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ABSTRACT 

Water an elixir of life. It is needed for drinking, producing food and running industries, generating power and many such 

other activities. The safety of drinking water is important for the health. The safety of drinking water is affected by various 

contaminants which included physico-chemical and microbiological. Such contaminants cause serious health problems. During the 

study it was found that maximum number of physical and chemical parameter were within the desirable limit, as suggested by 

WHO (1984). The objective of the present research is to provide information on the physicochemical characteristics of Potable 

water of Varanasi city of different sources in order to discuss it’s suitability for human consumption. Physicochemical and bio-

chemical aspects of the water have been investigated to assess the quality of water.  
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Water an elixir of life, is also the most important 

and essential component of the protoplasm. Thus life and 

water are inseparable faces of the same coin. It is needed 

for drinking, producing food and running industries, 

generating power and many such other activities. Moreover, 

the limited available clear and unpolluted water is being 

continuously polluted by human being and the availability 

of clear water has become a great problem for human being 

as well as for different kinds of plants and animals. Over 2 

billion people or half of the world’s population have 

suffered from diseased due to drinking polluted water 

(Barbas, 1986).Ground water is one of the most important 

sources of drinking water in India. The most important 

source of drinking water for about 70 percent of Indian 

population is groundwater and is considered less polluted. 

But lack of sanitation, improper waste disposal, faulty well 

construction and lack of water source protection increase 

ground water contamination and 40 per cent or more of the 

disease outbreaks were attributed to polluted groundwater 

consumption. Naturally first serious scientific information 

on water quality appeared from Germany. Water is an 

important substance required by all living organisms and 

for all anthropogenic activities (Khatri, 1985; Dagankar and 

Saksena, 1992; Kumar et al., 2002). 

Hantge (1978) has studies the pollution of Nahe 

river and its tributaries in Germany and showed that high 

pollution level at certain points were due to pouring of 

domestic and industrial wastes. The assessment of pollution 

aspects of various river water has been reported (Palmer, 

1969). Many scientists Ganpati and Alikunhi (1950), 

Ganpati and Chacko (1957), Motawani et al., (1956) and 

David (1959) observed that water of the river Ganga was 

heavily polluted, endangered the health of the people, and 

was detrimental to the fish life. Sengar et al., (1985) have 

studied the pollution load in the river Yamuna at Agra.   

Verma and Mathur, (1971); and Kudesia and Sharma 

(1981) have conducted several studies on the pollution of 

the river water in western Uttar Pradesh and observed great 

changes in the physico-chemical characteristics and further 

studied its effect on the aquatic life. A number of workers 

(Deshmukh et al., 1964; Ray et al., 1966; Rajgopalan et al., 

1970;  Sangu et al., 1984; Singh et al., 1985) have analysed 

and discussed the physico-chemical  characteristics of river 

water at various places. Shukla et al., (1988) reported 

physico-chemical and bacteriological population of river 

Varuna at the sampling sites. The discharge of sewage and 

industrial effluents in river Varuna decreases for 

transparency, DO and increases for BOD, COD, acidity, 

alkalinity, nitrate, phosphate and bacterial population. 

Trivedy (1988) also reviewed the water quality of different 

rivers out of which river the Yamuna is heavily polluted by 

sewage sludge and industrial wastes.  

Gowd et al., (1999) reported the seasonal variation 

of physical, chemical and biological quality of water in a 

tropical Kalyani reservoir near Tirupati. The result indicates 

that there is a wide seasonal variation in the quality of 

water. Mohamed et al., (2000) studied the various systems 

of obstruction, treatment and distribution in the water works 

of Tiruchirapalli Corporation and the physico-chemical 

parameters of the water samples tested are well within the 

Water Quality Standards of WHO, ICMR, ISI and 

CPHEED. Dwivedi (2000) a water quality survey of River 
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Ganga at Varanasi was conducted to assess the water 

quality fluctuations in terms of important physico-chemical 

and bacteriological variables. 

Hussain and Ahmad (2002) measured water 

quality for Pachin River for the three major flow periods. 

