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Abstract—Application of different multivariate statistical approaches for the interpretation of data obtained during a monitoring programme 
of Hussainsagar Lake and its catchment area at Hyderabad (India) is presented in this study. The waste water coming from the catchment 
is being directly discharged in to the lake, forming point and non point sources of contamination of lake water.  This study analyzes twenty 
physico-chemical and heavy metal water quality parameters recorded at five sampling stations during 2012–2013 by using multivariate 
statistical techniques. Hierarchical clustering analysis (CA) is first applied to distinguish the three general water quality patterns among the 
stations, followed by the use of principle component analysis (PCA) and factor analysis (FA) to extract and recognize the major underlying 
factors contributing to the variations among the water quality measures. FA identified seven factors responsible for data structure 
explaining 73.05% total variance and allowed to group selected parameters according to common features. DO, COD (BOD) and TA were 
associated and controlled by mixed origin with similar contributions from anthropogenic and natural sources whereas Cd, Ni and Zn were 
derived from anthropogenic activities. This study indicates the necessity and usefulness of multivariate statistical techniques for evaluation 
and interpretation of the data with a view to get better information about the water quality and designs some remedial techniques to prevent 
the pollution caused by toxic elements in future. 

Index terms—Heavy metals, Multivariate statistical techniques, Physico-chemical, Principle component analysis, Factor analysis, Inlet 
channels, lake water. 

 
1 INTRODUCTION 
 
Water quality is the main factor controlling the 
healthy and diseased states in both humans and 
animals. Surface water quality is an essential 
component of the natural environment and a matter 
of serious concern today. Anthropogenic influences 
as well as natural processes degrade the surface 
waters and their use for drinking, industrial, 
agricultural, recreation or other purposes [1], [2]. 
The water bodies are suffering because of pollution 
and are used for disposing of untreated local sewage 
and industrial effluents. People are becoming the 
more aware of the complexity of the nature and 
delicate balance that exist within the global 
ecosystem [3]. The discharge of effluents and 
associated toxic compound in to aquatic system 
represents an ongoing environmental problem due 
to their possible impact on communities in the 
receiving aquatic water and a potential effect on 
human health [4]. Further these materials enter the 

surface water resulting in pollution of irrigation and 
drinking water. Therefore, researchers have been 
paying more attention to the efforts of natural and 
human activities on water quality, in particular the 
key contributors of human activities to nutrients and 
heavy metals. 
 
Many investigations have been conducted on 
anthropogenic contaminants of ecosystems [5], [6], 
[7]. Because of the spatial and temporal variation in 
water quality conditions, a monitoring program  
which provides a representative and reliable 
estimation of the quality of surface waters is 
necessary. The monitoring results produce a large 
and complicated data matrix that is difficult to 
interpret to draw meaningful conclusions. 
Multivariate statistical techniques are powerful 
tools for analyzing large numbers of samples 
collected in surveys, classifying assemblages and 
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assessing human impacts on water quality and 
ecosystem conditions. The application of different 
multivariate statistical techniques, such as principal 
component analysis (PCA), factor analysis (FA), 
and cluster analysis (CA) assists in the 
interpretation of complex data for a better 
understanding of water quality and ecological 
characteristics of a study area. These techniques 
provide the identification of possible sources that 
affect water environmental systems and offer a 
valuable tool for reliable management of water 
resources as well as rapid solution for pollution 
issues [8], [9], [10]. Multivariate statistical 
techniques have been widely adopted to analyze and 
evaluate surface and freshwater water quality, and 
are useful to verify temporal and spatial variations 
caused by natural and anthropogenic factors linked 
to seasonality [11], [12]. 
 
The objective of the present study was to analyze 20 
physico-chemical and heavy metal water quality 
parameters in water samples collected on monthly 
basis from 2012 to 2013 in Hussainsagar Lake basin 
in India. The data matrix obtained from field 
measurement was subjected to the CA, PCA, and 
FA techniques to define the natural and 
anthropogenic origin and to estimate the 
contributions of possible sources on concentrations 
of determined parameters. 
 
