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ABSTRACT

Growing population, intensive agriculture, climate change, water pollution and depleting natural water
resources are the main factors of water scarcity in India. More than 80 percent of sewage water generated
by human activities is discharged into rivers and oceans without any control, resulting in environmental
pollution and greatly affecting human health. Eighty percent of diseases and 50 percent of child deaths
worldwide are related to polluted water. Water plays an important role for living beings and humans.
Therefore, regular water quality monitoring is considered a top priority for all countries in the world.
Water quality monitoring not only helps countries assess and predict pollution, but also provides information
for planning the sustainable use of water resources. Rivers are an important component of both urban and
rural aquatic ecosystems, and rapidly increasing pollution in rivers seriously threatens the safety of these
ecosystems. The degradation of surface water quality due to increasing pollution and climate change has
become a serious concern worldwide. Such degradation threatens the use of water resources, especially
drinking water supplies, and economic development.
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Introduction

The problem of water pollution is a global problem,
which affects human health and living beings
through natural and human processes. At present,
the toxic pollutants generated by human activities
pollute potable water, under which urban water
sewage, agricultural, industrial, waste and pollut-
ants generated by human activities are very harmful
for environmental degradation. Population growth
and economic development have steadily increased
since the 1990s, leading to a decline in surface water
quality in Asia, Africa and Latin America (UNEP,
2016).

The World Water Development Report 2021 on
“Valuing Water” looks at the current status and bit-
ter sweet approach to valuing water across different

sectors and approaches and identifies ways in which
to help attain sustainability. Most of the other state
capitals remained in the same condition. India’s
population is second only to China and the second
most populous country in South Asia, and it also
represents 1/25 of the world’s available water re-
sources (UNEP, 2008). Industrial growth, Soil ero-
sion, animal waste, and the use of pesticides on wa-
ter quality are causing severe water pollution
(Raibahadur, 1999). As summer approaches in In-
dia, water becomes as precious a commodity as
gold. The country has 18 percent of the world’s
population, but only 4 percent of its water resources,
Sewage and water discharge from industrial estab-
lishments are the main sources of water pollution in
the metropolitan area (Carpenter, 1998). Various
scholars have worked under water quality Samant
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Rai (2009), Kumar and Daya (2009), Rajak (2009),
Parmar and Parmar (2010), Chauhan (2012), Kumar
(2021) etc. Some have analyzed the water quality in-
dex.
Study Area: Gorakhpur metropolis is a rapidly
emerging city in the Purvanchal of Uttar Pradesh,
which is situated on the banks of the confluence of
the Rapti and Rohini rivers. The population of this
city was 64148 in 1901 at the beginning of the twen-
tieth century, which increased to 673446 in 2011.
Thus, the expansion of Gorakhpur metropolis is lo-
cated at 26041' to 26050' north latitude and 83020' to
83027' east longitude. According to the 2011 census,
the total population is 673446 population density
4588 per square kilometer, sex ratio 903, total lit-
eracy 83.9 percent, in which male literacy is 88.1
percent and female literacy is 78.7 percent. Along
with the regional expansion of the city, the number
of wards increased, the number of wards in 1961
was 15,17 in 1981,30 in 1991,35 in 1994,60 in 1995.
Presently there are 70 wards in this city but accord-
ing to Gorakhpur Master Plan 2022. There is a pro-
posal to have 80 wards.

Objective

 Quantitative information on physical, chemical
and biological characteristics of water has been
obtained through statistical methods.

 There is a positive relationship between surface
water quality index and population growth.

Materials and Methods

Sample location

Selection of surface water of Gorakhpur metropolis,
under which a sample of 16 selected ponds of zone
and ward was collected, in which Ramgarh Tal is
the main area of the metropolis, selection of its 2
places is 1, Padleganjat the north of Ramgarh Tal 2,
Sahara State, at south of Ramgarh Tal. Selection of 5
ponds in 5 wards under Zone 01 e.g.
Water Quality Parameter: 9 parameters e.g. tem-
perature, pH, biochemical oxygen demand (BOD),
Hardness, Chloride, Alkalinity, Dissolved Oxygen
(DO) were selected to assess the water quality of
Pond water in Gorakhpur metropolis. The minimum
pH value of selected site is 6.2 (Raiganj) and maxi-
mum pH value is 8.9 (Jharkhandi) while the average
is 7.4 in pre-monsoon condition. Biochemical oxygen
demand is identified minimum in Raiganj (4.9 mg/

