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Abstract

River Hindon is a tributary of Yamuna River caters to the need of densely populated
agricultural and manufacturing cluster of Ghaziabad, Uttar Pradesh, India. The quality
of water in River Hindon is declining breakneck rate due to various metropolitan,
municipal and agricultural activities. The data covers 6 years (2010-2016) this data has
been used to assess namely pH, DO, BOD, COD, and Fecal Coliform & Total
Coliform. The analysis is conducted using MS Excel and SPSS 25 software. This paper
uses the multivariate analysis of the Hindon River in three locations Mohan Nagar,
Karheda&Chijrashi in the Ghaziabad region. It uses analytical techniques such as WQl,
CA, PCA, and DA to assess temporal and spatial changes and to interpret enormous
and complex water quality data. A dendrogram created from the cluster analysis shows
two significant clusters separating the pre-monsoon from the post-monsoon on the
temporal scale in the study areas. The data were investigated using multivariate
techniques for analysis that reduced the input dimensions for better interpretation,
recognizable pieces of proof of contamination sources or factors, and getting temporal
or spatial changes in water quality for adequate stream water quality administration.
The major pollutants are organic pollutants. Studies show water quality become worst
during the 2012-13 year. The Temperature parameter during 2012-13 was quite high;
this leads to higher evaporation and concentration of contaminants. This Study also
found factor analysis latent variables are interpretable for portraying the stream water
quality in the River Hindon. The wellsprings of these pollutants were released from
fabric, tannery, paper, sugar industries, and distilleries. The consequence of this
investigation demonstrates the utility of multivariate analytical techniques in the
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1.0 Background

Rivers form the focal inland water asset for private,
assembling and watering utilizes in numerous
regions and assumes a fundamental job in
hydrologic and biogeochemical cycles. Even though
a couple of streams kept up in their flawless
condition because of escalated anthropological
exercises, and outside water contamination is today
of incredible ecological concern worldwide. Surface
water is exceedingly inclined to point and non-point
contaminations because of its simple receptiveness

Published by: The Mattingley Publishing Co., Inc.

for the transfer of wastewaters, the issue with its
insurance, opened, and its high stream speed.
Regular procedures on surface water are because of
precipitation, disintegration, enduring of crustal
materials and anthropogenic impacts are influenced
by private, mechanical, and farming exercises, and
expanding utilization of water assets. (Giridharan
et.al 2009; Alkarkhi et. al 2008; Zhang et al
2008).Regular checking programs have made for
evaluating surface water quality in various nations,
creating complex multidimensional data due to
various constituents, distinctive testing frequencies,
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and a couple of observing stations.Appropriate
appraisal for ordinary checking information is
progressively  significant for water quality
assessment. Moreover, restricting the potential
contamination sources and significant parts that in a
general sense add to the spatial and temporal
changes in water quality is as often as possible the
fundamental issue to assess water quality. To
comprehend with the multivariate information and
dissect a general estimation of the spatial and

temporal changes in the River quality, the
multivariate strategies including bunch
investigation  (grouping), Principal Component

Analysis (PCA) and factor analysis (FA). Grouping
means scanning for combinations (clusters) in the
information dependent on the similitudes inside a
gathering and dissimilarities among various groups.
This framework takes into account the gathering of
water quality information with important attributes
having a place with an observing territory or season
and in this manner clarify the investigation
[Kaufman and Rousseeuw, 1990; Legendre and
Legendre, 1998].The same study was conducted to
evaluate the water quality in Dal Lake(S. K. Singh
et al 2017). Due to complex characteristics in the
stream water significant data from an enormous
database was removed by utilizing multivariate
statistical methods, i.e., (DA) discriminant analysis
(zalinaMohd Ali et al 2013). The DA method
utilized in this investigation to give better
information on the River water quality, especially
concerning the improvement of the elements in
perceiving the spatial districts in the Hindon
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River.To know the Water Quality Index (WQI) of
Hindon River utilizing six water quality parameters
pH, Dissolved Oxygen, biochemical oxygen
demand, chemical oxygen demand, fecal coliform,
and total coliform estimated at three unique stations
from the year 2010 to 2016. To discover WQI along
the stretch of the River bowl Weighted Arithmetic
method utilized.

