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Abstract 

Jhilmil Lake is a fresh water lake located in 
south part of Haridwar, Uttarakhand and 
declared as conservation reserve by Govt. 
of Uttarakhand. Water Quality Index is a 
tool to determine the status of the present 
water quality scenario with respect to 
priority of parameter against weight value 
and to assess the allocation wise suitability 
towards quality of water. Two sampling 
sites were selected along the lake for 
sampling purpose from January to 
December 2013. Water samples were 
analyzed in terms of physico-chemical 
water quality parameters. The overall 
average value of water were found as 
temperature (22 ± 0 .45°C), pH (7.9 ± 
0.25), turbidity (13.4 ± 0.31NTU), total 
dissolved solids (200±0.09 mg/l), 
conductivity (0.58 ± 0.68 µS/cm), DO (6.8 
± 0.13 mg/l), BOD (6.6 ± 0.09 mg/l), COD 
(16.1 ± 0.36 mg/l), alkalinity (102 ± 0.47 
mg/l), total hardness (130 ± 0.32 mg/l), 
sulphate (0.33±0.53 mg/l), phosphate (0.27  

 

 

 

 

 
 

± 0.34 mg/l) and nitrate (0.16±0.45 mg/l). 
The results were compared with standards 
given by WHO and BIS guideline for 
drinking water. All parameters were found 
below the permissible limits for drinking 
water. All observed parameters were found 
under category of good quality. It indicates 
that Jhilmil lake water can be used for 
drinking of swamp deer and other wild 
animals of adjacent area of National park. 
Lake water is also suitable for irrigation 
practices of nearest villagers. 
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Introduction 

Lakes and surface water reservoirs are the 
planet’s most important fresh water 
resources and provide innumerable 
ecological and social benefits (Arain et al. 
2008). Lakes and inland bodies of water 
which are formed in rock basins which are 
various shape and sizes. They act as a 
natural water reservoir and hold a large 
quantity of water which can be used for 
various aspects including hydroelectricity 
(Sarah et al., 2011). Several cities, 
industrial infrastructures and agriculture 
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complexes have been built up in vicinity of 
rivers and other water bodies. Development 
of human communities and increase in 
irresponsible use of water resources has 
deteriorated river and lake water qualities 
(Sanchez and Manuel, 2007). The physical 
and chemical properties of fresh water 
body are characterized by the climatic, 
geochemical, geo-morphological and 
pollution conditions. The water quality 
characteristics influence the ability of 
species living in a given aquatic habitat. 
The quality of surface water is mainly 
affected by natural processes (weathering 
and soil erosion) as well as anthropogenic 
inputs (municipal and industrial wastewater 
discharge). The anthropogenic discharges 
represent a constant polluting source, 
whereas surface runoff is a seasonal 
phenomenon, mainly affected by climatic 
conditions (Singh et al. 2004). Dissolved 
constituents of water bodies are often 
determined as a major component for 
baseline limnological studies. Water 
quality monitoring has a high priority for 
the determination of current conditions and 
long term trends for effective management. 
The supply of clean and safe water has a 
significant effect on the expectation of 
water transmissible diseases (Lerda and 
Prosperi, 1996). 

The water quality index is a mathematical 
instrument which provides a single number 
that expresses overall water quality at a 
certain location and time, based on several 
water quality parameters. Water resource 
professionals generally communicate water 
quality status and trends in terms of the 

evaluation of individual water quality 
variables. While this is readily understood 
within the water resources community, It 
does not readily get translated to 
communities having profound influence on 
water resources. Many researchers of 
developed countries gives criteria of 
definition of water quality of natural water 
bodies (Harkins, 1974, Bolton et al. 1978). 
The present investigation was based on the 
analysis of water quality in relation to 
physico-chemical parameters of Jhilmil 
lake. The lake water is basically used for 
drinking of wild animals and irrigation 
purpose by local marginal farmers. The 
objective of this research was evaluate 
water quality of Jhilmil lake that receives 
agriculture and domestic drainage from 
nearest village throughout the year. 

Materials and methods 

Jhilmil lake is located at Haridwar district 
of Uttarakhand and cover an area of 3800 
ha of reserve forest. It is infested by 
aquatic plants e.g. Typha sp. (common 
bulrush), Lemna sp and Azolla sps. This is 
a natural course of the river Ganga in south 
part of Haridwar. The water samples were 
collected from two sites and stored in a 
clean plastic bottles with screw caps. Study 
was carried out for a time period of twelve 
months from January to December. The 
study sites were selected as site-1 at Jhilmil 
lake and Dudhwa Dayalpur village site-2.  

