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Abstract River Beas originates in the Himalayas and
merges into river Sutlej at Harike, a Ramsar wetland.
This river is a habitat of the endangered freshwater
dolphin, Platanista gangetica minor R. Twenty-five
water quality parameters, including eight heavy metals,
were studied at four sampling sites over a stretch of
63 km between Beas and Harike towns for pre-mon-
soon, post-monsoon and winter seasons. Principal com-
ponent analysis of the data proved to be an effective tool
for data reduction as the first three principal components
of all the water quality parameters explained 100 %
variance. Factor analysis delineated three factors under-
lying the water quality. Factor 1 comprised pollution-
related parameters like BOD, COD, DO, PO4_3 and
hardness. Factor 2 was a natural water quality determi-
nant and explained maximum variance in turbidity, al-
kalinity and TDS. Factor 3 comprised NO5 ', a
fertilizer-related parameter. Reflectance values from
bands 2 (green), 3 (red) and 4 (near infra-red) of
Landsat (TM) digital data were regressed on PO, >,
turbidity and TDS using multiple linear regression anal-
ysis. PO, > contributed positively to the spectral radi-
ance, whereas TDS contributed negatively. Beta
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regression analysis revealed that PO, > had a positive
relation with BOD, whereas turbidity and TDS were
negatively regressed with BOD. Artificial neural net-
work models were fitted to the data. Correlations be-
tween the target values from ANN for turbidity, BOD
and bands 2 (green), 3 (red) and 4 (near infra-red) were
highly significant.

Keywords River Beas - Water analysis - Remote
sensing - Multivariate techniques - Neural network
analysis

Introduction

Rivers play an important role in controlling the hydro-
logical cycle (Garrels et al. 1975). Rivers carry dis-
solved or suspended elements and deposit them at dif-
ferent locations (Gaur et al. 2005; Yao and Xu 2013).
Several workers (Riedel et al. 2000; Koklu et al. 2010;
Akbal et al. 2011; Wan et al. 2013) have assessed the
water quality in different rivers. Multivariate statistical
techniques such as factor analysis (FA), principal com-
ponent analysis (PCA), cluster analysis (CA), multiple
linear regression analysis (MLR) and artificial neural
networks (ANN) are effective analytical tools for water
quality assessment (Kuppusamy and Giridhar 2006; Wu
and Wang 2007; Chau and Muttil 2007; Chen and
Mynett 2006; Alkarkhi et al. 2009). PCA and CA are
helpful in the identification of factors that affect the
quality of water (Shrestha and Kazama 2007). MLR is
used to find out the relationship between one dependent
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and two or more independent variables. Remote sensing
(RS) has been used for monitoring and assessment of
water quality by various workers (Chopra et al. 2001;
Choubey 1992; Kloiber et al. 2002; Nelson et al. 2003).
Studies by Alparslan et al. (2007) and Dewidar and
Khedr (2001) have shown that DO, pH, total nitrogen,
total phosphorus, Na, K and salinity show a good
relationship with radiance data from the satellites.
Mabwoga and Thukral (2014) reported land use chang-
es in Harike wetland over a span of 21 years. The
present study is aimed at physiochemical characteriza-
tion of water from river Beas between the towns of Beas
and Harike in Punjab at four chosen sites and three
seasons. Water quality parameters were correlated with
reflectance values of bands 2 (green, G), 3 (red, R) and 4
(near infrared, NIR). The study finds its importance in
the fact that Platanista gangetica minor R., a freshwater
river endangered dolphin, is found only in this river
(Khan 2013). Recently, about 12 dolphins were sighted
in this river (Rana 2013).

Study area

River Beas originates in the Himalayas in central
Himachal Pradesh, India, at 31.51" N Ilat., 77° 05" E
long. and altitude 2050 m above sea level, and flows
for about 470 km to merge with river Sutlej. The study
area comprised a 63-km stretch of the river between the
towns of Beas and Harike. The river on its either side
has wild growth followed by agricultural fields. The
villages around the river dump their sewage and solid
wastes into the river. On the basis of approachability to
the river, samples were collected from the river adjoin-
ing the following towns (Fig. 1):

1. Beas(31.510'N, 75.305" E and 211 m asl): Located
in district Amritsar, the town is the headquarters of a
religious sect, Radha Soami. Every year, millions of
pilgrims come to Beas.

2. Kishanpura (31.409' N, 75.189" E and 219 m asl):
Located in the Kapurthala district, it is a major
agriculture area in this region.

3. Goindwal Sahib (31.376" N, 75.162" E and
217 m asl): Located in the Tarn Taran district,
a thermal power plant is located on the banks of
river Beas.

4. Harike (31.150"N, 74.951" E and 210 m asl): Harike
is located at the confluence of the rivers Beas and
Sutlej. It has its boundaries with Amritsar,
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Ferozepur and Kapurthala districts. It is one of the
international Ramsar wetlands and has a wildlife
sanctuary.