2.0 Material &Methods
2.1. Study Area:-

The Yamuna River is the sub-basin of Ganga River
basin significant tributary named Hindon is a
waterway in India that begins from the Saharanpur
District from Upper Shivalik in Lower Himalayan
Range.The stream is rained and has a catchment
region of 7,083 square kilometers (2,735 sq. mi). It
streams among Ganges and Yamuna waterways for
400 kilometers (250 mi) through Muzaffarnagar
District, Meerut District, Baghpat District,
Ghaziabad, Noida, Greater Noida before it joins
Yamuna stream simply outside Delhi. The primary
land use in the basin is farming, with little forest
cover-The basin area densely populated because of
the rapid industrialization and farming growth amid
the most recent couple of decades. The present
examination incorporates the stretch of the Hindon
River. It lies on its bank of the Ghaziabad area on
the outer parts of Delhi.Hindon River estimated a
30 km stretch along National Highway-24 in
Ghaziabad. Water samples collected from three
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Figure 1:-Geographic location of the study area along with the monitoring stations at Hindon River,
Ghaziabad in India
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different sites (( Kharheda, Mohan Nagar
&Chijrashi) as shown in Figurel.
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2.2 The River water quality Data Analysis:-

The three chose to observe stations (Figure 1) are at
Karheda Village, Mohan Nagar Road Village,
Chijrashi Village of Ghaziabad area Uttar Pradesh.
All things considered, there are many water quality
parameters in the waterway water quality
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this study analysis...The data obtained from the
Central Water Commission and Jal Nigam for 2010-
2016. The data for 12 months for each parameter
such as (pH, BOD, COD, Fecal Coliforms, Total
Coliforms and DO) of each year converted into the
normalized data set, while non-numerical factors

investigation, but only six sampled parameters that ~ ¢hanged into numerical factors for helpful
were available consistently available selected for ~ Investigation  Shows in ftable 1, 2 and
Table 1: Mean value of Pre and Post monsoon of Mohan Nagar Station
Mohan Nagar
Year Water quality parameter (Pre Monsoon) mean value
pH BOD COD Fecal coliform Total coliform DO
2010 7.033 29.616 105 95833.33 162333.33 0.9166
2011 6.983 25 93.5 130500 211666.67 0.9166
2012 7.3667 57.667 215.1667 151666.67 200000 0.7667
2013 7.166 102 380 140000 160000 0
2014 7.331 86.2 236.5 180000 306666.67 0
2015 7.25 38.67 98.6 151666.7 276666.67 0.95
2016 7.15 59.3 181.483 156666.7 195333.33 0
Year Water quality parameter (Post Monsoon) mean value
pH BOD CoD FECAL COLIFORM TOTAL COLIFORM DO
2010 7.067 26.067 86 75833.33 126666.67 1.2
2011 7.333 24.9 80 135000 210000 0.63
2012 7.2167 62.16 219.83 128333.33 160000 0.54
2013 7.65 34.833 221.23 129166.66 185000 0
2014 6.945 59.266 195.567 166666.67 288333.33 0.63
2015 7.1167 36.25 113.13 145000 231666.66 0.69
2016 7.4 31.65 108.5 190000 260000 0
Table 2: Mean value of Pre Monsoon and Post Monsoon of Karehda Station
Karehda
Year Water quality parameter (Pre-Monsoon) mean value
pH BOD CoD FECAL COLIFORM TOTAL COLIFORM DO
2010 7.3 12.967 47 72500 112666.7 24167
2011 7.083 16 65.667 54833.33 111833.3 1.45
2012 7.1 44.83 178.33 86500 1533.33 0
2013 6.983 89.167 381 109666.7 141666.7 0.1667
2014 7.353 55.467 162.9 14333.33 25833.33 0
2015 6.95 23.816 75.433 110000 21666.67 1.6583
2016 6.85 355 102.4 78457 151333.3 1.1083
Year Water quality parameter (Post-Monsoon) mean value
5610
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pH BOD CoD FECAL COLIFORM TOTAL COLIFORM DO
2010 7.266 12.667 50.333 54500 98500 2.3
2011 6.95 16.7833 64.333 24500 42166.67 1.1083
2012 7.366 59.5 299.167 89666.67 148666.7 0.5833
2013 7.25 35.033 183.5 111000 166666.7 0
2014 7.081 35.633 155 126666.7 246666.7 1.31
2015 6.8167 217 73.167 83333.33 156666.7 1.233
2016 6.7 20.4 40 6000 110000 2.5
Table 3: Mean value of PreMonsoon andPost Monsoon of Chijrashi Station
Chijrashi

