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Abstract

Water exists in various forms in nature, and monitoring its quality is crucial to determine if it
meets the requirements for its intended purposes. An experiment was conducted to assess the
concentration levels of different water quality parameters. This involved a statistical
regression analysis of thirteen data points from sites along the Gagan River in Moradabad.
The aim was to develop a management strategy for water quality by studying correlations
between various water quality indices. The physico-chemical properties analyzed in the study
revealed that the water in this region is contaminated. A comparison of the measured values
with the World Health Organization (W.H.O.) drinking water standards confirmed that the
water quality does not meet acceptable safety levels for human consumption. Therefore, the
results highlight the need for effective water quality management in the area to protect public
health and the environment. The results of the regression analysis indicate a substantial
correlation between the conductivity of river water and each of the fourteen water quality
measures that were examined. It might be argued that regulating the water's conductivity is a
very effective way to check the quality of Gagan river water in Moradabad. The current study
could be viewed as a first step in managing water quality. Strong environmental policy
implementation and widespread public awareness campaigns are two possible ways to
improve the health of rivers. Modeling water quality is used to assess the health of the Gagan
rivers. This study uses biological and physiochemical characteristics to assess the health of
rivers. Public health, environmental preservation, and river water resource management are
all examined in this study.
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Introduction

For their survival, numerous ancient societies and human settlements depended on the
freshwater supplied by rivers. Approximately 9000 km3/year of world water are used by
human activity. This limited water source has become poisoned due to overuse. Monitoring
river water quality is so essential. To effectively divide water resources and put water
protection measures into action, surface water quality monitoring is necessary (Da Luz et al.
2020, Khatri et al. 2021). Accurately determining the water quality of a river and locating
possible pollution sources are essential for both sustainable water management and pollution
control. Rivers strengthen an economy. The amount of river water is infinite. In addition, they
offer sand mining, transportation, garbage disposal, irrigation, entertainment, sports, and
power. Given that rivers are a significant source of freshwater, their water quality is
significant to the ecosystem (Ighalo et al. 2020, Kumar 2022). Rivers have been severely
contaminated for a long time due to improper trash disposal. Authorities are able to identify
the source and location of pollution, transmit an alarm, and continuously monitor of thanks to
the real-time water quality monitoring system. After the industrial revolution, rivers were no
longer able to filter waste. The quality and use of river water are influenced by both natural
and anthropogenic processes, such as erosion, precipitation, and crustal weathering. Internal
river channels influence the absorption and transportation of pollutants from many sources,
therefore their use is also dependent on them. River pollution is influenced not only by the
connections but also by groundwater flow, inflow and outflow pumps, interflow, seasonal
precipitation, and surface variation (Kharake 2021).

Activities both natural and man-made will have an impact on the quantity and quality of
water, which will change the ecosystem and result in hydrological extremes. Urbanization,
industry, and population growth raise the need for freshwater. The management of freshwater
resources is getting harder as the world's population increases. Water quality modeling is
used to evaluate the general condition of India's rivers (Khatri et al. 2020). This study
evaluates the health of rivers by combining biological, chemical, and physiological aspects.
The northern region of India's public health, environmental preservation, and water resource
management are the main topics of this study (Mokarram et al. 2020).

It is common knowledge that having access to clean water is crucial for maintaining good
health. Every human person on the planet has the basic need for an adequate quantity of
clean, fresh water, but millions of people around the world are said to be without it. The
majority of water-related illnesses and health issues are brought on by insufficient and
careless water resource management (Schot et al. 2022). It is only possible to ensure
equitable access, sustainability, and safe water for all. Using correlation studies and statistical
regression analysis of eight data points from the Gagan River water in Moradabad, the
current study aims to recommend some practical solutions for the management of river water
quality. (Khan, 2005, Madhuri, 2004, Ramamurthy, 2007).

Statistical regression analysis is a useful tool for achieving the correlation between different
elements. Correlation analysis measures how closely certain independent and dependent
variables are related. The analysis provides a mechanism for forecasting or prediction by
seeking to ascertain the nature of the relationship between the variables. (Mulla, 2007,
Draper, 1966, Snedecor, 1967, Kumar, 2005).
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Approximately 38 lac people live in Moradabad, a B class city in western Uttar Pradesh.
Positioned on the banks of the Ram Ganga River, Moradabad rises to an elevation of around
670 feet above sea level. From the Himalaya in the north to the Chambal River in the south, it
is stretched out. 28°20', 29°15', 79°E, and 78°4' are its coordinates. District Budaun is located
north of district Moradabad, district Bijnor and Nainital are located north of district
Moradabad, while district Rampur is located east of the Ganga River. Moradabad's
modernization and population have increased significantly during the last several decades.
The main industries include steel, brass, and various allied ancillaries such as paper mills,
sugar mills, crushers, dye factories, and so on.

