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ABSTRACT 
Present investigation deals with the qualitative estimation on seasonal variations of physico-
chemical parameters on Kali River at Jhulaghat, India. Various physico-chemical parameters 
such as temperature, transparency, conductivity, TDS, pH, total alkalinity, chloride, free CO2, 
DO were analysed for various seasons from the period of September 2012 to August 2013. The 
present study revealed that these physico-chemical parameters are necessary for judging the 
suitability of water for its prime uses and to improve existing conditions. Correlation between 
the hydrological attributes showed a profound relationship between them. Over the year of time, 
the river has been subjected to study and observe modest human interference and water quality 
was not to be getting deteriorated. 
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INTRODUCTION 
Due to rapid industrialization, urbanization 
and other developmental activities most of the 
Indian rivers are grossly polluted1, 2. Indian 
agriculture receives most of its water from 
rivers, reservoirs and dams etc3. Fresh water 
availability is decreasing at a greater rate with 
increasing pollution. Untreated domestic 
waste flows into the rivers through sewage 
and outfall drain, which increases pollution4. 
One of the most effective tools to monitor 
pollution of the surface as well as ground 
water is a water quality index. Uttarakhand 
has very rich water resources and contains 
enormous rivers, reservoirs of varied sizes. 
Five major rivers, i.e., Kali, Pindar, Gaula, 
Kosi and Western Ramganga make up the 
surface drainage of Kumaun Himalaya. Kali 
River originates from the great Himalayas at 
Kalapaani at an altitude of 3600 m, in the 
Pithoragarh district of Uttarakhand. Kali is a 
glacier fed river making the international 
border between India and Nepal. In India its 
main tributaries are Dhauliganga, Goriganga, 
Saryu and Ladhiya khola. Dhauliganga joins 
Kali at Tawaghat (Dharchula) and Goriganga 

meet with Kali at Jauljibi. At Panchaswer 
river Saryu joins Kali. In the plains of 
Uttrakhand (Tankakpur) Kali is known as 
Sharda river. 
Jhulaghat is a village 38 km far away from 
Pithoragarh between Indo Nepal borders. River 
Kali flows from East to West along Indo Nepal 
border forming an International boundary. A 
small bridge on the river Kali connect India 
and Nepal and making an entry point for the 
people of both countries. A site receives 
garbage from market, sewage from 
municipality, ash of cremation directly mixes 
up with river water. By this the physico-
chemical and biological characteristics of the 
water are gradually changing and producing 
the harmful effect on aquatic biota. In India 
lots of work is done on lotic ecosystems by 
several researchers.5-10 Study related to water 
pollution of river Chambal has received greater 
attention during recent year 11. 

AIMS AND OBJECTIVES 
The objectives of this investigation were to 
explore physical and chemical properties of 
this river water in different months of the year, 
identification of major sources of water 
pollution   affecting  water quality of Kali river  *Author for correspondence 
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and to suggest strategies for maintaining 
ecological integrity and mitigation of water 
pollution. 

MATERIAL AND METHODS 
To analyze physico-chemical parameters, water 
samples were collected fortnightly. Water 
samples were collected during morning hours. 
Jhulaghat sampling site (Fig. 1) was selected. 
The selection was depended on where the water  

