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The Yamuna river has become one of the most polluted rivers in India as well as in
the world because of the high-density population growth and speedy industrialization.
The Yamuna river is severely polluted and needs urgent revival. The Yamuna river in
Dehradun is polluted due to exceptional tourist activity, poor sewage facilities, and
insufficient wastewater management amenities. The measurement of the quality can
be done by water quality assessment. In this study, the water quality index has
been calculated for the Yamuna river at Dehradun using monthly measurements of
12 physicochemical parameters. Trend forecasting for river water pollution has been
performed using different parameters for the years 2020-2024 at Dehradun. The study
shows that the values of four parameters namely, Temperature, Total Coliform, TDS,
and Hardness are increasing yearly, whereas the values of pH and DO are not rising
heavily. The considered physicochemical parameters for the study are TDS, Chlorides,
Alkalinity, DO, Temperature, COD, BOD, pH, Magnesium, Hardness, Total Coliform, and
Calcium. As per the results and trend analysis, the value of total coliform, temperature,
and hardness are rising year by year, which is a matter of concern. The values of the
considered physicochemical parameters have been monitored using various monitoring
stations installed by the Central Pollution Control Board (CPCB), India.

Keywords: water quality index, Yamuna river, physico-chemical parameters, water pollution, Dehradun city

INTRODUCTION

Due to historical, geographical, religious, political, and sociocultural reasons, India has a unique
place in the world Agarwal et al., 2016. Pollution-causing activities have caused severe changes in
aquatic environments over the last few decades. Serious questions have been raised in context to the
safe use of river water for drinking and other purposes in recent times. Numerous contaminants
are playing a major role in polluting the river water. It is one of the main concerns for most of
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the metropolitan cities of developing nations. Rivers play a vital
role in shaping up the natural, cultural, and economic aspects of
any country (Rafig, 2016). The Yamuna river is one such river.
The Yamuna river provides sustenance to ecology and is therefore
considered holy by the people of India. It derives from the glacier
called Yamunotri in the Himalayan ranges. States through which
the Yamuna river flows are the Uttarakhand, Himachal Pradesh,
Uttar Pradesh, Haryana, and Delhi. The Yamuna river is also
divided into several tributaries such as the Hindon, Tons, Giri,
Rishiganga, Hanuman Ganga, Sasur Khaderi, Chambal, Betwa,
Ken, Sindh, and Baghain as it is flowing through several cities.
These cities are the Yamuna Nagar, Delhi, Faridabad, Mathura,
Agra, Etawah, and Prayagraj. It is a tributary of the river Ganges
in India. Two of them together have had substantial importance
in shaping up the history and geography of our country. The
river on which our research primarily focuses is the Yamuna
river. It passes through several states such as Uttar Pradesh,
Himachal Pradesh, Uttarakhand, Haryana, and Delhi. It has a
length of approximately 1,380 km. More than 600 lakh people
are dependent on their living and income on this river (Census
Reports of India 2001, 1971-1991). Such is the greatness of this
river. Our research is based on the Yamuna river in Dehradun
in Uttarakhand.

The process, in which the people from rustic areas shift to
the town areas in search of a brighter future, thus resulting in
a drastic increment in the population of people living in cities,
is called urbanization. As a result, the number of cities and
towns increases exponentially. There is an atrocious amount of
stress on the weakening natural resources. As it is, the natural
resources are facing major deterioration issues considering the
unthoughtful plundering by the people. In the last few decades,
the rate of spread in various segments of the world has been
unprecedented and unimaginable. The proportion of the rate of
infrastructure expansion has not been able to match up to the
pace of urbanization in most cities. The amplified requirement
of water, deficiency of sewage facilities, and scarce wastewater
treatment facilities rigorously affect the water resources, and
change the environment and ecology. Agricultural lands, rural
unpaved areas, and natural wetlands are converted into paved
and impervious urban areas, during urbanization. Augmented
impervious land surface in urbanized areas leads to severe and
radical changes in the natural order of things (Ahmad et al,
2017). There has been a drastic decline in the Yamuna river water
quality since the last few years. The water is highly polluted,
and it is a joint responsibility of the government and all the
citizens to make sure that the Yamuna river is clean again.
The primary step toward understanding and deliberating about
the sorts of water pollution and developing effective reduction
strategies is monitoring (Marale, 2012). Physical, chemical, and
biological compositions determine the quality of water (Allee and
Johnson, 1999). The substances such as heavy metals, pesticides,
detergents, and petroleum form the chemical composition
(Tiwari et al., 2020). Turbidity, color, and temperature comprise
the physical composition, whereas the biological arrangement
includes pigments and planktons. Observation and analysis of
these water quality parameters need sampling from extensively
distributed locations, which is time consuming and requires a

lot of field and lab efforts to come up with statistical results
(Wang et al., 2004; Icaga, 2007; Kazi et al., 2009; Amandeep, 2011;
Duong, 2012; Singh et al., 2013; Nazeer and Nichol, 2015; Shi
et al., 2018).

Conventionally, monitoring-based methods are used to find
out the water quality parameters. They involve wide-ranging field
sampling and expensive lab analysis, which is time inefficient
and can only be accomplished for areas that are smaller (Song
et al., 2012). Hence, these restraints and drawbacks make the
conventional methods challenging for continuous water quality
prediction at spatial scales (Panwar et al., 2015; Chabuk et al.,
2017). For observing and analyzing water quality parameters,
such as turbidity, chlorophyll, temperature, and suspended
inorganic materials, techniques, such as optical remote sensing,
are being used (Pattiaratchi et al., 1994; Fraser, 1998; Kondratyev
et al, 1998). To calculate the measure of solar irradiance
at varied wavelength bands reflected by the surface water,
remote sensing satellite sensors are used (Zhang et al., 2003;
Dwivedi and Pathak, 2007; Girgin et al., 2010; Ronghang et al.,
2019). Amplified demand for water, poor sewage facility, and
insufficient wastewater management amenities, relentlessly affect
the resources of water resources. Models such as hydrological
models have been used to evaluate the effect of numerous
factors in rain-related procedures of the cosmopolitan areas
(Trombadore et al., 2020). Knowledge and information about
interconnections between climate, population, and ecology
are essential for understanding and promoting sustainable
development (Sharma et al., 2020). It also requires better
knowledge of equipment and methodical planning. Proper
management will reduce the degradation of rivers (Shukla et al.,
2018). In this study, we focus on trying to find out contaminants
in the river, finding the water pollution index, and subsequently
enforcing measures to curb water pollution.

