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Investigation the water quality of Khersan 2 dam underground using
multivariate statistical analysis.

Mojtaba Rahimi Shahid', Mohammad Amin Ghasvareh", Gholam Reza Lashkaripour™”

Abstract

In this study we investigated the water quality of Khersan 2 dam, Iran, using multivariate statistical
methods. For this purpose, The monthly data of the rivers water quality parameters including electrical
conductivity (EC), PH, Hcos, Ca, Mg, K, Na, ClI, CaCos; and TDS was collected., the Principal
Component Analysis (PCA) method is used to identify the main quality parameters that play more
important role in changing the water quality of the Khersan 2 dam reservoir. Results of PCA analysis
indicated that all the selected chemical and physical parameters of Khersan 2 dam were of high
importance. Based on the studies, three factors were identified as important factors that have the greatest
role in determination the variance of the data. The first factor, which has about half the impact on water
quality with a percentage 55.28% of the total variance, includes CI, Na, Mg, Ca, EC and TDS, which is
completely related to the water quality and the nature of the area. The second factor consists of HCos
and CaCos, and the third factor is K and PH. The second and third factors are 15.14% and 10.25% of
the total variance, respectively. The second and third factors are affected by the dissolution of Asmari
limestone in the study area. In addition, the comparison of the chemical analysis results of the Khersan
2 dam reservoir water with the national standards and the World Health Organization has been carried
out.

Key words: Principle component analysis, Statistical analysis, Water quality, Khersan 2 dam,
Lordegan.
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using multivariate statistical methods. For this purpose, The monthly data
of the rivers water quality parameters including electrical conductivity
(EC), PH, Hco3, Ca, Mg, K, Na, CI, CaCo3 and TDS was collected., the
Principal Component Analysis (PCA) method is used to identify the main
quality parameters that play more important role in changing the water
quality of the Khersan 2 dam reservoir. Results of PCA analysis indicated
that all the selected chemical and physical parameters of Khersan 2 dam
were of high importance. Based on the studies, three factors were
identified as important factors that have the greatest role in determination
the variance of the data. The first factor, which has about half the impact
on water quality with a percentage 55.28% of the total variance, includes
Cl, Na, Mg, Ca, EC and TDS, which is completely related to the water
quality and the nature of the area. The second factor consists of HCo3 and
CaCo3, and the third factor is K and PH. The second and third factors are
15.14% and 10.25% of the total variance, respectively. The second and
third factors are affected by the dissolution of Asmari limestone in the
study area. In addition, the comparison of the chemical analysis results of
the Khersan 2 dam reservoir water with the national standards and the
World Health Organization has been carried out.
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1. Introduction

Today, water is considered as one of the factors of economic development in countries, especially
in arid and semi-arid climates. Therefore, maintaining the quality of available water is of particular
importance. In this regard, optimal management for the use of dam reservoir water as one of the most
important sources of drinking, agricultural and industrial water supply is of particular importance in the
development of countries. Groundwater quality varies in different regions due to the diversity of
geological formations and structures and hydrogeological factors. Recognizing and evaluating the
quality of water resources in management and its optimal use is of great importance. One of the
statistical methods for analyzing the information in the data set is the factor analysis method or factor
analysis. The main purpose of using factor analysis is to reduce the volume of data and determine the
most important variables affecting the formation of phenomena (Jolliffe, 2002; Noori et al., 2009;
Manly, 2016). Among the studies conducted in this field, we can mention the studies Ouyang et al.,
(2005), Terrado et al., (2006) and Shrestha and Kazama, (2007).
The main purpose of this study is to investigate the chemical parameters of groundwater in Khersan 2
dam and find the main parameters among the selected parameters in determining water quality using
multivariate statistical analysis. Finally, a comparison is made between the average results of chemical
analysis of water with national standards and the World Health Organization.