Year Water quality parameter (PreMonsoon) mean value

pH BOD CcoD FECAL COLIFORM TOTAL COLIFORM DO
2010 7.2 15.27 50 78000 120000 2.083
2011 7.267 18.5 73.833 75333.33 122333.33 1.2
2012 7.167 47 188.67 100333.33 160000 0
2013 7.1 92.167 380.33 117333.33 142333.33 0.1667
2014 7.36 61.233 177.3 156666.667 265000 0
2015 7.067 29.083 83.4 121666.67 265000 0
2016 7.05 35.25 106.7 97666.67 169833.33 0.99
Year Water quality parameter (PostMonsoon) mean value

pH BOD CoD FECAL COLIFORM TOTAL COLIFORM DO
2010 7.167 14.067 56 59500 106000 2
2011 7.5 18.0833 66.5 32333.33 61500 0.7916
2012 7.33 62.033 246 98000 14900 0.5567
2013 7.55 35.5833 193.833 110666.67 163333.33 0
2014 7.128 434 170.6 145000 270000 0.9433
2015 6.93 22.216 76.633 103333.33 186666.67 1.093
2016 7 22.2 48.4 5000 5000 2.32

2.3 Data Treatment:-

The water quality information was translated by a
multivariate investigation by utilizing factual
examinations device were performed utilizing
Microsoft Excel 2007 and SPSS 25 adaptation. By
incorporating multivariate measurable examination
instruments, for example, Cluster Analysis (CA),
important segment analysis (PCA), Factor analysis
(FA), and Discriminant Analysis (DA).

2.3.1Water Quality Index (WQI):-Exact data on the
general nature of water is unavoidable to frame
open strategy and to incorporate the water quality
enhancement applications.Water quality record
(WQI) gives information about water quality in lone
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regard.It is depicted as a rating mirroring the
composite impact of various water quality
parameters was pondered for the count of Water
Quality Index (WQI). .WQlI is the decision to know
the nature of water quality parameters. Effect on the
nature of water parameters on pollution depends
upon the acceptable measurements as proposed by
the Indian Council of Medical Research (ICMR,
1975). Parameters having low allowable cutoff
centers will be given high weightage as they are
hazardous to the idea of water, allegorically, on the
slight expansion in respect (ICMR, 1975). Thusly
we give high weightage to these parameters having
higher admissible cutoff centers are less hurtful and
subsequently, we give less weightage. In this
assessment, Horton’s (1965) system was used to
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learn WQI. Count of WQI worked done by Horton's
strategy. The WQI is determined by utilizing
articulation given in Equation (1)

WQI=> QnWn/>, Wn

(1)

Where, Qn = Quality Rating of nth Water Quality
Parameter

Whn = Unit Weight of nth Water Quality Parameter.

Quality rating (Qn)
The Quality Rating (Qn) is determined to utilize the
articulation given in Eq. 2.

Qn = [ (Vn - Vid)/( Sn-Vid) ] X 100
(2)

Where, VVn = Estimated estimation of nth water
quality parameter at a given sample location.

Vid = ldeal incentive for an nth parameter in
unadulterated water. (Vid for ph = 7 and O for every
single other parameter)

Sn = Standard allowable estimation of nth water
quality parameter.

Unit weight
The unit weight (Wn) is determined by utilizing the
articulation given in Eq. 3.