Contribution of the Study:

1. In the present study, water samples were collected
every year from the Yamuna river canal in Dehradun,
Uttarakhand, India.

2. The samples have been analyzed for 12 different
physicochemical attributes like ph, BOD, COD, Total
Coliform, Temp, DO, Alkalinity, Chlorides, Calcium,
Magnesium, and Hardness as Calcium Carbonate and TDS.

3. The measurement of the water quality index has been taken
into consideration for the years 2017, 2018, and 2019.

4. Forecasting the pollution trend for the Yamuna river water
from 2016 to 2024.

MATERIALS AND METHODS
Mathematical Model

In this research paper, the water sample of the Yamuna river
is considered for analysis. The 12 physicochemical parameters
in the water are studied and analyzed. The water sample of the
Holy River called the Yamuna river is considered for a certain
period. The ratio of water components mainly Temperature,
Total Coliform, TDS, and Hardness are varied irregularly at
various locations of India. Due to the abrupt changes in the
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water component, the water quality is also changed. In this
research paper, a sampling distribution-based analytical model
called Equipoise Evaluator (EE) is proposed for the discrete
parameter value of the water components. The EE model is
suitable to analyze random discrete parameters. The EE model
can be applied for any kind of sample analysis where the analysis
is based on sample molecules. To analyze the discrete sample in
the form of the symmetric normal distribution for a particular
location, the EE model is applied. In this research paper, the water
sample varies based on the molecules of e water components.
This EE model is also applicable for the analysis of metallurgy
to detect the impurity of the metal. In this research paper, the EE
model is deployed for the water sample of the Yamuna river.

Sampling distribution is proposed to transform the variable at
different levels.

As per the linear transformation

Z =MW, VYW — Zas the column vector of equal size (1)

Now, by applying the Jacobian transformation on a non-
singular matrix M,

Dz

W= |M| for a positive sign (2)

From Equation (2), the relational equation for all connected
differential elements is defined as Equation (3)

dzy dzy......... dz, = |M| dwy dw;.....dw, (3)

dZ = |[M|dW as M is a an orthogonal matrix, and [M = 1|(4)

As M is considered as an orthogonal matrix, hence Z = MW,
which transformed into a quadratic form of preserving from the
standard value.

wiw — zlz
W—=n)(W—=p)—> Z-n)(Z-n¥n=Mu (5)

To determine the dissimilarity distance from a standard sample
value, the partitioning matrix is deployed.

M
M:
M
VM;=mn;xn andZni:n (6)

Assume that matrix M is partitioned into qth numbers,
then M,’M/ =0Vi 75]

As per the partitioning matrix, all q sub-matrices are
orthogonal to each other except orthogonal themselves. Now,
Equation (1) is rewritten as

Zy = MW, s Zgg = MgW (7)

where, Mj,...., My are an exclusive subset of the tested variables.
Applying transformation in Equation (7)

WWwW — Zl/Blzl B T +Zq/Bqu
(W — /L)/ W—=w) — (Z; — 771)/31 (Z1 — 1) F e
+ (24— 1q) Bq (24— 1q) (®)

where, B; = (MiM,'/)_l and n; = Min

Equation (8) determines the transformation of each partition
into quadratic form with exclusive subsets of tested parameters.
In this analysis, M is considered as fully orthogonal, with each
row orthogonal to every other row. The result of transforming all
the variables to test bed data variables of D is then,

where D = g(w1, W2, ccceoes W) 9)

It is considered that the water molecules of the sample water
have symmetric normally distributed for a particular location.

M=

The mean of the water molecules is z = % Wi.
i=1

As per orthogonal transformation

Zziz = Zuiz (10)

where u; = \/tﬁanda =ul4+uwl+..+ uqz.

u; and o are independently distributed. The sample mean
and sample variance of the experimented sample water are
independently distributed.

Water Quality Index and Trend Analysis

The primary focus of this study is to measure and analyze the
drastic changes in the Yamuna river water quality at Dehradun,
Uttarakhand. Standardized and the universally accepted water
quality index (WQI) has been adopted to measure the variation
in water quality of the Yamuna river at the prime location of
the study—Dehradun over 3 years. The standard method has
been used to examine and evaluate the water quality for 12
Physicochemical parameters (TDS, Chlorides, Alkalinity, DO,
Temperature, COD, BOD, pH, Magnesium, Hardness, Total
Coliform, and Calcium). In this study, the water quality index has
been calculated using the different Physicochemical parameters
documented and verified from the monitored locations. The
water quality index (WQI) is stated by

P
WQI = Z Wili

i=1

where Ii signifies the ith water quality parameters, the weight
associated and related to the parameters is denoted by Wi, and
p notifies us about the number of water quality parameters.
This WQI is based on the index introduced by the NSF
(National Sanitation Foundation) (Bhutiani et al., 2016). This
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index is established by the Central Pollution Control board with
different advancements in terms of water quality criteria. The
Water quality index is supported and developed by the National
Sanitation Foundation (NSF) (Brown et al., 1970). It is also
known as NSF-WQI. This water quality index is denoted as

p
WQI = Wigi

i=1

where P denotes the ith parameter measured values, quality
rating is denoted by g;, and the relative weight of the ith
parameters is denoted by w;.

The water quality index arithmetic index was presented
(Cude, 2001). It is a very popular and standard method used by
many investors and researchers in their studies (Ramakrishniah
et al.,, 2009; Ahmad et al., 2012).

In this study, the quality rating can be calculated using the
following equation:

q_{|: Vactual = Videal
={| —
Vstandard — Videal

:| %100}

where g; signifies the ith parameter quality rating for n water
quality parameters, water.