Materials and methods
Satellite imagery

Landsat (TM) data dated 7 June 2013, 14 October
2013 and 26 February 2014 were obtained from the
U.S. Geological Survey (USGS) (http://glovis.usgs.
gov/). Erdas Imagine 11 and Arc GIS 9.3 software
were used for the processing of the images. An
eTrex Garmin Global Positioning System (GPS) re-
ceiver was used to determine the geo-coordinates of
the study sites. The images were geometrically rec-
tified with reference to the ground control points
collected from the field with the help of a GPS
receiver. Geo-coordinates along the river were re-
corded and converted into shape files using Erdas
Imagine software from which a base map was pre-
pared. The image was subset to extract the area of
study which was used for further analyses.
Reflectance values from three bands (G, R and
NIR) of the satellite imagery were extracted from
the image. The wavelengths of the bands used for
the study were G (0.53-0.61 um), R (0.63-0.69 pum)
and NIR (0.78-0.90 um). The other specifications of
the images were spatial resolution (30 m), temporal
resolution (16 days), radiometric resolution (8 bits)
and swath width of 185 km.

Water sampling and analysis

Water samples were collected on May 30, 2013,
October 10, 2013 and February 20, 2014 between
8 am and 11 am from the sites in triplicate. The
collection, preservation and analysis of the water
samples were carried out as prescribed in the stan-
dard methods (APHA 2005). pH was tested using a
SDFCL micro pH Analytica pH meter. The temper-
ature of the river water was measured in situ at a
depth of 5 cm. Turbidity was measured with a por-
table turbidity meter (PC compact turbidity meter,
Aqualytic). Electrical conductivity was determined
by conductivity meter (Systronics, Model 304). TDS
was determined by HM digital portable TDS meter.
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Fig. 1 Location of study area

BOD was determined by 5-day BOD test at 20 °C.
COD was estimated by using the closed reflux titri-
metric method. DO was determined by azide modi-
fication technique. NO; ' was determined using
spectrophotometric method at 220 nm (Thermo,
Genesys 10 UV). Hardness and alkalinity were de-
termined by EDTA titrimetric method and titration
method respectively. Cl™' determination was done
by argentometric method. Na and K were estimated
using (Systronics flame photometer-128). Ca and
Mg were determined by using EDTA titration meth-
od. Water samples were fixed with HNO;5 and fil-
tered with Whatman #1 filter paper for heavy metal
analysis using atomic absorption
spectrophotometery (Agilent Technologies 200 -
Series AA).

Multivariate statistical methods

One-way and two-way analysis of variance (ANOVA)
and Tukey’s multiple comparison test were applied to

T T
78°100"€ 78°185'0"€

find honestly significant difference (HSD at p <0.05),
for 25 water quality parameters (Beaver et al. 2012;
Sokal and Rohlf 1995). The null hypothesis tested was
that at least two means are significantly different from
each other. The heavy metals which were not detected or
had very low concentrations were not used for multivar-
iate analysis. Cluster analysis for 21 water quality pa-
rameters was performed using Euclidian distance as a
measure of distance. Principal component analysis for
19-23 water quality parameters for pre-monsoon, post-
monsoon and winter seasons was performed to deter-
mine the principal components which explain maximum
variance of the data. In factor analysis, new factors
which cause variations in the physiochemical parame-
ters (11) and metal concentration (4) were extracted by
varimax rotation of the PCA.

Multiple linear regression analysis was used to deter-
mine the effect of two or more independent variables on
a dependent variable. (3-regression coefficients are
unitless partial regression coefficients which give the
relative effects of different independent variables on a
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Fig. 2 Artificial neural network
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Table 1 One-way ANOVA and multiple comparison test for different water quality parameters from different sites of river Beas for the pre-

monsoon season

Parameters Sites Fratio (p<0.05) HSD (p<0.05)