Whn = k/Sn
(3)

Where Sn = Standard reasonable estimation of nth
water quality parameter.

k = Constant of proportionality and it is determined
by utilizing the articulation given in Eq. 4.

k=[ 1/ 31/Sn=1,2,.n) ]
4)

The scopes of WQI, the relating status of River
quality and its conceivable use is abridged in Table
4 and standard estimations of water quality
parameters and their qualities and loads in Table 5
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76- N
4 100 Poor Irrigation
101- . I
5 150 Very Poor Restricted use for Irrigation
6 151 & Unfit for Proper Treatment Required
above Drinking Before Use

Table 5: Permissible values of River quality parameters and their
corresponding ideal values and unit weights

Param Recommendation
eters Sn Agency Vid Kk Wn
0.36440
pH 8.5 IS 3.09744 4
DO 6 IS 0 3.09744 0.51624
0.00061
TC 5000 WHO 0 3.09744 948
0.00309
FC 1000 WHO 0 3.09744 74
Envir. Protection 0.10324
BOD 30 1986 0 3.09744 8
Envir. Protection 0.01238
COD 250 1987 0 3.09744 97

Table 4: WQI & Corresponding water quality status according to
Mishra and Patel 2001

WQI and Corresponding Water Quality Status

S.No WQI Status Possible usage
0-25 Excellent Drinking, Irrigation & Industrial
26-50 Good Drinking, Irrigation & Industrial
51-75 Fair Irrigation & Industrial

Published by: The Mattingley Publishing Co., Inc.

2.3.2 Cluster Analysis: -The objectives of bunch
investigation are to dole out perceptions to
gatherings (\clusters™) so perceptions inside each
gathering are like each other concerning factors or
traits of premium and the gatherings themselves
stand separated from each other. Bunch
examination is additionally used to aggregate
factors into homogeneous and unmistakable
gatherings. CA is connected to decide the gathering
of checking locations for the investigation area In
this examination, progressive (hierarchical) CA
utilized Ward's strategy with squared Euclidean
separations as a proportion of closeness (Zhaoa Y et
al 2012).

2.3.2.1 Ward’s Method: - Ward's strategy is a rule
connected in hierarchical cluster investigation.
Ward's is a minimum variance method an
uncommon instance of the target work approach
initially  introduced by Joe H. Ward,
Jr.Wardproposed a  general  agglomerative
hierarchical grouping methodology.

The minimum variance criterion: - Ward’s base
difference standard limits the aggregate inside
group change. The underlying bunch separates in
Ward's base fluctuation strategy are along these
lines characterized to be the squared Euclidean
distance between focuses in equation (5)

di =d({X} 5B = IIXi = Xl (5)
5612
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2.3.3 Principal Component Analysis: - It is utilized
to evaluate the essentialness of factors that clarify
the watched groupings and examples of the
inalienable characteristics of the checking locations.
The latest symmetrical factors clarified by a
decreased arrangement of determining components
are called PCs (Osei J et al. 2010)parts
(components), which are not direct conspicuous (Yu
et al., 2003). There are three stages in the
constituent investigation (Gupta et al., 2005): 1)
For all of the elements an association structure is
made 2) Variables are extricated from the
connection network dependent on the connection
coefficients of the elements 3) To expand the
connection between a portion of the components
and factors, the elements are pivoted.

2.3.4 Discriminant analysis: - The DA was
performed to affirm the gatherings recognized by
methods for the CA. The DA system develops a
discriminant function (DF) for each gathering to
predict the group enrollment of new cases by
methods for the bunch centroids.

3.0Results & Discussions: - Figures 2, 3 & 4
shows Pre & Post monsoon season at threestations.
In figure 2 in 2013 variation is high in pre as
compared to post-monsoon whereas
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Fig. 2: Pre-Monsoon and Post-Monsoon Conditions in Mohan Nagar
Region
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Fig. 4: Pre-Monsoon and Post-Monsoon Conditions in Karehda
Region

3.1WQIl:- WQI Value obtained after Calculations
using Ms. Excel is further reduced to two groups
Pre-monsoon & Post-monsoon by considering the
mean value in Figs. 5 and 6.

Pre Monsoon

300 28%97

150 147 WKarehda
107 123
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Fig. 5: WQI (Pre-monsoon) for Hindon River, Ghaziabad
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Fig. 6: WQI (Post monsoon) for Hindon River, Ghaziabad

The above results obtained show that amid the post-
rainstorm season the Water Quality Index of the
various destinations is low. Moreover, in pre-
monsoon season the Water Quality Index is high as
high esteem speaks to progressively corrupted water
quality (from the above table).Subsequently, the
water quality amid post-monsoon is low. It
additionally means the high contamination status of
water. From 2010-2012 the debasement in
waterway quality watched is uniform yet there is a
lofty ascent in the corruption bend. From 2012-
2013 which demonstrates that the water nature of
the waterway amid this period is in the most pitiable
condition. From 2014-2016 water nature of Hindon
River improves as the WQI esteem got begins
diminishing step by step at each site.

