].

Evaluating the distribution and transfer of toxic metals between the sediment and water columns is of
great importance. When heavy metals are introduced into the aquatic environment, they are redistributed
throughout the water column. They may be deposited or accumulated in the sediments too [6]. Heavy metal
concentration profiles in sediments can be used to identify the history and sources of pollution. The sources of
major and minor elements in the aquatic sediment area may be the consequence of natural weathering, run-off
from other water sources and atmospheric input or by anthropogenic impact. [7, 8].

The ever expanding city of Chennai offloads a million liters of sewage, which carries a wide variety of
pollutants everyday into the river to the adjoining sea. The information on the riverine hydrograph of Chennai
River is essential in the context of riverine pollution and consequent productivity of the environment. The
present study was therefore undertaken with a view to provide much needed information on the heavy metal
distribution in the sediments of Kortalaiyar River flowing into Chennai and its relation to the prevailing
environmental conditions.

Il.  Materials And Methods
2.1 Study Area
Kortalaiyar River is one of the three rivers that flow in the Chennai metropolitan area.The river has a
length of 136 Km and it originates near Kaveripakkam in Vellore district and finally drains into the Bay of
Bengal. The main Kortalaiyar River flows into Poondi reservoir. The water flows through Thiruvallur district
from the Poondi reservoir, enters into the Chennai metropolitan area, and joins the sea at Ennore creek.
Whenever the flood gates of Poondi reservoir are opened, a considerable volume of water drains into the sea
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through Kortalaiyar River near the Ennore Creek. The area for present study is 30 sampling points starting from
Poondi reservoir to Ennore creek.

2.2 Sediment Sampling And Analysis
Thirty samples of surface sediments were collected in a air dried Zip Lock covers for two seasons, Pre-
Monsoon (PRM) and Post-Monsoon (POM).The sampling points are given in Table-1

Sample no Latitude Longitude

1 13° 8'51.48“N 79°48'57.45"E
2 13°9'22.25"N 79°48'43.12"E
3 13°12'41.03""'N 79°52'10.18"E
4 13°13'43.57"'N 79°53'37.50"E
5 13°13'10.12"N 79°54'4.76"E
6 13°13'19.60"'N 79°59'20.25"E
7 13°13'38.80"'N 79°59'55.53"E
8 13°13'52.26""'N 80°1'25.48"E
9 13°13'43.19"N 80° 2'27.78"E
10 13°14'26.66""'N 80° 2'56.35"E
11 13°13'34.13"N 80° 5'36.66""E
12 13°14'0.15"N 80° 6'23.22"E
13 13°13'57.32""'N 80° 6'46.44"E
14 13°14'6.64""'N 80° 6'55.76"E
15 13°15'28.20""'N 80°9'11.72"E
16 13°15'40.29""'N 80° 8'1.61"E
17 13°15'25.47"'N 80° 7'50.35"E
18 13°15'12.38"N 80° 7'55.47"E
19 13°15'28.67"'N 80°9'38.11"E
20 13°16'46.86"'N 80°12'43.41"E
21 13°16'26.68""'N 80°13'39.99"E
22 13°16'22.20""'N 80°13'55.97"E
23 13°16'25.92"'N 80°14'12.05"'E
24 13°15'46.41"N 80°15'10.06"E
25 13°14'31.42"N 80°16'6.00"'E
26 13°13'0.81"N 80°16'20.64"'E
27 13°12'36.68"'N 80°16'55.03"E
28 13°12'35.24"'N 80°16'55.85"'E
29 13°12'24.75"N 80°16'51.09"'E
30 13°13'53.72"'N 80°19'44.59"'E

Table-1 The latitude and Longitude of the Sampling Locations
The sediment samples were air dried at room temperature and then finely powdered using a Porcelain mortar
and Pestle.It was sieved for further analysis. The heavy metals in the samples were analyzed.

I11.  Results And Discussions

The sediment samples were analyzed to find the presence of heavy metals namely Chromium, Nickel,
Copper, Manganese, Iron, Zinc, Titanium, Cobalt, Lead and Cadmium. The concentration of these metals
(except Iron) in the Pre Monsoon (PRM) and Post Monsoon (POM) are shown in Figure 1 and 2 respectively.

Iron is present in a very high concentration of 5491 mg/kg - 9873.6 mg/kg in PRM and 2909.9 mg/kg -
9623 mg/kg in POM .Most of the trace metals are closely associated with Fe and they clearly reflect the
distribution pattern with the local redox conditions [9].

The concentration of Fe is maximum in sampling location 27 (both in the PRM and POM),which is
towards Ennore creek from Manali.The strong reducing conditions in the Ennore Creek region favor
sequestering of trace metals along with Fe in the surface layers [10].
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Chromium ranges from 24.6 mg/kg -91.2 mg/kg in PRM and 22.1 mg/kg -90.2 mg/kg in POM .The observed
Cr concentration is very high due to lithogenic sources, industrial wastages and anthropogenic activities.
Cr is usually found naturally in rocks, soil, plants, and animals, including human beings [11].

