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ABSTRACT

The River Hindon, a main tributary of river Yamuna flows in the western part of Uttar
Pradesh (UP), India. As it passes through the industrial and urban areas, it receives a huge
amount of wastages. Therefore, the present study is concerned with the assessment of water
quality of the river in 28 sampling sites using the comprehensive pollution index (CPI), con-
sidering the eleven physiochemical parameters such as biological oxygen demand, dissolved
oxygen, total dissolve solids, total phosphate and four heavy metals (Fe, Cu, Zn and Cr).
Besides this, a multivariate statistical analysis is also performed using water quality parame-
ters to validate the results. The CPI was found to be 2.68-7.12 (CPI > 2), which is an indica-
tion of severely polluted water of Hindon river. The result reveals that water of the Hindon
River is unfit for human use, irrigation and other life supporting activities which are mainly
on account of direct discharge of untreated wastewater by industries and municipal sources.
This study also illustrates that principal component analysis and cluster analysis is an

important statistical tool for better management of water quality monitoring system.
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1. Introduction

Water is a vital and essential natural resource
required for multiplicity of purposes. It is an essen-
tial life-supporting factor comprising of major bulk
(70-90%) of all living cells [1]. Water quality is one
of the major factors responsible for both health and
the cause of disease in humans [2]. The availability
of freshwater resources is important for meeting the
requirement of a rapidly growing population and in
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spreading out economic activities of any country. In
the recent years, due to remarkable increase of
human populations, industrial expansion and direct
discharge of untreated wastewater into surface water
bodies, there is a rise in concentration nutrients
which have led to eutrophication i.e. the deterioration
in water quality [3]. Therefore, the water pollution
has become an important issue to prevent and con-
trol worldwide [4,5]. It has become essential to
implement regular monitoring and conservation pro-
grammes for various water bodies. In addition, the
conventional water quality regulations are also
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required which includes quality classes based on
crispy sets that are limited between various classes
with inherent imprecision, i.e. each water quality
parameter is to be equally valued in assessing the
pollution in water bodies. But, since quality classes
may vary from one sampling location to other, all of
the water quality parameters may not be included in
a single class thereby leading to difficulty in defining
pollution at the sampling site. In this concern, a
number of studies have been carried out on water
pollution and heavy metal contamination in sediment
and water of river Hindon [6,7] but a comprehensive
study has not been done yet. The literature found
that Hindon River is severely polluted and hence
water is not suitable for use for domestic and other
life supporting purposes [6,7]. So, in the present
paper, a comprehensive pollution index (CPI) [8] has
been evaluated to define the water pollution in river
Hindon at various sampling sites. Furthermore, the
application of environmetrics also called as multivari-
ate statistical techniques like principal component
analysis (PCA) and cluster analysis (CA) is
performed to recognize possible sources that could
influence water system so as to have a better under-
standing of water quality and ecological status of the
study region. These techniques have been especially
trustworthy for providing new and unique insights
into the relations in a broad scale of pollution situa-
tions [9-11]. These techniques are very valuable tool
for reliable management and conservation of water
resources as well as speedy solution for pollution
harms in water-bodies.

2. Material and methods
2.1. Details of study site

River Hindon, which falls in Indogangatic Plain, is
one of the main tributaries of River Yamuna. It origi-
nates in the upper Sivalik Himalayan region near the
Saharanpur district of U.P, India, at coordinates 3505
N 77°08” E (origin) to 28°04" N 77°04" E (mouth). It
flows through six different districts i.e. Saharanpur,
Muzaffarnagar, Meerut, Baghpat, Gautambudh Nagar
and Ghaziabad joined by its two main tributaries
(Krishna and Kali). River Hindon covers the catch-
ment area of 7,083 km® with length of 400 km before
merging into river Yamuna just outside Delhi. River
Kali merges with River Hindon near Atali village
while River Krishna joins it near the Binauli village in
Merrut district. River Kali and Krishna are extremely
contaminated and carry a huge amount of industrial
and domestic waste as they pass through inhabited
and industrialized straps of U.P. The major industrial
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effluents like pulp and paper (Star paper mill), sugar
distilleries (Cooperative distilleries) etc. enter into the
river through various Nallas (Dhamola, Nagdev, Bar-
nawa nalla etc.). The physiochemical monitoring of
the river Hindon has been performed considering 28
sampling locations (S0, SO0, S1, 52, S3 ... 526), cover-
ing the stretch between Sharanpur to Delhi, during
pre- and post-monsoon season (2013-2014). A map of
the river Hindon is shown in Fig. 1 which indicates
tall sampling locations at different points.