The physico-chemical parameters included 
temperature (⁰C), pH, conductivity 
(µs/cm), dissolved oxygen (mg/l), 
biological oxygen demand (mg/l), chemical 
oxygen demand (mg/l), alkalinity (mg/l), 
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total hardness (mg/l), sulphate (mg/l), 
phosphate (mg/l), nitrogen (mg/l). For the 
estimation of D.O. and B.O.D. water 
samples were fixed at the sites. All the 
collected water samples were analyzed in 
the laboratory. The collected samples were 
stored at 4°C followed standard procedures 
mentioned in Standard methods for 
examination of water and Waste water 20th 
Edition published by APHA (1998) and 
Chemical and Biological Methods for 
Water Pollution Studies by Trivedi and 
Goel (1986). Temperature was measured 
by using Celsius thermometer (0-110⁰C). 
Turbidity, Electrical Conductivity and pH 
were measured using Jackson Turbidity 
Unit, Conductivity meter and Digital pH 
meter. TDS, Total alkalinity, DO, BOD, 
COD and Total hardness were measured by 
gravimetric and titration method. 
Phosphate, nitrogen and sulphate were 
analyzed by using UV-VIS 
spectrophotometer. 

WQI calculation 

The water quality index was calculated by 
using the standards method of drinking 
water quality. The calculated values were 
compare with the standard and 
recommended by the WHO and BIS. The 
weighted arithmetic index method (Brown 
et al. 1972) was used for the calculation of 
WQI of the water body. 

Calculation of Quality Rating  

(qn): qn is calculated by using the 
following formula: 

qn= 100[(Vn-Vi]/Sn-Vi)] 

Where:  qn= Quality rating for the nth 
water quality parameter. 

Vn= Estimated value of the nth parameter at 
a given sampling station. 

Sn= Standard permissible 

Vi= Ideal value of the nth parameter in pure 
water. Ideal values for all parameters are 
taken zero except pH(7) and DO(14.6) 
(Tripaty and Sahu, 2005). 

Calculation of unit weight (Wn): 
Calculation of Wn for various water quality 
parameters are inversely proportional to the 
recommended standards for the 
corresponding parameters. 

Wn= K/Sn. The overall water quality index 
was calculated by aggregating the quality 
rating with the unit weight linearly. 

WQI = ∑ qn Wn / ∑Wn 

91-100 Excellent water quality 

71-90 Good water quality 

51-70 Medium or average water quality 

26-50 Fair water quality 

0-25 Poor water quality 

 Table 1: Water quality index (WQI) Scale 

 

Results and discussion 

The reported values refer to the mean value 
of water samples collected in the month of 
January to December from two different 
sites of Jhilmil lake. In the present study, 
physico-chemical parameters viz. water 
temperature, turbidity, pH value, electrical 
conductivity, TDS, BOD, COD, DO, 
sulphate, phosphate, nitrate, alkalinity and 
total hardness were tested of lake water, 
which were found between the range of 
BIS/WHO permissible limit. However, the 
details analysis of these parameters is 



Malik & Tomar/Vol. VII [2] 2016/61 - 68 

64 
 

discussed below (Table 2). Water 
temperature plays an important factor 
which influences the chemical and 
biological characteristics of water body. 
High water temperatures increase the 
metabolic oxygen demand, which in 
conjunction with reduced oxygen solubility 
and impact on life cycles of many species 
(RISC 1998). In the study, the water 
temperature of Jhilmil lake varied between 
20⁰C and 22⁰C with an average value of 
21.23⁰C to the lake system. Ahangar 
(2012) observed the approx same 
temperature range 6 to 21⁰C in his study of 
Anchar lake. There is a minute difference 
of the temperature value in site-1 and site-2 
of Jhilmil lake water. The factors like water 
temperature bring about changes the pH of 
water. Most of biological and chemical 
reactions of water influenced by pH. The 
pH of the lake is within the permissible 
limits as prescribed by WHO (2006), EPA 
(2003) for drinking, recreation, agricultural 
and aquatic life. The pH of lake water was 
alkaline values ranges from 7.8±0.25 to 
8.1± 0.27. Basharat et al. (2015) also 
observed 7.8 pH value of Dal lake at 
Srinagar. Specific conductivity is a typical 
way to monitor the performance of water 
purification systems. The conductivity 
provide us a good and rapid measure of the 
total dissolved solids in water (Srivastava 
et al., 2011). Electrical conductivity were 
recorded as 0.51±0.68µS/cm and 
0.65±0.77µS/cm at site-1 and site-2 
respectively in this study. Conductivity of 
water depends upon the concentration of 
ions and its nutrient status. Turbidity 

