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Fig. 1. The location of the studied area in Iran and West Azerbaijan, Geological map of the alluvial plain of Urmia
(taken from the 1:100,000 Urmia map of the Geological and Mineral Exploration Organization of the country), along

with the sampling stations
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Table 2. Names and coordinates of the sampling stations of Urmia alluvial plain
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Table 2. Statistical description of physical and chemical parameters in underground water wells of Urmia alluvial plain

(elements in mg/l and EC in ps/cm).

Ca** Mg Na?* K* HCOs Cr
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2 PCA: Principal component analysis
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Fig. 2. Piper diagram of underground water samples of Urmia alluvial plain
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Table 3. The results of examining the correlation between elements using the Pearson method
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Abstract

In recent decades, excessive exploitation of underground water resources due to increasing urbanization
and agricultural activities, as well as the effect of climate change, has led to a decrease in the level and
hydrochemical changes of underground water. This study was conducted on the quality of underground
water and hydrogeochemical processes (evolution and origin) in the alluvial plain of Urmia, located in
West Azarbaijan province, northwestern Iran. For this purpose, the results of 63 wells in the spring and
summer of 1400 were used. SPSS and GIS software were used for data analysis. Based on the Piper
diagram, two types of groundwater were identified, according to which the type and facies of 67% of
the samples are calcic bicarbonate and 17% of the samples are magnesic bicarbonate. The correlation of
bicarbonate with total dissolved solids parameter is (R=0.858), chlorine (R=0.86), sulfate (R=0.885),
magnesium (R=0.922), calcium (R=0.819), potassium (R=0.532) and sodium (R=0.756). Examining the
correlations between elements and total dissolved solids parameter (R<0.5) indicates geochemical
interactions such as oxidation-reduction and ion exchange processes in groundwater samples. The
methods of principal component analysis and hierarchical cluster analysis in order to define the main
control factors affecting the hydrochemistry of Urmia alluvial plain showed that the water samples have
different evolutions. Three clusters were found in the cluster analysis, the first cluster was 17.7% of the
samples with an average total dissolved solids of 1214.2 mg/liter, the second cluster was 31.6% of the
samples with an average total dissolved solids of 697.9 mg/liter (the most mineralization), and the third
cluster was 51.6% of the samples with an average total Dissolved solid of 431.6 mg/liter (the least
mineralization). Two main components were extracted by the method of Principal Component analysis,
which represent 75.6% of the total variance. The presence of evaporite minerals, especially gypsum and
halite, infiltration of salt water from Urmia Lake, ion exchange and weathering of calcite and dolomite
minerals are the sources of elements in the alluvial plain of Urmia.
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Introduction

The water demand is increasing rapidly with
increasing urbanization, agriculture, and
industrial development. Land use change and
agricultural activities usually lead to the
intensification of water quality reduction. The
quality of underground water is largely
influenced by natural processes (lithology), the
state of food sources (interaction with other
deep aquifers), and human factors such as
agricultural activities, the entry of sewage into
water sources, and also by excessive
exploitation. The aquifer changes. Water
quality parameters and their periodic
monitoring provide decision-makers with
information about the trend of water quality
changes regarding the effects of development

and climate change. Therefore, this study
investigated the identification of
hydrochemical processes that control water
chemistry and the origin of quality parameters
with the help of multivariate statistical
methods.

The research design method in this study
includes the analysis of laboratory results, the
use of multivariate statistical methods, the
investigation of the type and facies of water
resources, and the evaluation of water quality
and rock-water interaction in the alluvial plain
of Urmia, located in West Azarbaijan province.
Because due to the drying up of Lake Urmia,
the issues related to water quality assessment
in this area are very worrying and the research
on hydrogeochemical studies is limited. As a
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result, hydrogeochemical processes
(evolution), origin, and quality of water
resources in the region are weak. In addition,
the origin of water quality parameters and
pollution has led to uncertainty in the
understanding of the main hydrogeochemical
processes that control water chemistry. Also,
by identifying the source, they can
significantly change the drinking water
purification methods.

