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Introduction
The "Noyyal" is a sacred river in Tamil history. Its originates from the hills of Velliangiri, in Western Ghats of Tamilnadu. It

flows through Coimbatore, Tirupur, Erode and Karur districts in Tamilnadu. It flows over a length of 180 km covering an
area of 3,510 sq. km. The boundary of the river basin is between 10°54 ' 00" to 11°19' 03" N and 76° 39' 30" to 77° 05' 25"
E. The river supplies water to several tanks located in and around Coimbatore and Tiruppur cities. In recent times,
mismanagement of surrounding areas of water bodies has resulted into unprecedented nutrient enrichment of water bodies
causing eutrophication, which is manifested by raised trophic status, increased rate of sedimentation, loss of water storage
capacity, lowered retention period and deteriorated water quality. The physico-chemical characteristics of any aquatic
ecosystem and the nature and distribution of its biota are directly related to and influenced by each other and controlled by a
multiplicity of natural regulatory mechanisms. The discharge of effluents has caused severe pollution of both the surface and
ground water in the region and has also contaminated agricultural land. The effluents of dyeing and bleaching industries of

Tiruppur have strong colour, large amount of suspended solids, highly fluctuating pH, temperature, and high BOD and COD
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[1]. Heavy metals are yet another environmental components, which can produce toxic effects when they go beyond safe
levels. Some of them, such as copper, nickel, chromium, and iron are essential in very low concentrations for the survival of
all forms of life. There are about fifty heavy metals that are of special concern for their toxicological importance to human
health and many of them, like Zn, Cu, Ni, and Mn are also essential trace elements for living organisms. However, if these
metals get accumulated at high levels, or are ingested in greater amounts than the required concentration, then they can cause
serious health problems [2]. Anthropogenic activities like mining, ultimate disposal of treated and untreated waste effluents
containing toxic metals as well as metal chelates from different industries [3]. Water bodies are considered the cheapest and
convenient refuse disposal systems. This tendency has resulted in indiscriminate and excessive loading of waste matter into
the aquatic systems, beyond their capacity of self-purification. Today, parts of the Noyyal river basin are “Industrial
Wastelands”- areas subjected to degradation as a result of a large-scale discharge of industrial effluents [4]. Realizing the
need for salvaging the deteriorated Noyyal river, the present study was focused to analysis the level of physico-chemical and

heavy metals parameters in Noyyal river.

Objectives of this Study

Selection of five strategically located sampling sites in the Noyyal river. Seasonal /month-wise analysis of physico-chemical
parameters such as colour, odour, pH, dissolved oxygen, total suspended solids, total dissolved solids, calcium hardness,
magnesium hardness, chlorides, sulphates, nitrates, BOD and COD of water at all the five stations. Seasonal analysis of

heavy metals in water, sediments of all the five sampling stations.

Materials and Methods

Selection of five strategically located sampling stations for Noyyal river basin, namely Chadivayal, Mangalam, Anakuli,
Orathupalayam dam and Noyyal village. The Noyyal river water samples were collected every month (July-2008 to June-2009)
in clean polyethylene cans or glass bottles. The sediment samples were collected in clean polyethylene bags. The samples
were stored in ice pail till they were transported in the laboratory and then preserved at 5°C-10°C. All the physiochemical
analyses were done within 24 h of sample collection with a help of standard methods for the examination of water and waste
water [5]. Samples for oxygen analysis were fixed immediately after collection, using modified Winkler’s reagents APHA
[5]. The samples for COD analysis were fixed with 1ml of Conc. H,SO, [6]. Sediment samples was taken in a Petri dish and
dried overnight at 50°C, in a hot air oven. 100 g of dried sediment sample was taken, then ground and sieved through a 250-
mesh screen, to produce fine grains and make a water sample for acid digestion method [7]. Water samples were filtered with
Whatman 40-41 filter paper. The heavy metal contents were analysed in water and sediment samples using Atomic
Absorption Spectrophotometer Varian Techtron, AA-6D. Linear combinations of environmental factors, including heavy
metals were subjected to Principal Component Analysis (PCA) using a Multivariate analysis computer software PRIMER Vg
[8] to understand the environmental factors which contribute to the variations between the sampling stations and to demarcate

the polluted river segments.