The quality parameters’ actual and definite value is denoted
by Viactual> the parameters ideal value is symbolized by V.., and
the standard value of the parameters, which is suggested by the
WHO, is denoted by Vi,44rd- The ideal values for DO and pH
are 14.6 and 7 mg/L, whereas for the other parameters, it is equal
to zero. After the calculation of quality rating, (relative weight),

Wi has to be calculated by inversing the standard value of the
parameter. Finally, the following equation was used to calculate
the overall water quality index (WQI):

WQI =" qiWi/ ) W

Here, signifying the relative weight and quality rating is
symbolized by Wi and gi.

Trend Analysis

In this study, to forecast the pollution trend analysis, the
linear regression model has been used. According to the linear
regression model, the relationship between the two variables a
and b can be expressed as:

B=x+yA+e

Where x and y are the model parameters, which are known
as regression coefficients, and B is the dependent variable. A is
known as an independent variable, and € is the error variable.
For making a prediction using a linear regression model is

B=x+yA

The parameters x and y are calculated using the
following equations:

a2 b—>a) ab
nY a2 — (3 a)2
_n) ab—) a)'b
 nY. 22— (Y a3

Dehradun location is

considered for the
measurement of WQI for
River Yamuna

Considered 12 Physico-
chemical for the study of
River Yamuna Water
Qality

Data has been collected
for 2017, 2018 and 2019

FIGURE 1 | Flow chart for the methodology used.

Determined the value of
Quality Rating (qi)
annually (2017 to 2019)

Determined the value of
Unit Weight (Wi) annually
(2017 to 2019)

Water Quality Index has
been calulated using
Weight Arithmetic Water
Quality Index Method

Forcasting the trend of
Total Coliform in water of
River Yamuna upto 2024

Forcasting the trend of
Hardness of River Yamuna
water upto 2024

Forcasting the trend of
TDS in water of River
Yamuna upto 2024
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Methodology

The flow chart for the methodology used is shown in
Figure 1. The water quality index is calculated using the
weight arithmetic water quality index method, which has
been discussed in the Water Quality Index and Trend
Analysis section.

The value of the water quality index has been compared with
the standard values of WQI, which is shown in Table 1. The water
quality rating is divided into five categories. The range from 0 to
25 is coming under (A) grading with excellent water quality, the
range from 26 to 50 is for grading (B) with good water quality,
and respectively, (C), (D), and (E) gradings are categorized for
different WQI values (Chauhan and Singh, 2010).

Dataset Collection

The most populous city of Uttarakhand is Dehradun also spelled
Dear Doon. It is the capital of Uttrakhand, which is one among
the 28 states in India (Figure 2). It is famous for its Doon Basmati
Rice. Dehradun city has famous institutions like IMA (Indian
Military Academy) regarded as one of the best officer training
academies in India, Forest Research Institute, Indian Institute
of Petroleum, and the famous ONGC training institute. This
city is also famous among the tourists. It has many adventurous
activities like rafting, bungee jumping, paragliding, etc. (Rafiq,
2016). The city is located about 255km from New Delhi and
168 km from Chandigarh. The climate condition of Dehradun
is humid, subtropical, and a summer temperature can reach a
maximum of 44°C. This city is also located very close to Nainital,
which has the famous Jim Corbett National Park attracting
many tourists (Bhutiani et al., 2015).

The present study was undertaken for a period of 3 years
from 2017 to 2019 to check the water quality analysis for the
physicochemical attributes below. In the present study, water
samples were collected on a yearly basis from the Yamuna
river canal in Dehradun, Uttarakhand, India. The samples were
analyzed for 12 different physicochemical attributes like ph,
BOD, COD, Total Coliform, Temp, DO, Alkalinity, Chlorides,
Calcium, Magnesium, and Hardness as Calcium Carbonate, and
TDS (Tyagi et al.,, 2020). The Yamuna river plays a very crucial
role in Dehradun’s geography. The Yamuna river is severely
polluted and needs urgent revival. The river passes through
Uttarakhand. Uttarakhand has always been a tourist spot and
experiences heavy tourists perennially, and Dehradun, being the
capital city, also bears the brunt. The Yamuna river in Dehradun
is polluted due to the exceptional tourist activities. Dehradun

TABLE 1 | The standard values of water quality index (WQI) using weight
arithmetic water quality index method.

Grading wal value Water quality rating
A 0-25 Excellent

B 26-50 Good

C 51-75 Poor

D 76-100 Very poor

E Above 100 Unsuitable for drinking

is also famous for the Kumaoni Holi, Jhanda Fair, Tapkeshwar
Mela, and Bissu Mela. A lot of waste materials are dumped into
the Yamuna river, and they contaminate the river. Water might
be untreated for long spans of time. Also, a lot of industries—
primarily biotechnology and food processing, are set up in
Dehradun; they also mindlessly dump their waste in the Yamuna
river. Industrial waste is not fully responsible for the pollution,
but some poor sewage systems and human activities are also
responsible for it (Bhutiani and Khanna, 2007).

Dehradun is a home to many agricultural and horticulture
activities such as rice, litchi, and tea plantations. Agricultural
waste also plays a major role in polluting the Yamuna river
in Dehradun. The pollution is also increased by the excessive
usage of insecticides and pesticides (Tiwari et al., 2020). There
are also people who wash their clothes, utensils, and defecate
in or around the river, thus leading to pollution. The stretch
of the Yamuna river in Dehradun thus has a lot of coliform
bacteria. Government projects such as road construction might
also be responsible for dumping waste, although rules have
been drastically upgraded in the last two decades or so. Some
cattle washing activities and religious activities also polluted the
Yamuna river (Bhutiani et al., 2018).

RESULTS AND DISCUSSION

The study aims to examine the alteration in the quality of water
of the Yamuna river at Dehradun in the year 2017. Water quality
index (WQI) is going to be used in the study so that the changes
and variations in the quality of water of the Yamuna river can
be measured. The conventional method by which inspection can
be done for the water quality has 12 physicochemical parameters
(TDS, Chlorides, Alkalinity, DO, Temperature, COD, BOD, pH,
Magnesium, Hardness, Total Coliform, and Calcium). These
parameters will be measured carefully, and their respective value
will be found. So, the standard value and observed value will
be compared with each other, and the variation is going to be
measured between them. By this variation, identification of the
quality of water can be done.

