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Abstract

Statistics plays crucial role in every field of mankind. Basic statistical techniques help researchers to design
experiments, verify conclusions and systematic interpretations of results in various branches of natural as well as social
sciences. Aquatic ecosystems being indispensable part of nature are important for the planet earth and human life.
Amongst all the aquatic ecosystems, freshwater ecosystems play vital role in the survival of mankind as well as flora
and fauna. Rivers are the most engrossing and multiplex freshwater ecosystem on the earth. Due to increased
anthropogenic and natural activities these freshwater resources are getting exploited and becoming vulnerable to
pollution. Evaluation of these systems becomes crucial as their hydrology is greatly affected by anthropogenic resources
and climatic conditions. Being a developing country, Indian freshwater ecosystems are also getting affected by
manmade and climatic changes. In present study River Beas (Punjab region) is taken into consideration being one of the
major rivers flowing in India. With increasing anthropogenic activities and climatic changes in recent years, river water
quality has become an issue of concern and there is need to incorporate multivariate statistical techniques for analysis of
quality of the water. Statistical analysis provides crucial insight of many physico-chemical parameters. For this study
The Kolmogorov-Smirnov (K-S), principal component analysis/ factor analysis (PCA/FA) and two way ANOVA were
applied that reduced huge data in small valuable data set. Two way analysis of variance (ANOVA) followed by Tukey’s
HSD was applied to mean values to evaluate spatio temporal variations in selected water quality parameters. Principal
component analysis specified the responsible variables for variations in water quality and included soluble salts,
nutrients, organic pollutants and some heavy metals from both natural and anthropogenic sources.

Keywords: Multivariate statistical techniques, Principal component analysis, Pollution, River Beas, Two way ANOVA

1. Introduction

Multivariate statistical techniques provide reliable estimations and hence are used in most of water quality studies (Bu et
al. 2014; Kaur et al; 2014; Isiyaka et al; Kaur and Dua 2016). Multivariate techniques like principal component analysis
and factor analysis reduce the large data sets of variables into smaller set of variables without losing information of
original set of variables (Dunteman 1989 and Hamzah et al. 2016). Analysis of Variance (ANOVA) analyse total
variation in data that is possibly attributed to various sources or causes of variations (Gupta 2007) and therefore two way
ANOVA was used to analyse possible variations among all the sources of variance.

Among all the freshwater ecosystems systems, rivers are the most engrossing and multiplex ecosystem on the earth.
These ecosystems are considerable freshwater resources for human consumption, agricultural needs and industrial as
well as recreational purposes (Wang et al. 2017; Razmkhaha et al. 2010). Due to increased anthropogenic and natural
activities these freshwater resources are getting exploited and becoming vulnerable to pollution. Evaluation of these
systems becomes crucial as their hydrology is greatly affected by anthropogenic resources and climatic conditions.
River water quality is greatly affected by seasonal variations in precipitation, surface runoff and groundwater flow
(Varol et al. 2012). This leads to necessity of regular river monitoring programmes for the reliable information of the
water quality (Singh et al. 2017). A number of studies have been carried out to assess spatial and temporal variations in
the water quality of rivers worldwide (Ogwueleka 2014; Septong and Chuersuwan 2015).

Being a developing country, Indian freshwater ecosystems are also getting affected by manmade and climatic changes.
In present study River Beas (Punjab region) is taken into consideration being one of the major rivers flowing in India.

2. Material and methods

2.1 Study area

The river originates from south of the Rohtang Pass located in Kullu and it flows through the height of 13,326 feet. Then
it follows the path through district Mandi and further goes to district of Kangra at Sanghol that is located at a height of
1920 feet. Once reaching near Hoshiarpur, the river changes its course to a sharp northern turn and passes through the
Kangra district. Later, it takes another sharp curve at foot of Shivalik hills and turns the path to southern direction while
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extricating Gurdaspur and Hoshiarpur districts. As it reaches the Jalandhar district, it separates the districts of Amritsar
and Kapurthala. It takes the course through the southern west route of district Kapurthala in the state of Punjab
traversing total path of 290 miles and ends before merging into Sutlej River. Beas is a crucial river as it is auctioned
annually by Punjab Fisheries department in the month of September. Out of six sampling sites, site I was in Himachal
Pradesh and sites I1I-VI were in Punjab region. Geographical coordinates of the selected sampling sites are given in
Table 1.

