
INTRODUCTION

Urbanization and industrialization have led to the increased

demand for water and at the same time have posed a threat to

its availability in good quality. Rivers serve as the main source

of freshwater for all human activities. The quantity and quality

of the river water is greatly influenced by anthropogenic acti-

vities1. In India, the problem of water pollution has reached

an alarming situation and about 70 % of rivers in India are

polluted2 and there has been increased emphasis on deterio-

ration of water quality of Indian rivers3. Studies have shown

the presence of positive correlation between industrialization

and contamination of surface water bodies by heavy metals4.

In India, compared to northern rivers, southern rivers are less

studied, may be due to their smaller size and discharge and

most of the peninsular Indian rivers are highly seasonal and

shorter5. Cauvery river has been the focus of attention due to

impacts caused by the improper disposal of industrial wastes

recently. Several researches have indicated the presence of high

level of pollutants in the river making the water unsuitable for

drinking and industrial usage as well6. Health problems were

evident in the river basin from a survey7 and surface water is

highly polluted by the discharge of untreated industrial effluents

and municipal sewage8.
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The discharges from major industries, Sago and dyeing

units are polluting the river to a greater extent9. It is crucial to

ascertain the behaviour and variation of the constituents and to

study the influence of sources of pollution in to the river during

wet and dry periods10,11. However, there is currently no detailed

understanding of the chemical concentrations and the level of

contamination in Cauvery river. Keeping these views in mind a

study has been conducted to evaluate the spatial distribution,

seasonal variation of physicochemical concentration during

February 2009 (post monsoon) and October 2009 (pre monsoon)

in the river. Moreover, in order to maintain the quality of water,

there is a need for regular monitoring and proper control of the

water quality parameters. A study is made to evaluate the corre-

lation and regression analysis techniques to interpret the missing

parameters on a temporal basis. The missing water quality data

from a spatial or temporal observation can pose a serious threat

to data analysis, modeling studies and for forecasting purposes12.

Hence, it is imperative to evaluate the missing observations based

on complete and accurate data set.

EXPERIMENTAL

The Cauvery river originates at Talakaveri, Kodagu district,

in the Western Ghats in the state of Karnataka and it enters

Tamil Nadu through the Krishnagiri district. Three minor
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tributaries, the Palar, the Chennar and the Thoppar, enter the

Cauvery on her course, above Stanley reservoir in Mettur,

which further runs through Erode district where the Bhavani

river merges with it. Bhavani, a major tributary of the Cauvery

river rises in the Western ghats of Silent Valley National Park in

Palakkad district of Kerala. Bhavani is more or less a perennial

river fed mostly by the southwest monsoon and is also supple-

mented by the northeast monsoon. Bhavani river originates in

the upper regions of the Nilgiris of the Western ghats. It

descends towards west and flows through the attappady valley

of Palakkad district in Kerala. Then it continues its path to the

Nilgiri mountains through the districts of Nilgiris, Coimbatore

and Erode.

While passing through Erode, two more tributaries namely

Noyyal and the Amaravati join Cauvery river before it reaches

the Tiruchirappalli district in Tamilnadu, India. The Noyyal

rises from the Vellingiri hills in the Western ghats and is a

tributary of river Cauvery. It receives its maximum rainfall

during northeast monsoon. The Noyyal, is a seasonal river

that has a peak flow only during monsoon and is merely a

carrier of untreated sewage and industrial effluents from

Coimbatore and Tirupur districts, the two main cities in its

basin in the rest of the year. The 175 km long Amaravati river

begins at the Kerala/Tamil Nadu border at the bottom of

Manjampatti Valley between the Annamalai Hills and the Palni

Hills. It descends in a northerly direction through Amaravathi

reservoir and Amaravathi dam at Amaravathinagar. It joins

with the Cauvery river at Thirumukkudal, about 10 km from

Karur district. The Amaravathi river and its basin, especially

in the vicinity of Karur, are heavily utilized for industrial proce-

ssing water and waste disposal and have resulted in severe

pollution due to large number of textile dyeing and bleaching

units. The present study was conducted in 50 stations in a part

of the river and its tributaries for a length of 100 Km between

the latitudes 11º 29' 35.1" N and 10º 57' 24" N and the longitudes

77º 42' 40.7" E and 78º 14' 17.9" E.

Water samples were collected from 50 sites along the flow

in Cauvery river and its tributaries during the months of

February and October which represents pre monsoon and post

monsoon period in 2009. Sites 7 to 11 were in Bhavani river

located in the area of relatively low river pollution, sites 33 to

36 were in Noyyal river and sites 42 to 46 were in Amaravathi

river which represents the zones of more pollution. Water

samples were collected in polythene bottles, filtered and acidi-

fied to maintain a pH of 1 by adding one mL each of ultrapure

nitric acid solution. During sampling, pH, electrical conducti-

vity and temperature were measured using portable meters.

