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Abstract- Water quality of Ganga River was assessed downstream of the Koteshwar hydroelectric dam (located in 
Uttarakhand, India) from Jan 2012–Dec 2013 based on the physicochemical parameters and water quality index (WQI). The 
results of comprehensive pollution index (CPI) and organic pollution index (OPI) has been used at sampling site. Results 
showed that during Jan 2012–May 2013 the overall water quality of Ganga river as clean (OPI<0) and excellent (CPI<0.8) 
after which tends to be polluted (OPI> 3; CPI>2) in downstream due to mixing of domestic pollutants. Pearson’s correlation 
matrix was used to find possible interrelations among the measured water quality parameters. 
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I. INTRODUCTION 
 
The river Ganga is the most important religious 
largest river in Indian subcontinent. Two major 
tributaries Alaknanda and Bhagirathi merge to form 
river Ganga at Devprayag in the state of Uttarakhand. 
River water accounts for about 31.6 % of India’s 
annual utilizable water resource required for water 
supply for household consumption, agriculture, 
aquaculture, navigation, industry, and hydropower 
generation [1].  
The soil in the Ganga basin is very fertile and the 
perennial water availability in the river supports the 
crop production [2].  
Rapidly growing population, urbanization, 
industrialization, huge amount of untreated 
wastewater is discharged into the river affecting the 
water quality and its carrying capacity to a large 
extent [3-5].  
To restore its health, Government of India launched 
Ganga Action Plan (GAP) in 1984, in GAP II 1991 
both of which could not bring the desired 
improvement due to lack of proper planning [6].  
In view of this, assessment of water quality of river 
water at various locations along the stretch and in 
different monsoon seasons has become necessary to 
prevent the water borne diseases to human and its ill 
affects to biodiversity in the river basin [5, 7-9].  
A number of studies are available on the monitoring 
of water quality in river Ganga at various sampling 
locations over last 3–4 decades [10].  
 
However the assessment of water quality in 
Koteshwar has not been found in the literature. 
Therefore, the present study reports the result of 
comprehensive pollution index (CPI) and organic 
pollution index (OPI) to classify the pollution 
characteristic of Ganga river based on 
physiochemical parameters and the results was 
verified by Pearson's correlation matrix. 

 
II. MATERIAL AND METHODS 
 
A) Site Description 
The Koteshwar Dam is a gravity dam on 
the Bhagirathi River, located 22 km downstream of 
the Tehri dam in Tehri district, Uttarakhand, India. 
The present study has been carried out downstream of 
Koteshwar hydroelectric (30°15′37” N, 78°29′53″ E) 
to evaluate water quality of river Ganga for drinking 
purpose. Koteshwar dam was built on Bhagirathi 
River which is a tributary of Ganga River with height 
of 97.5 m and length of about 300.5 m. The dam 
construction was completed in the year 2011 with 
total generation capacity of 400 MW. 
B) Data collection and analysis 
Water samples were collected from the Ganga River 
downstream to the Koteshwar hydroelectric during 
January 2012 to December 2013. The water samples 
from river Ganga were collected monthly as per the 
standard method of APHA [11]. In this study for the 
calculation of water quality index (CPI and OPI), 
nineteen important parameters were chosen (Table 1 
& 2). The values obtained were compared with the 
guideline values for drinking water by Bureau of 
Indian Standards (BIS) [12]. The CPI was calculated 
using the standard of drinking water quality 
recommended by the BIS. Pearson’ correlation was 
done to know the possible interrelationship among 
various water quality parameters (Table 3).  
 

