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ABSTRACT 
In the present analysis, seasonal variation of Physico-chemical parameters of river Ganga at Kanpur, 
India were studied. Samples for one year study (2010-11) were collected from six ghats of the river 
Ganga located in Kanpur city. The collected samples were analyzed for different Physico-chemical 
parameters viz.; temperature, pH, Total Alkalinity (TA), Dissolved Oxygen (DO), Biological Oxygen 
Demand (BOD), Total Dissolved Solids (TDS), Chlorides, Electric Conductivity (EC), Nitrate, 
Phosphate, Magnesium and with respect to Chromium metal contamination. The maximum water 
temperature was recorded in summer season and lowest in winter season. The maximum and 
minimum pH was recorded as 8.7±0.8 and 7.38±0.22 in winter and monsoon respectively. The 
maximum values of TA and DO were 324.5±9.7 and 13.2 ±1.1 mg/l in winter while respective 
minimum values were 261.5±19.88 and 4.31±1.25 mg/l in monsoon. Similarly maximum and 
minimum EC was recorded as 416.5±21.76 and 223±26.72 µs/cm in monsoon and winter 
respectively. The maximum TDS (278.5±23.34) and BOD (29.12±4.58 mg/l) were recorded in 
monsoon and minimum TDS (150.75±3.59 mg/l) and BOD (2.9±0.40 mg/l) were recorded in winter 
season. The low values of DO have adversely affected potability of water in Siddhnath ghat. 
Alarming depletion of DO level in river water is an indication of disposal of industrial effluent, 
tannery effluent and untreated sewage.  The high concentration of chromium metal was observed in 
summer (4.47±1.85 mg/l) at Siddhnath ghat, while lower concentration was observed in winter (0.039 
±0.02 mg/l) at Bithoor ghat. The deterioration in water quality of the river, majorly due to tannery 
effluent and immersion of idol and Tazias, can be observed from Bithoor ghat upstream of Kanpur 
city to Siddhnath ghat at Jajmau downstream of Kanpur.  The results were compared with the WHO 
surface water quality standards. The observed values of major parameters were slightly higher than 
the WHO limits. Therefore the observed water quality suggests that the water could not be used for 
drinking and bathing purposes. It could only be used for irrigation after suitable treatment. 
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INTRODUCTION 
Water is one of the nature’s most important gifts 
to mankind. It is essential and most precious 
commodity for life. Our natural heritage like 
rivers, seas and oceans has been exploited, 
mistreated and contaminated. Water is one of the 
basic needs of the mankind and is a vital resource 
used for various activities such as drinking, 
irrigation, fish production, industrial cooling, 
power generation and many other activities. It is 
important to systematically study the status of 
pollution of the rivers in relation to various 
anthropogenic activities as river water has been  

used as drinking water, for mankind.1 Pollution is 
the creation of wastes by man’s activity and 
nature’s inability to absorb it. Increased human 
activities over the recent past years are imposing 
a greater stress on these ecosystems,2 resulting in 
changing their features. There is a progressive 
deterioration of water quality throughout the 
world. The causative factors responsible for 
degradation of water quality need to be evaluated 
so as to take proper steps before the situation 
becomes worst and uncontrollable. 
The Ganga is one of the important rivers of 
North India. Due to abundant availability of 
water throughout the year, it has played              
an   important   role in the development of Indian  *Author for correspondence 
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civilization and economy. According to Indian 
mythology it is known as a holy river. Its highly 
fertile food grain yielding basin supports 
agriculture to a great extent.  The Ganga river is 
one of the most sacred river in India is being 
polluted by many sources. Rapid 
industrialization resulting in discharging of 
untreated waste water, coupled with massive 
abstraction of water for irrigation, industrial and 
domestic use, are main cause of water quality 
degradation. About 12,222 MLD of domestic 
and 2500 MLD of industrial waste water is 
generated per day in the entire Ganga basin.3 
Pollution of rivers in India has now reached to a 
point of crisis due to unplanned urbanization and 
rapid industrialization.