Beas Kishanpura Goindwal Sahib  Harike

Mean+ SD Mean+ SD Mean+SD Mean+ SD
pH 8.17%+0.05 7.93%°+0.05 8.07+0.1 797+0.11  4.00% 0.23
Temperature (°C) 27.14+0.15 28.10+0.10 24.96+0.15 26.04+0.05  0.008 ns
Turbidity (NTU) 33.34%+5.68 31%£6.00  43.34°+3.05 4334£3.05  6.01* 10.15
Conductivity (uS cm ™) 230 +1.41 226™°+5.65 219°+4.24 231.5°+2.12  6.73% 10.88
TDS (mg L) 108 +6.24 106+3.60  105.34+3.21 11434208  3.03 ns
BOD (mg L") 8.06% +0.23 8.34%+0.23 7.27°°+0.83 9.14°+£046  7.01* 131
COD (mg L™ 33341154  26.67+11.54 60£20.00 7334+23.09 4.85% 453
DO (mg L") 7.91+1.29 8.04+0.80 6.7+0.46 6.97+023 208 ns
NO; ' (mg L™ 1.846+0.27 1.628+0.14 1.711£0.07 1.507£0.10  2.15 ns
PO, > (mg L™ 0.08+0.05 0.11+0.03 0.06+0.01 0.12+0.04 14 ns
Hardness (mg L") 108.67+7.02  110.67+3.05  104.67+8.08 104.67+577  0.686 ns
Alkalinity (mg L ™) 113.34£1527  126.67+28.86 140£20.00  146.67+£20.82 138 ns
Cr'mgL™ 17.95*40.81  19.85°+142  15.59°+1.41 21.74*°+0.81  15.50% 3.02
Na (mg L) 10.01+0.33 9.82+1.30 9.95+2.20 1192+1.54 131 ns
K (mg L™ 3.14+0.07 2.84+0.50 3.28+1.44 3.78+038 075 ns
Ca(mg L™ 28.31+0.46 27.78+0.46 29.38+2.01 20924122 1.901 ns
Mg (mg L™ 925 +1.46 10.07°£0.56  7.63%°+0.74 73%+097  523* 26
Mn (mg L) 0.11+0.003 0.13£0.001  0.0020.001 0.124+0.05 043 ns
Cr(mg L™ 0.006+0.001  0.012+0.006  0.009+0.005 0.004+0.001 3.27 ns
Cu(mg L™ 0.011£0.006  0.009+£0.001  0.003+0.002 0.006+0.004 1.04 ns
Co(mgL™) 0.006+0.001  0.008+0.003  0.012+0.001 0.013+0.005 3.32 ns

Same superscript or no superscript letter in a row indicates no significant difference between the means at p <0.05

ns not significant at p <0.05, Zn, Ni, Hg and As; — not detected or below detection limit

*indicates significant at p <0.05
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Table2 One-way ANOVA and multiple comparison test for different water quality parameters from different sites of river Beas for the post-

monsoon season

Parameters Sites F ratio (p<0.05) HSD (p<0.05)

Beas Kishanpura Goindwal Sahib  Harike

Mean +SD Mean+SD Mean +SD Mean+ SD
pH 7.86+0.06 771°°£005  7.53°+0.04 7324007  45.59% 0.15
Temperature (°C) 23.70°°+020  25.00°°+0.10  24.77°°+0.05 25.86°+£0.05  168.31% 0.31
Turbidity (NTU) 5934°£5.13  110.67°+1625 5634°+17.03  131.00°£7.00  26.54* 32.82
Conductivity (uS em ") 150.00£10.00  160.00+10.00 156.67+5.77 156.67£5.77  0.79 ns
TDS (mg L) 160.00£21.79  179.34+11.01 178.34+12.58  177.34=1553 1.02 ns
BOD (mg L") 5.64°+0.12 8.12°+0.94  5.89°+0.45 479%°+£029  20.04* 1.43
COD (mg L™ 80.00 +40.00 53.34+23.09 66.67+23.09 66.67+46.18 0.29 ns
DO (mg L") 5.90+0.61 6.16£023  6.55+0.59 535021  3.67 ns
NO; ' (mg L™ 270°+0.047  144b°+0.14 1.47°+0.11 0.92+023  7331*% 0.39
PO, (mg L) 0.028+0.025 0.036+0.018  0.024+0.004 0.031£0.013 025 ns
Hardness (mg L") 76.00+£2.00  80.00"+£529  84.00™°+2.00 94.00°£529  11.18* 10.46
Alkalinity (mg L") 105°£5.00  111.67*°+£2.88  118.34™+288  12234°+2.51  14.51% 9.05
Cl'' (mg L™ 21.27°+1.41 2032°+2.16  27.88°+£2.95 24574081  8.83% 5.24
Na(mg L) 19.84*+236  23200+125  18.26°+045 24.90°+0.96  13.30% 3.77
K (mg L™ 31.24+1.06 3250122 31.50+1.55 3287+232 07 ns
Ca(mgL™) 6626°+3.64  6035°+£291  45.81°+3.10 39.67°+4.24  37.59% 9.15
Mg (mg L) 17.14+5.50 1831257  15.85+1.41 1537120  0.52 ns
Zn (mg L) 0.046 +0.022 0.045+0.026 0.017+0.007 0.017£0.007 2.506 ns
Mn (mg L) 0.61°+0.008 3.61°£0.072  129°+0.015 0.59°£0.019  3804.74* 0.1
Cr(mg L") 0.048°+0.015  0.079°+0.007 0.021°+0.005 0.008°£0.002  36.90% 0.02
Cu(mg L™ 0.01+0.014 0.029+0.012  0.0024+0.002 0.024+0.022 2.1 ns
Co (mg L™ 0.0006£0.001  0.0006+0.001 — 0.0006+0.001 0.0 ns

Same superscript or no superscript letter in a row indicates no significant difference between the means at p <0.05

ns not significant at p <0.05, Ni, Hg, and As; — not detected or below detection limit

dependent variable. The artificial neural network con-
sists of an input layer, one or more hidden layers of
neurons and an output layer. The ANN model was
developed between water quality parameters and reflec-
tance values in bands 2 (G), 3 (R) and 4 (NIR) using the
Statistica-12 software. The number of neurons was se-
lected by the software when the maximum variance was
explained. It is generally 70 to 90 % of the size of the
input layer (Boger and Guterman 1997). The options
selected were multilayer perceptron, 1000 iterations, ten
neurons and tan/ transfer function, both at the input
layer and the hidden layer. ANN models were also
developed between BOD, turbidity and water quality
parameters (Fig. 2). Software used for calculations was
Microsoft Office Excel-2007, Statistica-12, Minitab-14,
PAST and self-coded software.