Table 1: Mean and standard deviation of the measured 
concentration of water quality parameters 
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Table 2: Descriptions of water pollution indices 

 
 
III. RESULT AND DISCUSSIONS 
 
The monthly WQI for all the locations is presented in 
Figure 1. It was observed (Figure 1) that the range of 
CPI for River Ganga near Koteshwar hydroelectric 
during Jan 2012–May 2013 falls under good category 
(CPI< 0.8; quantified) while during June 2013 to Dec 
2013, it is under seriously polluted category (CPI> 2) 
which is mainly due to flooding i.e. addition of 
wastewater, domestic, agriculture, dead body during 
this period. In the same way, the OPI is under 
excellent category (OPI< 0) during Jan 2012– May 
2013 while it is under moderately/heavily polluted 
category i.e. OPI>3 during June 2013-December 
2013. 

 
Figure 1: Variation Of Water Quality Indices In The Different 

Sampling Months (Jan 2013 To Dec 2013) 
 

The concentration of water quality obtained was 
compared with the guideline values for drinking 
water by BIS. It was found that all the parameters 
come under the range as per the BIS guideline, and 
no direct impact on human consumption, except June 
2013 to Dec 2013.  

 
3.1. Relationship between the water quality 
parameters 
In order to find out the possible cause of the water 
pollution in the Ganga River at the study site, 
Pearson's correlation matrix was drawn between 
measured water quality parameters [18]. The 
correlation coefficient among the water quality 
parameters have been performed using SPSS version 
17 by selecting the bivariate significance level 0.05 
and 0.01 as shown in Table 3. A significant negative 
relationship has been found between pH and TDS (r = 
-0.453; p<0.01), which indicates high contribution of 
organic salts, chloride, sulphate, and nitrate anions in 
increased TDS of water. A significant positive 
relationship has been found between SO4 and 
alkalinity (r = 0.266; p<0.01), the plausible 
explanations may be due to sulphate reducing 
bacteria converting sulphate ions to bicarbonate ions 
produce alkalinity [19-20]. Further, DO and pH were 
significantly positively correlated (r = 0.383; p < 
0.01) So pH can be considered as a deciding factor 
for the dissolution of oxygen in water and also 
slightly low pH is favorable for the growth of bacteria 
and hence level of DO found to be low. Nitrate 
nitrogen is positively correlated with chloride (r = 
0.572) and sodium (r = 0.930) (representing 
agricultural runoff). As expected, DO was negatively 
correlated with WT (r = -0.682) because the solubility 
of oxygen in water decreases with increasing 
temperature; nitrite nitrogen was also anti‐correlated 
with DO as nutrients are responsible for the 
eutrophication of freshwater thereby causing  further 
increase in organic matter concentration and oxygen 
demand. Further, study boron (r = 0.998) showed a 
positive correlation with fluoride and therefore it can 
be assumed that B and F originates from the same 
minerals, most likely illitic clay minerals. Moreover, 
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negative correlation with Na and Cl is because of 
high F and B concentrations which are associated 
mainly with alkaline surface waters rich in Na and Cl 
ions. Alkalinity was found to have significant positive 

correlation with Na, NO2-N and NO3-N and had 
significant negative correlation with pH, BOD and 
COD. 
 

 
Table 3: correlation coefficient among the water quality parameters 

 
* Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2-
tailed). 
The results from the WQI study evaluates the critical 
parameters nearby Koteshwar hydroelectric and will 
help environmental planners to design, formulate and 
implement the pollution abatement strategies. 
Therefore, to design any further pollution abatement 
interventions under GAP, it is important to perform 
water quality index. The index will help the planners 
to evaluate the proposed interventions prior to their 
implementation. 
 
CONCLUSIONS 
 
Analysis of river Ganga water downstream of the 
Koteshwar hydroelectric during study period revealed 
that the water of dam was suitable for drinking 
purpose during Jan 2012 to May 2013. From June 
2013 to Dec 2013, the water was severely polluted 
i.e. not suitable for drinking as well as other life 
supporting activities. The result also reveled that 
increased concentration of Na, Cl, NO3 and B may be 
an attribute to increase in pollution in Ganga River. 
Therefore, it can be summarized that the control of 
point sources as well as non-point sources such as 
from the agricultural fields, direct human and animal 
bathing in the river, immersion of idols, etc. of 
pollution are vital to clean the river.  
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