4,5
 

The main sources of pollution of river Ganga 
at Kanpur are industrial effluents, tannery 
effluents, domestic sewage and cremation of 
dead bodies. The leather industry is major 
industrial contributor for Ganga pollution in 
Kanpur but the main source of pollution is 
human waste. Presently the Sewage Treatment 
Plant (STP) installed to treat sewage from 
Kanpur city is not working to its full capacity. 
Also river flows across the city of Kanpur 
without receiving fresh water from any 
tributary  till it is joined by Kali and Ramganga 
at   Kannauj.   At   Kanpur,  a local river called  

Pandu meets Ganga. Several researchers have 
investigated water quality of river Ganges at 
Kanpur6,7 and other locations in the country.8,9  

AIMS AND OBJECTIVES 
To assess the seasonal variation in the water 
quality of Ganga River through analysis of 
selected water quality parameters and to 
compare the results with the WHO standard. 

MATERIAL AND METHODS 
Study area 
Kanpur is known as Manchester of the East, 
the largest industrial hub of Uttar Pradesh 
State. It is bounded by 26.28degrees North 
latitude and 80.21degrees East longitude. 
Kanpur is situated on the western bank of the 
river Ganga. In Kanpur river Ganga takes entry 
at Bithoor and passing along several ghats, 
takes exit at Jajmau, covering a distance of 24 
kms. In the present paper, water quality of 
river Ganga is reported for surface water 
samples collected at sites namely Bithoor, 
Rani, Permat, Sarsaiya, Nanarao and 
Siddhnath (Fig. 1). The samples were collected 
from six ghats of Ganga at Kanpur during 
summer, monsoon and winter seasons for the 
period since March, 2010 to February, 2011. 
The details of the sampling locations are 
summarized in the following write up. 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 : Study area showing sampling sites 
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Ghat-1 (Bithoor Ghat) 
This ghat is situated at 26.61 degrees North 
latitude and 80.27degrees East longitude of river 
Ganga in Kanpur. Bithoor is on the upstream of 
the river Ganga at a place, where it enters 
Kanpur city. No tanneries are located on 
upstream of this point in Kanpur district. The 
sampling point is being used as bathing ghats by 
small population inhabited around it. It receives 
moderate amount of domestic pollution from 
nearby residential habitation. 
Ghat-2 (Rani Ghat) 
It is situated at 26.29 degrees North latitude and 
80.19 degrees East longitude of river Ganga in 
Kanpur. The upstream of this sampling site 
receives organic load from different sources. 
The river is subjected to various types of human 
activities like washing clothes by laundries, 
bathing and disposal of sewage alongside the 
bank of river. 
Ghat-3 (Parmat Ghat) 
It is situated at 26.29 degrees North latitude and 
80.20degrees East longitude of river Ganga in 
Kanpur. This ghat is in the middle of the stream, 
where an estimated 600 bodies per month are 
cremated or burned and unburned ashes are 
thrown into the river. This causes river water 
unfit for use. It is situated in the middle of city 
and receives domestic sewage as well as 
industrial effluents due to which it is highly 
polluted and completely filled with dirt and filth 
along its side. 
Ghat-4 (Sarsaiya Ghat) 
It is situated at 26.28 degrees North latitude and 
80.21degrees East longitude of river Ganga in 
Kanpur. This ghat is situated adjacent to the 
Kanpur Jail. All the small drains carrying 
sewage through Jail premises find its way to 
Ganga. Beside these drains, also the sewer lines 
of this locality that remain choked most of the 
time, as a result of which the sewage overflows 
and by passes into Ganga. Downstream to this 
location Ganga receives huge amount of 
domestic sewage, because of dense population 
in this area. 
Ghat-5 (Nanarao Ghat) 
This ghat is also known as Massacre ghat 
located in the cantonment area of Kanpur on 
the Southern bank of river Ganges and marks 
the Northern boundary of Kanpur city. It is 