Measurement of Physicochemical

Parameters at Dehradun for 2017
Water samples have been taken at different months for the
year 2017 (Table 2). The mean and standard deviation for the
measured values have been also calculated. The mean is the
number found by summing every data point and dividing by the
number of data points. It is also called average. The standard
deviation is defined as the number that is going to tell about
the measurements for a group that is spread out from the mean
or expected value. A low standard deviation signifies that many
numbers are very close to the mean (Bisht et al., 2017). A high
standard deviation signifies that the numbers are very much
spread out. So, the accurate value for the quality of water can be
found out easily using this.

The maximum value of pH is in the month of January when
the water is a little more basic, and the minimum value is in July
when it is less basic. The mean pH is 7.735, and the standard
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deviation is 0.086986589. The maximum value of the biochemical
oxygen demand (BOD) is in January, which indicates more
polluted water, and the minimum value is in the months of April,
July, and October, which indicates less polluted water. The mean
of BOD is 1.05, and the standard deviation is 0.1. The maximum
value of COD is in January and October, which indicates a large
quantity of oxidizable organic materials in the sample, and the
minimum value is in April and July which indicates a lesser
quantity of oxidizable organic materials in the sample. The mean
COD is 5 and the standard deviation is 1.154700538.

The maximum value of Total Coliform is in July, which
indicates that the water-borne illness is increased, and the
minimum value is in October which indicates that the water-
borne illness is decreased. The mean of Total Coliform is 65,
and the standard deviation is 17.32050808. The maximum value
of Temp is in July, which indicates increased chemical reactions

generally, and the minimum value is in January, which indicates
decreased chemical reactions. The mean of Temp is 17.75,
and the standard deviation is 2.62995564. The maximum value
of DO is in October, and the minimum value is in January,
April, and July. The mean of DO is 8.7, and the standard
deviation is 0.2. The maximum value of Alkalinity/visual titration
CaCOs3 is in July, which indicates greater buffering capacity
against pH changes, and the minimum value is in April, which
indicates lesser buffering capacity against pH changes. The mean
of Alkalinity/visual titration CaCOj3 is 64, and the standard
deviation is 5.887840578. The maximum value of Chlorides is
in July, which indicates body-related diseases, and the minimum
value is in April and October. The mean of Chlorides is 5.75,
and the standard deviation is 0.9574271078. The maximum value
of Calcium as CaCOj3 is in July, which has a positive effect on
the body, and the minimum value is in April, which has a lesser

FIGURE 2 | Map for considering location for Yamuna, Dehradun (https://www.bcmtouring.com/forums/thread).
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TABLE 2 | Physicochemical parameters and water quality analysis at Dehradun for 2017.

January April July October Mean ST DEV Observed  Standard Unit weight (Wi) Quality Wiqi
value (vi) value (Si) rating (qi)
pH 7.82 7.78 7.62 7.72 7.735 0.086987 7.7 8.5 0.219 49 11
BOD (mg/L) 1.2 1 1 1 1.05 0.1 1.1 5 mg/L 0.3723 21 7.8
COD (mg/L) 6 4 4 6 5 1.154701 5 25 0.00468 20 0.1
(WPCSR)

Total Coliform (MPN/100 ml) 60 60 90 50 65 17.32051 17.32051 50 — — —
Temp (°C) 14 19 20 18 17.756  2.629956 18 25 0.00468 71 0.3
DO 8.6 8.6 8.6 9 8.7 0.2 8.7 5 mg/l 0.3723 61 23
Alkalinity/visualTitration CaCOg 64 58 72 62 64 5.887841 64 120(WPCSR) 0.000975 53 0.1
Chlorides 6 5 7 5 5.75  0.957427 5.8 250 mg/! 0.0074 2.3 0
Calcium as CaCOg 44 36 46 38 4 4.760952 4 75 mg/l 0.025 55 1.4
Magnesium as CaCOg 30 32 36 32 325 2516611 2.516611 50 - - -
Hardness as CaCOg 74 68 82 70 735  6.191392 74 200 0.0062 37 0.2
TDS 76 72 105 82 83.75 14.75071 84 500 mg/! 0.0037 17 0.1
308 1.01624 386 44

waQl 42.87

positive effect on the body. The mean of CaCOj3 is 41, and
the standard deviation is 4.760952286. The maximum value of
Magnesium as CaCOj3 is in July, which has a positive effect on
the body, and the minimum value is in January, which has a
lesser positive effect on the body. The mean of Magnesium as
CaCOs3 is 32.5, and the standard deviation is 2.516611478. The
maximum value of Hardness as CaCOj3 is in July, which has a
good effect on the body, and the minimum value is in April. The
mean of Hardness as CaCQOs is 73.5, and the standard deviation
is 6.191391874. The maximum value of TDS is in July, which
specifies more toxic minerals, and the minimum value is in April,
which specifies less toxic minerals. The mean of TDS is 83.75, and
the standard deviation is 14.7507062. Water quality index (WQI)
was used for the evaluation of the variation in the water quality
of the Yamuna river at Dehradun over 3 years. The standard and
prescribed methods have been used to analyze the water quality
for 12 physicochemical parameters (TDS, Chlorides, Alkalinity,
DO, Temperature, COD, BOD, pH, Magnesium, Hardness, Total
Coliform, and Calcium). Calculations have been performed using
the standardized formula and mathematical models. Detailed
calculations and methodology have been used to find the water
quality index as accurately as possible. The WQI of the Yamuna
river in Dehradun for the year 2017 was 42.87 (Table2).
According to WHO, the WQI should be below 60 for its quality
to be at least fair. Here, it can be easily concluded that the
Yamuna river is polluted, but it is still revivable. Developmental
and maintaining efforts can be adopted to make the Yamuna river
clean again and improve the WQI drastically.