Results and discussion

Tables 1, 2 and 3 give water quality parameters in the
river water samples collected from different sites.
Differences among the means of BOD and pH were
found to be significant for all the three seasons. The
pH of the water was neutral to slightly alkaline.
Variations in CI”! were found to be significant during
the post-monsoon and pre-monsoon seasons. Mg levels
were significantly different between the winter and pre-
monsoon seasons. Na and Mn differences were found to
be significant during the post-monsoon and pre-
monsoon seasons. Turbidity, NO3_1, hardness, Ca and
Cr showed significant variations during the post-
monsoon season. Concentration of K varied significantly
during the winter season, whereas conductivity and COD
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Table 3 One-way ANOVA and multiple comparison test for different water quality parameters from different sites of river Beas for the

winter season

Parameters Sites F ratio (p<0.05) HSD (p<0.05)

Beas Kishanpura Goindwal Sahib  Harike

Mean + SD Mean +SD Mean +SD Mean +SD
pH 721°40.073 72540047  7.40°°+0.052 7.54°£0.098  13.08* 0.18
Temperature (°C) 13.77°+£025  14.146°+£0.15  14.47°+0.20 14.74°£0.152  13.70* 0.51
Turbidity (NTU) 48.67+£4.04  60.67+1457  7434+351 70.00+17.69  2.79 ns
Conductivity (uS em ') 314.50+3.53  315.50+£0.70  313.00+2.82 307.67+2.08 1.66 ns
TDS (mg L") 222.67+3.78  219.67+2.08  218.00+6.08 216.34+1.52 15 ns
BOD (mg L") 12.05°+129  12.74°+15 9.49°%° 1156 7.24°£0.57 11.36% 338
COD (mg L™ 3334+1154 2667+11.54  26.67+11.54 53.34+11.54 3.58 ns
DO (mg L") 831+022  8.45+0.39 7.51+0.61 7.78 £0.46 2.88 ns
NO; ' (mg L™ 1.96+023  2.18+0.18 2.07+0.06 1.87+0.04 226 ns
PO, (mg L) 0.081+0.023  0.107+0.05 0.123+0.014 0.072+0.013 1.92 ns
Hardness (mg L") 102.67+5.03  104+2.00 108 +2.00 108 +4.00 1.83 ns
Alkalinity (mg L™ 96.67+15.27  100+10.00 100+ 10.00 106.67+5.77 045 ns
Cl''(mg L™ 795+029  8.46+0.95 827+1.09 7.82+0.10 0.46 ns
Na (mg L™ 3730°+137  45.63°+1.76  46.53*+1.71 37.03°+£128  10.23* 3.10
K (mg L™ 31.56°+0.58  29.10™°+1.05 27.04°+1.95 31.57°+0.58  33.34% 4.04
Ca(mgL™) 2474+143  17.57+2.03 21.54+533 19.58+5.73 1.65 ns
Mg (mg L™ 10.68°+1.02  10.81°+144  15.85*+1.41 1537°+120  14.42% 335
Zn (mg L") 0.0057+0.006 — - 0.002 +0.003 0.66 ns
Mn (mg L") 0.094°°+0.007  0.068°+0.03 0.123+0.005  0.152°+0.022  10.42*% 0.05
Cu(mg L™ 0.0044+0.007 — - -

Same superscript or no superscript in a row indicates no significant difference between the means at p <0.05

ns not significant at p <0.05, Cr, Co, Ni, Hg, and As; — not detected or below detection limit.

*indicates significant at p <0.05

showed significant differences in the means of samples
during the pre-monsoon season. Two-way ANOVA be-
tween different sites and seasons revealed significant inter-
action between the sites and the seasons for pH, tempera-
ture, turbidity, BOD, NO; ', hardness, Cl"!, Na, K, Ca,
Mg, Mn, Cr and Co, implying that the trends of variation
of parameters change with site and season (Table 4).