Material and Methods

The study area of Urmia alluvial plain in West
Azarbaijan province is one of the plains in the
catchment area of Lake Urmia. In this research,
the results of 125 deep wells, semi-deep wells,
aqueducts, and springs in the spring and
summer of 1400 located in the alluvial plain of
Urmia prepared by the regional water
organization of West Azarbaijan province were
used.

Hierarchical  cluster  analysis (HCA:
Hierarchical cluster analysis): Cluster analysis
is used to determine the degree of relative
similarity. This similarity between the
parameters shows homogeneity in the
measured characteristics. This statistical
method is widely used in investigating
multivariate data, including investigating the
relationship between variables, organizing
samples in the form of meaningful structures,
and displaying the total composition of the
underground water of a region in a limited
number of clusters. Cluster analysis places a set
of variables into homogeneous clusters.
Principal component analysis (PCA): Principal
component analysis is one of the data
transformation methods used to create a basic
structure in a multivariate set. The principal
component analysis is a transformation in
vector space that is mostly used to reduce the
dimensions of data sets. PCA identifies the
main components and instead of examining all
the features, it analyzes and extracts a series of
features that have more value.

Discussion of Results & Conclusions

According to the predominance of calcic and
magnesic  bicarbonate  facies in  the
underground water samples of Urmia Plain,
these types of water show the presence of
hardness in the water. Therefore, the three
controlling factors of water quality in the range
that controls the number of solutes include the
dissolution  of  evaporative  minerals,

dissolution of carbonates, and weathering of
silicates. The source of underground water in
the area can be carbonate formations (lime,
calcite, and dolomite) and evaporative deposits
(gypsum). 4% of the samples were bi-
carbonate-sodic facies, which can confirm the
mixing of fresh and salt water. The
contribution of reverse ion exchange
processes, the predominance of alkaline earth
metals calcium and magnesium over sodium
and potassium alkalis, and the anions of weak
bicarbonate acids over the anions of strong
chlorine and sulfate acids in the region are
discussed. The results of the elemental analysis
showed that most anions are carbonate >
sulfate > chloride and among cations calcium
> magnesium > sodium > potassium. The pH
conditions of the samples are slightly alkaline
and within the standard of the World Health
Organization, EC standard conditions and TDS
shows the salinity of the underground water.
25% of the samples have a hardness higher
than the standard limits of the World Health
Organization. Correlation matrix analysis has
shown that they are correlated with total
dissolved solids (TDS) and are also major
contributors to groundwater salinity. Principal
component analysis and hierarchical analysis
methods are used to identify the existence of
different groups and relationships between
water samples. In the first stage, by examining
the results of the hierarchical analysis, the
samples were divided into three groups, the
first group had the highest mineralization with
the average of all dissolved solids, and the third
group, which had the largest number of
samples, had the lowest It shows
mineralization. The mineralization of the
second cluster is located between the first and
third clusters. In the next step, preparing the
hydrogeological conceptual framework and the
GIS map presented in this study, enables the
visualization of certain theoretical links
between geology and the type of underground
hydraulic circulation in the aquifer. The
samples of the first cluster, which have the
highest concentration of elements, are the
samples taken from the villages and areas
overlooking Urmia Lake. The samples of the
second cluster of the feeding zone are included
in the northern parts of the map and the third
cluster in the southern parts of the map.
Therefore, the results of the hierarchical
analysis can separate the regions in a favorable
way, which can have wide applications
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regarding the identification of contaminated
areas. Two main components were extracted
by the Principal Component Analysis method.
The first component of all parameters, except
for pH, shows a positive and strong correlation,
which has the highest variance. The second
component did not show a high positive
correlation with any of the parameters. The use
of HCA and PCA methods in water samples
can divide the waters of the region into three

groups. Each group shows the most correlation
and the most similar elements in water
samples. The results of determining the origin
of elements using the method of ion ratios
showed that the presence of evaporite minerals,
especially gypsum and halite, infiltration of
salt water from Lake Urmia, ion exchange, and
weathering of calcite and dolomite can lead to
the increase of elements in the waters. The
underground alluvial plain of Urmia.