Table 1: Geographical coordinates of sampling sites

Site Latitude Longitude Altitude (msl)
SITE I (Pong Dam) 32°02'22 N 76°50'37 E 1869
SITE II (Naushehra Pattan) 31°59'15N 75°33'12 E 237.0
SITE III (Beas) 31°59'15N 75°33'12 E 239.0
SITE IV (Goindwal Sahib) 31°02"22 N 75°15'37E 226.5
SITE V (Confluence) 31°08'30.15 N 75°03'44.18 E 210.0
SITE VI (Harike Pattan) 31°08'30.15 N 75°03'44.18 E 210.0

2.2 Analytical procedure

A data set of 16 water quality variables viz. Dissolved oxygen (DO), Electrical conductivity (EC), pH, Turbidity (TD),
Water temperature (WT), Alkalinity (AK), Total hardness (TH), Magnesium hardness (Mg), Total dissolved solids
(TDS), Chemical oxygen demand (COD), Five days Biological oxygen demand (BODs), Total nitrogen (3 N), Cadmium
(Cd), Lead (Pb), Nickel (Ni) and Chromate (Cr) collected from six sites for two years, in four seasons (spring, summer,
rains and winter) was monitored. Sampling was done during early hours of morning for each season and samples were
collected in pre-treated and clean plastic sampling bottles for physico-chemical analysis and were preserved according
to standards given in (VishnuRadhan et al. 2017) manual. WT, pH, DO, EC and TDS were measured on site with the
help of portable water analysis kit (WTW Multi 340i/SET). Five days Biological oxygen demand (BODs) was
calculated using Oxitop measuring system for five days at 20°C in a thermostat (TS 606-G/2-i). Clarity of the water
(TD) was measured using sechhi disk as well as NTU turbiditimeter at the sampling site. AK, TH and Mg were analysed
in laboratory following method given by (Trivedi and Goel 1986). Other variables were analyzed using Merck cell test
kits on UV/VIS spectrophotometer (Spectroquant® Pharo 300).

2.3 Water quality analysis and Data treatment

The Kolmogorov-Smirnov (K-S) test was applied on raw data to test the goodness-of-fit of the data to normal
distribution. According to K-S test, observed water quality variables showed normal distribution. Spatial and temporal
observations were interpreted by using principal component analysis/factor analysis (PCA/FA). Further spatio-temporal
observations were compared using two way ANOVA to observe variations due to sampling sites and seasons (Mustapha
2008). Statistical computations were done using Past (version 3), Microsoft office Excel 2010, SPSS (Version 16),
MINITAB (Version 18) and XLSTAT software.

2.4 Data structure treatment

Kaiser-Meyer-Olkin (KMO) and Barlett’s test were applied to examine data suitability for PCA/FA. KMO measures
adequacy of the samples that ascertain proportion of common variance. KMO value close to 1 indicates usefulness of
PCA/FA (Wang et al. 2012). For present study KMO=0.50. Further Bartlett’s test indicates correlation among variables.
Significant correlation among variables was observed (P = 0.00).