situated at 26.46 degrees North latitude and 
80.33 East longitude of river Ganga in Kanpur. 
It is situated at the end of city where 
population and human disturbances are less. 
Ghat-6 (Siddhnath Ghat) 
This ghat is situated in Jajmau at 26.46 degrees 
North latitudeand 80.35 degrees East longitude 
on the right bank of Ganga river in Kanpur. 
This ghat is situated in between the transport 
bridge and treatment plant on the other side. It 
is the most polluted location due to tannery 
discharge and large amount of untreated 
municipal waste discharge making it most 
chronic polluted area. 
Sampling and analysis 
The water samples were collected from selected 
sampling locations (Fig. 1) in plastic jars, 
properly packed and transported to laboratory 
same day to avoid unpredictable changes in 
physico-chemical parameters. The sample for Cr 
estimation was collected in the glass bottles and 
preserved by adding 2 ml concentrated HCl. The 
laboratory analysis of samples of Ganga river 
was done following standard methods. 
Temperature of water samples was measured 
using glass thermometer and pH and EC was 
measured by using pH meter and conductivity 
meter at sampling site. DO was estimated by 
using Winkler’s method, total alkalinity by 
simple titration method and Mohr’s 
argentometric titration method was used for 
chloride estimation. For chromium concentration 
the sample was prepared by hot acid digestion 
followed by metal estimation through Atomic 
Absorption Spectrophotometer.  
Statistical analysis 
Statistical analysis was carried out using 
statistical package for social sciences10 
(SPSSVersion17).The values (mean and SD) 
were computed, analyzed and presented as 
mean± standard deviation to explain spatial and 
temporal variations between locations and 
seasons respectively. The mean and standard 
deviations are calculated to know the chemical 
parameters which are deviating from WHO 
standard.  

RESULTS AND DISCUSSION 
The present study is devoted for evaluation of 
different physico-chemical parameters of the 
river   Ganga. The results  of samples collected  
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at six locations in the study area are given in 
Table 1 to Table 6. The seasonal variation 
observed in the analyzed parameter at six 
locations of the river from the entry point in 
Kanpur (Bithoor) to the exit point (Jajmau) 
over a stretch of 24 km is discussed for each 
parameter in the following write up. 
Water Temperature (WT) 
The value of surface water temperature was 
observed 17.40±0.19 to 18.25±1.21°C in 
winter season, 26.2±5.05 to 27.1±3.9 °C in 
summer season and 24.7±3.34°C to 
26.0±3.7°C in monsoon at all six ghats. The 
seasonal average value of temperature varied 
between 22.88±5.04°C at Rani ghat (Table 2) 
to 23.74±5.14°C at Permat ghat (Table 3). 
Water temperature was recorded more or less 
similar at all the location (ghats) in a season. 
Seasonal variation was recorded in the 
temperature. Highest values of temperature 
were recorded in summer followed by 
monsoon and winter.11,12 The variation in the 
water temperature may be due to different 
timings of collection and influence of season.13 
pH 
The pH of a water body is very important in 
determination of water quality since it affects 
other chemical reactions such as solubility and 
metal toxicity.14 During the course of study it 
was recorded that pH was always alkaline at all 
the ghats. The alkaline nature of river water may 
be due to high temperature which causes 
reduction insolubility of CO2.15 The seasonal 
average value of pH varied between 7.38± 0.22 
to 8.38±0.29. The highest pH value 8.7±0.08 was 
found in winter at Siddhnath ghat (Table 6) and 
lowest pH value 7.1±0.09 was observed in 
monsoon at Sarsaiya ghat (Table 4). The 
maximum pH was recorded in winter and 
minimum in monsoon during the study period. 
The trend noticed in the present study is in 
accordance with the findings by other workers.16 
In general pH was within the limits of WHO 
standard value. For drinking water, a pH range of 
6.0-8.5 is recommended.17 
Total Alkalinity (TA) 
The value of TA provides idea of natural salts 
present in water.18 TA of water is due to presence 
of mineral salt present in it. It is primarily caused 
by the carbonate and bicarbonate ions.19 Its 
highest   noted   value   was   324.5±9.71  mg/l in  

winter at Nanarao ghat (Table 5) and minimum 
246.0±14.65 mg/l in monsoon at Permat ghat 
(Table 3). The seasonal average value of TA 
ranged between 261.5±19.88 to 285.83±31.44 
mg/l from all the ghats. These values are under 
upper limit prescribed by WHO standard.17 The 
higher values of TA during winter indicate 
greater ability of the river water to support algal 
growth and other aquatic life in this season.20 
During monsoon low values of TA was possibly 
due to dilution of river water with rain water. The 
TA fluctuated in accordance with the fluctuation 
in the pollution load.