The samples were analyzed for determining its physiochemical

characteristics in the laboratory using the standard methods

recommended by the American Public Health Association13.

Regression analysis is one of the many techniques for modeling

and analyzing several variables, when there is relationship

between a dependent variable and one or more independent

variables. Regression model structure was adopted in the

present study to estimate the missing water quality parameters

on a temporal basis in the Cauvery river.

RESULTS AND DISCUSSION

The results of various physico chemical parameters in the

sites during premonsoon and post monsoon periods along the

river course under study are given in Table-1. Temporal varia-

tions were high in the surface water quality parameters, which

can be observed from the high standard deviations. This is an

indication of variation in the chemical constituents that may

be contributed by point or non point sources and/or climatic

factors14.

In Bhavani river, the pH was neutral and the water quality

parameters were well within the permissible limits for drinking

in all the samples. This situation implies that agricultural runoff

is less significant in affecting the water quality in Bhavani

river.

In Noyyal river, the pH is highly alkaline and the concen-

tration of almost all the major ions, particularly TDS, hardness,

Cl, Na and SO4 is exceeding the permissible standards. The

parameters were higher in the upstream side and showed a

decreasing trend along the direction of flow towards Cauvery.

This indicates strong additions of waste discharges from the

industries located along the banks of the river near the sampling

TABLE-1 
PHYSICO- CHEMICAL PARAMETERS IN CAUVERY RIVER 

Post-monsoon (February 2009) Pre-monsoon (October 2009) WHO Int. standard BIS Standard 

Parameters 
Average Values Range 

Average 
Values 

Range 
Most 

desirable 
limit 

Maximum 
allowable 

limit 

Most 
desirable 

limit 

Maximum 
allowable 

limit 

pH  7.5 ± 0.3 7.1 - 8.5 7.2 ± 0.4 6.3 - 8.5 7 - 8.5 9.2 6.5-8.5 6.5-8.5 

EC (µmho/cm) 618.6 ± 311.7 310.0 - 1940.0 314.1 ± 76.5 260.0 - 700.0 - - - - 

TDS (mg/L) 388.0 ± 199.1 208.0 - 1324.0 192.6 ± 40.8 161.0 - 412.0 500 1500 500 2000 

Phenolic alkalinity (mg/L) 0.4 ± 2.5 0.0 - 15.0 0.0 ± 0 0.0 - 0.0 - - - - 

Total alkalinity (mg/L) 197.5 ± 45.6 110.0 - 405.0 118.7 ± 20.2 100.0 - 223.0 - 500 200 600 

Total hardness (mg/L) 180.6 ± 37.1 125.0 - 320.0 123.1 ± 19.4 101.0 - 217.0 100 500 200 600 

Na+ (mg/L) 76.9 ± 59.2 28.0 - 357.0 26.2 ± 15.5 6.0 - 109.0 - 200 - - 

K+ (mg/L) 5.4 ± 3.4 3.0 - 21.0 2.8 ± 1 0.0 - 4.0  200   

Ca2+ (mg/L) 30.6 ± 7.4 24.0 - 64.0 28.4 ± 4.4 23.0 - 38.0 75 200 75 200 

Mg2+ (mg/L) 25.3 ± 5.3 16.0 - 41.0 12.5 ± 5 2.0 - 29.0 50 150 - 300 

Cl- (mg/L) 75.4 ± 77.3 25.0 - 397.0 34.1 ± 14.1 22.0 - 106.0 200 600 250 1000 

HCO3
- (mg/L) 240.0 ± 55.6 134.0 - 494.0 144.6 ± 24.6 121.0 - 272.0 - - - - 

CO3
2- (mg/L) 0.5 ± 3 0.0 - 18.0 0.0 ± 0 0.0 - 0.0 - - - - 

NO3
- (mg/L) 4.9 ± 7.3 1.0 - 45.0 1.3 ± 0.9 0.0 - 6.0 45 45 45 45 

SO4
2- (mg/L) 32.2 ± 13.6 0.0 - 81.0 10.9 ±2.2 6.0 - 18.0 200 400 200 400 

F- (mg/L) 0.5 ± 0.2 0.2 - 1.3 0.5 ± 0.2 0.1 - 1.1  1.5 1 1.5 

 

3200  Hema et al. Asian J. Chem.



sites. Similarly, the values of TDS, Na and Cl were consider-

ably higher during October than February in all the sites in

Noyyal river.