Our results are in accordance with Moza and Mishra
(2007) who analysed pH, DO, CI"! and PO, in water
from river Beas at Beas bridge and the Harike lake. The
results show slight variations from those of Central
Pollution Control Board, New Delhi (2011) for pH, con-
ductivity, DO and BOD in water from river Beas. Increase
in dissolved and suspended solids in water increase the
biological and chemical oxygen demands (Jonnalagadda
and Mhere 2001). Wastewater possesses high concentra-
tion of CI'! than raw water because NaCl, the common

@ Springer

component of human diet, passes unchanged through the
digestive system (WHO 2006). In rivers, the lower content
of DO may be due to the microbial activity in water
(Palma et al. 2010). BOD is the amount of oxygen re-
quired for aerobic bacteria for the oxidation of organic
matter present in the waste and is a part of COD
(Cieszynska et al. 2012). Large amounts of biodegradable
organic compounds affect the quality of surface waters
because the organisms use the available DO for break-
down of wastes in the water, and as a result, the supply of
oxygen in the water is reduced, thereby affecting the
overall quality of water (Carpenter et al. 1998).

The multivariate analysis of water quality parameters
of river water has been used for the first time in this
region. In cluster analysis, the data from the post-
monsoon season formed one group and data from winter
and pre-monsoon seasons formed another group. Our
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Table 4 Two-way ANOVA for water quality parameters of river

Beas
Parameters F ratios HSD
(*p<0.05)
Sites Seasons  Sites x seasons

pH 5.66%  251.93*  20.24* 0.22

Temperature 9.03*% 4008.73*  22.17* 1.015
O

Turbidity 18.02% 75.36%* 13.15% 30.30
(NTU)

Conductivity 095 2277.63* 2.48 16.64
(1S em™)

TDS 1.21 391.97* 1.08 28.30
(mg L

BOD 17.05%* 73.56* 9.54% 2.53
(mg L™

COD 243 5.43% 0.56 70.09
(mg L")

DO (mg L") 1.85 35.02% 2.33 1.86

NO; ! 32.86 * 21.71%  20.02* 0.46
(mg L'

PO, 0.77 18.49% 1.77 0.09
(mg L

Hardness 2.81 93.43* 3.66* 13.98
(mg L)

Alkalinity 3.32% 14.24%* 0.50 41.78
(mg L")

crt 4.96* 378.80* 11.86* 4.12
(mg L

Na (mg L™ 10.18* 1334.26* 19.50%* 4.40

K (mg L™ 1.60  1984.30* 4.58%* 3.66

Ca(mgL™) 16.39*  326.88* 15.64%* 9.44

Mg (mg L™ 0.27 46.30* 3.92% 6.09

Zn (mg LY 2.79 30.32% 2.14 0.035

Mn (mg L") 2233.79% 9045.81% 2331.57* 0.087

Cr(mgL™") 38.10%  129.44*  26.87* 0.019

Cu (mg L™ 2.07 3.59% 1.97 0.029

Co (mg L™ 2.84 93.45% 331%* 0.006

studies on cluster analysis find support from
Gnanamoorthy et al. (2013) who worked on
Parangipettai, southeast coast of India, and observed

Table 5 Variance explained in principal component analysis of
different water quality parameters of river Beas

Seasons PC1 (%) PC2 (%) PC3 (%)
Pre-monsoon season 80.24 16.53 3.22
Post-monsoon season 77.85 17.92 4.23
Winter season 85.29 8.33 6.38

that each season forms a separate group. PCA generates
the number of principal components equal to the num-
ber of variables. In the present study, the first three
principal components explained 100 % of the total var-
iance for all the seasons (Table 5). COD and alkalinity
had maximum loadings during the pre-monsoon season,
whereas turbidity, COD and alkalinity had maximum
loadings during the post-monsoon season. In the winter
season, maximum loadings were on turbidity, COD and
Na. Results of factor analysis are presented in Table 6.
Factor 1 accounted for 46 % of the total variance and
had strong positive loadings on conductivity, DO, PO{3
and hardness, and strong negative loadings on BOD,
COD and CI"". Since all these parameters are pollution
related from sewage and domestic wastewater, the first

Table 6 Factor analysis of different water quality parameters of
river Beas

Physiochemical characteristics

Variables Factor 1 Factor 2 Factor 3 Communality
Turbidity -040 -0.71 0.46 0.88
Conductivity 0.88 0.38 0.19 0.96

TDS 0.10 0.94 -0.12 092

BOD -0.80 -0.21 0.27 0.76

COD -0.80 -0.15 -0.19 071

DO 0.83 0.12 0.43 0.89

NO; ™! 0.02 0.36 0.87 0.90

PO, 0.83 -0.19 022 0.79
Hardness 0.95 -021 —-0.03 0.6
Alkalinity -0.06 -090 028 0.90

Cl -0.71 -056 —023 0.88
Variance 5.07 2.7 1.82 9.6

% var 46 % 24 % 16 % 86 %
Variables Factor 1 Factor 2 Communality
Na 0.92 0.35 0.97

K 0.90 -0.35 0.94

Ca** 005  —0.98 0.96

Mg** 0.68 -0.67 0.92
Variance 2.13 1.67 3.80

% var 53 % 41 % 94 %
Reflectance values Factor 1 Factor 2 Communality
Green 0.78 0.62 0.99