3.2Cluster analysis: InFigures 7, 8 & 9 there are
three dendrograms represents the grouping of this
yearly pre-monsoon & post-monsoon data based
onlikeliness intheir River quality by using Ward's
method for Mohan Nagar, Chijrashi and Karheda
sampling sites. Ward’s method for Mohan Nagar,
Chijrashi, and Karheda sampling sites.

Published by: The Mattingley Publishing Co., Inc.
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g. 7: Mohan Nagar sampling site dendrogram
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Fig. 8: Karheda sampling site dendogram
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Fig. 9: Chijrashi sampling site dendogram

CA was completed on water quality informational
collection to estimate the spatial and temporal
changeability among the water nature of the Hindon
stream at three testing sites in Ghaziabad district.
Data on which CA is done was categorized in pre-
monsoon (PRE) and post-monsoon (POST) from
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2010 to 2016.The analysis resulting in the grouping
of two major clustersbased on their squared
Euclidian distance on which following were
observed from three sampling sites: Mohan Nagar:
water quality data of PRE-2014, POST-2014 &
PRE-2015 are most dissimilar in comparison to
other groups Karheda: water quality data of PRE-
2015, & POST-2014 are most dissimilar in
comparison to other groups. Chijrashi: water quality
data of PRE-2014, POST-2014, and PRE-2015 &
POST-2016 are most dissimilar in comparison to
other groups.

3.3PRINCIPAL COMPONENT ANALYSIS: - This
is a technique for information decrease. Principal
component analysis, similar to factor analysis, can
be performed on crude information.If raw data
utilized, the method makes the essential correlation
matrix or covariance matrix, as determined by the
user. On the off chance that the correlation matrix
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utilized, the factors are standardized, and the total
variance rises to the number of factors utilized in

the examination (because each standardized
variable has a distinction equivalent to
1.Additionally, Principal Component analysis

expects that every essential measure gathered
without measurement error. Principal Component
analysis is a method that requires an expansive
example measure. Principal components analysis
dependent onthe correlation framework (matrix) of
the factors involved and similarities, for the most
part, needs an extensive example estimate before
they settle. As a standard guideline, a flat out least
of 10 observationseach factor is imperative to keep
up a vital good way from computational
difficulties. Tabachnick and Fidell (2001) allude to
Comrey, and Lee's (1992) brief as for test measure:
50 cases are poor, 100 reduced, 200 is sensible, 300
is great, 500 is awesome, and at least 1000 is
uncommon.

Table 6: Correlation analysis in Karheda region

Correlation Matrix

pH BOD CoD Fecal Coliform Total Coliform DO
Correlation pH 1 0.186 0.291 0.109 -0.186 -0.283
BOD 0.186 1 0.953 0.32 -0.015 -0.736
COoD 0.291 0.953 1 0.464 0.083 -0.725
Fecal Coliform 0.109 0.32 0.464 1 0.682 -0.285
Total Coliform -0.186 -0.015 0.083 0.682 1 0.225

DO -0.283 -0.736 -0.725 -0.285 0.225 1
Table 7: Correlation analysis at Chijrashi region
Correlation Matrix

pH BOD COoD Fecal Coliform Total Coliform DO
Correlation pH 1 0.013 0.2 0.201 0.083 -0.601
BOD 0.013 1 0.907 0.391 0.131 -0.576
COoD 0.2 0.907 1 0.247 -0.091 -0.663
Fecal Coliform 0.291 0.391 0.247 1 0.814 -0.645
Total Coliform 0.083 0.131 -0.091 0.814 1 -0.187