measurements provide an approximation 
for concentrations of suspended material 
such as clay, sand, silt, finely divided 
organic and inorganic matter, plankton and 
other microorganisms in water. The 
turbidity values were recorded as 
10.7±0.31NTU and 16.2±0.38NTU in 
water sample of both sites.  

Turbidity of  water is caused by suspended 
and colloidal matter. Alkalinity of water is 
mainly due to carbonate, bicarbonates and 
hydroxyl ions. It is an index of nutrient 
status in a water body. The permissible 
limit of alkalinity in the water sample is 
200-600mg/l. The values of alkalinity of 
lake water were 100±0.47m g/l and 
201±0.49mg/l which is under permissible 
limit. Khan and Ishaq, (2013) observed the 
similar trends of alkalinity of river 
Yamuna. The amount of hardness in the 
water sample were recorded 150±0.32m g/l 
and 210±0.35mg/l at both sites. Hardness 
of potable water should less than or equal 
to 10 and 500mg/l respectively. A limit of 
300ppm has been recorded as a desired 
limit and 600ppm as the permissible limit 
for potable water given by BIS (1991). The 
values of total hardness are within the 
limits (<500 mg/l) as prescribed by WHO 
(2004) also for the drinking water 
purposes. Result of present study, total 
hardness average value 180mg/l was 
compared with the given limits by 
BIS&WHO and observed that hardness of 
lake water were under the prescribed limit. 

In natural water, dissolved solids are 
composed mainly carbonate, bicarbonates, 
sulphates, chlorides, calcium, magnesium, 
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sodium, potassium, phosphates, nitrates, 
iron and manganese etc. Total dissolved 
solids increases salinity and changes in the 
ionic composition of water. In the present 
investigation, the values of total dissolved 
solids were recorded at site-1 
200±0.09ppm and site-2 400±0.11ppm 
respectively. Dissolved oxygen is essential 
for water quality and health of a lake. This 
is due to its importance as a respiratory 
gas, and its use in biological and chemical 
reactions (Mustapha, 2008). The presence 
of dissolved oxygen is required for aquatic 
pants and other life forms. Higher rate of 
decomposition of organic matter and 
limited flow of water leads to consumption 
of oxygen is higher in a water body. 
USEPA (1998) defines the healthy water 
value of DO within the range of 5−14.6 
mg/l. If values of DO observed less 5 or 
greater than 14.6, it indicates that the 
impairment of water body. In this study, 
values of dissolved oxygen were observed 
8.4±0.13 mg/l at site-1 and 5.3±0.10mg/l in 
water sample, which was below the 
permissible limit as prescribed by BIS. 

BOD is the most important parameter used 
to estimate the nature of the quality of 
water. The biochemical oxygen demand 
values indicated high concentration of 
biodegradable matter and high oxygen 
consumption by heterotrophic organism. 
The BOD values of lake water were 
recorded as 4.2±0.09mg/l and 9±0.82mg/l. 
BOD values shows that there was a 
significant water pollution in site-2 due to 
some anthropogenic activity. COD 
determines the amount of oxygen required 

for chemical oxidation of organic and 
inorganic matter. High level COD 
indicated presence of all forms of organic 
matter, both bio degradable and non bio 
degradable contributed the degree of 
pollution in lake. During the analysis the 
values of COD were observed 5.3±0.36g/l 