Red 0.83 0.54 0.99

NIR 0.56 0.82 1.00
Variance 1.63 1.36 2.99

Yovar 54 % 45 % 99 %
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Table 7 Multiple linear regression between reflectance values or BOD and independent variables

Equations

Band2 (G) = 64.93 + 150.66 PO, (mgL™") +0.002 turb (NTU) —0.19 TDS (mgL ") 8; = 0.48, 3, = 0.005, 33 = —0.77; r = 0

943 (p < 0.001)

Band3 (R) = 82.58 + 167.73 PO, (mg L) +0.002 turb (NTU) —0.27 TDS (mg L") 5, = 0.39, 3, = 0.004, 35 = —0.83; r

—0.946 (p < 0.001)

Band 4 (NIR) = 53.05 + 187.82 PO, (mg L") —0.09 turb (NTU) —0.15 TDS (mg L ') ; = 0.52, 3, = —0.20, 53 = —0.55; 7

=0.938 (p < 0.001)

BOD (mgL™') =2.56 +37.18 PO, (mg L") —0.023 turb (NTU) —0.026 TDS (mg L") 8, = 0.587, 3, = —0.287, 35 = —0.52

1;7=0.825 (p < 0.01)

Beta regression coefficients: 3; (PO, >), 3, (turbidity) and (5 (TDS); multiple correlation coefficient=r

factor is largely a pollution loading factor leading to
eutrophication. Factor 2 accounted for 24 % of the total
variance and had strong loadings on TDS, alkalinity and
turbidity due to the natural quality of water and indus-
trial pollutants. Factor 3 accounted for 16 % of the total
variance and had strong positive loadings on NO5 .
This factor indicates the influence of NO; ' fertilizers
used in agriculture dominated the catchment area of the
river. In case of metal analysis, factor 1 accounted for
53 % of the total variance and had strong loadings on
Na, K and Mg. This factor indicates the influence of
domestic pollutants. The contribution of Na and K to
this factor may be attributed to cation exchange process-
es in the soil-water interface (Guo and Wang 2004).
Factor 2 accounted for 41 % of the total variance and
had strong loadings on Ca.

Multivariate analysis of spectral radiance in relation
to water quality parameters revealed that the reflectance
values in three bands, 2 (G), 3 (R) and 4 (NIR), are
governed by two factors (Table 6). Factor 1 had maxi-
mum loadings on bands 2 (G) and 3 (R), and this factor
is mainly due to abiotic components. Factor 2 had
maximum loadings on band 4 (NIR), and this factor
may be attributed to green algae and other plants
present in the water. Mabwoga et al. (2010) worked on
water quality parameters in Harike wetland, and
reported that turbidity shows correlation with the
reflectance data. Our findings are in conformation with
Coskun et al. (2008) on drinking water of Omerli reser-
voir. PO, is an indicator of pollution which enters into
the river through domestic wastewater and causes eu-
trophication. Turbidity may be caused by two factors,
i.e., sand and silt carried by water from the mountains
and sewage and industrial effluents discharged into the
river. TDS mainly consists of inorganic salts such as Na,

@ Springer

K, PO, >, NO; !, Ca, Mg, SO,72, CI'Y, etc. and lesser
amount of organic matter. MLR was done between the
reflectance values in bands 2 (G), 3 (R) and 4 (NIR) and
water quality parameters PO4 °, turbidity and TDS
(Table 7). These parameters were selected on the basis
of PO, in sewage discharged into the river, turbidity
due to physical and biological phenomena, and TDS due
to industrial and agricultural water discharges. It was
found from the multiple and (3-regression analyses that
reflectance in band 2 (G) is decreased due to the TDS
content of water, and enhanced due to PO, > content of
water. Turbidity does not have much effect on reflec-
tance in band 2 (G). Band 3 (R) also gives results similar
to band 2 (G). In band 4 (NIR), turbidity decreases the
spectral radiance. PO, increases the spectral radiance
of all the bands. PO473, turbidity and TDS were also
regressed on BOD. It was found from multiple and f3-
regression analysis that the value of BOD is enhanced
due to PO, > content of water, whereas turbidity and
TDS decreased the value of BOD. The ANN model
fitted well with the simulated and the observed data.
The correlations between target and output values from
ANN for BOD (validation: »=0.926), turbidity (valida-
tion: »=0.995) and reflectance values in bands 2 (G)
(validation: 7=0.999), 3 (R) (validation: »=0.998) and
4 (NIR) (validation: »=0.999) were highly significant
(p<0.001).