2 MATERIALS AND METHODS 
 
2.1. Study Site and Sample Collection 
 
The Hussainsagar lake is one of the largest lake in 
India and a large (5.7 sq.km water spread area) and 
a deep (5.02 m. average depth) lake having 270 
sq.km catchment area is situated on the deccan 
plateau at a height of 1788 feet above the sea level  
in the southeastern part of India, and is located at 
17° 22’ of northern latitude and 78° 29’ of the 
eastern longitude. The mean maximum and 
minimum temperature vary from 40 to 14°C and the 
normal rainfall is 786 mm. Over a decade the lake 
receiving huge amount of waste water through four 
major inflow channels from the highly urbanized 
and industrialized catchment area, therefore, the 
author taken up the water quality study. 
Fig.1. The sampling network including five 
measured stations was designed to cover a wide 

range of key locations accounting for inflows and 
outflow. 

 
The stations (C1, C2 & C3) namely Picket, 
Balkapur and Banjara channels are located at north, 
south and southwest directions of lake and receiving 
about 30, 17 and 15 million liters per day (MLD) of 
untreated wastewater respectively. Station (C4) 
Kukatpally channel located at northwest direction of 
the lake having four industrial estates and receiving 
60 to 70 MLD of domestic & industrial effluents,  
and all these four stations are inflow sites. Station 
(L5) is close to the site of lake water outflow. 
 
The selected water quality parameters are presented 
in table.1, includes pH, temperature, total alkalinity, 
dissolved oxygen, biochemical oxygen demand, 
chemical oxygen demand, barium, total nitrogen, 
total kjeldhal nitrogen, cadmium, copper, lead, 
nickel, total phosphate, total chromium, total oil & 
grease, total suspend solids, turbidity, arsenic and 
zinc. The depth of the sample is subsurface 0.5 m 
below the water surface. 
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3 DATA TREATMENT AND MULTIVARIATE 
STATISTICAL METHODS 
 
The water quality data sets were subjected to four 
multivariate techniques: Cluster analysis (CA), 
principle component analysis (PCA) factor analysis 
(FA) and discriminate analysis [13], [14], [15]. 
Descriptive statistics was applied to raw data, 
whereas PCA, FA and CA were applied to 
experimental data, standardized through z-scale 
transformation in order to avoid misclassification 
arising from the different orders of magnitude of 
both numerical values and variance of the 
parameters analyzed [16], [17]. 
 
3.1. Cluster Analysis 
 
CA is an unsupervised pattern recognition method 
that divides a large amount of cases into smaller 
groups or clusters based on the characteristics of the  
process. The Euclidean distance usually gives the 
similarity between two samples and a distance can  
be represented by the difference between the 
analytical values form the samples [18]. In the 
present study, we used Euclidian distance average 
linkage method (within the group) of cluster 
analysis. The number of clusters was also decided 
by practicality of the results as there is ample 
information available on the study sites. The spatial 
variability of water quality in the lake was 
determined from hierarchical CA using the linkage 
distance [19], [20]. 
 
3.2. Factor Analysis / Principal Component 
Analysis 

Factor analysis technique extracts the eigen values 
and eigen vectors from co-variance matrix of 
original variables. The principle components (PC) 
are the uncorrelated (orthogonal) variables obtain 
by multiplying original correlated variables with 
eigen vector, which is a list of coefficients (loading 
or weightings). Thus principal components are 
weighted linear combinations of original variables. 
PC provides information on the most meaningful 
parameters, which describe whole data set affording 
data reduction with minimum loss of original 
information [21], [22]. It is a powerful technique for 
pattern recognition that attempts to explain the 
variance of large set of inter-correlated variables 
and transforming in to a smaller set of independent 
(uncorrelated) variables (principle component). 
Factor analysis further reduce the contribution of 
less significant variables obtained from PCA and 
the new group of variables known as varifactors, are 
extracted through rotating the axis defined by PCA. 
A varifactor can include unobservable, hypothetical, 
latent variables, while a PC is a linear combination 
of observable water quality variables [23], [24]. 
PCA of the normalized variables was performed to 
extract significant PC’s and to further reduce the 
contribution of variables with minor significance. 
These PC’s were subjected to varimax rotation 
(raw) generating varifactors. 
 