The Gagan River rises in a pond in Nazibabad's Harganpur, in the Bijnor district. It travels
around 150 kilometers, passing through Moradabad and J.P. Nagar. It merges with the Ram
Ganga river in Seekanderpur-Patti, southeast of Moradabad. along Moradabad City, two
small rivers—Bann and Karula-I—that originate in the Bijnor district are also combining
along the right bank of the Gagan River. On both sides of the Gagan River are several heavily
populated communities. For thousands of individuals, river water is essential to their
everyday lives. It appears that the water in the Gagan River is extremely contaminated and
unsafe for use by people or animals.

The objective of the study to determine whether or not the rivers' water quality satisfies the
requirements and is thus fit for human consumption. To determine the factors causing
variations in the rivers' water quality and a comprehensive evaluation of Gagan River's
health.

Material and Methods

Following conventional methods and procedures of sampling and estimation, fifteen distinct
physico-chemical parameters of water quality, including conductivity, were measured at
thirteen separate Gagan river water locations in Moradabad (APHA 2012, Merck, 1974). For
the quantitative study, all compounds of Anal R grade were utilized. The Century CP901 pH
meter, Rl 215 R conductivity meter, and Hach spectrophotometer 2010 were utilized, in that
order, to measure the following parameters: pH, conductivity, sulphate, and phosphate. Table
1 provides a brief overview of the sampling locations used for the quantitative estimation of
water quality parameters.

Table 1: Brief description of sampling sites

S.No. [No. and name Noticed activities
of site
1 I, U/S River at Sirsa Manihar Nil
2 I1, Bann river at Sirsa Manihar Occasional bathing and fishing
3 I11,D/S River at Sirsa Manihar Nil
4 IV, River at Taiya-Moda Nil
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5 V, River at Chaudharpur Very occasional funeral
activities

6 VI, River at Malgadda Receives agricultural run off

7 VII, U/S River at Mbd-Dlh bridge Sand digging, cattle bathing and

laundering of clothes

8 VII1, Mixed discharge at Mbd- Nil
DIh bridge

9 IX, D/S River water at Moradabad-DelhiSand digging, cattle bathing
bridge

10 X, U/S River water at Moradabad-SambhalSand digging, cattle bathing and
bridge laundering of clothes

11 [ XI, Mixed discharge at Moradabad-|Nil
Sambhal bridge

12 XIl, D/S River water at Moradabad-Sand digging, cattle bathing
Sambhal bridge

13 [XIII, River water at Seekanderpur-Patti  [Receives agricultural run off

The Karl Pearson's correlation coefficient, or r, is used to find the link between two
parameters, x and y. It can be calculated as follows:
NYXy-2XX)y

= €y

r =
VInE X - (Zx P1InTy’ ~(Zy)]
here, n = number of data points ; x = values of x—variable ;y = values of y-variable
To evaluate the straight—line by linear regression, following equation of straight line can be used —
Y=ax+b )
here, y = dependent variable ; x = independent variable ; a = slope of line; b = intercept on y—axis

NYyxXy-2xxy

a=

nYyx>(Y x )? 3
gndb:y—ax - 4

here, x = mean of all values of x ; y = mean of all values of y
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Using the computer program SPSS, a regression analysis was performed to examine the

relationship between certain water quality measures.

Results and Discussion
The Gagan River's fifteen physico-chemical water quality characteristics are statistically
represented in Table 2 (W.H.0.1984), along with the accompanying W.H.O. standards. In the
research area, there is an urgent need for water quality management, as demonstrated by the
comparison of estimated values of several parameters with World Health Organization
requirements, which revealed contaminated river water for all parameters studied.
Table 2: Data on the quality of water Physico-chemical characteristics and their WHO