3. Results and discussion

3.1 Descriptive statistics

Mean, maximum (max.) & minimum (min.) values and coefficient of variation (CV %) for various water quality
variables are given in Table 2. Increased concentration of DO at higher altitude as compare to decreased concentration at
lower altitude was also reported by Das and Acharya 2003; Hart and Zabbey 2005. Maximum value for EC recorded
was 388.08 uS/cm (spring/site V) and min. value was 153.72uS/cm (summer/site IV). This trend is also supported by
Mazurek et al. (2012). According to BIS (1991) and EPAR (2012) observed pH range was within permissible limits.
Increased turbidity was seen at site V during winter season (101.23 NTU) and water of site [ was fond to be the most
clear during summer (0.56 NTU). Maximum temperature recorded was 31.08°C (summer/site V) and min. 15.05 °C
(winter I). This trend of temperature variation is possibly due to illumination (Manjare et al. 2010). Similar trend was
identified by (Shinde et al. 2011).Value of alkalinity ranged from 47.50 mg/L (rains/site I) to 197.50 mg/L (rains/VI).
An increase in alkalinity during rainy season was also noticed by Simpi et al. (2011). Total hardness ranged between
59.33 mg/L (summer/site VI) to 140.50 mg/L (spring/site V). Higher conc. of total dissolved solids possibly could be
one of the reasons for an increase in conc. of TH at site V. Values of Mg, TDS, COD and BOD ranged between 3.67
mg/L (summer/site I1I) to 24.31 mg/L (rains/site V),41.99 mg/L (rains/site I) to 246.27mg/L (spring/site V), 32.92 mg/L
(summer/site IV) to 159.58 mg/L (summer/site I1I) and 0.00 mg/L (summer/site II-VI) to 19.80 mg/L (spring/site III)
respectively and were within maximum permissible limits as prescribed by BIS (1999) and EPAR (2012). For >N
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maximum value recorded was 11.50 mg/L (spring and winter/ site V) and min. value 3.33 mg/L (summer/site V). For
Cd, Pb, Ni and Cr observed values between 0.02mg/L (spring/site IV) to 0.70 mg/L (winter/site V), 0.15mg/L
(spring/site 1) to 1.09 mg/L(spring/site V), 0.13mg/L (rains/site IV) to 0.62 mg/L (summer/site V) and 0.03mg/L
(spring/site II) to 0.46 mg/L (rains/site I & VI) respectively. Observed values of Cd, Pb and Cr were slightly higher than
prescribed limits by EPAR (2012).

Table 1 Spatial and temporal descriptive statistics for physico-chemical variables

Variable (Mean%S.E.) Maximum  Minimum  CV (%) MPL(BIS/EPAR)
DO 8.58+0.28 10.67 6.62 10.18 09
EC 222.58+13.10  388.08 153.72 18.55 -

Ph 7.36+0.08 8.16 6.75 3.49 8.50
TD 23.05+4.61 101.23 0.56 63.23 300
WT 23.30+0.93 31.08 15.05 12.54 -
AK 110.63+5.28 197.50 47.50 15.09 600
TH 92.72+4.44 140.50 59.33 15.15 600
Mg 9.24+1.26 24.31 3.67 43.29 30
TDS 111.46+9.82 246.27 41.99 27.86 2000
COD 74.46+4.70 159.58 32.92 19.98 250
BOD 3.7240.67 19.80 0.00 56.57 30
N 6.57+0.34 11.50 3.33 16.37 -

Cd 0.36+0.04 0.70 0.02 37.30 0.01
Pb 0.48+0.0.05 1.09 0.15 31.23 0.05
Ni 0.2740.02 0.62 0.13 26.06 3.0
Cr 0.1240.01 0.46 0.03 45.07 0.1

Note: BIS (Bureau of Indian Standards); EPAR (Environmental (Protection) Amendment Rules); MPL-Maximum
Permissible Limit; CV-Coefficient of variation. All parameters were measured in mg/L except WT-°C; pH — pH; EC -
puS/cm.