21
 Seasonally; the values 

were highest in winter followed by summer and 
monsoon. The results are in concurrence with the 
observations of other investigators.11 
Dissolved Oxygen (DO) 
DO is an important limnological parameter 
indicating level of water quality and organic 
pollution in the water body.22 The value of DO is 
remarkably significant in determining the water 
quality criteria of an aquatic system. In the 
system where the rates of respiration and organic 
decomposition are high, the DO values usually 
remain lower than those of the system, where the 
rate of photosynthesis is high.8 In this study 
maximum DO was recorded, 13.02±1.1 mg/l in 
the winter and minimum 3.52±0.99 mg/l in 
summer. The seasonal average value varies 
between 10.22±2.4 mg/l at Bithoor ghat      
(Table 1) and 4.31±1.25 mg/l at Siddhinath ghat 
(Table 6). The values were in the range of 2-6 
mg/l (WHO standard) at Permat, Nanarao and 
Siddhnath ghat. At remaining three locations the 
DO levels were more than upper limit of 6.0 
mg/l, indicating good DO levels. The present 
study reveals a gradual decrease in DO from 
winter to monsoon. The seasonal variation of DO 
in water depends upon the temperature of the 
water body which influences the oxygen 
solubility in water. Seasonally, the values were 
highest in winter and lowest in summer and 
intermediate values were recorded in monsoon. 
The value of DO during summer months is lower 
due to higher temperature and high rate of 
microbial decomposition of organic matter. 
Maximum values of DO in winter might be due 
to the fact that the solubility of DO increases 
with the decrease in water temperature. DO 
levels are important in the natural self-
purification capacity of the river.23 
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Biological Oxygen Demand (BOD) 
The biodegradation of organic materials exerts 
oxygen tension in the water and increases the 
biochemical oxygen demand.24 In our 
observation maximum BOD was recorded 
29.12±4.58 mg/l in monsoon at Siddhnath ghat 
(Table 6) and minimum value of 2.9±0.403 
mg/l in winter at Bithoor ghat. (Table 1) The 
seasonal average value varies between 
26.83±3.52 mg/l at Sarsaiya ghat (Table 4) 
and 6.59±3.49 mg/l at Bithoor ghat (Table 1) 
was beyond the permissible limit given by 
WHO. Seasonally; the values were highest 
during rains followed by summer and winter.25 
Total Dissolved Solids (TDS) 
The quantity of TDS is in general proportional 
to the degree of pollution. TDS were found 
maximum in monsoon 278.0±23.34 mg/l at 
Permat ghat (Table 3) and minimum in winter 
150.75±3.59 mg/l at Bithoor ghat (Table 1). 
Seasonal average value of TDS varies between 
198.42±39.52 mg/l and 257.83±21.35 mg/l. 
Minimum average value of TDS during 
investigation found at Bithoor ghat (Table 1) 
and maximum at Siddhnath ghat (Table 6), 
which was under maximum allowable limit 
prescribed by WHO standard. Seasonally, the 
values were highest in monsoon and lowest in 
winter and the intermediate values were 
recorded in summer. The present study is in 
accordance with the above observations. 
However, maximum value of TDS was 
recorded during monsoon with respect to river 
Ganga at Ghazipur. 
Chloride 
It is apparent that chloride can be taken as one of 
the indices of water pollution from sewage and 
drains in the vicinity of the towns within the 
drainage basin. Chloride concentration in water 
indicates presence of organic waste particularly 
of animal origin. Chlorides usually occur as 
NaCl,CaCl2, MgCl2 and in widely varying 
concentration in all natural water. The value of 
Chloride was observed 17.97±5.71 to 15.22 ±3.9 
mg/l (maximum) in summer, 17.76±5.42  to 
14.77±4.25 mg/l in monsoon and 12.52 ±2.75  
to10.42±0.57 mg/l in winter in all six ghats. The  
seasonal average value of Chloride varied 
between 15.63 ±4.27 mg/l at Siddhnath ghat 
(Table 6) to 13.12±3.95 mg/l at Nanarao ghat 