2.2. Sampling method

The samples were collected and analysed in the
laboratory as per the water quality testing manual
guidelines [12] with needed precautions for testimonial
analysis. Some parameters like surface temperature,
dissolved oxygen (DO) and pH were measured on site.
Eleven physiochemical parameters were considered for
analysis, such as pH, total dissolve solids (TDS), chem-
ical oxygen demand (COD), biological oxygen demand
(BOD), DO, turbidity, conductivity, total hardness
(TH), sulphate, chloride, total phosphate (TP) and four
heavy metals like Fe, Cu, Zn and Cr. All the WQ
parameters are measured in mg/1 except conductivity
(us/cm), turbidity (NTU), DO (% saturation) and sur-
face temperature (°C). The detection limit of Fe, Cu, Zn
and Cr in aqueous was 0.03, 0.003, 0.004, and
0.002 mg/1 respectively, analysed using spectroscope.

2.3. Comprehensive pollution index

This CPI has been applied to classify the water
quality status by many of the research findings [8]. It
is evaluated by the following equations as:

Measured concentation of individual parameter
- standard permissible concentration of parameter

@

1 n
CPI = - ; PI )

where PI is the pollution index of individual water
quality parameter considered, as shown in Fig. 2, n is
the number of parameters and CPI is a comprehensive
pollution index. The standard permissible concentra-
tions of each parameter considered in the study were
obtained from the Central Pollution Control Board
(CPCB) norms of the Indian government for a general
discharge of environmental pollutant [13-16]. CPI
ranges from 0 to 2 which classifies water quality as:
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Fig. 1. Schematic diagram showing sampling locations in the stretch of Hindon River.

<0.20 is Clean; 0.21-0.40 is Sub-clean; 0.41-1.00 is
slightly polluted; 1.01-2.0 is moderately polluted;
>2.01 is severely polluted.

2.4. Environmetrics

The Environmetrics, such as PCA and CA are get-
ting applied in recent years for assessment of a large
and complex water quality dataset of the river basin
to draw meaningful information using SPSS 17.0 soft-
ware.

2.4.1. Principal component analysis

PCA is a pattern recognition technique used to
renovate the original variables into reduced and uncor-
related new variables (axes) termed as the principal
components (PCs), a linear combination of the original
variable [9,17,18]. The reduced variable dataset may

assist in the recognition and explanation of trend in
water quality varying due to geochemical, hydrologic
processes and sources of pollution [19]; PCA depends
upon an eigenvector disintegration of the correlation
or covariance matrix. The eigenvalues of the PCs are
the measure of their associated variance, the participa-
tion of the original variables in the PCs is given by the
loadings, and the coordinates of the objects are called
scores [20]. Here PCA was performed to take out
significant PCs from dataset of water quality parame-
ters at all the sampling sites in order to assess
variations of water quality in river during pre- and
post-monsoon, which would help in identifying the
possible contributing sources by some trace metals.