The pH, temperature, conductivity, DO, COD, PO4, total 

hardness and alkalinity shows variation for different flow 

periods. Singh and Singh (2003) analyses physico-chemical 

quality of River Ami in relation to discharge of paper mill 

effluent. The high degree of water quality degradation is 

reflected by the changes in values of BOD, COD, DO, 

nitrogen content and chlorides etc in downstream. Rajurkar 

et al., (2003) invested the physico-chemical and biological 

quality of river Umshyrpi at Shillong. The study reveals 

that physico-chemical parameters are within the permissible 

limit that indicates unpotability of water for drinking 

purposes. Correlation between biochemical oxygen demand 

(BOD) and Chemical oxygen demand (COD) has been 

reported by (Kannan and Rajsekharan, 1991). Correlation 

among water quality parameters of groundwater, rivers 

water and industrial effluent has been reported by several 

workers (Nagarajan et al., 1992; Rao, 1993). When 

correlation exists between various water quality parameters 

it would give more idea about water quality parameters and 

the dependence between them. Balasankar et al., 1999, 

reported physico-chemical characteristic of groundwater 

samples collected at different locations in and around 

Guddalore SIPCOT. Dasgupta et al., 2000, monitored 29 

physico-chemical parameters of water from 8 sampling 

point of Raj gangapur municipal area and the value 

obtained were correlated with standards prescribed by 

Bureau Of Indian Standards (BIS), Indian Council Of 

Medical research (ICMR) and World Health Organization 

(WHO). 

MATERIALS AND METHODS 

 Total six sampling sites in Varanasi city were 

selected for the study.  Site I and Site II were selected 

along the bank of the Ganges river. Site I, named as 

University Ghat (Same Ghat) and Sit II, named as Assi 

Ghat is at about 1 km downstream from the site first. Site 

III is a well situated in the same ward around which a large 

number of people take bath and wash their clothes daily. 

They also use this water for drinking. The Well is about 40 

feet in depth. Site IV is a cemented tank situated in a house 

of the ward Karaundi (Varanasi) at a height of about 8 M. 

Site V is a hand pump situated in the ward Sunderpur 

(Varanasi). 

 Site VI is situated in Sunderpur ward (Varanasi). 

There is a common water tap meant for general public. The 

source of the water is river Ganges supplied in the city by 

Jal Nigam of Varanasi city.  

 Samples of water were collected from all the sites 

at monthly interval in the third week of each month from 

Jan. 2000 to Dec. 2000. Five hundred ml reagent bottles 

with ground glass stopper were used after sterilization in 

hot air over at 1600C for one hour. The water samples were 

brought into laboratory in the boxes for the analysis of 

various physico-chemical i.e. pH, acidity, total alkalinity, 

dissolved oxygen (DO), and biochemical oxygen demand 

(BOD). The collection preservation and analysis of these 

samples were carried out following the procedure 

prescribed by APHA (1989). 

RESULTS 

 Water samples were analyzed for temperature, pH, 

dissolved oxygen (DO), Biological oxygen demand (BOD), 

Total alkalinity and Total acidity.  

 The Temperature varied from 18 to 250C at site I 

19 to 240 C at site II, 23 to 260 C at site III, 22 to 300 C at 

site IV, 22 to 260C at site V and 20 to 230 Cat site six. 

During the period of investigation the gradual rise in water 

temperature was recorded from March onwards reaching 

maximum in summer (June) and subsequently decreasing to 

minimum in winter. (Table 1) 

Table 1: Monthly Variation in Temperature 

Site Jan-Apr May-Aug Sep-Dec 

1 18.6 26.7 24.6 

2 18.5 26.8 24.8 

3 23.4 25.7 24.2 

4 21.5 29.7 25.9 

5 22.3 24.5 22.9 

6 19.8 22.3 20 

 In the present study the pH values of water were 

seconded from a maximum of 8.02 at site I during May-

Aug. and to minimum of 7.12 at site III in during Jan-Apr.  

 The mean range of pH of the water in different 

periods of the year are shown in table 2. The pH varied 
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from 7.75 to 8.02 at site I, 7.77 to 7.8 at site II, 7.12 to 7.57 

at site III, 7.2 to 7.57 at site IV, 7.5 to 7.75 at site V and 

7.15 to 7.35 at site VI (Table 2). 

 The DO varied between 6.2 to 9.3 mg/L during the 

year. The lowest DO of 6.2 was observed during Jan-Apr. 

at site V and the highest (9.3 mg/L) during Jan-Apr at site 

IV. The mean seasonal value ranged from 86.22 to 8.32 at 

site I, 6.95 to 8.45 at site II, 6.2 to 7.15 at site V and 7.62 to 

8.2 at site IV. In general the value of dissolved oxygen were 

recorded higher in winter and lower in summer months. 

(Table 3). 

Table 2: Monthly Variation in pH 

Site Jan-Apr May-Aug Sep-Dec 

1 7.75 8.1 7.7 

2 7.8 7.8 7.8 

3 7.2 7.6 7.4 

4 7.2 7.5 7.3 

5 7.6 7.8 7.4 

6 7.1 7.3 7.3 

 

Table 3: Monthly Variation in DO 

Site Jan-Apr May-Aug Sep-Dec 

1 8.3 6.2 7.5 

2 8.5 7 8.2 

3 6.9 7.3 7.9 

4 9.3 8.2 8.5 

5 6.4 6.5 7.2 

6 8.2 8 7.6 

 

 The lowest value of BOD ware observed 0.07 

mg/L and highest were 5.5 mg/L. The seasonal value varied 

from 3.82 to 5.02 mg/L at site I, 4.77 to 5.55 mg/L at site II, 

2.07 to 4.60 mg/L at site III, 0.325 to 0.57 at site IV, 0.65 to 

1.0 mg/L at site V and 0.07 to 0.15 mg/L at site VI (Table 

4). 