(Table 5). All the samples were found within the 
permissible limit prescribed by WHO. The 
chloride reached their maximum value during 
summer at all ghats except Bithoor and minimum 
during the monsoon at all ghats except Nanarao 
and Bithoor. Seasonally, the values were highest 
in summer and lowest in monsoon and 
intermediate value were recorded in winter. 
Electrical Conductivity (EC) 
The EC of water is a measure of capacity of a 
solution to conduct electrical current through it 
and depends on the concentration of ions and 
load of nutrients. As most of the salts in water are 
present in ionic forms, they make water capable 
for conducting current. The conductivity, thus 
serves as a good and rapid measure of the total 
dissolved solids in water. The conductivity 
values of different rivers vary greatly. In our 
observations maximum EC was recorded 
416.5±21.76 µs/cm in monsoon at Nanarao ghat 
(Table 5) and minimum value of 223±26.72 
µs/cm in winter at Permat ghat (Table 3). The 
seasonal average values of EC in all six ghats 
varied between 379.50±66.62 µs/cm at Nanarao 
ghat (Table 5) and 264.83±27.45 µs/cm at 
Bithoor ghat (Table 1). Seasonally, the values 
were highest in monsoon followed by summer 
and winter season. Similar findings have also 
been reported by other researchers.26, 27 
Nitrate 
The Nitrate concentration depends upon the 
activity of nitrifying bacteria. The seasonal 
average value of nitrate ranged between 
0.88±0.086 at Siddhnath ghat (Table 6) to 
0.05±0.01mg/l at Bithoor ghat (Table 1). It was 
noted that highest value 0.66±0.04 mg/l in 
monsoon at Nanarao ghat (Table 5) and 
minimum 0.044±0.01 mg/l in winter at Bithoor 
ghat (Table 1) was within the permissible limit 
given by WHO standard. The highest values 
recorded, in summer at (ghat 2, 4, 6) and in 
monsoon at (ghat 1, 3, 5), whereas minimum in 
winter at all ghats. Higher nitrate values during 
summer may be due to increase in the 
degradation of organic matter by microbial 
activities. Similar observation was recorded by 
other investigator in river Ganga in Haridwar and 
Ghazipur. 
Phosphate 
It is available in the form of phosphate in natural 
waters  and  generally occurs in low to moderate  
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concentration. Agriculture runoff containing 
phosphate fertilizers as well as the wastewater 
containing the detergents etc. tend to increase 
phosphate pollution in water. The seasonal 
average value varies between 0.15±0.016 and 
1.26±0.170 mg/l in all ghats. In the present 
observation maximum phosphate was recorded 
0.9±0.06 in summer at Nanarao ghat (Table 5) 
and minimum value of 0.13±0.009 mg/l in winter 
at Rani ghat (Table 2). Highest phosphates 
values were observed during summer at (ghat 1, 
2, 5) while low values were observed during 
winter in all ghats. It was observed that 
maximum phosphate was recorded 1.34±0.1 
mg/l in monsoon at Siddhnath ghat (Table 6). 
Seasonally; the values were highest in monsoon 
followed by summer and winter. Similar findings 
have also been reported by researcher in 
Ghazipur for Ganga river.  
Magnesium 
Highest value of Magnesium, 19.67±4.82 mg/l 
was   observed   in    summer   at  Siddhnath ghat  