3.1.1 Principal component analysis (PCA)

PCA/FA was applied on the mean values of data sets of 16 variables. Useful information and insignificant values i.e.
eigen values less than 1 were eliminated through varimax rotation (Shreshtha and Kazama 2007; Yang et al. 2010;
Nazar and Khan 2012; Wang et al. 2013; Bu et al. 2014; Kaur and Dua 2016). Components for PCA were retained as
criteria given by Wang et al. 2013. Values obtained from PCA/FA were classified as strong (>0.75), moderate (0.75-
0.50) and weak (0.50-0.30) on the basis of classification given by Yang ef al. 2010. Number of principal components
(PCs) for physicochemical parameters during spatial and temporal sampling was identified with the help of scree plots
(Figure la and 1b). Spatial and temporal loadings of water quality variables are given in tables 3 and table 4.

Table 3 Spatial loadings of 16 variables for six sampling sites on four significant principal components and

varifactors
Component Matrix Varimax Rotated Component

Variable PC1 PC2 PC3 PC4 VF1 VF2 VF3 VF4
DO -0.901 0.208 0.287 -0.137 -0.851 -0.112 0.092 -0.459
EC 0.756 -0.462 -0.432 -0.162 0982 -0.096 -0.127 0.093
pH -0.795 0.422 0.261 0.133 -0.930 0.052 -0.023 -0.170
TD 0.763 -0.144 0586 -0.036 0474 0.167 0.725 0412
WT 0.829 0571 -0.213 -0.007 0.519 0.764 -0.118 0.355
AK 0.693 0.549 -0.249 -0.158 0.455 0.786 -0.141 0.156
TH 0912 -0.242 0.088 -0.222 0.858 0.177 0364 0.218
Mg 0.883 0.307 0.087 0.002 0.541 0.602 0201 0.431
TDS 0.943 -0.232 -0.033 -0.215 0917 0.195 0255 0.217
COD -0.098 -0.218 0.962 -0.096 -0.283 -0.201 0.932 0.038
BOD -0.130 -0.856 -0.064 0.409 0.143  -0.916 -0.058 0.241
N 0.877 0.237 0.020 0.377 0.472 0.444 0.043 0.739
Cd 0452 -0.155 0.823 -0.292 0.233 0.107 0.957 0.093
Pb 0.646 -0.129 0.332  0.675 0242 -0.041 0.261 0.933
Ni 0.955 0.090 0.028 0.048 0.692 0423 0.184 0.481
Cr 0.084 0.889 0.299 0.176 -0.453 0.785 0.093 0.294
Eigen value 8.601 2.899 2.611 1.078 6.244 3570 2723 2.652

Variance (%) 53.76  18.12 16.32 06.74 39.02 2232 17.02 16.57
Cumulative (%) 5376 71.88 88.20 94.30 39.03  61.34 7836 94.93
Note: Strong loadings are denoted by bold format and moderate loadings are denoted by italicised format.
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Table 4 Temporal loadings of 16 variables for four seasons on three significant principal components and

varifactors
Component Matrix Varimax Rotated Component

Variable PCl PC2 PC3 VF1 VE2 VF3
DO 0.289 0.105 -0.952 0.025 0.367 0.930
EC 0.939 -0.024 -0.343 0.762 0.486 0.428
pH 0.443 0.769 0.461 0.743 -0.670 -0.004
TD 0.425 -0.847 -0.320 0.077 0.997 -0.031
WT -0.492 0.738 0.462 -0.127 -0.980 -0.153
AK 0.897 -0.351 0.269 0.810 0.524 -0.265
TH 0.882 -0.092 0.461 0.919 0.226 -0.323
Mg -0.227 -0.541 0.810 -0.124 0.082 -0.989
TDS 0.991 0.054 0.123 0.963 0.265 0.057
COD 0.833 0.400 -0.383 0.766 0.099 0.635
BOD 0.931 0.314 0.185 0.994 -0.002 0.109
N 0.875 -0.358 -0.326 0.620 0.742 0.255
Cd -0.821 -0.571 -0.032 -0.917 0.205 -0.342
Pb 0.949 -0.078 0.305 0.940 0.295 -0.169
Ni -0.477 0.753 -0.454 -0.368 -0.649 0.667
Cr -0.964 -0.256 -0.071 -0.977 -0.101 -0.189
Total 9.257 3.642  3.101 8.370 4.296 3.334
Variance (%) 57.86 22.76 19.38 52.31 26.86 20.84
Cumulative (%) 57.86 80.62 100.0 5231 79.16 100.0

Note: Strong loadings are denoted by bold format and moderate loadings are denoted by italicised format.