The pH showed neutral to alkaline values in Amaravathi

river. The water quality parameters namely TDS, EC, Cl, Na

and HCO3 showed an increase in the samples from the sites

along the direction of flow up to Pasupathipalayam (site 44)

and are found to decrease in their values till the confluence of

the river with Cauvery. The concentrations of the parameters

showed higher values exceeding the permissible standards in

October compared to February in Amaravathi which were very

nearer to the permissible standards. No flow was observed in

two sites during October and the high concentrations in samples

of rest of the sites may be attributed to the failure of monsoon

but with continuous industrial discharges. Pasupathipalayam

(site 44) showed very high values of TDS, Na and Cl in both the

periods and higher values of TDS, Na and Cl were observed in

Karur (site 43) during October which supports the detrimental

effects of industrial discharges into the river

The pH of surface water in the Cauvery river depicts

neutral to alkaline values with an average of 7.2. The mean

values of TDS, hardness and almost all other ions were higher

during premonsoon period and the parameters were found to

get diluted in the post monsoon period due to increased

discharge from the Mettur reservoir in the upstream side and

showed a relatively lesser concentration in Cauvery river. The

water quality was good in the samples taken before and after

the confluence of Bhavani river with Cauvery for a considerable

length of the river in the downstream side with the exception

of high TDS in Vairapalayam (site 19) which is near the muni-

cipal solid waste dumping yard in Erode district. The water

quality parameters showed an increase in three samples taken

after the confluence of Noyyal River with Cauvery which may

be due to the addition of pollutants from the Noyyal followed

with a decreasing trend thereafter. Similar trend was observed

in Kattalai Kooduthurai (Site 47) which is the confluence point

of Amaravathi river with Cauvery river with high levels of

TDS, Na and Cl. The samples in the downstream of Cauvery

showed lesser values for the concentration of these parameters.

These variations indicate the impacts of waste discharges in

to the river course and the influence of water pollution from

its tributaries15.

The parameters determined in the two seasons for the

water quality analysis were evaluated by the box and Whiskers

plot and is represented in Fig. 1. The box and Whiskers plot

was used to study the trend and variation of the water quality

Fig. 1. Box and Whisker plot of the water quality parameters
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parameters among different sites during the two seasons. The

criteria selected were concentration and water quality param-

eters. In Bhavani river, the scores distribution followed the

sequence Ca < SO4 < Mg < Cl < Na < HCO3, which shows

that the water quality was most influenced by HCO3 whereas

in Noyyal river, it was comparatively least predominant which

predicted the following sequence HCO3 < Mg <  SO4 < Ca <

Na < Cl. In Amaravathi river the scores distribution was in the

order SO4 < Mg < Ca < HCO3 < Na < Cl and in Cauvery, it

depicted the sequence Mg < Ca < SO4 < HCO3 < Cl < Na.

Thus, the water quality is found to be most influenced by the

parameters Na and Cl in all the rivers and Mg, Ca and SO4

was least significant. These elements probably show the result

of mineral water reactions in the area with clear variations in

their concentrations in each site with higher values at

Vairapalayam in Cauvery16. Na is one of the most abundant

elements on earth and is highly soluble. Increased concentration

may be indicators of pollution from point source discharges

such as waste water effluents17. Cl is likely to be resulted from

dispersion of sewage discharges and is associated with industrial

and agricultural runoff18,19. Ca and Mg may be due to weath-

ering of rocks and SO4 arises from leaching of sedimentary

rocks and may also be added from atmospheric precipitation20.

Various water quality parameters of the water samples

collected from Cauvery river were checked for correlation

(Tables 2 and 3). It has been observed that from the correlation

studies, TDS showed a high positive correlation with total

alkalinity, Ca, Mg, Na, K and Cl in both the months. Sodium

showed a positive correlation with K and Cl whereas Mg was

highly correlated with hardness during February. Compara-

tively, the cations and anions showed strong positive correla-

tions during October than during February. Calcium had a

strong positive correlation with Mg, Na and K, whereas carbo-

nates showed a positive correlation with TDS, Mg, Na, Cl and

SO4 in October which was mode-rately weak during February.

The greater the numerical value of correlation coefficient

between the variables, the greater is the linear relationship

between them.