(Table 6) and minimum 6.95±0.88 mg/l in 
winter at Bithoor ghat (Table 1). The seasonal 
average value of Magnesium ranged between 
9.86±3.25 to 16.45±5.06 mg/l from all the ghats. 
Magnesium levels were highest in summer, 
followed by monsoon. Similar observations in 
summer have been made by several 
investigators. The maximum value magnesium 
was found to be below the desirable WHO limit 
in Ganga river. 
Chromium 
In the present study chromium was selected for 
metal observations. The noted highest value of 
chromium was 4.47±1.85 mg/l in summer at 
Siddhnath ghat (Table 6) and minimum 
0.039±0.02 mg/l in winter at Bithoor ghat 
(Table1). The seasonal average value of 
chromium metal ranged between 2.5±1.83 at 
Siddhnath ghat (Table 6) to 0.04±0.021 mg/l at 
Bithoor ghat   (Table 1).  

Table 1 : Seasonal values of physico-chemical parameters in river Ganga during at Ghat1 
(Bithoor Ghat) 

Physcio-
chemical 

parameters 

Seasons (2010-11) 
Average±Sd 

WHO 

Standards Summer±Sd Monsoon±Sd Winter±Sd 

Temperature(oC) 26.4±4.84 24.7±4.16 17.7±1.14 22.96±5.20 NA 

pH 8±.29 7.7±.14 8.47±.12 8.06±.38 6.5-8.5 

TA(mg/l) 257.7±10.04 250.75±12.36 295.75±6.23 268.08±22.50 200-600 

DO (mg/l) 9.5±1.00 8.12±1.41 13.02±1.10 10.22±2.40 2-6 

BOD (mg/l) 9±3.36 7.85±2.35 2.9±0.403 6.59±3.49 3 

TDS (mg/l) 206.7±22.11 237.75±6.39 150.75±3.59 198.42±39.52 250-600 

Chloride (mg/l) 15.22±3.9 16.25±5.22 11.27±1.35 14.25±4.14 250-1000 

Ec (µs/cm) 268±12.67 286±13.25 240.5±9.88 264.83±27.45 NA 

Nitrate (mg/l) 0.055±.009 0.06±.002 0.044±.01 0.05±.010 50 

Phosphate (mg/l) 0.172±.015 0.15±.014 0.14±.01 0.16±.019 0.5 

Chromium (mg/l) 0.056±.001 0.014±.008 0.039±.02 0.04±.021 0.05 

Magnesium (mg/l) 11.55±3.64 11.07±2.77 6.95±.88 9.86±3.25 30-150 
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Table 2 : Seasonal values of physico-chemical parameters in river Ganga during at Ghat2 
(Rani Ghat) 

Physcio-
chemical 

parameters 

Seasons (2010-11) 
Average±Sd 

WHO   
Standards 

Summer±Sd Monsoon±Sd Winter±Sd 

Temperature(oC) 26.2±5.05 24.7±3.34 17.7±1.2 22.88±5.04 NA 

pH 7.9±.36 7.72±.095 8.3±.36 7.98±0.37 6.5-8.5 

TA(mg/l) 268.25±11.23 251.75±11.87 291.75±12.71 270.58±20.26 200-600 

DO (mg/l) 9.27±1.14 6.5±.76 10.42±2.09 8.73±2.16 2-6 

BOD (mg/l) 13.45±2.3 18.75±1.42 13.32±1.8 15.18±3.14 3 

TDS (mg/l) 242.75±24.32 267.75±7.8 208.25±24.28 239.58±31.43 250-600 

Chloride (mg/l) 16.17±3.89 14.77±4.25 11.8±1.5 14.26±3.64 250-1000 

Ec (µs/cm) 272.5±12.79 285.75±29.39 244.5±4.123 267.58±24.64  NA 

Nitrate (mg/l) 0.082±.02 0.078±.013 0.034±.016 0.06±0.027 50 

Phosphate (mg/l) 0.17±.008 0.15±.008 0.13±.009 0.15±0.016 0.5  

Chromium (mg/l) 0.23±.014 0.18±.02 0.174±.016 0.20±0.03 0.05 

Magnesium (mg/l) 12.92±3.94 12.52±3.18 7.97±.09 11.14±3.56 30-150 

Table 3 : Seasonal values of physico-chemical parameters in river Ganga during at Ghat3 
(Parmat Ghat) 

