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resources, weaken economic development and threaten human health. In
this study, groundwater quality was studied and analyzed in Ardabil
aquifer. For this purpose, 32 samples of groundwater sources in the
Ardabil plain were collected and the concentrations of major ions, minor
ions and some heavy metals were measured. Then, hydrogeochemical
factors affecting the groundwater quality of the study area were analyzed
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using multivariate statistical methods, including correlation coefficients
and factor analysis. According to the correlation matrix, the
concentrations of metals such as arsenic, barium, scandium, silicon, zinc
and vanadium indicated a little correlation with the main ions. Therefore,
it can be concluded that the entry of these elements into groundwater is
due to human activities. In factor analysis, the groundwater quality

changes were affected by four main factors with 77.31% of the total
variance of data in Ardabil plain. The results of factor analysis showed
that the first factor was lithogenic, the second and third factors were
lithogenic and anthropogenic, and the fourth factor was just
anthropogenic. The results showed that the concentrations of heavy metals
such as arsenic, barium, scandium, silicon, vanadium and zinc did not
have a high correlation with the main ions, so the presence of these
elements could be due to human activity. Also, the greatest effect on
groundwater hydrochemistry in the study area was related to magnesium,
sodium, calcium ions and electrical conductivity.

1. Introduction
The quality of water resources is very important. Pollution and declining quality of water resources

reduce usable water resources, weaken economic development and threaten human health. Kalantari et
al. (2018) used principal components analysis to classify water quality samples of Bostan plain. The
first factor of the three factors showed 68.2% of the change. The second and third factors exhibited
14.45% and 9.25% of the change, respectively. Dordi Mahmoudi et al. (2016) used Principal
Components Analysis to better understand dominant processes on groundwater of Sefidrood area.
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Principal Components Analysis led to recognizing five effective parameters on the groundwater.
Clustering Analysis resulted in extraction of three clusters, of which the first cluster is the most
inappropriate (with maximum of electrical conductivity) and third cluster (with minimum of electrical
conductivity) have had most appropriate quality. Mahmoudi et al. (2016) investigated groundwater
quality of Shiramin area using hierarchical cluster analysis. Hierarchical cluster analysis has resulted in
the extraction of two clusters named HCAZL (first cluster) and HCA2 (second cluster). Samples related
to first cluster in the upstream of plain illustrate better quality and samples related to second cluster are
located in the downstream of plain with higher EC and lower quality.

In this study, the quality of groundwater in the Ardabil plain aquifer was investigated using multivariate
statistical methods.

2. Materials and Methods
Ardabil plain is located in northwest of Iran with a cold semi-arid environment and 279.8 mm annual

average precipitation. The total area of the groundwater basin is approximately 1217.17 km2 and is
located between 48° 8" 45" to 48° 37" 30" east longitude and 38° 2" 15" to 38° 31" 00" north latitude
(Ghafari et al., 2018).

In this study, groundwater quality was studied and analyzed in Ardabil aquifer. For this purpose, 32
samples of groundwater sources in the Ardabil plain were collected and the concentrations of major
ions, minor ions and some heavy metals were measured (Fig. 1). Then, hydrogeochemical factors
affecting the groundwater quality of the study area were analyzed using multivariate statistical methods,
including correlation coefficients and factor analysis.

Figure (1): Location of Ardabil plain and sampling wells

In factor analysis, to carefully examine the elements and select the effective factors, the percentage of
variance and the cumulative percentage of variance were used. The percentage of variance of each factor
indicates the importance of that factor in the hydrochemistry of groundwater. High coefficients in each
of these factors (numbers close to 1 or -1) indicate the high impact of the factor on the elements.