Regression analysis helps to understand the typical varia-

tion of the dependent variable when any one of the indepen-

dent variables is varied, while the other independent variables

are held fixed. The parameters which had correlation coeffi-

cient more than 0.603 have been utilized to develop regression

equations. In this study, Regression equations are generated

(Table-4) by Stepwise regression method using statistical package

for social sciences21 (SPSS, 1995) to predict models for the

TABLE-2  
CORRELATION MATRIX AMONG WATER QUALITY PARAMETERS IN CAUVERY RIVER DURING FEBRUARY 2009 

 pH EC NO3
- T-alk TH Ca2+ Mg2+ Na+ K+ Cl- SO4

2- CO3
2- HCO3

- F- pH 

pH 1                             

EC 0.067 1                           

NO3
- -0.32 0.633** 0.735** 1                       

T-alk 0.008 0.853** 0.880** 0.683** 1                     

TH 0.096 0.932** 0.923** 0.573** 0.908** 1                   

Ca 2+ -0.04 0.878** 0.900** 0.679** 0.935** 0.903** 1                 

Mg2+ 0.191 0.835** 0.03** 0.403* 0.749** 0.934** 0.690** 1               

Na+ 0.015 0.984** 0.997** 0.733** 0.860** 0.892** 0.880** 0.766** 1             

K+ -0.01 0.960** 0.973** 0.731** 0.798** 0.874** 0.854** 0.760** 0.971** 1           

Cl- 0.059 0.988** 0.976** 0.628** 0.775** 0.880** 0.822** 0.796** 0.980** 0.968** 1         

SO4
2- 0.487** 0.266 0.161 -0.483** 0.061 0.329 0.118 0.456** 0.144 0.133 0.26 1       

CO3
2- 0.630** 0.078 0.058 -0.068 0.047 0.09 0.032 0.118 0.058 0.08 0.068 0.187 1     

HCO3
- -0.06 0.844** 0.873** 0.690** 0.994** 0.897** 0.930** 0.736** 0.853** 0.788** 0.768** 0.04 -0.062 1   

F- 0.483** 0.548** 0.469** -0.056 0.364* 0.525** 0.327 0.603** 0.470** 0.406* 0.534** 0.658** 0.279 0.335* 1 

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed); TH = Total hardness. 

 

TABLE- 3  
CORRELATION MATRIX AMONG WATER QUALITY PARAMETERS IN CAUVERY RIVER DURING OCTOBER 2009 

 pH EC NO3
- T-alk TH Ca2+ Mg2+ Na+ K+ Cl- SO4

2- CO3
2- HCO3

- F- 

pH 1                           

EC .730** 1                         

NO3
- -0.04 .332* 1                       

T-alk .716** .961** .431** 1                     

TH .739** .994** .330* .975** 1                   

Ca 2+ .650** .956** .464** .981** .966** 1                 

Mg2+ .758** .992** 0.278 .957** .996** .938** 1               

Na+ .719** .998** .349* .956** .990** .951** .988** 1             

K+ .708** .986** .419** .958** .979** .963** .969** .982** 1           

Cl- .721** .998** .321* .946** .989** .943** .989** .999** .980** 1         

SO4
2- .766** .975** 0.155 .908** .971** .892** .983** .975** .937** .980** 1       

CO3
2- .764** .932** 0.203 .869** .927** .848** .940** .935** .893** .937** .950** 1     

HCO3
- .677** .931** .469** .993** .949** .975** .924** .925** .937** .912** .862** .803** 1   

F- .801** .749** 0.056 .732** .753** .709** .754** .727** .766** .733** .738** .657** .722** 1 

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed); TH = Total hardness 
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variables Ca, Mg, Na, K, Cl and SO4 by applying the variables

TDS, EC, pH, NO3, total alkalinity and total hardness as inde-

pendent variables (R2 > 82 %). The equations were applied to

predict the values of those parameters with the observed results

and are found to be nearer to the observed results and their

average values are given for the Cauvery river (Table-4). Thus,

these equations would find use in determining the values of

major and minor ions by knowing the values of above inde-

pendent variables in the river stretch on a temporal basis.

Conclusion

The results of this study reveal that the water quality in

the river Cauvery is influenced by industrial discharges and

anthropogenic activities. The seasonal variations in water

quality were imparted due to characteristics of the catchment

and seasonal effects along with waste water discharges. The

spatial analysis showed that the sites mostly affected were near

the industries and the solid waste disposal region. This was

significant from the results of water quality from the samples

taken in Noyyal and Amaravathi rivers and that has impacted

the quality of water in Cauvery for a considerable length.

Sodium and chloride were observed to be the important para-

meters having strong variations in their concentration along

the flow in the study area. The regression equations approve

its usefulness in estimating the missing data for future studies.

However, in both the seasons, the part of Cauvery river under

study showed that most of the cations and anions are within

the permissible standards except very few sites and can be

used for domestic as well as industrial purposes. Nevertheless,

there is a need for continuous monitoring and implementation

of proper regulations for waste disposal thereby to improve

the quality of the river.
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