2. Materials and Methods

In this study, the chemical results of water samples in 34 boreholes and springs have been used to
determine the groundwater quality of the Khersan 2 dam site. In order to reduce the volume of data and
determine the most effective ones by principal component analysis, 10 parameters including: HCo3,
Ca, Mg, K, Na, CI, PH, CaCo3, TDS and EC have been used.

3. Results

To determine the main parameters of water quality change, the symmetric correlation matrix was
calculated using principal factor analysis (PCA) using SPSS V. 22 software, the results of which are
presented in Table (1). As can be seen in this table, there is a good correlation between different
variables.

Table (1): Correlation matrix of the studied parameters

PH Cl Na K Mg Ca HCos CaCoz EC  TDS
PH 1 0.249 -0.107 -0.187 -0.114 0.111 -0.360 0.065 -0.136 -0.178
Cl 1 0.568 -0.106 0.674 0.695 0.113 0.108 0.699 0.684
Na 1 -0.016 0.856 0.757 0.478 0.462 0.775 0.702
K 1 -0.040 0.005 0.081 0.030 0.055 0.042
Mg 1 0.861 0.518 0.433 0.913 0.884
Ca 1 0.587 0.610 0.915 0.832
HCos 1 0.491 0.555 0.511
CaCos 1 0.415 0.343
EC 1 0.962
TDS 1

Table (2) shows the changes in eigenvalues in relation to the factors. This diagram is used to determine
the optimal number of components. According to this graph, it can be seen that from the third factor
onwards, the changes in the eigenvalue decrease, so we can extract three factors as important factors
that have the greatest role in explaining the variance of the data.
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Table (2): percentage of variance and eigenvalues of different factors
Components 1 2 3 4 5 6 7 8 9 10
Eigenvalue 5528 1515 1.026 090 040 029 018 0.07 0.06 0.01
Relative variance 55.28 15.14 1025 9.01 404 291 188 0.73 060 0.11

Cumulative 55.28 70.43 80.68 89.7 93.75 96.66 98.54 99.27 99.88 100
variance

Table (3) shows the share of variables in the factors after the rotation. Each variable is placed in a factor
with which there is a significant high correlation.

Table (3): Rotated factor matrix

Parameters TDS EC CaCo3 HCo3 Ca Mg K Na Cl PH
1 092 093 020 036 083 09 -020 0.78 0.86 -0.03

2 018 026 090 0.67 047 0.28 -0.02

0.005 0.35 0.16

016 0.12 013 -040 0.11 -0.62 -0.55 0.05 0.30 0.89

Factors

3

4. Discussion and Conclusion

The first factor, which has about half the impact on water quality with a percentage 55.28% of the
total variance, includes Cl, Na, Mg, Ca, EC and TDS, which is completely related to the water quality
and the nature of the area. The second factor consists of HCos and CaCos, and the third factor is K and
PH. The second and third factors are 15.14% and 10.25% of the total variance, respectively. The second
and third factors are affected by the dissolution of Asmari limestone in the study area. In addition, the
comparison of the chemical analysis results of the Khersan 2 dam reservoir water with the national
standards and the World Health Organization has (WHQO) been carried out. The results showed that the
chemical parameters of water including: Na, Cl, pH and EC in all samples in terms of drinking according
to the national standard and the world health Organization standard (WHO) are favorable. While K in
33 samples (97.1%), Mg and TDS based on the national standard in all samples and according to the
World Health Organization in 30 samples (88.2%), Ca based on the national standard in 32 samples
(94.1%) and according to the World Health Organization, in 23 samples (67.6%) and CaCo3 in 5
samples (14.7%) are desirable in terms of drinking. According to the World Health Organization, HCo3
levels in all samples are not good for drinking. Therefore, due to the fact that (HCo3 and CaCo3) are in
the second factor and have a high impact on groundwater quality of the dam site, the presence of Asmari
lime formation in the dam site is one of the main factors reducing the quality of this water.
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