most frequently used by the communities for 
drinking and anthropogenic activities, the site 
receiving the sewage, dirt forms washed clothes 
and animal washing activities, fishing activities, 
cremation and other activities in a huge manner. 
Few parameters like water temperature, pH, DO, 
TDS, conductivity, transparency were performed 
at the sampling sites while remaining were 
analysed in the laboratory by following the 
methodology.12-14 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Location map of study area 
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RESULTS AND DISCUSSION 
The prime objective of the study is monthly 
variation in physico-chemical analysis of water 
is to determine water quality and its status. River 
water contains suspended and dissolved 
constituents in varying proportions which has 
different physical and chemical properties along 
with biological activities. The interactions 
between physical and chemical parameters of 
water play essential role in composition, 
distribution and abundance of aquatic 
organisms.15 Water quality may be affected by 
pollution in various ways. The result of seasonal 
variations in physico-chemical parameters 
(Average ±S.D.) of river Kali at Jhulaghat are 
summarized in Table 1 and Table 2. The water 
temperature showed its maximum values in the 
month of May 23.90±0.36 and minimum 
12.83±0.76 in the month of January. 
Transparency of the river was considerably 
higher during winter and summer months, but 
very poor during monsoon. From the results 
obtained, it is noticed that transparency 
fluctuated minimum in the month of August 
18.36±10.23cm to maximum 69±4.58cm in the 
month of April. The pH value, high in winter 
and lower in the summer and monsoon may be 
due to photosynthetic activity. pH lies between 
8.93±0.15 to 7.40±0.10. According to the 
potability standards usually the pH of natural 
water varies between 7.2 and 7.6 and hence 
increased value of pH can result from the 
calcium and magnesium dissolution existing 
which indicates slightly alkaline nature of water. 
The oxygen present in water can be dissolved 
from the air or produced by photosynthetic 
organisms. In the present study, maximum D.O. 
was recorded during winter, moderate during 
monsoon and low during summer. Similar 
results obtained by16. The concentration of 
dissolved oxygen (DO) showed a variation of 
7.66±0.15 mg/l to 11.03±0.25 mg/l and free CO2 
ranged from 1.58±0.16 mg/l in winter to 
4.29±0.02 mg/l in August. Relatively higher 
values of free CO2 were observed during 
August. Due to high summer temperature the 
respiratory activities of aquatic organisms 
accelerated with the process of decay of organic 
matter, resulting in the addition of large 
quantities of CO2 in the water. High level of 
conductivity and cations are the products of 

decomposition and mineralization of organic 
materials.17-19 In the present investigation, 
maximum conductivity was recorded during 
August 340.66±3.05 µs/cm and minimum 
during January 252.66±3.05 µs/cm. Seasonal 
variations in the values of TDS were recorded. 
In monsoon TDS was maximum 170.33 mg/l 
and minimum in winter 126.33 mg/l. The 
highest concentration of alkalinity was recorded 
in September 163.33±1.52 mg/l and minimum 
107.33±2.51 mg/l in July. The highest 
concentration of chloride was recorded 
13.25±1.57 mg/l in July and minimum 
7.35±1.29 in January. From the results obtained, 
it is noticed that the chloride presence in water 
was modest which mean water is desirable. Its 
origin in the water mainly by the mineral 
weathering of rocks as well as due to 
anthropogenic activities which have led to 
serious negative effects on the structure and 
function of these ecosystems. The desirable and 
permissible limit of chloride in water is 250 mg/l 
and 400 mg/l respectively. So the chloride 
content is under the desirable and permissible 
limit, hence water is most frequently used for 
drinking. 
Relationship between hydrological attributes 
The statistical correlation data between the 
hydrological attributes is presented in Table 2 in 
the river Kali at Jhulaghat. Transparency is 
negatively correlated with temperature. pH 
showed an inverse relationship with temperature 
(r= -0.9186), whereas direct relationship with 
transparency. DO showed an inverse relationship 
with temperature (r= -0.8653) but positive 
relationship with transparency (r= 0.6802) and 
pH (r= 0.92554). Free CO2 was positively 
correlated with temperature and negatively with 
transparency, pH and DO. TDS was positively 
correlated with temperature and free CO2 and an 
inverse relationship with DO, transparency and 
pH. Chloride showed a negative relationship with 
transparency (r= -0.6133), alkalinity (r= -0.6007) 
and pH (r= -0.7883). Alkalinity was positively 
correlated with pH, Transparency, DO but 
showed an inverse relationship with temperature, 
free CO2, TDS and conductivity. TDS were 
highly positively correlated with temperature and 
free CO2. The correlation among various 
parameters (Fig.2) and monthly variation in 
parameters shown in Fig.3. 
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Table 1 : Showing average (mean ± S.D.) of physic-chemical parameters in Kali river during September 2012 to August 2013 