Results
Physical parameters like colour, odour, temperature, turbidity, total dissolved solids, and electrical conductivity were
analyzed during the study period. Yearly average values are given in TABLE 1. The chemical parameters like pH, BOD,

COD, alkalinity total, total hardness, calcium, magnesium, iron, nitrate, chloride, fluoride, sulphate, and phosphate were
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analysed in Noyyal river water samples. Data represented in TABLE 1 given average values for Chemical Parameters in

Noyyal river water samples. All physical-chemical characters are observed in maximum level except chadivayal sampling

stations.

TABLE 1. Physico-chemical characteristics of Noyyal water samples (Average Values + Standard Deviations for 12

Months - July 2008 to June 2009).

Standards
S. Physical . . Orathupalayam Noyyal Permissible
Chadivayal Mangalam Anakuli . o
No. Parameters dam village Limits
(mg/L)
Light Slight .
01 Colour Clear clear ) Light brown Clear
brown blackish
02 Odour None None Odorous Odorous Odorous Odourless
26.07 + 30 - 32°C
03 Temperature (°C) 23.05+0.80 | 25.23+1.29 25.27 + 1.65 2450 + 1.26
1.30 (WHO)
04 Turbidity (NTU) 1.40+0.42 245+0091 | 3.63+0.74 5.23+1.18 4.0+0.72 2.5 (WHO)
Total dissolved 939.8 + 1556.6 + 3814.16 + 2555.8 +
05 ) 67.66 + 15.31 500 (WHO)
solids 124.0 678.6 1096.26 1061.5
Electrical
o 1279.8 + 2265.4 + 2087.6 +
06 conductivity 93.08 +£11.20 3151.6 + 858.6
197.5 902.9 893.3
(us/cm)
Chemical parameters
6.5-85
01 pH 6.923+0.41 | 6.99+052 | 7.16 £0.61 7.91+0.71 7.38£0.59
(WHO)
15.98 +
02 BOD 0.48 £ 0.24 7.75+1.63 6.5 23.27 + 4.66 9.34+3.84 | 5.0(WHO)
03 COD 0.94+0.26 175+732 | 27+6.28 41.6 £9.432 24.3+7.31 | 10.0 (WHO)
. 185.8 + 290.8 + 282.16 +
04 Alkalinity total 29.25+7.82 377.33+127.36 500 (WHO)
31.19 84.14 53.70
518.6 + 744 + 696.6 +
05 Total hardness 50.08 + 8.02 891.6 +234.5 250 (WHO)
127.6 149.7 209.0
. 1349+ 160.8 +
06 Calcium 125+1.93 1835+ 31.1 1429+ 16.1 | 250 (WHO)
34.36 28.83
. 79.33 +
07 Magnesium 19.0+8.46 | 57.25+9.50 107 111.16 +18.46 | 70.5+14.2 | 30 (WHO)
08 Iron 0.08 +£0.048 | 0.065+0.05 0.079 + 0.24+0.11 0.106 + 0.03 0.1
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0.02 (CPHEEO)
. 10.02 £
09 Nitrate 1.36+056 | 4.61+1.49 156 18.01+4.86 | 10.51+2.25 | 45(WHO)
_ 598.7 + 866.2 =
10 Chloride 12.24+4.10 | 293.3 +60.9 13375 +262.1 200 (WHO)
312.6 406.8
_ 1.0
11 Fluoride 0.13+0.06 | 0.39+028 | 042+032 | 242+1.42 1.03+0.72
(CPHEEO)
61.33 + 1838+ 246.8 +
12 Sulphate 2.88 +2.45 372.08 + 138.32 200 (WHO)
16.82 70.68 116.9
13 Phosphate 022+017 | 051+031 | 1704072 | 3.20+1.35 203+054 | 0.1(WHO)

Unless otherwise mentioned all units are given in mg/L.
CPHEEO — Central Public Health Environmental Engineering Organization, Govt. of India.
WHO - World Health Organization, 1993.