standards
S.No | Parameters Units | Dat | Min Max | Sum | Mean | Stand | WHO
a ard Stand
poin Devia | ards
ts tion
1 Conductivity uS/cm | 13 0.398 | 0924 |8.243 |063 |021 |03
2 pH - 13 6.81 |81 97.07 | 746 |046 |7.0-
8.5
3 Chloride ppm 13 13 90 539 41.46 | 26.50 | 200
4 Total Hardness ppm 13 150 230 2364 |181.8 | 27.60 | 100
4
) Magnesium ppm 13 11 90 671 51.61 | 2557 |30
6 Dissolved ppm | 13 0.1 53 364 |28 199 |5
Oxygen
7 Biological ppm | 13 135 |85 6115 |47.03 |31.07 |6
Oxygen Demand
8 Chemical Oxygen | ppm 13 60 270 2062 | 158.6 | 75.68 | 10
Demand 1
9 Total Solids ppm | 13 338 924 7902 | 607.8 | 205.4 | 500
4 1
10 Total Dissolved | ppm 13 260 670 5284 |406.4 |124.3 | 500
Solids 6 3
11 Total Suspended | ppm 13 78 384 3064 | 2356 |121.1 |-
Solids 9 0
12 Free CO2 ppm | 13 61.6 |158.6 | 1526 |117.3 |36.12 |10
8
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13 Alkalinity ppm |13 200 416 3616 |278.1 |88.71 |-

5
14 Phosphate ppm 13 075 |78 555 |4.26 2.90 100
15 Sulphate ppm 13 2 18 106 8.15 6.12 |-

Statistical regression analysis of the water quality indicators produced the following
regression equations, with conductivity serving as the dependent variable for each of the
thirteen river water data points in Moradabad, India.

Regression Equations r, F, S, Equ
correlation | variance standar | ation
coefficient | ratio d error |s

of num
estimat | ber
e
Conductivity=-0.453xpH+4.032 r=0943 |F=41676|S =5
0.04
Conductivity=+0.009xChloride+0.270 r=0972 |F=76.495|S =16
0.03
Conductivity=+0.005xTotal Hardness-0.570 r=0992 |F=428 S =7
0.01
Conductivity=+0.004xMagnesium+0.289 r=0891 |F=16.793|S =18
0.07
Conductivity=-0.058xDissolvedOxygen+0.722 r=0939 |F=25777|S =19
0.03
Conductivity = +0.005xBiological Oxygen | r=0.964 |F=62.610 S =110
Demand+0.354 0.03
Conductivity=+0.002xChemicalOxygenDemand+0 | r=0.932 |F=23.732 |S =11
295 0.04
Conductivity=+0.001xTotalSolids-0.087 r=0.968 |F=68.814|S =112
0.04
Conductivity=+0.002xTotalDissolvedSolids-0.233 | r=0.942 |F=43412 S =113
0.04
Conductivity=+0.002xTotalSuspendedSolids+0.13 | r=0.947 |F=37.880|S =114
7 0.04
Conductivity=+0.002xC0O>+0.002 r=0926 |F=21.89 |S =15
0.04
Conductivity=+0.001xAlkalinity+0.021 r=0968 |F=68285|S =116
0.04
Conductivity=+0.043xPhosphate+0.349 r=0924 |F=31913|S =17
0.04
Conductivity=+0.041xSulphate+0.271 r=0.827 |F=1333 |S =118
0.07
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Mean values were taken into consideration as characteristic values to verify the variations in
order to evaluate the influence of fluctuations on river water quality. The association between
variables is ascertained by correlation analysis. It is a helpful tool for examining correlations
between various variables and for determining the degree and direction of the interactions
between the variables.

A critical and logical analysis of the aforementioned regression equations reveals the
following information regarding correlation studies among different physico-chemical
parameters when conductivity is taken into account as a dependent variable. Conductivity
exhibits a significant correlation with all fourteen water quality parameters: pH, phosphate,
sulphate, alkalinity, total hardness, magnesium, alkalinity, total suspended solids
concentration of water, biological oxygen demand, dissolved oxygen, chloride, free CO2, and
chemical oxygen demand. The regression coefficient, or r, must be equal to or greater than
0.90 or near 0.90, i.e., there is more than 90% association in the data. The degree of
association or correlation between two variables, one of which is considered the dependent
variable, is measured by this correlation coefficient. Regression variables are more relevant
and have a better fit when the regression coefficient value is higher. Significant correlation
also requires low standard error of estimate (S) and high variance ratio (F), both of which
have high values.