Conclusions

The results suggested that domestic, industrial and agri-
cultural activities have significant effect on the water
quality parameters in river Beas. The water quality of
the river deteriorates as it flows down from Himachal
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Pradesh to Punjab. Parameters having significant influ-
ence are BOD, DO, COD, TDS, turbidity, conductivity,
hardness, PO4_3, NO3_1, CI'!, Ca, Na and K. In the
present study, reflectance values in FA revealed two
underlying factors. Factor 1 comprised the abiotic com-
ponents, and factor 2 comprised green algae and other
plants present in the water. Cluster analysis showed that
water quality parameters of each season form a separate
group. PO, > contributed positively to the reflectance
values of all the bands, whereas TDS contributed nega-
tively. PO, contributed positively to the BOD, where-
as turbidity and TDS contributed negatively. ANN can
be used to stimulate water quality parameters using
reflectance values. The study warrants that appropriate
water pollution prevention measures should be taken to
treat the domestic and industrial wastewater, before it
flows down to the river. This will help in protecting the
endangered biodiversity of the river and the Harike
wetland.

Acknowledgments The authors are thankful to the Head, De-
partment of Botanical and Environmental Sciences, for providing
research facilities. The author Vinod Kumar is also thankful to the
University Grants Commission, New Delhi, for providing the
financial assistance under the programme of the university with
potential for excellence.

References

Akbal, F., Gurel, L., Bahadir, T., Guler, 1., Bakan, G., &
Buyugungor, H. (2011). Water and sediment quality assess-
ment in the mid-black sea coast of Turkey using multivariate
statistical techniques. Environmental Earth Sciences, 64,
1387-1395.

Alkarkhi, A. F. M., Ahmad, A., & Easa, A. M. (2009). Assessment
of surface water quality of selected estuaries of Malaysia:
multivariate statistical techniques. Environmentalist, 29,
255-262.

Alparslan, E., Aydoner, C., Tufekci, V., & Tifekei, H. (2007).
Water quality assessment at Omerli dam using remote sens-
ing techniques. Environmental Monitoring and Assessment,
135,391-398.

APHA. (2005). In D. A. Eaton, S. L. Clesceri, W. E. Rice, & E. A.
Greenberg (Eds.), Standard methods for the examination of
water and wastewater (17th ed.). Washington: American
Public Health Association.

Beaver, M. B., Beaver, J. R., & Mendenhall, W. (2012).
Introduction to probability and statistics. New Delhi:
Cengage Learning.

Central Pollution Control Board, New Delhi. (2011). Status of
water quality in India—2011. New Delhi: Central Pollution
Control Board (Ministry of Environment and Forestry).
http://www.cppcb.nic.in.

Boger, Z., & Guterman, H. (1997). Knowledge extraction from
artificial neural network model. Orlando: IEEE systems, man
and cybernetics Conference.

Carpenter, S. R., Caraco, N. F., Correll, D. L., Howarth, R. W.,
Sharley, A. N., & Smith, V. H. (1998). Non point pollution of
surface waters with phosphorus and nitrogen. Journal of
Applied Ecology, 8, 559-568.

Chau, K. W., & Muttil, N. (2007). Data mining and multivariate
statistical analysis for ecological system in coastal waters.
Journal of Hydroinformatics, 9, 305-317.

Chen, Q. W., & Mynett, A. E. (2006). Modelling algal blooms in
the Dutch coastal waters by integrated numerical and fuzzy
cellular automata approaches. Ecological Modelling, 199,
73-81.

Chopra, R., Verma, V. K., & Sharma, P. K. (2001). Mapping,
monitoring and conservation of Harike wetland ecosystem,
Punjab, India through remote sensing. International Journal
of Remote Sensing, 22, 89-98.

Choubey, V. K. (1992). Correlation of turbidity with Indian remote
sensing satellite-1A data. Hydrological Sciences, 37, 129—
140.

Cieszynska, M., Wesolowski, M., Bartoszewicz, M., Michalska,
M., & Nowacki, J. (2012). Application of physicochemical
data for water-quality assessment of watercourse in the
Gdansk municipality (south Baltic coast). Environmental
Monitoring and Assessment, 184, 2017-2029.

Coskun, G. H., Tanik, A., Alganci, U., & Cigizoglu, K. H. (2008).
Determination of environmental quality of a drinking water
reservoir by remote sensing, GIS and regression analysis.
Water, Air, and Soil Pollution, 194, 275-285.

Dewidar, K., & Khedr, A. (2001). Water quality assessment with
simultaneous landsat-5 TM at Manzala Lagoon, Egypt.
Hydrobiologia, 487, 49-58.

Garrels, R. M., Mackenzie, F. T., & Hunt, C. (1975). Chemical
cycle and the global environment. New York: William
Kaufman.

Gaur, V. K., Gupta, S. K., Pandey, S. D., Gopal, K., & Misra, V.
(2005). Distribution of heavy metals in sediment and water of
river Gomti. Environmental Monitoring and Assessment,
102, 1-3.

Gnanamoorthy, P., Sahu, S. K., & Prabu, A. V. (2013).
Multivariate analysis of phytoplankton in relation to physio-
chemical parameters disparity in Parangipettai waters, south-
east coast of India. Asian Journal of Biological Sciences,
6(1), 1-20.