And 18.2±0.51mg/l . In an aquatic, 
environment nitrogen is present in 
combined forms of ammonia, nitrates, 
nitrite and dissolved organic compounds. 
The nitrate level is found in natural water 
bodies is up to 1mg/l and is not toxic. In 
the present study, nitrate values were 
recorded 0.022±0.14 to 0.013±0.14mg/l. In 
the study sites, the amount of nitrate 
concentration of lake water were below the 
permissible limit of WHO (2004) for 
drinking. Nonetheless, in unpolluted waters 
the level of nitrate-nitrogen is usually less 
than 0.1 mg/l (Chapman, 1996). 
Phosphorous is an essential nutrient for 
primary producers, hence act as one of the 
limiting factors for growth of aquatic 
plants. The mean values of phosphate were 
recorded 0.0132±0.40 and 0.418±0.61mg/l 
at site-1 and site-2 respectively. Sulphate is 
an important constituent of hardness with 
calcium and magnesium. It provides an 
objectionable taste at 300-400mg/l 
concentration and naturally occurring anion 
in all kind of water. Sulphate can not be 
removed from drinking water except by 
expensive such as distillation, reverse 
osmosis or electrolytes. In the study, 
sulphate were recorded as 0.307±0.53mg/L 
and 0.366±0.57mg/l in water sample from 
both of the sites. A limit of 200mg/l to 
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400mg/l (desirable limit to maximum) has 
been recommended by BIS (1991). The 
values of nitrate ranges from 0.022mg/l 

and 0.013mg/l were observed in the present 
study that was under WHO standards limit. 

S. 
No Parameters (Units) Sampling Site-

1 
Sampling Site-

2 

Drinking water 
quality standards 

WHO BIS 
1. Temperature(⁰C) 20±0.45 22±0.45 - - 

2. pH 7.8±0.25 8.1±0.27 6.5-8.5 6.5-8.5 
3. TDS(mg/l) 200±0.09 400±0.11 500 1000 
4. Conductivity(µS/cm) 0.51±0.68 0.65±0.77 - 400 
5. Turbidity(NTU) 10.7±0.31 16.2±0.38 - - 
6. Alkalinity(mg/l) 100±0.47 201±0.49 200 - 
7. Hardness(mg/l) 150±0.32 210±0.35 300 500 
8. DO(mg/l) 8.4±0.13 5.3±0.10 - 3-14 
9. BOD(mg/l) 4.2±0.09 9.0±0.82 - - 
11. COD(mg/l) 15.3±0.36 18.0±0.51 - - 
12. Sulphate(mg/l) 0.307±0.53 0.366±0.57 200 500 
13. Phosphate(mg/l) 0.132±0.34 0.418±0.01 - 5 
14. Nitrate(mg/l) 0.022±0.14 0.013±0.10 45 45 
 Table 2: Physico-chemical characteristics (mean value of lake water) 

 

In the present study, nine parameters as 
pH, total dissolved solids, electrical 
conductivity, biochemical oxygen demand, 
total alkalinity, hardness, dissoved oxygen, 
sulphate and nitrate were selected for 
determination of water quality index of  

 

lake for drinking purposes. All values of 
physico-chemical parameters were 
observed under fair and average water 
quality at both sites respectively. There is a 
little involvement of human activities as 
washing and bathing of animals at Site-2. 

S. No. Parameters Observed values Standard 
values(Sn) 

Unit 
weight(Wn) 

Quality rating(qn) Wnqn values 
Site-1 Site-2 Site-1 Site-2 Site-1 Site-2 

1. pH 7.8 8.1 6.5-8.5 0.219 53 73 11.60 15.98 
2. TDS 200 400 500 0.003 40 80 0.12 0.24 
3. Conductivity 0.51 0.65 300 0.371 0.17 0.21 0.06 0.07 
4. BOD 4.2 9.0 5.0 0.372 84 180 31.24 66.96 
5. Alkalinity 100 201 120 0.015 83 167 1.24 2.50 
6. Hardness 150 270 300 0.006 50 90 0.30 0.54 
7. DO 8.4 5.3 5.0 0.372 64 96 23.80 35.71 
8. Sulphate 0.30 0.36 150 0.012 0.20 0.002 0.002 0.00002 
9. Nitrate 0.022 0.013 45 0.041 0.04 0.02 0.001 0.00082 
     ∑Wn= 2.0   ∑Wnqn= 

68.36 
∑Wnqn= 
122.0 

     Table 3: Calculation of water quality index of lake water 
 

Conclusion 

In conclusion the various parameters viz. 
water temperature, transparency, pH value, 
electrical conductivity, TDS, BOD, COD, 
DO, alkalinity, total hardness, phosphate, 
sulphate, nitrogen and total hardness were 
tested of Jhilmil lake water which were 

found between the range of BIS/WHO 
permissible limit. On the basis of water 
quality index grading lake water is not 
polluted because there is not any drainage 
of industrial effluent into lake. Lake water 
is under good quality for drinking and 
irrigation purpose. 
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