4 RESULTS AND DISCUSSIONS 
 
From the descriptive analysis (table. 2), the average 
concentrations of pH vary from 7.3 to 7.9 showing 
neutral to basic and alkaline the water in all the 
stations. The DO was observed very low average 
value varies from 0.2 to 2.9 mg/L indicating fragile 
water quality, and the COD (BOD) average values 
are very high varies from 116 to 536 mg/L 
indicating organic pollution. The T.Alkalinity 
average values are varies between 314 to 559 mg/L, 
this high alkalinity water may neutralize the acids 
present in the water. It was observed that there are 
some high values of TKN, TN, TP, TO&G, Pb, Cd, 
Ni, T.Cr, Ar and Zn due to point and non-point 
sources, which may be attributed to the domestic 
waste water discharge and industrial activities. 
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Station wise, the parameters like T.Alk, Ba,TN and 
Cu & Ni are showing high average values in station 
one and two. The parameters like Temp, TO&G, 
Zn, and COD (BOD), TKN, Pb, TP, T.Cr, TSS, 
Turb and Ar are showing high average 
concentrations in the station three and four 
respectively, whereas in the station five pH, DO and 
Cd are showing high average concentrations. The 
presence of only heavy metal parameters were 
observed in station C2, whereas, stations C1, C3, 
C4 & C5 having both the physico-chemical and 
heavy metal parameters. 

 
Overall, the discharge of municipal sewage, 
industrial effluents, the storm water discharge 
containing diluted sewage and other impurities on 
the land surface from over 240 square kilometers 
area of watershed have resulted in dumping of high 
amounts of organic matter, nitrogen and 
phosphorous in to the water and indicating the 
increased eutrophication. This situation suggests a 
strong variability due to presence of anthropogenic 
sources from the catchment affecting the water 
quality. 
 
4.1. Spatial Similarity with CA 
 
Cluster analysis was used to detect the similarity 
groups between the sampling sites. It yielded a 
dendrogram (Fig. 2), grouping all 5 sampling sites 
of the basin into three statistically significant 
clusters. Cluster 1 formed by Balkapur (C2) and 
Banjara stations (C3) because of similar or low 
distances based on the water quality parameters 
average concentrations and corresponds to 
relatively moderately polluted sites within the group 
and these stations are had a secondary level 

sewerage treatment plant at upstream side of the 
lake and carrying less dry whether flows in to the 
lake. Cluster 2 formed by Picket (C1) and 
Kukatpally stations (C4) because of similar or 
dissimilar and showing moderate distances based on 
the water quality parameters average concentrations 
and correspond to highly polluted sites within the 
group. 

 
These stations receive pollution either sides of the 
channels from domestic and industrial areas. Cluster 
3 Lake water (L5) combined with cluster I or cluster 
II and showing higher distances and showing less 
polluted site, this is due to self purification and 
assimilative capacity of the lake water. The results 
indicate that the clusters are showing similarities 
and dissimilarities between the stations. There are 
other reports [25], [26] with similar approach has 
successfully been applied to water quality 
programs. 
 
4.2. Principal Component Analysis 
 
Pattern recognition of correlations among 20 
parameters was best summarized by PCA/FA. In 
this study, the covariance matrix coincided with the 
correlation matrix which was presented in table 3, 
because FA/PCA was applied to normalized data. 
Overall, the correlations between variables were 
relatively weak.  Overall, the correlations between 
variables were relatively weak. There are some 
positive correlations between some variables such 
as DO, COD, BOD, TA, T.Cr, Ni, and so on. The 
negative correlations were revealed between some 
variables such as TKN, TN, TP, As, Cu and so on. 
Correlation coefficients of two elements were very 
useful, because they numerically represented the 
similarity between two elements of the two water 
quality variables. This also indicated that PCA 
could successfully reduce the dimensionality of the 
original data set. Therefore factor analysis of the  
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present data set further reduced the contribution of 
less significant variables obtained from PCA. 