The amount of heavy metal micro contaminants in Noyyal river water and sediment samples was analysed with Atomic
Adsorption Spectrophotometer (AAS), Six heavy metals like zinc (Zn), copper (Cu), cadmium (Cd), lead (Pb), chromium
(Cr) and mercury (Hg) were observed in Noyyal river water samples. Comparison between concentrations of these metals in
water samples showed that they were in the following decreasing order: Cr> Zn> Cd> Pb> Cu> Hg. TABLE 2 shows the
average values for all the heavy metals in the different locations of Noyyal river water. In Chadivayal water samples only
four heavy metals could be observed in trace levels: Zn, Cu, Cd and Pb were at 0.200 mg/L, 0.024 mg/L, 0.005 mg/L and
0.040 mg/L respectively. In Mangalam water samples six heavy metals could be observed and they were little higher in
amount than in Chadivayal samples. In Anakuli water samples higher concentrations of heavy metals could be recorded
compared to Chadivayal and Mangalam samples. Cr and Zn were found in 2.123 mg/L and 1.696 mg/L concentrations
respectively in Anakuli water samples. Cr and Zn were at top level in this station. In Orathupalayam dam water, heavy metals

were found in high concentrations-higher than the other sampling locations.

Heavy metal ions were found in the following decreasing order of concentration: Cr>Zn>Cd>Cu>Pb>Hg. Maximum average
for Cr was 3.358 mg/L and for Zn, 2.867 mg/L in Orathupalayam dam water. The heavy metal concentrations of Noyyal
village water samples were lower than those of Orathupalayam dam, but much higher than in the other sampling sites.
Generally, in Noyyal village water samples Cr and Zn were in high concentrations, while Cd, Cu, Pb and Hg were at lower
concentrations. The data given in TABLE 3 show the average levels of heavy metals in the sediment samples from different
locations of Noyyal river. Totally six heavy metals were observed from four study locations, except Chadivayal where Cr and
Hg were absent. Maximum concentrations of heavy metals were observed in Orathupalayam dam and Noyyal village
sediment samples. The Cr and Zn were in higher concentrations than the other heavy metals. Chadivayal sediments had least

levels of all the heavy metals.
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TABLE 2. Heavy metal concentrations (mg/L) of Noyyal Water samples (Average Values + Standard Deviations for 12
Months - July 2008 to June 2009).
Indian Standards drinking water specifications (1991), Bureau of Indian Standard, Indian Standard 10500.

Sampling Stations Standards
Permissible
Sn Heavy Metal Limi /l
) eavy Metals ] . Orathupalaya Noyyal imits(mg
Chadivayal | Mangalam Anakuli . )
m village
dam (1S: 10500)
. 0.200 + 0.487 + 2.062 +
01 Zinc (Zn) 1.696 £ 0.03 | 2.867 +0.181 5.0
0.001 0.020 0.026
0.024 + 0.100 + 0.662 + 0.825+
02 Copper (Cu) 1.424 + 0.091 0.05
0.002 0.031 0.082 0.074
) 0.005 + 0.081 + 0.608 + 1.048 +
03 | Cadmium(Cd) 1.539 + 0.086 0.01
0.001 0.009 0.084 0.008
0.040 + 0.290 + 0.686 + 0.836 +
04 Lead (Pb) 1.421 +0.83 0.1
0.009 0.067 0.074 0.069
) Nil 0.700 +
05 | Chromium(Cr) 2.123+0.19 | 3.358+0.98 | 2.356+0.84 0.05
0.007
Nil 0.021 + 0.042 + 0.076 +
06 | Mercury (Hg) 0.120 + 0.076 0.001
0.009 0.007 0.012

TABLE 3. Heavy metal concentrations (mg/kg) of Noyyal Sediment samples (Average Values + Standard Deviations
for 12 Months - July 2008 to June 2009).

Sampling Stations
S.no Heavy Metals _ _ Orathupalayam _
Chadivayal | Mangalam Anakuli Noyyal village
dam
. 0.362 + 1.005 + 2.073 %
01 Zinc (Zn) 3.353+1.11 2.599+1.31
0.032 0.87 0.685
0.115+ 0.521 + 0.880 +
02 Copper (Cu) 1.623 +0.68 1.301+0.74
0.066 0.084 0.041
. 0.192 + 0.413 + 0.891 +
03 Cadmium (Cd) 1.428 + 0.74 1.181+0.32
0.021 0.033 0.042
0.326 + 0.540 +
04 Lead (Pb) 0.904 +0.18 1.503 +0.911 1.104 +0.32
0.081 0.12
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. . 1.484 + 2.736 +
05 Chromium (Cr) Nil 4.045+1.21 3.32+0.711
0.58 0.981
. 0.114 +
06 Mercury (Hg) Nil 0.063 0.221+0.72 0.317 £ 0.071 0.209 £ 0.10