Physcio-
chemical 

parameters 

Seasons (2010-11) 
Average±Sd 

WHO 
Standards 

Summer±Sd Monsoon±Sd Winter±Sd 

Temperature(oC) 26.9±4.5 26±3.7 18.25±1.21 23.74±5.14 NA 

pH 7.8±0.403 7.8±.17 8.3±.17 8.03±0.35 6.5-8.5 

TA(mg/l) 253.25±6.7 246±14.65 285.25±5.188 261.50±19.88 200-600 

DO (mg/l) 4.3±.82 3.8±.31 5.1±.35 4.43±0.76 2-6 

BOD (mg/l) 17.84±4.88 23.35±2.3 15.7±2.79 18.97±4.62 3 

TDS (mg/l) 257±12.44 278±23.34 230±9.41 255.33±25.47 250-600 

Chloride (mg/l) 16.57±5.3 17.76±5.42 11.45±1.6 15.21±4.95 250-1000 

Ec (µs/cm) 291.5±53.49 318.25±49.47 223±26.72 277.58±58.29 NA 

Nitrate (mg/l) 0.296±.07 0.3±.03 0.21±.03 0.27±0.062 50 

Phosphate (mg/l) 0.57±.10 0.62±.06 0.44±.03 0.55±0.106 0.5 

Chromium (mg/l) 0.36±.07 0.2±.05 0.23±.02 0.27±0.08 0.05 

Magnesium (mg/l) 15.87±5.02 14.22±3.6 9±.82 13.03±4.47 30-150 
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Table 4 : Seasonal values of physico-chemical parameters in river Ganga during at Ghat 4 
(Sarsaiya Ghat) 

Physcio-
chemical 

parameters 

Seasons (2010-11) 
Averag±Sd 

WHO 
Standards 

Summer±Sd Monsoon±Sd Winter±Sd 

Temperature(oC) 26.9±4.8 24.8±2.77 17.4±.19 23.10±5.25 NA 

pH 7.3±.05 7.1±.09 7.6±.17 7.38±0.22 6.5-8.5 

TA(mg/l) 271±5.59 254.5±17.29 295.25±9.3 273.58±20.48 200-600 

DO (mg/l) 8.2±.29 8.3±.21 8.92±.41 8.50±0.43 2-6 

BOD (mg/l) 28±3.13 29.12±1.9 23.35±2.56 26.83±3.52 3 

TDS (mg/l) 257.25±19.15 263.5±5.44 227.25±10.71 249.33±20.31 250-600 

Chloride (mg/l) 16.9±4.96 16.32±6.33 10.45±.57 14.56±5.19 250-1000 

Ec (µs/cm) 358±22.58 324.75±34.04 260±37.9 314.25±51.51 NA 

Nitrate (mg/l) 0.1±.02 0.096±.01 0.074±.005 0.09±0.02 50 

Phosphate (mg/l) 0.45±.19 0.54±0.09 0.23±.069 0.41±0.18 0.5 

Chromium (mg/l) 0.64±.03 0.4±.058 0.474±.12 0.51±0.13 0.05 

Magnesium (mg/l) 15.45±3.97 13.75±3.44 9±.95 12.73±3.99 30-150 

Table 5 : Seasonal values of physico-chemical parameters in river Ganga during at Ghat 5 
(Nanarao Ghat) 