DO -0.601 -0.576 -0.663 -0.645 -0.187 1
Table 8: Correlation matrix Mohan Nagar region
Correlation Matrix
‘ pH BOD CoD Fecal Coliform Total Coliform DO
5615
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Correlation pH 1 0.045 | 0.155 0.027 -0.049 -0.459
BOD 0.045 1 0.956 0.573 0.365 -0.696
coD 0155 | 0.956 1 0.534 0.297 0.734
Fecal Coliform 0027 | 0573 | 0534 1 0.953 -0.633
Total Coliform -0.049 0.365 0.297 0.953 1 -0.487
DO 0459 | -0696 | -0.734 -0.633 -0.487 1

There is a high correlation that is high in BOD &
COD and high in also between total coliform and
fecal coliform in Tables 6, 7 & 8. Also the negative
correlation between DO with all water parameters.
This shows that all the river quality of water.

3.4Factor Analysis: -Factor examination is
successful by utilizing Bartlett's test of sphericity
and the Kaiser Meyer Olkin (KMO) Measure of test
adequacy. After that, we calculate the factors and
commonalities. The judgment based onseveral
factors to hold is a compromise between
maximizing the described initial dataset variability
and the decrease of the underlying number of
factors.To show the common changeability between
the first factors and factors - Rotation performed
and the varifactors gotKaiser-Meyer-Olkin Measure
of Sampling Adequacy — This measure moves

someplace in the scope of 0 and 1 and
characteristics progressively like 1 is better. An
estimation of 0.6 is a proposed least. Bartlett's Test
of Sphericity is the testing correlation matrix has an
identity matrix. Generally, it is used to test the equal
variances which are equal to all the samples. All
the scientific investigation introduced is gotten
utilizing the IBM SPSS Version 25.The KMO
measurement is for Karehda, Mohan Nagar and
Chijrashi is 0.552, 0.616 &0.486, therefore, since
0.7 < 0.756 < 0.8, we reason that there is typical
adequacy of the FA. For Bartlett's Test of
Sphericity, the x2 measurement is for Karehda,
Mohan Nagar and Chijrashi is 51.662, 82.267 and
64.312 and the p-value is under 0.005 that implies
the outcome is high; the likenesses between the
included factors are adequately high. In this way, it

is sufficient to run a FA.
Table 9: Eigenvalues of the correlation matrix of Karehda
Total Variance Explained
Extraction Sums of Squared | Rotation Sums of Squared
Initial Eigenvalues Loadin Loadings
% %
Compon | Tota | Varianc | Cumulativ | Tota | % Cumulativ Varianc | Cumulativ
ent | e e% I Variance | e % Total e e%
0.29 2.93
1 35 48.923 48.923 5 48.923 48.923 2.814 46.898 46.898
1.65 1.65
2 8 27.629 76.552 8 27.629 76.552 1.779 29.653 76.552
0.87
3 8 14.635 91.186
0.35
4 5 5.922 97.108
0.14
5 5 2.423 99.531
0.02
6 8 0.469 100
Extraction method:Principal Component
Analysis

This reason for PCA systems expects to change
over the perceived factors to another arrangement of
factors of principal components (PC) which are

Published by: The Mattingley Publishing Co., Inc.

uncorrelated and orchestrated in the declining
request of centrality so that to rearrange the issue.
Table 9 spoke the measured initial value of PC, and
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its Eigenvalues and percent of change gave in each
PC in Karheda area, Fig. 10 shows the screen plot
of the Eigenvalues for every segment. Eigenvalues
records and screen plot demonstrated that the initial
four PC is the most significant parts which present
97.108% of the change in water nature of Hindon
River in Karheda region 48.92% by PC1, 27.63 %
by PC2, 14.63 by PC3, 5.922 by PC4; likewise, it
has Eigenvalues of multiple. In the Karehda region,
the highest loading of the PC component is mainly
due to pH and BOD. It implies that BOD direct
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influences the measure of broke down oxygen in
conduits and streams. The pace of oxygen
consumption is impacted by a couple of
components: temperature, pH, the closeness of
particular sorts of microorganisms, and the common
and inorganic material in the water. A higher or low
pH would affect the microorganisms that consume
the organic matter, which would then affect the
BOD.