Table 4: Monthly Variation in BOD 

Site Jan-Apr May-Aug Sep-Dec 

1 5.01 4.7 3.8 

2 5.6 5.2 4.8 

3 3.6 4.6 2.1 

4 0.4 0.7 0.6 

5 0.6 1 0.7 

6 0.1 0.2 0.2 

 The total alkalinity of water were recorded from a 

maximum of 382 mg/l at site I in the month of  May -Aug  

and a minimum of 129.5 mg/L of site six in the month of 

Jan-Apr. The mean value ranged from 264.25 mg/l to 382 

mg/L at site I, 260.25 to 317.7 mg/L at site II, 162 to 22415 

mg/L at site III, 141 to 194 mg/L at site IV, 140-25 to 

208.56 mg/L at site V and 129.5 to 155 mg/L at site VI 

(Table 5). 

Table 5: Monthly Variation in Total Alkalinity 

Site Jan-Apr May-Aug Sep-Dec 

1 300 357 264 

2 268 331 260 

3 182 162 225 

4 141 165 194 

5 140 178 189 

6 130 150 155 

 

 The total acidity of water were recorded from a 

maximum of 28.75 mg/L at site II in the month of May-Aug 

a minimum of 7,8 mg/L at site VI in the month of May-

Aug. the mean seasonal value ranged from 10.25 to 27.37 

mg/L at site I, 9.85 to 28.75 mg/L at site II, 7.17 to 11.82 

mg/L at site III, 8.05 to 10.15 mg/L at site IV, 8.15 to 11.87 

mg/l at site V and 7.5 to 9.65 mg/L at site VI. (Table 6). 

Table 6: Monthly Variation in Total Acidity 

Site Jan-Apr May-Aug Sep-Dec 

1 10.2 27.2 16.3 

2 9.8 28.7 20.8 

3 7.2 10.8 9.3 

4 8 9.6 10.2 

5 8.2 10.2 11.9 

6 8.4 7.5 9.8 

 

DISCUSSION 

 Temperature may not be that important factor 

because of the wide range of temperature tolerance of 

aquatic biota in non polluted environment, but in the 

polluted river water, rapid temperature changes may cause 

over shoots in the metabolism of the aquatic organisms and 

it may have a profound effect on dissolved oxygen and 

biochemical oxygen demond which subsequently effects the 

aquatic biota of an ecosystems. With increasing water 
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temperature solubility of oxygen is reduced causing 

deoxygenation. During May August water temperature was 

higher because of low water level, low velocity, clear 

atmosphere and greater solar radiation and minimum water 

temperature during January-April and September-December 

months, can be explained on the basis of high percentage of 

humidity, frequent clouds, high current velocity and high 

water levels (Vyas, 1968). It was observed earlier that the 

temperature in the river Ganga in Varanasi ranges between 

17.5-33.0oC (Shukla et al., 1989). Evaluation of water 

temperature in Tiruchirapalli Corporation Water Supply 

shows variation from 27-29oC (Mohamed et al., 1999). The 

present study reveal that there is no wide fluctuations. The 

World Health Organisation (WHO) has not issued limitaion 

on temperature. 

 pH value is an important factor in maintaining the 

bicarbonate and carbonate system and is also reported to 

play an important role in microbial growth (King, 1982). 

The WHO standard for drinking water in relation to pH 

varies between 6.5-9.2. The pH of water of some of eastern 

India ranging between acidic/neutral to alkaline with ranges 

of average values 6.2-10.8 , 6.5-7.5 ,7.0-8.5 (Singh and 

Singh, 1999), 5.9-7.9 (Rajurkar et al., 2003) and 6.4-7.6 

(Hussain and Ahmad, 2002). Adak and Purohit (2000) 

observed that pH values of tap water (7.66-7.68), tubewell 

(7.95-8.03), open well (7.69-7.79) of Rajgangpur, Orissa 

was slightly alkaline. Mohamad et al., (1999) also noticed 

that the pH of corporation water supply in Tiruchirapalli 

varies within the permissible limit. The data of the present 

study showing pH values ranging between 7.1-8.1 

throughout the year at all the sampling site indicate that 

these values are within the permissible limits of both WHO 

and ISI standards. The pH was noted to be in the alkaline 

side throughout the year within minimum mean value 

during the January-April and maximum during May-August 

at site II and I. These data also corroborate the earlier 

observations of Mathur et al., (1988) where the pH values 

in the river Ganga at Varanasi were in the range of 7.2-8.6. 