Month Temperature 
(0C) 

Transparency 
(Centimeter) pH DO 

(mg/l) 
Free CO2 

(mg/l) 
TDS 

(mg/l) 
Conductivity 

(µs/cm) 
Alkalinity 

(mg/l) 
Chloride 

(mg/l) 

Sep-12 23.13±0.32 47.66±11.47 8±0.26 8.7±0.62 2.78±0.27 136.33±1.52 269.33±8.32 163.33±1.52 10.44±0.41 

Oct-12 22.66±0.15 54.66±2.08 8.1±0.10 8.96±0.15 2.16±0.20 141.66±1.52 283.33±3.05 151.66±1.52 11.06±1.21 

Nov-12 19.46±0.14 61.33±3.05 8.4±0.10 9.76±0.15 2.02±0.01 146±2.0 292±4.0 145.66±2.08 7.59±0.51 

Dec-12 14.46±0.50 64±4.58 8.8±0.10 10.63±0.25 1.88±0.10 132±2.0 264±4.0 140±2.0 9.57±0.16 

Jan-13 12.83±0.76 66±3.0 9.26±0.20 11.03±0.25 1.58±0.16 126.33±1.52 252.66±3.05 146.66±1.52 7.35±1.29 

Feb-13 15.56±0.20 65.66±6.65 8.93±0.15 10.16±0.20 1.67±0.08 132.33±2.51 264.66±5.03 152±2.0 9.08±0.66 

Mar-13 18.4±0.55 65.33±2.08 8.56±0.20 9.53±0.15 2.06±0.02 139±1.0 278±2.0 155.66±2.08 10.84±0.74 

Apr-13 19.53±0.41 69±4.58 8.1±0.10 8.86±0.15 2.55±0.10 142.66±2.08 285.33±4.16 145.33±3.51 12.26±0.31 

May-13 23.9±0.36 65±0.15 7.73±0.15 8.56±0.25 2.70±0.13 148±1.0 296±2.0 135±2.0 10.54±0.20 

Jun-13 23.86±0.15 58.66±0.1 7.4±0.10 8.33±0.20 3.66±0.03 152±2.0 304±4.0 120.33±5.50 12.32±0.71 

July-13 21.73±0.40 23.03±6.54 7.46±0.56 8.03±0.15 3.83±0.16 164±4.0 328±8.0 107.33±2.51 13.25±1.57 

Aug-13 20.8±0.20 18.36±10.23 7.9±0.10 7.66±0.15 4.29±0.02 170.33±1.52 340.66±3.05 117.33±3.05 13.15±1.25 
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Table 2 : Coefficient of correlationship between various hydrological attributes of Kali river during September 2012 to August 2013 

Parameters Temperature Transparency pH DO Free CO2 TDS Conductivity Alkalinity Chloride 

Temperature 1        
 

Transparency -0.3679 1       
 

pH -0.9186 0.5209 1      
 

DO -0.8653 0.6802 0.9255 1     
 

Free CO₂ 0.6521 -0.8070 -0.8380 -0.9028 1    
 

TDS 0.6068 -0.8053 -0.7786 -0.8661 0.9129 1   
 

Conductivity 0.5915 -0.7943 -0.7682 -0.8540 0.9035 0.9993 1  
 

Alkalinity -0.2825 0.6452 0.5985 0.5585 -0.7831 -0.8098 -0.8194 1 
 

Chloride 0.6176 -0.6133 -0.7883 -0.8636 0.8361 0.7528 0.7481 -0.6007 1 
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Fig. 2 : Correlation among various parameters 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : Monthly variation among parameters 

CONCLUSION 
The present investigation concluded that 
physicochemical parameters indicate the 
moderate quality of water and water of the 
study area was not polluted with respect to 
physicochemical assessment. Therefore this 
water can be said potable. 
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