3.1.2 Spatial PCA Analysis

Four components were retained for analysis as rest of components had eigen value less than 0. Out of 16 variables 10
variables contributed to the water quality of river Beas viz. DO, EC, pH, TD, WT, TH, Mg, TDS, N and Ni. These
variables have strong loadings, Ni with the highest loading (>0.90). PC 1 explained 53.76% (eigenvalue-8.601) of total
variance contributed by minerals & nutrients, organic and agricultural pollution. PC 2 and PC 3 explained 18.12%
(eigen value-2.899) 16.32% of the variance (eigen value-2.611) resp. contributed by natural, agricultural and organic
pollution. PC 4 explained 6.674% of the variance (eigen value-1.078) with weak loadings (>0.50)) except Pb with
moderate loadings. For obtaining more significant results varimax rotation was done that resulted in four varifactors
(VF). VF1 39.02% (Eigen value 6.244) explained less variance as compare to PC1. This result is supported by Septong
and Chuersuwan (2015) who worked on spatial variation in water quality of the Lower Lam Takhong River. VF1
showed positive loadings on EC, TH and TDS. DO and pH had negative loadings. These loadings justify that variation
in river water quality was explained by nutrients, agricultural runoff and domestic wastewater. Our results are in
accordance with work done on water quality of Songhua River (Wang et al. 2012). VF2 explained 22.32 % variance
(eigen value-3.570) with strong positive loadings on WT, AK, Cr and negative loadings on BOD. VF3 explained
17.02% (eigen value-2.723) of the variance with strong COD and Cd loadings contributed by natural and organic
pollution. VF4 explained 16.57% variance (eigen value-2.652). Biplot of spatial PCA loadings indicated that water
quality of site V was different from other five sites and variance was contributed mainly by TD, TDS, COD, AK, Mg,
TH, WT, BOD and EC (Figure 1c).

3.1.3 Temporal PCA Analysis

For temporal PCA three components were retained and explained 100% of variance. PC1 explained 57.86% (eigen
value-9.257) of the variance and had strong positive loadings on EC, AK, TH, TDS, COD, BOD, N & Pb and negative
loadings on Cd and Cr. Similar findings were made by Kaur and Dua (2016) while studying water quality of Tung Dhab
Drain. PC2 had positive loadings on pH and negative loading on TD. PC3 explained 19.38% variance (eigen value-
9.257) with positive loadings on DO and Mg. Negative TD loadings and positive DO loadings were also observed by
Singh et al. (2004). VF1 explained 52.31% variance (eigen value-8.370) with loadings on EC, AK, TH, TDS, COD,
BOD, Cd, Pb and Cr, contributed by natural, agricultural, organic and industrial pollution. VF2 explained 26.86% of the
variance (eigen value-8.370) and had strong loadings on TD and WT (>0.90). VF3 explained 20.84% of the variance
(eigen value-3.334) with negative DO loadings and positive Mg loadings. Biplot (figure 1d) for temporal loadings
revealed that amongst all the seasons water quality of summer and rains was different from winter and spring seasons
and variation was contributed by N, WT, DO, BOD, COD, TD, AK, TH, TDS and Mg.
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Figure 1 a-scree plot for spatial loadings; b-scree plot for temporal loadings; c-biplot for spatial PCA
(PC1+PC2); d- biplot for temporal PCA (PC1+PC2).