Principal component analysis of physico-chemical factors and heavy metals

Twenty-two variables (physico-chemical factors and Heavy metals) of four sampling stations: Chadivayal, Mangalam,
Orathupalayam dam and Noyyal village were subjected to Principal Component (PC) analysis and three PCs could be
extracted. PC; had the eigen value 14.7 and this could account for 66.8% of the variation of environmental factors. PC,
explained another 21.5% of variation and PCs, 11.7% variation. Linear combinations of the variables defined the axes of PC;
and PC,, otherwise known as eigen vectors. Each element of the eigen vectors (TABLE 4), represented the contribution of a
given environmental factor to a Principal Component. Coefficients of eigen vector-equations for PC; and PC, were also
represented as a vector plot (FIG.1). The vector length reflected the importance of each variable’s contribution PC; and PC,
axes, in relation to all PC axes. From the plot, it could be understood that the environmental factors primarily involved in the
variations between sampling stations were temperature, turbidity, TDS, BOD, COD, alkalinity, hardness (Ca, Mg), iron,
Nitrate, fluoride, chloride and sulphates. Among the heavy metals, zinc, cadmium and chromium were prominent in
contributing to the variations. The plot also revealed the segregation of the sampling sites based on environmental
parameters. By virtue of the lesser levels of environmental factors and their reasonable stability, Chadivayal was the least in
the order of environmental pollution, or the habitat was less governed by the selected environmental factors. The progressive
nature in the influence of environmental factors was evident as the river flowed downstream through Mangalam to reach
Orathupalayam dam, where the highest influence of environmental factors was evident. A slight recovery at Noyyal village
was also observed (FIG.1) PC scores (TABLE 4) also point to the high influence of environmental factors, in other words

pollution at the Orathupalayam dam site.
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FIG. 1. Environmental data — vector plot.

CH — Chadivayal, M — Mangalam O — Orathupalayam Dam N — Noyyal Village
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TABLE 4. Principal component analysis — environmental data.

Eigen values

PC Eigenvalues | %Variation | Cum.
%Variation

1 14.7 66.8 66.8

2 4.72 215 88.3

3 2.57 11.7 100

Eigen vectors

(Coefficients

in the linear

combinations

of variables

making  up

PC's)

Variable PC1 PC2 PC3

Tem. 0.19 -0.295 -0.149

Turbi. 0.031 0.446 0.133

TDS 0.259 -0.052 0.019

EC 0.259 -0.05 0.02

pH 0.248 0.091 -0.151

BOD 0.238 0.084 -0.227

CoD 0.192 0.296 0.127

Alkal. 0.257 -0.077 -0.002

Hardness 0.247 -0.148 -0.015

Ca 0.249 -0.137 -0.033

Mag. 0.245 -0.158 0.008

Iron 0.164 0.277 0.306

Nitrate 0.257 -0.018 0.099

Chloride 0.258 -0.066 0.023

Fluoride 0.227 0.068 -0.292

Sulphate 0.258 -0.054 0.051

Phos. -0.058 -0.207 0.539

Zn 0.224 -0.005 0.32

Cu -0.022 0.302 -0.468

Cd 0.215 0.252 -0.083

Pb 0.087 -0.425 -0.122

Cr 0.198 0.259 0.205

Principal Component Scores

Sample Score 1 Score 2 Score 3
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Ch -5.15 1.45 3.93E-02
M -0.366 -2.91 1.08
@) 3.83 1.86 1.16
N 1.69 -0.405 -2.28