3. Results
According to the correlation matrix, the concentrations of metals such as arsenic, barium, scandium,

silicon, zinc and vanadium indicated a little correlation with the main ions. Therefore, it can be
concluded that the entry of these elements into groundwater is due to human activities. The lithium and
molybdenum elements showed a relatively high positive correlation with the main ions, which are
probably related to geological activities. In factor analysis, the groundwater quality changes were
affected by four main factors with 77.31% of the total variance of data in Ardabil plain. The results of
factor analysis showed that the first factor was lithogenic, the second and third factors were lithogenic
and anthropogenic, and the fourth factor was just anthropogenic.
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Figure (2): Mapping factors (a) first factor, (b) second factor, (c) third factor, and (d) fourth factor

According to the results, the southern and central parts of Ardabil plain were highly affected by the first
factor (Figure 2a). According to the elements affected by the first factor and the geological map of
Ardabil watershed, the existence of saline formations in the geological of the region as well as the
impact of PIms and Md.av units located in the southern and southwestern parts can be affect in the first
factor.
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The western and northwestern part of the plain was affected by the second factor (Figure 2b). The
second factor can be influenced by human activities in the center of the plain (agricultural activities
such as the use of pesticides and chemical fertilizers as well as sewage and etc.)

The western, eastern and northern parts of the plain show the highest values of the third factor (Figure
2¢).

The northern, central, western and southern parts of the plain show the highest value of the fourth factor.
The northern part of the region had high amounts of this factor (Figure 2d). Sulfate and nitrate showed
a moderate correlation with each other and these elements can enter groundwater resources due to
human activities in the agricultural sector (use of fertilizers and pesticides).

4.  Discussion and Conclusion
The results showed that the concentrations of heavy metals such as arsenic, barium, scandium, silicon,

vanadium and zinc did not have a high correlation with the main ions, so the presence of these elements
could be due to human activity. Also, the greatest effect on groundwater hydrochemistry in the study
area was related to magnesium, sodium, calcium ions and electrical conductivity.
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Investigation of Groundwater Quality Using Multivariate Statistical
Methods in Ardabil Plain Aquifer

Shahin. Fazabakhsh!, Ali. Rasoulzadeh?", Javad. Ramezani moghadam?, Mehdi. Esmailian*

Abstract

Pollution and declining quality of water resources reduce usable water resources, weaken economic
development and threaten human health. In this study, groundwater quality was studied and analyzed
in Ardabil aquifer. For this purpose, 32 samples of groundwater sources in the Ardabil plain were
collected and the concentrations of major ions, minor ions and some heavy metals were measured.
Then, hydrogeochemical factors affecting the groundwater quality of the study area were analyzed
using multivariate statistical methods, including correlation coefficients and factor analysis. According
to the correlation matrix, the concentrations of metals such as arsenic, barium, scandium, silicon, zinc
and vanadium indicated a little correlation with the main ions. Therefore, it can be concluded that the
entry of these elements into groundwater is due to human activities. In factor analysis, the
groundwater quality changes were affected by four main factors with 77.31% of the total variance of
data in Ardabil plain. The results of factor analysis showed that the first factor was lithogenic, the
second and third factors were lithogenic and anthropogenic, and the fourth factor was just
anthropogenic. The results showed that the concentrations of heavy metals such as arsenic, barium,
scandium, silicon, vanadium and zinc did not have a high correlation with the main ions, so the
presence of these elements could be due to human activity. Also, the greatest effect on groundwater
hydrochemistry in the study area was related to magnesium, sodium, calcium ions and electrical
conductivity.

Keywords: Groundwater, Heavy metals, Multivariate statistical methods, Ardabil aquifer

1- M.S Student in Irrigation and Drainage, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
Iran. (Shahin.fb1373@gmail.com)

2- Professor of Water Engineering Department, Faculty of Agriculture and Natural Resources, University of Mohaghegh
Avrdabili, Iran. (*Corresponding Author Email: rasoulzadeh@uma.ac.ir)

3- Assistant Professor of Water Engineering Department, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Iran. (j_ramezani@uma.ac.ir)

4- Associate Professor of Statistic & Computer Sciences Department, Faculty of Science, University of Mohaghegh Ardabili,
Iran. (esmailian@uma.ac.ir)