3.1.2 Two way ANOVA

Two way ANOVA was applied on raw data obtained from six sampling sites during four seasons for two years. Values
obtained were further subjected to Tukey’s HSD test for analysis of grouping among the sampling sites and seasons
(VishnuRadhan et al. 2017). Results yielded from Two Way ANOVA are shown in Table 5. R-square represents
percentage variation in the response variable, explained by its relationship with other variables. Spatial and temporal
mean value comparisons and groupings are given in Table 5. Interactions plots for various sampling sites and seasons
are given in Figure 2 and Figure 3. For DO significant variation between seasons (F3, s = 88.24, p < 0.05) and sites (F3, s
=15.15, p < 0.05) were observed. R? statistic suggested that predictor variables (seasons and sites) explained 75.13% of
variation is in response variable (DO). Interaction plot resulted in roughly parallel lines that indicated absence of
interaction between seasons and sites. EC showed significant variation for all sources of variations i.e. seasons (F3 s =
32.93, p < 0.05), sites (F3, 5 = 18.41, p < 0.05) and interaction (seasons*sites) (F3 s = 6.01, p < 0.05) (R*>= 70%). pH
revealed significant variation for all sources of variations i.e. seasons (F3 s = 18.55, p < 0.05), sites (F3, 5 = 3.90, p <
0.05) and interaction (seasons*sites) (F3, s = 2.31, p < 0.05) (R*= 47.79%). Significant variation for all sources of
variations i.e. seasons (F3 s =22.73, p < 0.05), sites (F3 5 = 14.92, p < 0.05) and interaction (seasons*sites) (F3 s = 7.46,
p <0.05) were observed for TD (R?= 67.98%). All sources of variations were found to be significant for temperature i.e.
seasons (F3, 5 = 155.18, p < 0.05), sites (F3,5 = 17.50, p < 0.05) and interaction (seasons*sites) (F3, s = 5.23, p < 0.05)
(86.85%). AK showed significant variations for seasons (F3, s = 5.49, p < 0.05), sites (F3, 5 = 6.07, p < 0.05) and
interaction (seasons*sites) (F3, s = 3.88, p < 0.05) (R?>= 46.67%). For TH, significant variations were observed for all the
sources of variance i.e. seasons (F3, 5 =45.78, p < 0.05), within sites (F3, 5 =23.68, p < 0.05) and interaction (F3, 5 = 3.95,
p < 0.05) (R>= 72.41%). For Mg, seasons (F3, s =86.05, p < 0.05) and sites (F3, 5 =5.55, p < 0.05) showed significant
variations (R?= 72.08%). For TDS significant variations in all sources i.e. seasons (F3 s = 28.12, p < 0.05), sites (F3 s =
59.70, p < 0.05) and interaction (seasons*sites) (F3, s = 10.82, p < 0.05) (R*= 81.96%) were observed. COD showed
significant variations for all the sources of variance i.e. seasons (F3 s = 112.03, p < 0.05), within sites (F3, 5 = 13.86, p <
0.05) and interaction (F3, 5 = 28.24, p < 0.05) (R?>= 87.35%). BOD indicated significant variations for all the sources of
variance i.e. seasons (F3 s =75.56, p < 0.05), within sites (F3, 5 = 13.18, p <0.05) and interaction (F3 5 =26.82, p <0.05)
(R?= 85.87%). For YN, significant variations for all the sources of variance i.e. seasons (F3 s = 22.94, p < 0.05), within
sites (F3, s = 15.84, p < 0.05) and interaction (F3,5 = 9.39, p < 0.05) (R?>= 70.65%). Cd had significant variations in all the
sources of variance i.e. seasons (F3, 5 = 1076.61, p < 0.05), sites (F3 5 = 69.70, p < 0.05) and interaction (F3, s =49.59, p
< 0.05) (R?>= 97.30%). Significant variations for all the sources of variance were observed for Pb i.e. seasons (F3 s =
5.51, p < 0.05), sites (F3, s = 6.12, p < 0.05) and interaction (F3 s = 1.48, p < 0.05) (R*>= 97.30%). For Ni significant
variations in all the sources of variance i.e. seasons (F3 5 = 12.36, p < 0.05), sites (F3,5 = 14.09, p < 0.05) and interaction
(F3,5 = 1.48, p < 0.05) (R*= 68.00%). Cr showed significant variations in all the sources of variance i.c. seasons (F3, 5 =
7.48, p < 0.05), sites (F3,5s = 2.76, p < 0.05) and interaction (F3,5 = 3.93, p < 0.05) (R>= 44.22%)).
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Table S S