Table 10: Eigenvalues of the correlation matrix of Chijrashi

Total Variance Explained

Extraction Sums of Squared | Rotation Sums of Squared
Initial Eigenvalues Loadings Loadings
Compon | Tot | % Cumulativ | Tota | % Cumulativ % Cumulativ
ent al Variance | e % I Variance | e % Total Variance | e %
3.0 3.02
1 24 50.394 50.394 4 50.394 50.394 2.309 38.491 38.491
15 1.57
2 76 26.262 76.656 6 26.262 76.656 1.881 31.358 69.849
1.0 1.09
3 95 18.246 94.901 5 18.246 94.901 1.503 25.052 94.901
0.2
4 27 3.786 98.687
0.0
5 46 0.764 99.45
0.0
6 33 0.55 100
Extraction method:Principal Component
Analysis

Table 10 represented the measured first PC, and it’s
Eigenvalues and the percent of changes contributed
to each PC in the Chijrashi region, Fig. 11 Show the
screen plot of the Eigenvalues for every component.
Eigenvalues records and screen plot indicated that
the initial four PC is the most noteworthy portions
which address to 98.697% of the change in water
nature of Hindon stream in Chijrashi locale 50.39%
by PC1, 26.26% PC2, 18.25% by PC3 and 3.79%
by PC4,what’s more, it has Eigenvalues of multiple.

In Chijrashi region highest loading of the PC
component is mainly due to pH, BOD & COD. That
shows that pH is related to the presence of free
carbon dioxide and not with DO. Textile
wastewater, by and large, has high BOD, COD.
Probably, high chemicals and/or some organic
pollutants result in a consumption of oxygen from
water biologically & chemically. Besides, this
outcome in low DO values in the wastewater.

Table 11: Eigenvalues of the correlation matrix of Mohan Nagar

Total Variance Explained

Extraction Sums of Squared | Rotation Sums of Squared
Initial Eigenvalues Loadings Loadings
Compon | Tot | % Cumulativ | Tot | % Cumulativ % Cumulativ
ent al Variance | e % al Variance | e % Total Variance | e %
1 3.5 59 59 | 3.54 59 59 2.492 41.54 41.54
5617
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4
1.2 1.27
2 78 21.296 80.296 8 21.296 80.296 2.325 38.756 80.296
0.9
3 63 16.044 96.34
0.1
4 71 2.846 99.186
0.0
5 38 0.633 99.819
0.0
6 11 0.181 100
Extraction method:Principal Component
Analysis

Table 11 represented the set first PC, and its
Eigenvalues and percent of changes provided in
individual PC in Mohan Nagar region, Fig. 12
Show the screen plot of the Eigenvalues for the
individual segments.Eigenvalues records and screen
plot demonstrated that the underlying four PC is the
most significant parts which speak to 99.16% of the
variety in water nature of Hindon stream in Mohan
Nagar locale 59.00% by PC1l, 21.29% PC2,
16.044% by PC3 and 2.846% by PC4, also, it has
Eigenvalues of multiple. The highest loading factor
in this region is due to pH and BOD. There is the
same number of parts extracted amid a principal
component analysis as there are factors that are put
into it has appeared in Table 9, 10, and 11.Primary
Eigenvalues —Eigenvalues are the changes in the
principal components. Since we conveyed our vital
Principal Component Analysis on the Correlation
matrix, the factors are standardized, which implies
that every factor has variations of 1, and the all-out
difference is equivalent to the number of factors
utilized in the investigation. All out — This section
contains the eigenvalues. The principal segment
dependably represents the most difference (and
subsequently has the most elevated eigenvalue), and
the following part represents a great part of the
remaining variety as it can, etc. Appropriately, each
ceaseless segment represents less and less
distinction. % of Variance — This section
incorporates the percent of change represented by
every key segment. Cumulative % — This section
contains the total percentage of variation
represented by the present and all principal
components.Extraction Sums of Squared Loadings
— The three sections of this half of the table
precisely recreate the qualities given on a similar

Published by: The Mattingley Publishing Co., Inc.

line on the left half of the table. The number of lines
pursued on the correct side of the table dictated by
the number of vital segments whose eigenvalues are
1 or higher.