Guo, H., & Wang, Y. (2004). Hydrogeochemical processes in
shallow quaternary aquifers from the northern part of the
Datong basin, China. Applied Geochemistry, 19(1), 19-27.

Jonnalagadda, S. B., & Mhere, G. (2001). Water quality of the odzi
river in the eastern highlands of Zimbabwe. Water Research,
35(10), 2371-2376.

Khan, S. M. (2013). Indus river dolphin: the survivor of river Beas,
Punjab, India. Current Science, 104, 1464—1465.

Kloiber, S. M., Brezonik, P. L., Olmanson, L. G., & Bauer, M. E.
(2002). A procedure for regional lake water clarity assess-
ment using landsat multispectral data. Remote Sensing of
Environment, 82, 38-47.

Koklu, R., Sengorur, B., & Topal, B. (2010). Water quality assess-
ment using multivariate statistical methods—a case study:
Melen river system (Turkey). Water Resource Management,
24, 959-978.

@ Springer


http://www.cppcb.nic.in/

137 Page 10 of 10

Environ Monit Assess (2016) 188: 137

Kuppusamy, M. R., & Giridhar, V. V. (2006). Factor analysis of
water quality characteristics including trace metal speciation
in the coastal environmental system of Chennai Ennore.
Environment International, 32, 174-179.

Mabwoga, S. O., & Thukral, A. K. (2014). Characterization of
change in the Harike wetland, a Ramsar site in India, using
landsat satellite data. Springer Plus, 3(576), 1-11.

Mabwoga, S. O., Chawla, A., & Thukral, A. K. (2010).
Assessment of water quality parameters of the Harike
wetland in India, a Ramsar site, using IRS LISS IV
satellite data. Environmental Monitoring and
Assessment, 170, 117-128.

Moza, U., & Mishra, D. N. (2007). River Beas ecology and fishery.
West Bengal: Central Inland Fisheries Research Institute
(Indian Coundl of Agricultural Research).

Nelson, S. A. C., Soranno, P. A., Cheruvelil, K. S., Batzli, S.
A., & Skole, D. L. (2003). Regional assessment of lake
water clarity using satellite remote sensing. Papers from
Bolsena Conference (2002). Residence time in lakes:
science, management, education. Journal of Limnology,
62(1), 27-32.

Palma, P., Alvarenga, P., Palma, V. L., Fernandes, R. M., Soares,
M. V. M., & Barbosa, 1. R. (2010). Assessment of anthropo-
genic sources of water pollution using multivariate statistical
techniques: a case study of the Alquevas’s reservoir,
Portugal. Environmental Monitoring and Assessment, 165,
539-552.

@ Springer

Rana, Y. (2013). For the first time, a dozen dolphins spotted in
Beas. The Times of India. http://timesofindia.indiatimes.com/
home/environment/flora-fauna/for-the-first-time-a-dozen-
dolphins-spotted-in-Beas/articleshow/22427332.cms.

Riedel, G. F., Williams, S. A., Riedel, G. S., Oilmour, C. C., &
Sanders, J. G. (2000). Temporal and spatial patterns of trace
elements in the Patuxent river: a whole watershed approach.
Estuaries, 23, 521-535.

Shrestha, S., & Kazama, F. (2007). Assessment of surface water
quality using multivariate statistical techniques: a case study
of the Fuji river basin, Japan. Environmental Modelling and
Software, 22, 464-475.

Sokal, R. R., & Rohlf, F. J. (1995). Biometry. New York: W.H.
Freeman.

Wan, J., Bu, H., & Zhang, Y. (2013). Classification of rivers based
on water quality assessment using factor analysis in Taizi
river basin, northeast China. Environmental Earth Sciences,
69, 909-919.

WHO. (2006). Guidelines for drinking water quality.
Incorporating Ist addendum (3rd ed.). Geneva: World
Health Organization.

Wu, M. L., & Wang, Y. S. (2007). Using chemometeries to
evaluate anthropogenic effects in Daya Bay, China.
Estuarine Coastal and Shelf Science, 72, 732-742.

Yao, W., & Xu, J. (2013). Impact of human activity and climate
change on suspended sediment load: the upper Yellow river,
China. Environmental Earth Sciences, 70, 1389-1403.


http://timesofindia.indiatimes.com/home/environment/flora-fauna/for-the-first-time-a-dozen-dolphins-spotted-in-Beas/articleshow/22427332.cms
http://timesofindia.indiatimes.com/home/environment/flora-fauna/for-the-first-time-a-dozen-dolphins-spotted-in-Beas/articleshow/22427332.cms
http://timesofindia.indiatimes.com/home/environment/flora-fauna/for-the-first-time-a-dozen-dolphins-spotted-in-Beas/articleshow/22427332.cms

	Water quality assessment of river Beas, India, using multivariate and remote sensing techniques
	Abstract
	Introduction
	Study area

	Materials and methods
	Satellite imagery
	Water sampling and analysis
	Multivariate statistical methods

	Results and discussion
	Conclusions
	References