2.4.2. Cluster analysis

This statistical technique is used to identify groups
or clusters of similar sites based on similarities within
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Fig. 2. PI of water quality parameters during pre- (A) and post-monsoon (B) (2013-14).

a class and dissimilarities between different classes
[21]. In this paper, the Hierarchical Cluster Analysis
(HCA) on basis of Ward method is performed to
determine the similarities among the sampling sta-
tions. The most similar sampling stations are grouped
in one cluster and the process repeated until all points
belong to one cluster [22,23]. The results gained are
being presented in a two-dimensional dendrogram
plot. HCA involves the evaluation of proximity matrix
of squared Euclidean distance along with an agglom-
eration schedule for clustering similar locations.

3. Results and discussions
3.1. Water pollution assessment

The water quality assessment of river Hindon has
been done during pre- and the post-monsoon season
(2013-14). The CPI clearly indicates that the river Hin-
don was severely polluted i.e. CPI: 2.68-7.12. The CPI
calculated for each sampling location falls beyond the
range, i.e. 22.01 which represents that water quality of
the ricer is severely polluted in both the seasons
(Table 1). Overall, the results of this study are in
agreement with other studies conducted by many
researchers [6,7] on the same river. To know the varia-
tion in water quality due to dilution in monsoon
month, a CPI plot has been shown in Fig. 3.

Fig. 3 shows that, there has been very minute
improvement in water quality in the post-monsoon as

compared to pre-monsoon season, even though the
water quality of the river is severely polluted. This
result indicates that there is high anthropogenic pres-
sure on the river which is beyond its assimilative
capacity or tolerance capability.

3.2. Clustering of sample locations

To make out the clusters of sampling locations and
to derive similar and dissimilar polluted sites, HCA
was performed using the datasets of water quality
parameters considered in study for both pre- and
post-monsoon season as shown as a dendrogram plot
in Fig. 4. Many applications of CA to assess water
quality have been reported [8,21,24,25]. The agglomer-
ation schedule in the pre-monsoon season gained two
clusters; Cluster one may be featured to the anthro-
pogenic sources while cluster two shows both anthro-
pogenic and natural sources. The first -cluster
comprises SO, S00, S1, S3, S6, S8, S9, 512, S14, 516, S18,
519, and 524 locations while rest other sampling loca-
tions are constituted in the second cluster. Similarly,
post-monsoon also gained two clusters, in which the
first cluster comprises SO, S1, S3, 54, S8, 512, S14, S16,
518, S19, S20, S23, and S25 locations and second clus-
ter constitutes rest other sampling locations. The result
reveals that the locations S0, S1, S3, S8, S12, S14, S16,
518, and S19, in the first cluster have similar pollution
level while the rest of the sites in the second cluster
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Table 1

Water pollution at each sampling location

Sampling sites CPI (Pre-monsoon) CPI (Post-monsoon) Polluted
S0 4.664 4.583 Severely
500 4.296 4.367 Severely
S1 3.485 2.983 Severely
52 3.738 3.142 Severely
53 5.208 3.072 Severely
54 5.123 4.729 Severely
S5 5.096 4.721 Severely
56 4.209 4.771 Severely
57 3.253 3.517 Severely
S8 4.260 2.682 Severely
59 4.856 3.908 Severely
S10 4.936 3.360 Severely
S11 6.550 5.162 Severely
512 6.730 6.648 Severely
S13 5.548 6.832 Severely
S14 6.493 6.757 Severely
515 4.867 4.617 Severely
S16 4.114 3.217 Severely
517 3.518 2.778 Severely
518 5.087 4.401 Severely
S19 5.386 4.486 Severely
520 5.851 4.719 Severely
521 4.604 3.646 Severely
522 3.349 2.821 Severely
523 5.361 4.385 Severely
524 5.923 4.239 Severely
525 6.747 5.627 Severely
526 8.654 7.140 Severely
527 10.365 5.770 Severely

B CPI pre monsoon M CPI post monsoon
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Fig. 3. Variation of CPI during pre- and post-monsoon.

have parallel results as above. However, the major 3.3. Relationships between the water quality parameters
variation in water pollution is observed in location
500, S4, S6, S9 520, S23, S24, and S25 during pre- and
post-monsoon, which is mainly due to geographical
location of the sites as it acts as a support to dilute the
river during rainy season.