Total coliform is positively correlated with CaCO3, chlorides,
and hardness of CaCOj3.Temp is positively correlated with the
magnesium of CaCO3; and TDS and negatively correlated with
pH, BOD, and COD. DO is positively correlated with COD
and negatively correlated with chlorides. Alkalinity is positively
correlated with chlorides, TDS, hardness, and the magnesium
of CaCO;3; and negatively correlated with pH. Chlorides are

positively correlated with calcium and hardness of CaCO3 and
negatively correlated with pH and DO. Magnesium (CaCO3) is
positively correlated with hardness and TDS, and negative with
pH, BOD, and COD. Hardness (CaCOs3) is positive for TDS,
Chlorides, Magnesium, and negative for pH. TDS is negative
for pH and positive for all. The dendrogram and graphical
representation for physicochemical parameters at Dehradun
for 2017 are plotted between the months (January, April,
July, and October) and the parameters [TDS, Total Coliform
(MPN/100ml), Alkalinity/visual titration CaCOs3, Hardness as
CaCO3, Calcium as CaCO3, Magnesium as CaCO3, Temp, BOD,
pH, DO, COD, and Chlorides] (Figures 3, 4).

Cluster 1 (blue) represents lightly polluted, and the parameters
include TDS, Total Coliform (MPN/100ml), Alkalinity/visual
titration CaCQj3, and Hardness as CaCQs;. Cluster 2 (red)
represents moderately polluted, and the parameters include
Calcium as CaCOs3, Magnesium as CaCO3, Temp, BOD, pH, DO,
COD, and Chlorides. Cluster 3 (black) represents heavily polluted
and the parameters include Total Coliform (MPN/100ml),
Alkalinity/visual titration CaCO3, Hardness as CaCOs3, Calcium
as CaCOs3, Magnesium as CaCO3, and Temp.

Measurement of Physicochemical

Parameters at Dehradun for 2018
Water samples have been taken in different months for the year
2018 (Table 3). Mean and standard deviation for the measured
values have been also calculated. The maximum value of pH is
in October so the water is a little more basic, and the minimum
value is in January, which means the water is less basic. The
mean pH is 7.6325, and the standard deviation is 0.420585. The
maximum value and minimum value of BOD are equal every
month. The mean of BOD is 1, and the standard deviation is 0.
The maximum value of COD is in April indicating a large
quantity of oxidizable organic material in the sample, and the
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FIGURE 3 | Dendrogram for physicochemical parameters at Dehradun for 2017.

minimum value is in January, July, and October indicating a
lesser quantity of oxidizable organic materials in the sample.
The mean of COD is 4.5, and the standard deviation is 1.
The maximum value of Total Coliform is in July indicating
the water-borne illness is increased, and the minimum value
is in January, April, and October indicating the water-borne
illness is decreased. The mean of Total Coliform is 50, and
the standard deviation is 20. The maximum value of Temp is
in July indicating increased chemical reactions generally, and
the minimum value is in January indicating decreased chemical
reactions. The mean of Temp is 18.25, and the standard deviation
is 1.707825. The maximum value of DO is in April, and the
minimum value is in January and July. The mean of DO is 8.85,
and the standard deviation is 0.251661. The maximum value
of Alkalinity/visual titration CaCOj3 is in July indicating higher
buffering capacity against pH changes, and the minimum value is
in April indicating lower buffering capacity against pH changes.
The mean of Alkalinity/visual titration CaCOj3 is 64.5, and the
standard deviation is 6.608076.

The maximum value of Chlorides is in January, July, and
October indicating body-related diseases, and the minimum
value is in April. The mean of Chlorides is 5.75, and the standard
deviation is 0.5. The maximum value of Calcium as CaCQj is in
July, which has a positive effect on the body, and the minimum
value is in January, April, and October, which has a less positive

effect on the body. The mean of CaCOj3 is 41.5, and the standard
deviation is 3. The maximum value of Magnesium as CaCO3 is in
July, which has a positive effect on the body, and the minimum
value is in April, which has a less positive effect on the body. The
mean of Magnesium as CaCO3 is 33, and the standard deviation
is 2.581989. The maximum value of Hardness as CaCO3 is in July,
which has a good effect on the body, and the minimum value
is in April. The mean of Hardness as CaCOj is 74.5, and the
standard deviation is 5.259911. The maximum value of TDS is in
July specifying the presence of toxic minerals, and the minimum
value is in January specifying the presence of less toxic minerals.
The mean of TDS is 87.5, and the standard deviation is 15.60983.

Water quality index (WQI) was used in the evaluation of
the variation in water quality of the Yamuna river at Dehradun
over 3 years. The standard and prescribed method has been
used to analyze the water quality for the 12 physicochemical
parameters (TDS, Chlorides, Alkalinity, DO, Temperature, COD,
BOD, pH, Magnesium, Hardness, Total Coliform, and Calcium).
Calculations have been performed using the standardized
formula and mathematical models. Detailed calculations and
methodology have been used to find the water quality index
as accurately as possible. The WQI of the Yamuna river in
Dehradun for the year 2018 was 40.47 (Table 3). According
to WHO, the WQI should be below 60 for its quality to
be at least fair. Here, it can be easily concluded that the
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TABLE 3 | Physicochemical parameters and water quality analysis at Dehradun for 2018.
January April July October Mean ST DEV Observed  Standard Unit weight (Wi) Quality Wiqi
value (vi) value (Si) rating (qi)
pH 712 7.64 7.62 8.15 7.6325 0.420585 7.6 8.5 0.219 42 9.2
BOD (mg/L) 1 1 1 1 1 0 1 5 mg/L 0.3723 20 7.4
COD (mg/L) 4 6 4 4 4.5 1 4.5 25 0.00468 18 0.1
(WPCSR)
Total Coliform (MPN/100 ml) 40 40 80 40 50 20 50 50 — — —
Temp (°C) 16 19 20 18 18.25 1.707825 18 25 0.00468 73 0.3
DO 8.8 9.2 8.8 8.6 8.85  0.251661 8.9 5mg/l 0.3723 60 22
Alkalinity/ visual titration CaCOg 64 56 72 66 64.5  6.608076 65 120 0.000975 54 0.1
(WPCSR)
Chlorides 6 5 6 6 5.75 0.5 5.8 250 mg/! 0.0074 2.3 0
Calcium as CaCOg3 40 40 46 40 41.5 3 42 75 mg/| 0.025 55 1.4
Magnesium as CaCOg 32 30 36 34 33 2.581989 33 50 — — —
Hardness asCaCOg 72 70 82 74 745  5.259911 75 200 0.0062 37 0.2
TDS 76 78 110 86 87.5 15.60983 88 500 mg/ 0.0037 18 0.1
1.01624 379 41
wal 40.47

Yamuna river is polluted, but it is still revivable. Developmental
and maintaining efforts can be adopted to make the Yamuna
river clean again and improve the WQI severely. Moreover,
it is a positive sign that the WQI of the Yamuna river
has improved greatly for the year 2018 compared to the
year 2017.