atial and temporal analysis of variance of physicochemical variables (two way ANOVA).
Parameter Source of variation F-value P-value R* (%)

Between seasons 88.24" 0.000 75.13
DO Within sites 15.15 0.000

Interaction 1.47"s 0.129

Between seasons 32.93" 0.00 70.08
EC Within sites 18.417 0.00

Interaction 6.01" 0.00

Between seasons 18.55 0.000 47.79
pH Within sites 3.90" 0.003

Interaction 231" 0.006

Between seasons 22.73" 0.000 67.98
TD Within sites 14.92" 0.000

Interaction 7.46 0.000

Between seasons 155.18" 0.000 86.85
WT Within sites 17.50" 0.000

Interaction 5.23" 0.000

Between seasons 5.49" 0.001 46.67
AK Within sites 6.07" 0.000

Interaction 3.88" 0.000

Between seasons 45.78" 0.000 72.41
TH Within sites 23.68" 0.000

Interaction 3.95" 0.000

Between seasons 86.05% 0.000 72.08
Mg Within sites 5.55" 0.000

Interaction 1.60™ 0.085

Between seasons 28.12° 0.000 81.96
TDS Within sites 59.70% 0.000

Interaction 10.82" 0.000

Between seasons 112.03" 0.000 87.35
COD Within sites 13.86" 0.000

Interaction 28.24" 0.000

Between seasons 75.56" 0.000 85.27
BOD Within sites 13.18" 0.000

Interaction 26.82" 0.000

Between seasons 22.94" 0.000 70.65
N Within sites 15.84" 0.000

Interaction 9.39" 0.000

Between seasons 1076.6 0.000 97.30
Cd Within sites 69.7" 0.000

Interaction 49.6" 0.000

Between seasons 5.51° 0.000 51.96
Pb Within sites 6.12" 0.000

Interaction 1.48" 0.002

Between seasons 12.36" 0.000 68.16
Ni Within sites 14.09* 0.000

Interaction 9.96" 0.000

Between seasons 7.48" 0.000 44.22
Cr Within sites 2.76" 0.000

Interaction 3.93" 0.000

Note: * = significant at 0.05%, ns = non-significant
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4. Conclusion

With increasing anthropogenic activities and climatic changes in recent years, river water quality has become an issue of
concern and there is need to incorporate multivariate statistical techniques for analysis of quality of the water. For this
study principal component analysis/ Factor analysis (PCA/FA) were applied that reduced huge data in small valuable
data set. Spatial PCA revealed that water of site V was a little bit more polluted than other sites mainly due to strong
loadings of TD, TDS, COD, AK, Mg, TH, WT, BOD and EC. Temporal PCA indicated that water quality of summer
and rains was different from winter and spring seasons and variation was contributed by N, WT, DO, BOD, COD, TD,
AK, TH, TDS and Mg. Two way ANOVA revealed that all the physicochemical water quality variables showed
significant variance in all the sources of variations viz. seasons, sites and interaction except DO and Mg that did not had
significant variance for interaction. Results indicated that water of River Beas is of good quality and fit for human
consumption and aquatic life except for the site V which should be taken into consideration for improvement of water
quality and pollution therein. This study suggests that by applying multivariate statistical techniques we can interpret the
large cluttered chemometric data into cost effective sampling model approach to predict relationship between water
quality and other parameters.
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