The inter-metal interactions may signify the path-
ways and input sources of the type of effluents that
alter the concentration of different water quality
parameters and heavy metals present in the particular
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Fig. 4. Dendrogram using Ward Method.

media [7,26]. Pearson’s correlation coefficient analysis
was performed from the mean value of pre- and post-
monsoon analysed water quality parameters; using
SPSS 17.0 software (Table 2). It can be clearly observed
that except DO and Cr, all water quality parameters
have strong relationship in COD, which indicates nat-
ural input source i.e. from parental rocks. The higher
correlation coefficient of BOD to COD and lower with
DO is significance of local anthropogenic pollution like
industrial and domestic wastes. The negative correla-
tion of DO with pH signifies that water is not suitable
for life, while the positive correlation of pH with TDS,
chloride and TP is an indication of significant contri-
bution of more organic and inorganic salts in the river
Hindon [27]. The correlation between TDS and pH
explains the fact that TDS are composed of algae bio-
mass which affects the photosynthesis [28].

Among the heavy metals, Cr-Fe, Cu-Fe, and Cu-Cr
show a strong positive relationship, while Zn shows
positive relationship only with Cr and negative rela-
tionship with Fe and Cu. The strong relationship of
COD with Cu, Zn and Fe clearly reflects that the river
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receives huge amount of discharge from chemical
industries. These strong correlations among metal-
metal pair may be an indication of common input
sources of these metals as well as similar geochemical
characteristics. The positive correlation coefficients
among water quality parameter clearly indicate their
actual characteristics, a mutual dependency and com-
mon input source of these heavy metals.

3.4. Source identifications

In order to further validate the relationship among
the water quality parameters and to identify the input
source to obtain more reliable information, PCA was
performed [17,18,20,29-31], with Varimax normalized
rotation (VNR) using SPSS 17.0. The Kaiser-Meyer-
Olkin (KMO) and Bartlett’s tests [19,25,26,30,32] were
performed before performing the factor analysis and
are shown in Table 3. The KMO were found as 0.689
and 0.683 (i.e. KMO > 0.5) for both pre- and post-mon-
soon respectively. In order to have clear idea of the
data trends, PCA is represented by loadings and score
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Table 3
KMO and Bartlett’s test
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Pre-monsoon

Post-monsoon

Kaiser-Meyer—-Olkin Measure of Sampling Adequacy 0.683 0.689
Bartlett’s test of sphericity Approx. Chi-Square 357.939 412.583
Degree of freedom 105 105
Significance 0.000 0.000
N . N o
E | 2
o é 0.5
050 A 0
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©Mponent 1 ComPy Component 1 c
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Fig. 5. PCA loadings and score plot of water quality parameters.
Table 4
PCA Components values and Communalities of water quality parameters
PCs gained from pre-monsoon PCs gained from post-monsoon
analysis analysis
Parameters
Communalities Communalities
1 2 3 4 extraction 1 2 3 4 extraction
Initial 5150 3.725 1782 1.384 6.105 3.122 1.684 1.231
Eigenvalues
% of Variance  34.336 24.831 11.881 9.226 40.700 20.813 11.225 8.208
Cumulative %  34.336 59.167 71.049 80.275 40.700 61.513 72.738 80.946
EC 0.893 0.085 0.254 0.175 0.900 0.949  0.087 —0.172 —0.026 0.908
TDS 0.892 0.077 0125 0325 0.933 0.929  -0.203 —0.097 0.142 0.881
Cl 0.886 —0.083 —0.234 -0.154 0.884 0.865 —0.139 —0.354 0.150  0.934
TH 0.859 0282 0.144 0230 0.897 0.786  —0.205 —0.426 0.026  0.934
Zn 0.857 -0.129 -0.106 -0.319 0.902 0773 -0.371 0.336 0.164 0.875
Cr —-0.657 0376 —0.338 0214 0.762 0.768 0.456 —0.130 0.077  0.836
S50, -0.311 0.831 —0.116 -0.168 0.837 0.750  0.489  0.064 0.120  0.886
TP -0.397 0749 0.323 0141 0.930 0.640 -0.228 0.620 0.209  0.839
BOD -0.267 0.735 0.341 —0.238 0.843 0.577 0442 0.436 —0.130 0.737
COD 039 0712 0325 0.072 0.792 —0.060 0918  0.053 0.171  0.939
DO -0.319 -0.612 0.244 0211 0.907 0.158 0789 0.139 —0.158 0.915
Cu 0452 0595 —0415 0274 0.815 —0.519 0.600 0.183 0415 0.720
Fe -0.082 0516 —0472 0394 0.836 0.103 -0.473 0.745 —0.116 0.888
Turbidity -0.223 -0.158 0.741 0501 0.891 -0.266 —0.113 0.016 0.859  0.806
pH 0.153 0384 0397 —0.622 0.757 0317 0342 0.132 —0.319 0.836
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plot as shown in Fig. 5. The PCA results gained four
PCs (Fig. 5.) with eigenvalues >1, cumulative variance
of 80.275% (pre-monsoon) and 80.946% (post-mon-
soon). The PCs values obtained are shown in Table 4.

