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ABSTRACT

In this study, the factor analysis techniques are applied to ground water quality data sets obtained
from the different villages of Kanker North Bastar, Chhattisgarh India. The data obtained were
standardized and subjected to Factor extraction to simplifying its interpretation and to define the
parameters responsible for the main variability in water quality. The objective is to evaluate the
mutual correlations among the various water quality parameters to reveal the primary factors that
affect reservoir water quality, and the differences among the various water quality parameters. The
factor analysis resulted in three factors explaining more than 60% of the total variation in ground
water quality data set. The first factor indicates the variation in water quality is due to anthropogenic
sources and second factor shows variation in water quality due to organic sources that are taking
place in the system. Finally, the results of factor analysis reflect a good look on the water quality
monitoring and interpretation of the ground water. Multivariate statistical techniques are potential
tools and provide greater precision for identifying contaminant parameters linkages with
groundwater chemistry in the area.

Graphical Abstract:

Dendrogram

25000

20000

15000

Dissimilarity

10000

Dendrogram for 21 samples from cluster analysis in Q-mode

Keywords: Factor Analysis, Ground water, Water quality, Sources of pollution

466


http://www.joac.info
mailto:jenavinod@gmail.com

V. Jenaet al Journal of Applicable Chemistry, 2021, 10(4):466-471

INTRODUCTION

A thorough understanding of the nature and extent of contamination in an area requires detailed hydro
chemical data [1]. Water quality is influenced by natural and anthropogenic effects including local
climate, geology and irrigation practices [2]. Conventional techniques including Stiff and Piper plots
only consider major and minor ions to assess the chemical quality of water, whether surface or
groundwater [3]. Considering the limitations of these traditional methods to express the water quality
and also the recent advances in analytical capabilities and the availability of larger numbers of
chemical parameters, wide ranging statistical techniques are now needed to assess the water quality,
nature and extent of contamination. In this regard, factor analysis is useful for interpreting
groundwater quality data and relating those data to specific hydro-geologic and anthropogenic
processes [4]. In particular many examples can be found of the application of multivariate analysis to
sets of variables collected for surface and ground waters. Multivariate statistical techniques, cluster
analysis (CA) and factor analysis (FA), are effective means of manipulating, interpreting and
representing data concerning groundwater pollutants and geochemistry. They are frequently employed
to characterize the quality of groundwater. Surface water, groundwater quality assessment and
environ mental research employing multi-component techniques are well described in the literature
[5-7]. Multivariate statistical approaches allow deriving hidden information from the data set about
the possible influences of the environment on water quality [8-10]. In the present study, a water
quality data matrix, obtained has been subjected to Factor analysis. The main objectives of this paper
are: (1) to assess the chemistry of groundwater and (2) to identify the geologic factors that presently
affect the water chemistry in the region by using multivariate statistical techniques.

MATERIALS AND METHODS

Collection of samples: The water samples (n=25) were collected from different stations. Exact
locations for all sampled sites were determined using global positioning system and entered into a
geographical information system for data processing.

Chemical and reagents: The ICP multi-element standard (E. Merck) and the European standard
13346:2000 EN 13346:46 were used for the quality control of the data.

Analysis of sample: The Varian Liberty AX Sequential ICP-AES, Flame GBC AAS 932 and HG-
AAS were used for analysis of the trace metals in the samples.

Multivariate Factor Analysis: The hydro chemical data were statistically analyzed. The first step
was to standardize the raw data to form table 2. Standardization tends to increase the influence of
variables whose variance is small, and reduce the influence of variables whose variance is large.
Factor analysis takes data contained in a correlation matrix and rearranges them in a manner that
better explains the structure of the underlying system that produced the data. Eigen values and
eigenvectors were calculated for the covariance matrix. Then, the data were transformed into factors.
table 3 presents the Eigen value and the percentages of variance associated with each factor. These
values are summed to express as a cumulative Eigen value and percentage of variance, respectively.
Factor analysis attempts to explain the correlations between the observations in terms of the
underlying factors, which are not directly observable [11-12]. There are three stages in factor analysis
[13]. For all the variables a correlation matrix is generated Factors are extracted from the correlation
matrix based on the correlation coefficients of the variables To maximise the relationship between
some of the factors and variables, the factors are rotated. A first step is the determination of the
parameter correlation matrix. It is used to account for the degree of mutually shared variability
between individual pairs of water quality variables. Then, Eigen values and factor loadings for the
correlation matrix are determined. Eigen values correspond to an Eigen factor which identifies the
groups of variables that are highly correlated among them. Lower Eigen values may contribute little
to the explanatory ability of the data. Only the first few factors are needed to account for much of the
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parameter variability. Once the correlation matrix and Eigen values are obtained, factor loadings are
used to measure the correlation between the variables and factors. Factor rotation is used to facilitate
interpretation by providing a simpler factor structure. After rotation of the factor loading matrix (e.g.
by varimax rotation, which involves scaling the loadings by dividing them by the corresponding
communality), the factors can often be interpreted as origins or common sources [14-18].