Physcio-
chemical 

parameters 

Seasons (2010-11) 
Average±Sd 

WHO 
Standards 

Summer±Sd Monsoon±Sd Winter±Sd 

Temperature(oC) 27.1±3.9 25.2±3.55 18.02±1.25 23.49±5.01 NA 

pH 7.9±.31 8±.18 8.4±.14 8.10±0.30 6.5-8.5 

TA(mg/l) 273.75±8.95 259.25±17.87 324.5±9.71 285.83±31.44 200-600 

DO (mg/l) 4.82±.63 4.15±.58 5.4±.21 4.79±0.71 2-6 

BOD (mg/l) 26.95±3.51 27.95±3.05 21.37±.75 25.43±3.89 3 

TDS (mg/l) 256.75±14.26 268.5±19.67 236±1.91 253.92±18.77 250-600 

Chloride (mg/l) 15.4±4.4 13.3±4.56 10.65±1.21 13.12±3.95 250-1000 

Ec (µs/cm) 403±66.25 416.5±21.76 318.25±61.61 379.50±66.62 NA 

Nitrate (mg/l) 0.62±0.1 0.66±.04 0.52±.07 0.61±0.09 50 

Phosphate (mg/l) 0.9±.06 0.9±.027 0.81±.01 0.88±0.06 0.5 

Chromium (mg/l) 0.78±.07 0.5±.08 0.56±.13 0.62±0.16 0.05 

Magnesium (mg/l) 16.8±4.26 14.52±3.33 9.67±1.45 13.68±4.28 30-150 
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Table 6 : Seasonal values of physico-chemical parameters in river Ganga during at Ghat 6 
(Siddhnath Ghat) 

Physcio-
chemical 

parameters 

Seasons (2010-11) 
Average±Sd WHO 

Standards Summer±Sd Monsoon±Sd Winter±Sd 
Temperature(oC) 26.9±5.01 25.2±3.2 17.8±1.16 23.33±5.19 NA 
pH 8.17±.27 8.27±.17 8.7±.08 8.38±0.29 6.5-8.5 
TA(mg/l) 265.5±8.22 257±21.08 312.75±9.84 278.42±28.67 200-600 
DO (mg/l) 3.52±.99 3.7±.55 5.65±.93 4.31±1.25 2-6 
BOD (mg/l) 24.9±3.03 29.12±4.58 20.12±1.29 24.73±4.84 3 
TDS (mg/l) 267.5±10.66 269.25±24.18 236.75±9.06 257.83±21.35 250-600 
Chloride (mg/l) 17.97±5.71 16.42±2.32 12.5±2.75 15.63±4.27 250-1000 
Ec (µs/cm) 388.5±37.99 395.5±27.01 306.25±19.6 363.42±49.89 NA 
Nitrate (mg/l) 0.93±.05 0.93±.03 0.78±.05 0.88±0.086 50 
Phosphate (mg/l) 1.3±.15 1.34±.10 1.07±.05 1.26±0.170 0.5 
Chromium (mg/l) 4.47±1.85 1.02±.62 1.99±.25 2.50±1.83 0.05 
Magnesium (mg/l) 19.67±4.82 18.15±4.34 11.52±1.35 16.45±5.06 30-150 

Seasonally, the values were highest in summer, 
lowest in winter and intermediate values were 
recorded in monsoon.28-31 Results obtained show 
that chromium metal accumulation is more at 
Siddhnath ghat as compared to Bithoor ghat. 
Chromium was reported in several times higher 
than standard upper limit as given by WHO 
during the study period. 

CONCLUSION 
Physico-chemical characteristics of surface water 
varied according to season. Variations amongst 
the ghats did not adhered to any specific trends. 
It is alarming that the pollution in river Ganga is 
escalating over the years in this stretch at Jajmau 
town due to tannery effluent discharged along the 
river. Continuous immersion of idols of God , 
Goddess and Tazias are among other remarkable 
factors. The pollution level of the river is on the 
rise and can cause serious problems in near 
future. From this study of the surface water 
quality of the river, it is observed that the water 
of Ganga is fast losing its quality from Bithoor to 
+Siddhnath ghat. The river is highly polluted 
because of high total dissolved solids containing 
domestic waste and tannery effluent discharged 
into the river as compared to other ghats   
indicated   by  lower levels of DO. High values 
of Chromium are observed in Siddhnath ghat is 
due to the discharge of tannery wastewater from 
the town into the river. 
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