It can also be present in combined form with other elements as chromium salts. Some of these salts are
soluble in water. Cr rarely exists naturally in pure metallic form. Chromium does not degrade and can not be
destroyed.lIt goes on accumulating in due course of time. It is an important element in metallurgy, and is used as
a constituent of stainless steel and in“Chrome plating” and as pigments.The high concentration of Cr is mainly
attributed to the industrial effluents and it is also associated with organic particles.[12]

Nickel was analyzed to be present in the concentration of 46.2 mg/kg — 76.9 mg/kg in PRM and 45.3
mg/kg -76.2 mg/kg in POM. Nickel is suspected to be an essential trace elements for plants as well as for
animals and used principally in its metallic form combined with other metals and nonmetals as alloys [13]
Metals such as chromium, copper, and nickel have interacted with organic matter in aqueous phase and settled
to the bottom, resulting in a high concentration of these metals in the sediment [14]. The higher amount of
nickel concentration is due to lithogenic sources,industrial wastages and sometimes-anthropogenic activities.
Nickel is a fairly toxic element but the volatile compounds of Ni are highly poisonous.

Copper exists from 12.3 mg/kg to 104.6 mg/kg in PRM and 11.4 mg/kg -101.1 mg/kg in POM. Major
anthropogenic sources of Cu include agrochemicals (fertilizers and pesticides), wood preservatives,
electroplating,and antifouling paints [15] During the monsoon period, when freshwater discharge is maximum,
the copper level was high and dissolved labile copper concentrations were also high both at the surface and in
bottom waters[16] .
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Occurrence of higher concentration of Cu in the water can also be attributed to the result of natural weathering
of soil and discharges from industries and sewage-treatment plants [17]

Manganese has the concentration values of 59.6 mg/kg — 99.1 mg/kg in PRM and 52.7 mg/kg -97.3
mg/kg in POM. It is predicted that fertilizer runoff is one of the predominant manmade sources
of Mn enrichment in the riverine environment [18].

Zinc is present in high concentrations of 20 mg/kg -100.4 mg/kg in PRM and 20.3 mg/kg — 95.4 mg/kg in POM.
the higher concentration of Zinc in sediment may be attributed to the presence of unused remains of Zinc
sulphate in fertilizers [19].

Maximum concentration of Zn in sediments nearby Ennore is probably due to the discharges of
effluents from the petrochemical, painting industries [20]. Zinc can enter the aquatic environment from anumber
of sources, including industrial discharges, sewage ,effluent and runoff [21] .Zinc is present not only in rock and
soil, but also in air, water and the biosphere. Plants, animals and human beings contain zinc, and this metal is
used for anti corrosion coatings, roof cladding,batteries and some specialized alloys.

Titanium ranges from 21.9 mg/kg — 37.4 mg/kg in PRM and19.8 mg/kg — 32.4 mg/kg in POM. There is no
evidence to suggest that Ti performs any necessary role in the human body [22] Titanium is considered to be
non-toxic, because of its poor absorption and retention in living organisms [23]. Potential anthropogenic sources
of Ti in the environment include paint pigments (TiO2 pigment accounts for the largest use of the element) and

its alloys with Al, Mo, Mn and Fe, which are used extensively in aircraft, ship and missile manufacture.
Metals such as chromium, copper, and nickel have interacted with organic matter in aqueous phase and settled
to the bottom, resulting in a high concentration of these metals in the sediment [14]

Cobalt, Lead and Cadmium has a concentration below detectable level in the sampling locations from
the Poondi reservoir to the city belt. They show a maximum concentration of 12.3 mg/kg , 17.9 mg/kg , 0.154
mg/kg respectively in PRM and 11.6 mg/kg , 17.9 mg/kg , 0.135 mg/kg respectively in POM. The lower values
of lead might be attributed to less solubility of Pb containing minerals in natural water [24, 25]. The high
concentrations of the metals during pre monsoon season mainly due to the heavy input of untreated industrial
effluents from Ennore area .Cadmium is one of the most dangerous pollutants due to its high potential toxic
effects. The primary use of water high in Cd could cause adverse health effect to consumers such as renal disease
and cancer [26]. The presence of Cd in the sediments is attributed to the reasons of human activities such as
discharge of industrial effluents of fertilizers industries and chemical industries along the river. The probable
sources of Cd in the river water are from the catchment soils and runoffs from agricultural soils.

Dendrogram

-0.838392

-0.638392

-0.438392

-0.235392

-0.035392

0.161608 -

0.361608

0.561608

0.761608

0.961608 -
Ty
2 3N

mooT o o
[ T T ]

Similarity

[ I T 1 L T T - T R ST BT = R L B V. ~ @ e o |
s =4 =4 oA - = = = = N~ m ~

Figure-3 Dendrogram for PRM
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In order to study the similarity between the sampling locations a dendrogram is constructed using
agglometric hierarchial clustering. The similarity is evaluated using Pearson correlation coefficient and
complete linkage agglomeration method. The dendrogram obtained for the PRM season is as shown in Fig. 3

Based on the dendrogram obtained,it is clear that the thirty sampling locations are clustered into
three.The clustering is based on the availability and the concentration of the heavy metals in each sampling
location There are 13 locations in the first cluster,10 in the second cluster and 7 in the third cluster.Table -2
gives the information regarding the three clusters obtained for PRM.