l) and maximum value found in Jharkhandi (7.5
mg/l). The average value recorded is 6 mg/l during
pre-monsoon. Post-monsoon minimum BOD is
found in Raiganj (4.7 mg/l) whereas maximum val-
ues is found at Jharkhandi (7.3 mg/l) with an aver-
age of 5.9 mg/l. The difference of BOD from pre-
monsoon to post-monsoon is 0.1 mg/l. BOD’s level
as recommended by WHO.

Dissolved oxygen of different ponds of the me-
tropolis is 7.3 mg/l (Jharkhandi) while the maxi-
mum value is 9.8 mg/l (Raiganj) during pre-mon-
soon; the average is 8.7 mg/l. During post monsoon,
the minimum value is 7.6 mg/l (Engineering Col-
lege) and maximum value is found 9.8 mg/l Raiganj
with an average value of 8.6 mg/l.

Conductivity of selected station, i.e. Raiganj is
468.1µmohos/cm which is minimum during this
period and maximum value is 542.9µ mohos/cmat
Jharkhandi with an average 507.9 µmohos/cm dur-
ing pre-monsoon period. Distribution of conductiv-
ity is found minimum at Manvela pond (466.7
µmohos/cm) and maximum at Jharkhandi
Mahadev 545. µmohos/cm with an average 501.3
µmohos/cm during post monsoon season. Distribu-
tion of hardness found minimum at Raiganj (394.6
mg/l) maximum value at Jharkhandi (612.2 mg/l)
with an average value of 499.3 mg/l. The minimum
post-monsoon hardness value is 384.6 mg/l and the
maximum value is 605.2 mg/l while the average
hardness value is 452.7 mg/l.

Concentration of calcium was found below the
WHO standard (50 mg/l) with an average of 48.2
mg/l and 47.5 mg/l during pre and post monsoon
respectively. Whereas in case of magnesium the
similar condition is found as the concentration of
magnesium is also found below the standard (50
mg/l) of WHO. The level of alkalinity found above
the permissible limit of WHO during both pre and
post monsoon season. Spatial distribution shows
that concentration of Alkalinity was found maxi-
mum at Jharkhandi (227.4 mg/l) whereas minimum
was found at Raiganj (110.2 mg/l) with an average
of 167.8 mg/l during pre-monsoon season, but dur-
ing post monsoon season average concentration
level of alkalinity reduces up to 166.4 mg/l.

The increase in TDS is caused by enhanced seep-
age and runoff of rain water. Spatial distribution
shows that Raiganj has minimum concentration of
TDS during both the season i.g. 582.4 mg/l during
pre-monsoon and 588 mg/l during post monsoon,
whereas it is found that Jharkhandi tal has highest
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concentration of TDS, which is recorded 699.2 mg/
l during pre-monsoon and 701.3 during post mon-
soon with an average of 700.2 mg/l. The concentra-
tion of DO, conductivity and TDS of selected water
bodies is more than WHO standard of 5mg/l,300
mg/l,500 mg/l respectively during pre-monsoon
and post-monsoon. The concentration of Calcium,
Magnesium Chloride and Alkalinity during pre-
monsoon is less than WHO standard, but the Level
of total hardnessis above the WHO standard at
Ramgarh Tal, Rustampur, Jharna Tola, Nakha,
Mahesra Tal, Moti Pokharadue to high population
density and water is polluted by domestic sewage.

The water quality index represents the quality of
water in the form of a specific number. The inte-
grated status of numerous water quality parameters
that are appropriate to specific use is reflected in
water quality index (WQI) and it is a single value
which indicate to the water quality(Sisodia and
Moundiotiya, 2006).

The water quality weighted arithmetic index
method (Chauhan and Thakur, 2012) has been used
for calculation of WQI in the present study.

Quality rating (Qi)  =  .. (1)

Vn=  Sampling  Parameter
Vi =  Ideal value
Sn = Standard
The ideal value of surface water is pH value 7.0

and dissolved oxygen value is 14.6 mg per liter and
other standards are zero.