Discussion

Noyyal river is subjected to inputs from urban, industrial and agricultural wastes and as a consequence, the physico-chemical
characteristics of the water show a high degree of variability when compared to other rivers. The extent of water pollution is
generally expressed by parameters such as pH, EC, dissolved oxygen, BOD, COD, nutrients, minerals and etc. Water in
Chadivayal and Mangalam was colourless and odourless. Remaining sampling stations showed light brown colour, and the
water was odorous. Industrial waste water from Tiruppur would have changed the colour and odour of river water in the
Anakuli-Orathupalayam section. Noyyal exhibits high level of TDS and various salts due to industrial effluents [9] Geetha.
[10] reported high values of pH, alkalinity, chloride, nitrogen, sulphate, phosphate, total hardness, magnesium and sodium in
water samples collected from the ground water sources of Tiruppur and suggested the possible contamination of these
sources with bleaching and dyeing wastes since most of the waste water from Tiruppur is discharged into the River Noyyal.
Water turbidity is caused by suspended inorganic substances, dispersion organic substances, microorganisms etc. Low value
of turbidity (1.4 NTU) was observed at Chadivayal and high turbidity (5.2 NTU) in Orathupalayam dam. Turbidity in the
lower Noyyal river zones was well above the WHO permissible limits. Particularly the water samples collected from
Orathupalayam dam showed high TDS value (3,814 mg/L). High value of TDS in river may cause laxative or constipation
effects [11]. BOD is yet another important parameter of quality of water and it referees for the amount of used oxygen for
biochemical decomposition of organic matter in water. BOD is used for the determination of the relative demand of oxygen
for effluents and discard waters and is an indicator of pollution level. The values of BOD were at high level at Anakuli and
Orathupalayam dam throughout the study period indicating thus the poor water quality due to the organic pollutants from
industries and textile mills of Tiruppur and Coimbatore city. The maximum BOD value 23.2 mg/l was recorded in
Orathupalayam dam and the minimum 0.48 mg/L observed in [12]. In the present study, COD was found to vary from 1.0
mg/l (minimum) to 47 mg/l (maximum). At Orathupalayam the BOD and COD values were found to be high all through the
study period (TABLE 1) and were well beyond the permissible limits of WHO. These suggest that Noyyal river water is

contaminated by textile industrial chemicals and municipal effluents almost all through the course of the river.

Heavy metals are considered a major cause of pollution in natural waters and have received considerable attention because of
their inherent toxicity to living organisms. The heavy metals reach aquatic environment, remain suspended or partially
dissolved in the water column and get accumulated in organisms. Heavy metals like Zn, Cu, Cd, Pb, Cr and Hg at different
locations of Noyyal river water samples and sediment were studied. The Noyyal river water is subjected to inputs from urban
and industrial wastes from Tirupur and Coimbatore cities and agricultural wastes and these might be the main reasons for the
increase in heavy metal content. The untreated dye house effluents from Tirupur city could have contributed more to heavy
metal contamination of water and sediments. Cr and Zn were higher in concentration in water and sediments, than the other
heavy metals. The relative dominance of the heavy metals in water was observed in following sequence:
Cr>Zn>Cd>Cu>Pb>Hg. [13] reports that metals, and in distinction heavy metals, have special importance in the pollution of

surface waters and concentrations of some of these are beneficial, whereas some of them are harmful and toxic. Some metals
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such as calcium and magnesium are essential chemical elements, whereas other metals negatively influence odd consumers of
water. It is confirmed that Pb, Hg and as are powerful pollutants and poisonous. Toxicity of heavy metals depends from the
kind of metal, the compound, from the amount which arrives in organisms and from time-extension action of metal. In this

metal group comes: Hg, Pb, Cd, Cr, Cu, Ni, As, Zn.

All the physico-chemical and heavy metals parameters in different sampling stations of river Noyyal were found in very high
concentrations except Chadivayal. There results clearly indicate that River Noyyal has now turned into a huge drain bearing
industrial wastes and effluents in its meandering path. The quality deterioration of water affects the crop growth and

ultimately the productivity of agricultural land.

Conclusion

The findings of the study show that the water and sediment in Noyyal river can get contaminated with industrial waste.
Results of the study also showed that considerable amounts of heavy metals are observed like cadmium, chromium, zinc,
copper, mercury, lead and totally 23 physiochemical parameters were analyzed in five sampling locations of the river. The
heavy metals in the water increase the potential for heavy metals to accumulate in the aquatic organisms as these pollutants
enter the fish and macro invertebrates through several routes. On consumption, heavy metals enter into the food chain and
cause deleterious effect to humans. The results of the present study reflect the magnitude of heavy metal pollution of River

Noyyal and underscore the necessity for undertaking remediatory measures.
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