 
This also indicated that PCA could successfully 
reduce the dimensionality of the original data set. 
Therefore factor analysis of the present data set 
further reductions the contribution of highly 
influenced variables obtained from PCA. Elements 
belonging to a given factor were defined by factor 
matrix after varimax rotation, with those having 
strong correlations grouped in to factors. The 
identification of factors is based on dominant 
influence. 

 
The Scree plot (fig. 3) was applied to identify the 
number of PCs to be retained to understand the 
underlying data structure. Based on the Scree plot 
and the eigenvalues >1 criterion, seven factors were 
chosen as principal factors, explaining 73.05% of 
the total variance in the factor model. The 
corresponding VFs, variables loadings, eigenvalues, 
and explained variance are presented in table 4. 
 
As per the Liu et al. [27] classification, the factor 
loadings classified as “strong”, “moderate”, and 
“weak”, corresponding to absolute loading values of 
>0.75, 0.75–0.50, and 0.50–0.30, respectively. The 
first factor (VF1), explaining 27.28% of total 
variance, had strong loadings on DO, COD, BOD 

and TA. VF1, represented organic factor, influenced 
from point sources, such as domestic waste water. 
VF2, which explained 11% of total variance, had a 
moderate loading on To & G, T.Cr, and As 
represented industrial pollution source. 

 
VF3, explaining 9.4% of total variance, had almost 
strong loading on Zn, and represented industrial 
pollution source. VF4, explaining 7.7% of total 
variance, had a moderate loading on TKN and 
represented the nitrate factor. VF5, explaining 6.6%  
 
of total variance and had strong loading on Ni and 
represented industrial pollution source, this may be 
due to intensive precipitation of heavy metals and 
acid oxides with in lake catchment area. VF6, 
explaining 5.6% of total variance, had a moderate 
loading on Cu and represented industrial pollution 
source. VF7, explaining 5.2% of total variance, had 
almost strong loading on Cd and represented 
industrial pollution source. 
 
5. CONCLUSION 
 

The water quality data have been examined by 
different multivariate statistical techniques were 
used to evaluate spatial and temporal variations of 
the lake basin. Euclidian distance average method 
analysis grouped 5 sampling stations into three 
clusters of mostly similar water quality 
characteristics and confirmed the existence of three 
types of water quality (moderately, highly and less 
polluted stations). Based on obtained information, it 
is possible to design a future, more optimal 
sampling strategy, which could reduce the number 
of sampling stations and associated costs. The PCA 
and FA assisted to extract and recognize the factors 
or origins responsible for water quality variations. 
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PCA/FA identified seven latent factors that 
explained 73.06% of total variance, broadly organic 
matter, organic nitrogen and industrial pollution 
factors controlling their variability in waters of 
Hussainsagar basin. 
 
The multivariate statistical approaches show that, 
the domestic sewage and uncontrolled industrial 
effluent discharges are highly influencing the water 
quality. Migration patterns of heavy metals released 
in to the environment in the form of untreated 
effluents by industries in Hussainsagar lake 
catchment indicate the point sources of pollution.  
 
Thus, this study illustrates the usefulness of 
multivariate statistical techniques for analysis and 
interpretation of complex data sets, and in water 
quality assessment, identification of pollution 
factors and understanding spatial variations in water 
quality for effective lake water quality management.   
 
6 RECOMMENDATIONS 
 
The uncontrolled and untreated waste water from 
the catchment must be diverted through Interception 
and Diversion facilities. The effluents must be 
monitored for maintaining the standards prescribed 
by the pollution control board for various industries 
in the catchment area. The present study provides 
the baseline data for assessment of polluting sources 
and indicating the increased eutrophication. 
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