The dendrogram and graphical representation for the
physicochemical parameters at Dehradun for 2018 are plotted
between the months (January, April, July, and October) and
also the parameters [TDS, Total Coliform (MPN/100ml),
Alkalinity/visual titration CaCOs3, Hardness as CaCO3, Calcium
as CaCO3, Magnesium as CaCO3, Temp, BOD, pH, DO, COD,
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and Chlorides] (Figures 5, 6). Cluster 1 (blue) represents lightly
polluted and the parameters include Temp, BOD, pH, DO, COD,
and Chlorides.
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FIGURE 5 | Dendrogram for physicochemical parameters at Dehradun
for 2018.

Cluster 2 (red) represents moderately polluted, and the
parameters include Total Coliform (MPN/100ml), Calcium as
CaCO3, Magnesium as CaCO3, TDS, Alkalinity/visual titration
CaCOs, Hardness as CaCOj3. Cluster 3 (black) represents heavily
polluted, and the parameters include BOD, pH, DO, COD,
Chlorides, Total Coliform (MPN/100ml), Alkalinity/visual
titration CaCOj3, Hardness as CaCQj3, Calcium as CaCOs, and
Magnesium as CaCOs.

Measurement of Physicochemical

Parameters at Dehradun for 2019

Water samples have been taken in different months for the
year 2019 (Table 4). The mean and standard deviation for the
measured values have been also calculated. The mean is the
number found by summing every data point and dividing by
the number of data points. Standard deviation is defined as the
number that is going to tell about the measurements for a group
that is spread out from the mean or expected value. Comparing
the values of this year with those of the previous years leads to the
outcomes being observed.

The maximum value of pH is in the month of January when
the, water is a little more basic and the minimum value is in the
month of October when the water is less basic. The mean pH is
7.6225, and the standard deviation is 0.411208. The maximum
value of BOD is in July when there is a large quantity of polluted
water, and the minimum value is in January, April, and October
when there is less quantity of polluted water. The mean of BOD
is 1.05, and the standard deviation is 0.1. The maximum value
of COD is in July and October indicating a greater amount of
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FIGURE 6 | Graphical representation of physicochemical parameters at Dehradun for 2018.
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TABLE 4 | Physicochemical parameters and water quality analysis at Dehradun for 2019.

January April July October Mean ST DEV Observed  Standard Unit weight (Wi) Quality Wigqi
value (vi) value (Si) rating (qi)
pH 7.98 772 7.76 7.03 7.6225 0.411208 7.6 8.5 0.219 42 9.1
BOD (mg/l) 1 1 1.2 1 1.05 0.1 1.1 5 mg/l 0.3723 21 7.8
COD (mg/l) 4 4 6 6 5 1.154701 5 25 0.00468 20 0.1
(WPCSR)
Total Coliform (MPN/ 100 ml) 60 280 220 170 182.5  93.22911 182.5 50 — - —
Temp 17 18 19 20 18,5  1.290994 18.5 25 0.00468 74 0.3463
DO 9 9.2 8.6 8.8 8.9 0.258199 19 25 0.00468 74 0.3
Alkalinity/visual titration CaCOg 70 72 70 60 68 5.416026 8.9 5 mg/l 0.3723 59 22
Chlorides 6 6 6 12 7.5 3 68 120(WPCSR) 0.000975 57 0.1
Calcium as CaCOg 46 44 46 62 49.5  8.386497 495 75 mg/l 0.025 66 1.65
Magnesium as CaCOg 32 36 30 18 29 7.745967 29 50 - — —
Hardness as CaCOg 78 80 76 80 785  1.914854 7.5 250 mg/I 0.0074 3 0
TDS 98 105 112 82 99.25 12.84199 50 75 mg/l 0.025 66 1.7
1.01624 401
wal 40.82

oxidizable organic materials in the sample, and the minimum
value is in January and April indicating a lesser amount of
oxidizable organic materials in the sample. The mean of COD
is 5, and the standard deviation is 1.154701. The maximum value
of Total Coliform is in April indicating that water-borne illness
is increased, and the minimum value is in January indicating that
water-borne illness is decreased. The mean of Total Coliform is
182.5, and the standard deviation is 93.22911. The maximum
value of Temp is in October indicating increased chemical
reactions generally, and the minimum value is in January
indicating decreased chemical reactions. The mean of Temp is
18.5, and the standard deviation is 1.290994. The maximum value
of DO is in April, and the minimum value is in July. The mean of
DO is 8.9, and the standard deviation is 0.258199. The maximum
value of Alkalinity/visual titration CaCOj is in April indicating
higher buffering capacity against pH changes, and the minimum
value is in October indicating lower buffering capacity against pH
changes. The mean of Alkalinity/visual titration CaCO3 is 68, and
the standard deviation is 5.416026.

The maximum value of Chlorides is in October indicating
body-related diseases, and the minimum value is in January,
July, and April. The mean of Chlorides is 7.5, and the standard
deviation is 3. The maximum value of Calcium as CaCOj3 is
in October, which has a positive effect on the body, and the
minimum value is in April, the month which has a less positive
effect on the body. The mean of CaCO3 is 49.5, and the standard
deviation is 8.386497. The maximum value of Magnesium as
CaCOg is in April, which has a positive effect on the body, and
the minimum value is in October, which has a less positive effect
on the body. The mean of Magnesium as CaCO3 is 29, and the
standard deviation is 7.745967. The maximum value of Hardness
as CaCOj3 is in April and October, which has a good effect on the
body, and the minimum value is in July. The mean of Hardness
as CaCOj3 is 78.5, and the standard deviation is 1.914854. The
maximum value of TDS is in July specifying the presence of toxic

minerals, and the minimum value is in October specifying the
presence of less toxic minerals. The mean of TDS is 99.25, and
the standard deviation is 12.84199.