Fig. 10: Screen plot of Eigenvalues of Karehda

Eigenvalue

4

Component Number

Fig. 11: Screen plot of Eigenvalues of Chijrashi

Scree Plot

Eigenvalue

4 5 6

Component Number

Fig. 12: Screen plot of Eigenvalues of Mohan Nagar
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Scree Plot

Eigenvalue

1 2 3 4 § 6

Component Number

The first four PC components i.e. pH, BOD,
COD, and fecal coliform contribute the most in the
analysis of the three chosen sites. The eigenvalues
screen plot against component number shows that
the slope is changing considerably more for the first
four components then the other two indicating the
effect of these factors is high in the river at all the
sites.

In general, the summary of the four Principal
Components serving different processing are:

e Seasonal effects

e Exposure of low pH and high pH levels
leads tothe bigger problem due to which
metals get into the water and lead to health
problems and consumption of these metals
neurological and reproductive issues can
occur.

e Too much organic matter either from
chemical and biological source effects like
kills fish occur or extreme algal blooms
occur.

e High loading of Organic matter and
inorganic matter indicate the effect of
drainage of farming and stormwater from
the river that washing out topsoil with its
many impurities.

e Garbage water pollution from residential,
municipal, and manufactured and its organic
loading.

3.5Discriminant Analysis (DA):-The listed the
distinctive variables/indicators, in the factors
subcommand. In this investigation chose six
indicators: pH, COD, BOD, TC, FC, and DO. We
are involved in comparing the original groupings in

Published by: The Mattingley Publishing Co., Inc.
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status (good or bad) to the anticipated groupings
created by the discriminate investigation. A divided
the data from WQI and formed two groups
excellent and bad based on water quality status. DA
showed that these were the DO, BOC, FC, TC
parameters which have a significant difference in
mean and standard deviation between the groups
excellent and bad. Consequently, these parameters
impact the water nature of the Hindon River. So the
significant poisons in Hindon River are organic
toxins.

4.0 Conclusion

From the above examination, found that the water
quality was most exceedingly awful during the time
of 2012 and 2013. The major pollutants were
organic pollutants released from fabric, tannery,
paper, sugar industries, and distilleries. According
to the Indian Meteorological Department, the
rainfall during the year of 2012 -2013 was nearly
65% than the average rainfall (880mm) which led to
a higher concentration of the pollutants. These were
the year when many industries were set up on the
Hindon River. The average temperature of the year
2012 and 2013 which was quite high, led to higher
evaporation and increased in the concentration of
pollutants. But in late 2013 to 2014 the water
quality was found better due to 104 % of rainfall
and quite a low average temperature.

According to Times of India’s reports (Feb 15,
2016), there was a total of 265 industries which
were responsible for polluting Hindon. From which
42 were approached to close down and 218 others
were requested to introduce effluent treatment plant
to check contamination .this promoted improvement
of water quality. There are two STPs operational on
Hindon and the government is arranging 2 more in
Ghaziabad area which will additionally improve the
nature of Hindon water. In this investigation,
scientific examination shows that multivariate
strategies are helpful apparatuses for assessing
contaminations. These outcomes give different data
to growing better water contamination control
systems for the Hindon River.
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% Percentage
BOD Biological Oxygen Demand

CA Cluster Analysis
CoD Chemical Oxygen Demand
DA Discriminant Analysis

DO Dissolved Oxygen

FA Factor Analysis

FC Fecal Coliform

TC Total Coliform

ICMR Indian Council of Medical & Research

IS Indian Standard

PRE Pre-monsoon

POST  Post monsoon

PCA Principal Component Analysis

Qn Quality Rating of nth Water Quality Parameter

Sn Standard allowable estimation of nth water quality parameter

SPSS Statistical Package for the Social Sciences

An ideal incentive for an nth parameter in unadulterated water. (Vi[dz1:‘|or p
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STP Sewage Treatment Plant

GRAPHICAL ABSTRACT

Identified Study
Area
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HIGHLIGHTS

» Water Quality Analysis using multivariate
tools to assess temporal and spatial changes
and to interpret colossal and complex water
quality data.

» The Temperature parameter during 2012-13
was quite high; this leads to higher
evaporation and concentration of
contaminants.

» High loading of Organic matter and
inorganic matter indicate the effect of
drainage of farming and stormwater from
the river that washing out topsoil with its
many impurities.

» The major pollutants in the Hindon River
are biological.
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