One of the most delicate ecosystems on the planet is that of rivers and streams. Rivers contain
intrinsic values that are not dependent on human wishes; these values include environmental,
spiritual, artistic, social, cultural, and economic ones. These river values are determined by
their health. River ecosystems are a crucial component of natural ecosystems (Qu et al.
2020). They establish a connection between terrestrial and aquatic ecosystems through the
exchange of materials, energy, and information. Ecologically significant river environments
support and foster a wide variety of flora and fauna, as well as providing a significant cultural
and scientific legacy. Healthy rivers provide water for drinking, agriculture, and industry,
serve as water purification systems, and are crucial to the biogeochemical cycle (Liu et al.
2021). River health and ecosystems are increasingly being studied in depth for river bank
sustainability. The health of the river depends on its ability to maintain vital functions such
sediment movement, as well as its ability to recover from harm and support the local biota,
including human populations. In general, a river that is in good health may preserve its
natural purity (Varol 2020). A variety of environmental benefits provided by healthy rivers
meet the needs and goals of society. The monitoring and visualization of water quality
through cloud-based data sharing platforms can lead to enhanced environmental management
at watershed sizes. Global issues including urbanization, economic growth, and climatic
variability are causing environmental difficulties that are rekindling worries about the aquatic
ecosystem, especially in the intricate nature-human interaction. Global issues including
urbanization, economic growth, and climate variability are to blame for these issues (Kundu
et al. 2009). Gaining a deeper understanding of the environmental consequences of various
industries is vital to mitigate the associated ecological harms (Singh 2022).

The idea of formally initiating a river health evaluation may have originated in the USA and
some other developed European countries. The idea of river health was first established
legally by the US Clean Water Act (CWA) in 1972. Most countries in the globe today plan to
maintain primary natural resources like rivers through management strategies.
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In many countries, managing rivers is contingent upon the completion of river health
assessments. The river's condition is crucial. Healthy rivers provide opportunities for energy
production, transportation, entertainment, and flood buffers in addition to providing water,
fish, and other consumable goods for industry, agriculture, and drinking water. Rivers lose
their capacity to provide these priceless goods and services when they get ill. An in-depth
assessment of the current state of ecological rivers is necessary to preserve and improve the
health of the river. Yon et al 2022 and others suggest that this process should ideally include
monitoring and assessment.

» The identification of rivers that pose little risk to health.

Determine plausible causes for health issues, like sources of pollutants.

» To provide funding for river restoration top priority and oversee good management practices,
especially in the most underserved catchments.

» To assess the effectiveness of management initiatives, which may be crucial if a substantial
amount of public funds is allocated to improving the health of rivers.

» To make river health reports possible and raise public awareness of the waterway's current
state within the government and the community at large.

» To encompass every vital element of the riverine ecosystem.

Y

Conclusions

Rivers are essential to the wellbeing of human cultures and ecosystems. The rivers that
traverse the Indian peninsula are impacted by pollution, deforestation, and overuse. The
complete health of these rivers must be understood and analyzed for effective management
and conservation. This research looks at the socioeconomic implications and uses water
quality models to assess the condition of India's rivers. As on the correlation analysis, one can
conclude that there is varying degrees of correlation among the readings, offering a fairly
accurate assessment of the water quality.

From the above explanation, it is evident that conductivity is an essential physico-chemical
characteristic of water quality. A strong and significant relationship exists between
conductivity and each of the fourteen studied parameters across all thirteen data points. These
parameters include total dissolved solids, total solids, total suspended solids, pH, phosphate,
alkalinity, biological oxygen demand, dissolved oxygen, chloride, total hardness, free CO2,
and chemical oxygen demand. Additionally, a moderate correlation is observed between
conductivity and two other parameters magnesium and sulphate in the water samples
examined.

Utilizing this methodology will significantly streamline the process of monitoring water
pollution efficiently and cost-effectively, which is crucial for any pollution study aimed at
proposing practical solutions for water quality management. The framework can also be
adapted to explain the roles of other parameters. This study confidently suggests that water
conductivity can be effectively managed to assess the quality of the Gagan River in
Moradabad. Furthermore, this approach can be applied to water quality management in other
locations as well. In the context of river water, this research represents an important initial
step toward achieving equity and sustainability in water resource management.
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Implementing targeted preventative measures can significantly enhance water quality.
Monitoring river systems is essential to ensure that human activities do not compromise
water purity. The use of pesticides that could harm aquatic life along riverbanks is
discouraged to foster aquatic growth and maintain clean water. Establishing wastewater
treatment facilities is a vital step in reducing the volume of wastewater released into these
waterways. Additionally, a robust model for estimating water conductivity based on chemical
data has been developed through stepwise regression analysis. This model identifies how
various chemical parameters uniquely influence conductivity. Such reliable predictions can
aid environmentalists and water resource managers in making informed decisions. Water
quality modeling serves as a valuable tool for evaluating the overall health of rivers in India,
enhancing our understanding of the impact of human actions and guiding effective
management strategies. This research not only contributes to public health and environmental
preservation but also promotes the sustainable management of water resources by aligning
scientific findings with societal needs.
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