RESULTS AND DISCUSSION

The analytical results of multivariate analysis were performed for the set of 15 samples and 7
variables. The variables cluster into three major groups. From this dendrogram one can find the
relationship between different variables, the dendrogram shows a high correlation between major ions
(Ca®**, Mg**, Na*, HCO; ", SO,%), which indicated surface water recharge and water-rock interaction.
Other group of total hardness, bicarbonate and salinity are highly associated with each other indicated
recharge zone area. The third cluster shows the similarity between trace elements, nitrate, potassium
and manganese as one group, which probably represents the effects of weathering of the rich feldspars
and mica, in addition of agriculture fertilizers. Figure 1 shows the clustering of the basins in Q-mode
according the similarity. Two main groups can be verified in this figure. The first cluster shows a high
similarity between the wells in the same geological formation (Figure 1). The second cluster shows a
similarity between other wells which have been drilled in different geological formations.
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Figure 1. Dendrogram for 21 samples from cluster analysis in Q-mode.

Figure 2 shows the clustering of the basins in Q-mode according the similarity. Two main groups can
be verified in this figure. The first cluster shows a high similarity between the wells in the same
geological formation. The second cluster shows a similarity between other wells which have been
drilled in different geological formations. Table 1 shows the Eigen values and cumulative variance for
each factor. Distribution of samples with respect of F1 and F2 is shown in Figure 3 and Figure 4.
Factor 1 distinguishes samples in relation to the enrichment in cations (Ca, Mg, Na) and anions
(HCO3 , SO,%). Four samples, with the higher negative score are located in recharge zone with the
lowest salinity among the samples and it comes from the most superficial well. Figure 3 shows plots
of samples on F1 versus F3. The first factor appears in separating the calcium bicarbonate water
(Group B), where Group A is less concentrated. Total five samples show the highest calcium
bicarbonate with positive scores in F1 and F3 whereas ten samples shows negative scores. Varimax
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rotation of the three factors was performed, Table 3 and Figure 4 shows the calculated scores for each
sample.
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Figure 2. Plot of Eigen value.
Table 1. Correlation matrix (Pearson (n))
Variables| Ca | Mg | Na | K | cI | HCO; | sO*
Ca 1
Mg -0.102 1
Na 0.247 0.002 1
K -0.278 0.048 0.452 1
cr -0.293 0.184 -0.165 -0.160 1
HCOy 0.067 0.386 -0.357 -0.547 0.317 1
SO,” 0.426 0.121 0.250 -0.329 0.218  0.309 1

Values in bold are different from 0 with a significance level alpha=0.05

Factor I: It accounts for 26.79% of the variance in water quality of ground water within the study
area figure 3. It represents the strong loadings of Ca, Cl-, SO,* and HCO5, which originates from
anthropogenic causes like house hold materials and agricultural pollution in surface water. So we
named this factor as ,,anthropogenic origin®“. Factor II: It account for > 19% of the variance in water
quality figure 3. It is mainly dominated by Na and K. Table 3 gives the rotated factor loadings,
communalities, Eigen values and the percentage of variance explained by these factors. In order to
reduce the number of factors and enhance the interpretability, the factors are rotated. The rotation
usually increases the quality of interpretation of the factor. All the parameters and Factor loadings are
given also in table 1 and table 2.
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Figure 3. Plot of Factor 1 versus Factor 2 scores
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Variables (axes F1 and F2: 45.70 %)
after Varimax rotation
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Figure 4. Plot of Factor 1 versus Factor 2 scores after
Varimax rotation.

Table 2. Factor Loadings for water quality parameter

Initial Final Specific

Parameters | F1 F2 F3 communality | communality | variance
Ca 0.18 0.76 0.30 0.41 0.70 0.30
Mg 0.22 0.07 042 0.26 0.23 0.77
Na 0.49 0.61 0.38 0.47 0.75 0.25
K 0.79 0.08 0.34 0.56 0.74 0.26
cr 0.34 0.22 0.36 0.29 0.30 0.70
HCOs 0.79 0.07 0.22 0.52 0.68 0.32
S0 0.43 0.56 0.26 0.45 0.57 0.43

Table 3. Rotation matrix

| F1 | P
F1 0.987 0.162
F2 0.162  -0.987
APPLICATION

Factor analysis is suitable statistical technique for identification of contamination water. In this study,
we applied this method for the source apportionment of contamination of ground water.

CONCLUSION

Factor analysis was applied to ground water samples collected and the results showed that a three
factor which explains >60% of the variation in quality of ground water. The data indicate the ground
water of studied locations is highly deteriorated as it is polluted with high amount of anthropogenic
causes agricultural. This study shows that Primary analysis of major ions shows that the groundwater
is Calcium-bicarbonate water. Q-mode distinguishes between wells according to the similarity of
geological formations. This could also provide crude guidelines for selecting the priorities of possible
preventative measures in the proper management of surface water.
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