Water quality index (WQI) was used to evaluate the variation
in water quality of the Yamuna river at Dehradun over 3 years.
The standard and prescribed method has been used to analyze the
water quality for 12 physiochemical parameters (TDS, Chlorides,
Alkalinity, DO, Temperature, COD, BOD, pH, Magnesium,
Hardness, Total Coliform, and Calcium). Calculations have been
performed using the standardized formula and mathematical
models. Detailed calculations and methodology have been used
to find the water quality index as accurately as possible. The WQI
of the Yamuna river in Dehradun for the year 2019 was 40.82
(Table 4). According to WHO, the WQI should be below 60 for
its quality to be at least fair. Here, it can be easily concluded
that the Yamuna river is polluted, but it is still revivable.
Developmental and maintaining efforts can be adopted to make
the Yamuna river clean again and improve the WQI drastically.
Moreover, it is a positive sign that the WQI of the Yamuna river
has improved for year 2019 compared to the year 2017, whereas
the WQI has increased again in 2019 compared to 2018. It can be
documented that the Yamuna river was the cleanest in the year
2018, and its water quality in 2019 has improved in collation to
the year 2017.

The correlation coefficients between the inspected parameters
of the Yamuna river water at Dehradun in the year 2019
are shown in Table 5. Ph is positive for TDS, alkalinity, and
Magnesium (CaCO3) and negative for COD, Temp, and Calcium
(CaCOs3). BOD is positive for COD and TDS and negative
for DO and hardness (CaCO3). COD is positive for Temp,
Chlorides, and Calcium and negative for DO, magnesium
(CaCO3), and alkalinity. Temp is positive for calcium (CaCOs3)
and negative for alkalinity. DO is positive for Magnesium
(CaCOs3). Alkalinity is positive for TDS and negative for
Calcium, Magnesium, and hardness of CaCO3. The dendrogram
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TABLE 5 | Correlation table for physicochemical parameters at Dehradun for 2019.

pH BOD (mg/l) COD (mg/l) Total Coliform Temp(°C) DO Alkalinity Chlorides Calcium Magnesium Hardness TDS
pH 1
BOD 0.222921 1
COD —0.63884  0.57735 1
Total Coliform  —0.1889 0.268157 0.15482 1
Temp —0.88221  0.258199 0.894427 0.373884 1
DO 0.26058 —0.7746 —0.89443 0.096933 -0.6 1
Alkalinity 0.915985  0.246183 —0.6396 0.21125 —0.76277 0.381385 1
Chlorides —0.96059 —0.33333 0.57735 —0.08939 0.774597 —0.2582 —0.98473 1
Calcium —0.93516 —0.27823  0.619586 —0.1684 0.769686 —0.33866 —0.99806 0.993661 1
Magnesium  0.880112  0.086066  —0.74536 0.226177 -0.8 0.533333 0.985245 —0.94673 —0.97494 1
Hardness —0.53552 —0.87039  —0.30151 0.177384 0.13484 0.6742 —0.38569 0.522233 0.435895 —0.22473 1
TDS 0.762995  0.661891 —0.20231 0.391871 —0.41217 —-0.05026 0.881827 —0.8955 —0.88982 0.800882 —0.65743 1

and graphical representation for physicochemical parameters
at Dehradun for 2017 are plotted between months (January,
April, July, and October) and parameters (TDS, Total Coliform
(MPN/100 ml), Alkalinity/visual titration CaCOj3, Hardness as
CaCO3, Calcium as CaCO3, Magnesium as CaCO3, Temp, BOD,
pH, DO, COD, and Chlorides) (Figures 7, 8).

Cluster 1 (blue) represents lightly polluted, and the parameters
include BOD, pH, DO, COD, Chlorides, Temp, and Magnesium
as CaCOs3. Cluster 2 (red) represents moderately polluted, and
the parameters include Total Coliform (MPN/100ml), TDS,
Calcium as CaCOs, Alkalinity/visual titration CaCOs, and
Hardness as CaCOs3. Cluster 3 (black) represents heavily polluted,
and the parameters include COD, Chlorides, Temp, Magnesium
as CaCOs, Total Coliform (MPN/100 ml), and TDS.

In Table 6, the variations in the 12 physicochemical parameter
values for Yamuna water at Dehradun for 2017, 2018, and 2019
are shown.

Trend Forecasting
This section is briefing about the Yamuna river water pollution
trend in the next 4 years. The study demonstrates the trend
of six physicochemical parameters for the years 2020 to 2024.
The considered parameters for calculating the trend forecasting
are Temp, Total Coliform, TDS, Hardness, pH, and DO. The
forecasting for the said parameters are shown in Figures 9-11.
According to the trend analysis, the values of four parameters
named Temperature, Total Coliform, TDS, and Hardness are
increasing yearly, whereas the values of pH and DO are not
rising year by year. The trend forecasting is verifying whether the
exceptional tourist activity, poor sewage facility, and insufficient
wastewater management amenities, is degrading the water of the
Yamuna river at Dehradun year by year.

DISCUSSION

The dendrogram of the mean is plotted between vyears
(2017, 2018, and 2019) and parameters [TDS, Total Coliform
(MPN/100ml), Alkalinity/visual titration CaCOs3, Hardness as
CaCO3, Calcium as CaCO3, Magnesium as CaCO3, Temp, BOD,

pH, DO, COD, and Chlorides] (Figure 12). Cluster 1 (blue)
represents lightly polluted, and the parameters include Total
Coliform (MPN/100 ml), TDS, Alkalinity/visual titration CaCO3,
and Hardness as CaCOs3. Cluster 2 (red) represents moderately
polluted, and the parameters include Calcium as CaCO3 and
Magnesium as CaCOj. Cluster 3 (black) represents heavily
polluted, and the parameters include TDS, Alkalinity/visual
titration CaCQOj3, Hardness as CaCQj, Calcium as CaCOs3,
Magnesium as CaCO3, and Temp. Cluster 4 (green) represents
equal parameters, and it includes Temp, BOD, pH, DO, COD,
and Chlorides.

The variation in observed values, quality rating, and Wiqi can
be analyzed using Tables 2, 4, 6.