 Dissolve oxygen is one of the most important 

factor in water quality assessment and reflects the physical 

and biological processes prevailing in the natural water. 

Natural waters contain a number of dissolved gases of 

which oxygen is vital to the flora and fauna in such waters.  

But the amount of DO is not static. Generally, low oxygen 

concentrations are associated with heavy contamination by 

organic matter. In such condition bacteria feed on organic 

matter in an oxidation processes which consume DO, and 

when there is ample oxygen and food supply the bacteria 

multiply rapidly. DO is essential for the metabolism of all 

aquatic organisms that possess aerobic respiratory bio-

chemistry (Wetzel, 1975 and Trivedy, 1984). During the 

study period, changes in oxygen content have been 

recorded. The general, trend of changes in dissolved oxygen 

concentration in different duration is indirectly or directly 

governed by fluctuations of temperature and bio-chemistry 

oxygen demand. Higher values of DO during Jan-Apr at 4 

sites the period during which the water temperature was 

lowest. Thaman (1966) has reported low solubility of 

oxygen at higher temperature which is also in close 

accordance with the present study. Such types of situation 

were clearly seen in case of Ganga samples. Honnan 

(1979), Kudisia and Verms, 1985, Sigh and Singh 2003 also 

observed similar changes. 

 Variation in the values of BOD appeases to be a 

function of changes in the degree of dilution, quantity of 

organic matter and the activities of micro organisms 

carrying out decomposition of carbonaceous and 

nitrogenous matters. Present studies shaved higher values of 

BOD during Jan-Apr at site I and II (Ganga water) and 

lower during Sep-Dec. The highest values of BOD may be 

attributed to the maximum biological activity at elevated 

temperatures, where as the lowest indicated lower 

biological activity. Similar observation were made by Rai 

(1978),  Rao et al., (1985), Sengar et al., (1985), Shukla et 

al., (1988), Sharma and Rajput (1996). The BOD value of 

Site III, IV, V and V ranges from 0.1 ml/L – 4.6 mg/L. The 

elevated level of BOD at site III (well water) is due to 

bathing activity and leakage of wastewater into well. 

However, BOD values of present study are within the 

standards prescribed by WHO (6.0 mg/L).  Similar 

observation was recorded by Mohamad et al., (1999), Rao 

et al., (2001). 

 Acid contribute to corrosiveness and influence 

chemical reaction rates, chemical speciation and biological 

processes. In the present study, two peaks, first during May-

Aug and the second during Sep-Dec were observed. Gowd 

and Kotalah (1999), Abasi and Vinithan (1999) found the 

similar result. It is due to presence of strong mineral acids 

and weak bases. The acidity was recorded to be high at site 

I, II, and III, it is due to high pollution load at these sites. 

Addition of waste water having acidity producing substance 

also increases acidity of water. The values of total alkalinity 
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showed some fluctuations from site to site.  Maximum 

value were recorded for sites I, II and III probably due to 

the input of domestic sewage and other activities near sites. 

Similar results were found by Abbasi et al., (1996), 

Howland et al., (2000) and Adak and Purohit (2000). 

Highest desirable limit of alkalinity concentration for 

drinking water is specified as 200mg/l (ISI, 1991). The 

alkalinity content in water for site IV, V and VI showed that 

values are found to be within the desirable range as per ISI. 

Similar result were recorded by Abbasi et al., (1996), 

Abbasi and Vinithan (1999), Gowd and Kotalah (1999), 

Swamy et al.,(1999), Rao et al.,(2001), Hussain and Ahmad 

(2002) , and Rajurker et al., (2003). 

 It was also observed that maximum alkalinity was 

found during May-Aug followed by Jan-Apr and Sep-Dec 

for most of the sites. Similarily Gowd and Kotalah (2000) 

reported maximum alkalinity during the months before on 

sets of rains. Rajurkar et al., (2003) found the similar result. 

The high value of alkalinity may results from waste 

discharge and accumulation of fatty acids propionates, 

acetates etc. The latter are generated as products of 

microbial decomposition of organic matter present in the 

water body. 

CONCLUSIONS 

 It was observed that the temperature of the water 

changed throughout the year from 18 to 30oC. At site I and 

II, pH showed maximum fluctuation probably because of 

discharge of domestic and industrial sewage. During the 

month of Jan-Apr the lowest Dissolved Oxygen was 

observed at site V while it was highest at site IV. The high 

values of biochemical oxygen demand (BOD) were 

recorded at site II and I due to high organic load. The total 

alkalinity of water was recorded maximum for site I during 

the month of May –Aug and minimum for site VI during 

Jan-Apr. The total acidity of water during the month of 

May-Aug was recorded maximum for site II and minimum 

for site VI. It is well known fact that physicochemical 

studies are unable to explain fully completed problems of 

water pollution. 
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