The PCA of pre-monsoon was analysed and results
reveal that PC1 shows strong positive loadings on Zn,
conductance, TDS, Chloride, TH and indicating
common sources of pollution. PC2 has strong positive
loadings on sulphate, phosphate, BOD, COD, Cr, Cu
and Fe, whereas PC3 and PC4 have positive loading on
pH and turbidity. A comparative analysis of PCA
during pre- and post-monsoon has been shown in
Fig. 5. It shows a variation in PCs loading for sulphate,
phosphate, BOD, DO, Cr, and pH which may be an
indication of the change in PCs loading due to mon-
soonal dilution. The extraction of water quality parame-
ters gets reduced during post-monsoon, except Cl, TH,
SOy, Cr, COD and DO as shown in Table 4. The varying
trend of extraction of the water quality parameters from
pre- to post-monsoon also verifies the impact of dilu-
tion in the river water while increase in extraction of Cr
indicates its major input sources from parental rocks
and agricultural runoff. The water quality parameters
whose loading were not altered by monsoonal variation
were observed due to similar patterns seen in the river
water samples in both the seasons (pre- and post-
monsoon) and also due to mixed effluent sources of
these parameters in the Hindon River. This analysis
clearly indicates the influence of anthropogenic activi-
ties on the water with respect to described water qual-
ity parameters and heavy metals. These clusters of
water quality parameters also reflect the extent of
organic pollution and eutrophication in the river, indi-
cating the main stem of anthropogenic pollution from
the discharge of untreated industrial and domestic sew-
age. The water quality of river Hindon at all sites in
both season was found to be severely polluted, and it
has been verified by PCA. It says that—severe pollution
of Hindon is due to direct discharge of untreated
wastewater from different industries and domestic sec-
tor joining the river. The management of water quality
in Hindon River is required to control the entrance of
external contaminant.

4. Conclusions

In the present study, the CPI, PCA and CA are
evaluated for 28 sampling locations at Hindon River
using water quality parameters during 2013-14. CPI
clearly indicates that the river Hindon was severely
polluted (CPI >2 ie. 2.68-7.12). The CA result was
obtained based on the similarity and dissimilarity in
water quality characteristics and after grouping all

19129

sampling sites into two clusters. As per Pearson’s
correlation matrix and PCA, the major source of river
water pollution is the direct discharge of untreated
wastewater from nearby industries containing toxic
waste and domestic sector. The study clearly shows
that the CPI, PCA and CA are useful tools for evaluat-
ing pollutants in human-affected water bodies and
river water classification. It is further recommended
that to maintain the aesthetic value of Hindon River,
conservation plan should be taken in advance.
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