S.No. Class 1 Class 2 Class 3
1 1 5 16
2 2 6 17
3 3 7 18
4 4 9 19
5 8 10 20
6 23 11 21
7 24 12 22
8 25 13

9 26 14

10 27 15

11 28

12 29

13 30

Table-2: Clusters obtained for PRM
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Figure- 4 Profile plot for PRM

The profile plot obtained for the clusters are given in Fig.4.1t is evident from the profile plot that Fe has
the maximum concentration in all the sampling locations making it a major metal. The sampling locations in
class | of the clusters show maximum concentration of cadmium in sampling location 26,lron and Chromium in
sampling location 27,Lead,Copper and Nickel in sampling location 29,Cobalt in sampling location
28,Manganese and Zinc in sampling location 30.The minimum concentration of Chromium ,Manganese and
Nickel is present in sampling location 1,Copper in sampling location 3 and Titanium in sampling location 24.
Class Il explains the maximum concentration of Titanium alone in sampling location 6.The minimum
concentration is that of Zinc in sampling location 9.This explains the moderate concentrations of the heavy
metals in Class II.

In class Ill, none of the heavy metals show the maximum concentration but sampling location 21
attributes to the minimum concentration of Iron and Titanium. This depicts the availability of the heavy metals
in low concentration. Therefore, Class I, Il and 111 clusters can be identified as highly concentrated, moderately
concentrated and slightly concentrated locations with regard to heavy metals.
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The dendrogram for the POM season is as shown in Fig.5.Similar to PRM season; three clusters are
obtained for POM season too. In this cluster analysis the first cluster contains 8 locations, second contains 14
and the third contains 8 locations.
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Figure-5 Dendrogram for POM

The sampling locations are clustered into three classes as given in Table-2.The clusters of sampling locations
obtained attributes to the similarity in the distribution of the heavy metals.
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S.No. Class 1 Class 2 Class3
1 1 3 6
2 2 8 7
3 4 13 9
4 5 16 10
5 26 17 11
6 28 18 12
7 29 19 14
8 30 20 15
9 21

10 22

11 23

12 24

13 25

14 27

Table-2 Clusters obtained for POM
The profile plot obtained for the clusters in the POM season is as shown in Fig. 6.
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Figure- 6 Profile Plot for POM

The profile plot shows the maximum concentration of Fe in all the three clusters. Cluster 2 is found to
have the maximum concentration of Fe followed by cluster 1 and 3respectively.The concentration of other
metals vary in a continuous manner. The anomalous concentration of Fe in the samples makes Fe a major metal
more than a heavy metal. The difference of clustering in POM and PRM seasons is due to the seasonal
distribution and is also due to the excess input of the industrial effluents washout from the upstream side of
supply channels that feed the river, which is sluggish in flow during the PRM season.

Based on the three classes obtained for POM, it can be inferred that equal number of sampling
locations fall under Class | and Class Il .Class | contains eight sampling locations. Cadmium is present in its
maximum concentration in sampling location 26.The presence of maximum concentration of Copper is depicted
in sampling location 28.Chromium and Nickel in the sampling location 29 is marked to have the maximum
concentration. There is good correlation between the Zinc, Titanium and Lead as they show their maximum
concentration in the sampling location 30.The minimum concentration of Iron andChromium is in sampling
locations 4 and 2 respectively.Nickel and Manganese are slightly available in the sampling location 1 .

Class Il contains 14 sampling locations. .But the availability of the heavy metals is not appreciated
compared to class I. Iron and Manganese are present in higher concentrations in  sampling location 27 and Co
records its maximum concentration in sampling location 24.The minimum concentration of Copper and
Titanium is analyzed to be present in sampling locations 3 and 24 respectively.

Class Ill contains eight sampling locations which has none of the heavy metals in maximum
concentration but has a minimum concentration of Zn in sampling location 12.There is a significant difference
in the distribution pattern of heavy metals in PRM and POM. This difference is associated with the rainfall in
the city.

The elements with different chemical properties may appear with similar distribution patterns in the
sediments due to the fact that they are linked to the same carrier particle with similar sedimentological
properties. The type of carrier particle and the way in which elements are bound to it determine the element’s
geochemical fraction in sediments [26, 27].

Chemical leaching methods using acetic acid [28], weak HCI solutions [29, 30] and sequential
extractions can be used in the partition of total metal concentrations. In addition, acid-leachable techniques can
also be used successfully to estimate the level of enrichments in trace metals in industrialized areas.

IV.  Conclusion
The geochemical cycle of trace metals in the riverine region is an important process to determine the
present level of metal enrichment which interacts with the estuaries and other effluent input. The heavy metals
play a major role in the ecotoxicology of the river ecosystem.
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The significance of anthropogenic metal enrichment and environmental effects in the Kortalaiyar river
sediments could be assessed through this study. Hence a regular monitoring of the point sources is suggested to
minimise the effects of pollution in the near environments of the river.
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