According to WHO, the WQI should be below 60 for its
quality to be at least fair. If it is more than 60, then the quality
of the water is surely poor. If the WQI is <30, then the water
quality is good. The WQI of the Yamuna river in Dehradun for
the year 2017 was 42.87. It can be easily said that the Yamuna river
was quite polluted back then. Developmental and maintaining
plans were implemented to make the Yamuna river clean again
and improve the WQI drastically. The WQI of the Yamuna river
in 2017 was the highest in collation to the subsequent years.
This must have set the alarm bells ringing for the government
and the citizens. The government has introduced many measures
to curb water pollution and revive the Yamuna river as quickly
as possible. It is a positive sign that the WQI of the Yamuna
river has improved significantly for the years 2018 to 40.47. It
was a marked difference in comparison to that of the year 2017.
Joint efforts and collaboration by the government and the citizens
ensured that the Yamuna river is much cleaner than before,
although in 2019, the WQI rose by a small margin to 40.82. It
is a sign of relief that it is still much better than the quality of
the water in the year 2017. If the measures of the government
and corporation by the citizens continue to go hand in hand,
the results will be for everyone to see. Even regions in the west
would emulate the policies adopted to revive the rivers. Policies
included a big budget for the revival project, strict norms for
the industries, and appropriate penalties for the defaulters. A
common concern for the degrading water quality index of the
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FIGURE 7 | Dendrogram for physicochemical parameters at Dehradun for 2019.
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FIGURE 8 | Graphical representation of physicochemical parameters at Dehradun for 2019.
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TABLE 6 | Water quality index (WQI) for Yamuna river at Dehradun for 2017, 2018, and 2019.

Quality rating (qi) Wiqi Quality Rating (qi) Wigi Quality Rating (qi) Wiqi
2017 2018 2019
pH 49 11 42 9.2 42 9.1
BOD (mg/l) 21 7.8 20 7.4 21 7.8
COD (mg/l) 20 0.1 18 0.1 20 0.1
Total Coliform (MPN/ 100 mL) — - — — — —
Temp (°C) 71 0.3 73 0.3 74 0.3463
DO 61 23 60 22 74 0.3
Alkalinity/visual titration CaCOs 53 0.1 54 0.1 59 22
Chlorides 2.3 0 2.3 0 57 0.1
Calcium as CaCOg3 55 1.4 55 1.4 66 1.65
Magnesium as CaCOg - - — - — —
Hardness asCaCOg3 37 0.2 37 0.2 3 0
TDS 17 0.1 18 0.1 66 1.7
386 44 379 41 1.01624 401
wal 42.87 40.47 40.82
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FIGURE 9 | Trend forecasting of TDS at Dehradun for the years from 2020 to 2024.
Yamuna river resulted in some swift actions from the citizens CONCLUSION

as well as from those who became more aware and conscious.
It can be easily and comfortably said that the Yamuna river
would be much cleaner and in a much-improved condition by the
year 2025.

A comparative analysis is shown in Table 7. A comparison in
description and limitations with previously published approaches
are organized in this table.

Due to historical, geographical, religious, political, and
sociocultural reasons, India has a unique place in the world.
Pollution-causing activities have caused severe changes in
aquatic environments over the last few decades. This paper
aims to calculate the water quality index of the Yamuna river in
Uttarakhand using 12 physicochemical parameters for a while
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TABLE 7 | Comparative analysis with previous work done.
S. No References Descriptions Limitations
1 The estimated accuracy of these water quality variables using a This method is not yet implemented as further
Zhang et al., 2003 neural network is much higher than the accuracy using simple discussion is still required.
and multivariate regression approaches.
2 Shifting role of ecology in solving global environmental problems. Water quality index is calculated for only 1 year.
Dwivedi and Pathak, 2007
3 Shifting role of ecology in solving global environmental problems. Precautions are not mentioned.
Marale, 2012
4 Causes of urban flood in India. There is no information about the precautions taken
Rafig, 2016 during the flood.
5 Agarwal et al., 2016 Demonstrates the use of a new approach for delineating the The study will be done for only 2 years.
accurate flood hazard footprint in the urban regions.
6 Impact of urbanization on hydrological regime in Indian cities. The study will only be done for the northern region of
Ahmad et al., 2017 India.
7 Evaluation of geogenic carbon fluxes between solid Earth and its The study will only take place at Uttarakhand area
Tiwari et al., 2020 atmosphere.
8 Ours’ Study deals with the different water quality parameters of the Impact of solid waste on the water quality of the

Yamuna river at Dehradun and calculating its water quality index.

Yamuna river is absent.

for 3 years from 2017 to 2019. The values of the considered  should be below 60 for its quality to be at least fair. If it is
physicochemical parameters have been monitored using the  more than 60, then the quality of the water is surely poor. If
various examining stations installed by the Central Pollution  the WQI is <30, then the water quality is good. The WQI of
Control Board (CPCB), India. According to WHO, the WQI  the Yamuna river in Dehradun for the year 2017 was 42.87. It
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can be easily said that the Yamuna river was quite polluted back
then. Developmental and maintaining plans were implemented
to make the Yamuna river clean again and improve the WQI
drastically. The WQI of the Yamuna river in 2017 was the highest
in collation to the subsequent years. This must have set the alarm
bells ringing for the government and the citizens.

According to the trend analysis, the values of four parameters
named Temperature, Total Coliform, TDS, and Hardness are
increasing yearly, whereas the values of pH and DO are not
rising year by year. The trend forecasting verifies whether the
exceptional tourist activity, poor sewage facilities, and insufficient
wastewater management amenities is degrading the water of the
Yamuna river at Dehradun year by year. It is a positive sign
that the WQI of the Yamuna river has improved significantly
for the years 2018 to 40.47. It was a marked difference in
comparison to the year 2017. Joint efforts and collaboration by
the government and the citizens ensured that the Yamuna river
is much cleaner than before, although in 2019, the WQI raised
by a small margin to 40.82. It is a sign of relief that it is still
much better than the quality of the water in the year 2017. If
the measures of the government and corporation by the citizens
continue to go hand in hand, the results will be for everyone to
see. Even regions in the west would emulate the policies adopted
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