The standard was used to find out the correlation
between relative weight and the value prescribed by
the World Health Organization (WHO).

Relative weight (Wi ) = 1/Si              .. (2)
Calculation of water quality index

Water Quality Index (WQI) = WiQi/Wi .. (3)
WQI = WiQi/Wi=20.4/0.53 =37.71
The water quality index of pre-monsoon and

Fig. 1. Evaluation of Water Quality of the Surface Water Bodies in Gorakhpur City.
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post-monsoon standards are classified into dif-
ferent categories of good (less than 45), moder-
ate (45-65), poor (65-85), severe (more than 85).

During Pre-monsoon water quality index is
found good (less than 45WQI) which includes
Raiganj Talab (37.71 WQI), Muptipur Talab
(41.81WQI) and post monsoon Raiganj Talab
(20.68WQI), Motipur Talab (28.68) due to low
population density. Moderate water quality
index (45-65) is pre-monsoon Muhsurdpur
(53.32WQI), Surajkund Dham (59.69 WQI),
Green City (46.20 WQI) Mahesra Taal
(60.98WQI), Moti Pokhara (60.98WQI),
Manbela Talab (48.69WQI) while during post-
monsoon Water quality index of Moti Pokhara
is moderate. Ramgarh Taal (S1: 81.44WQI,
S2:81.60WQI) Engineering College (83.96WQI),
Jharna Tola (71.93WQI), Rustampur
(66.62WQI), Nakaha Talab (68.89WQI) during
pre-monsoon caught having Poor water qual-
ity index (65-85WQI) while during post-mon-
soon Ramgarh Tal (S1:79.66WQI & S2:
80.15WQI ), Engineering College (81.56WQI),
Jharna Tola (67.58WQI), Rustampur
(74.58WQI) are also within poor category of
water quality. The water quality index is se-
vere (more than 85 WQI) during Pre-monsoon
at Shaligram (95.75WQI) and Jharkhandi Talab
(103.11WQI) due to high population density,
which has a great impact on water quality.
While Jharkhandi Tal (97.28WQI), Jungle
Shaligram (89.46WQI) water quality index is
serious in post-monsoon.

Raiganj water area is the best in Gorakhpur
metropolitan area during both pre-monsoon
and post-monsoon period, in which there has
been a huge decrease of 45.16 percent WQI be-
cause of fresh water dilution during mon-
soonal rain. The water quality index moder-
ately decreases during pre-monsoon to post-
monsoon period at Muhsurdpur (10.52 per-
cent), Muftipur (31.40 percent), Suraj Kund
Dham (16.18 percent), Mahesra Tal (28.09 per-
cent), Moti Pokhara (1.75 percent) and
Manvela (3.19 percent). There is a slightly de-
creases in water quality index from pre-mon-
soon to post-monsoon at Ramgarh Tal S1 (2.18
percent), Ramgarh Tal S2 (1.77 percent), Engi-
neering College (2.85 percent), Jharna Tola (6
percent) while Rustampur water area in-
creased by 11.94 percent. Mahadev Jharkhandi T
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has decreased by 5.65 percent and Jungle Shaligram
by 6.53 percent in pre-monsoon to post-monsoon
conditions in serious water quality index.

Conclusion

The study of different ponds of Gorakhpur me-
tropolis shows that the population density and wa-
ter quality index have a positive relationship. The
water quality index of Raiganj pond in Raiganj ward
of the city is 37.71 WQI before monsoon and after
monsoon is reduced up to 20.68 WQI, it is due to
minimum population density. Gorakhpur metropo-
lis is an emerging metropolis in eastern Uttar
Pradesh, Under which education (Deendayal
Upadhyaya Gorakhpur University, Madan Mohan
Malviya University of Technology, Guru
Gorakshanath University, Ayush University,
Gorakhpur Women’s University), Health (Baba
Raghav Das Medical College, All India Institute of
Medical Sciences, Hanuman Prasad Cancer Hospi-
tal, and District Hospital) and Population immigra-
tion is taking place due to availability of facilities.
Due to which there is excessive population problem
which causes high environmental pollution, as well
as the problem of water pollution increases rapidly
and the water quality index is affected. It is clear that
rapid population growth in the metropolis has a
positive relationship with environmental problems.
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