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Surface water quality classification for use in a variety of applications such as
drinking, agriculture, and industry is very significant. Different methods and
indicators are employed to determine water quality. In this study, to assess the
quality of the international Aras River, 16 parameters were analyzed at 19 stations
with seasonal data collected over two years (2020 and 2021), and multivariate
statistical analysis methods, including cluster analysis and factor analysis, were
utilized. The cluster analysis results categorized the studied stations into four
clusters based on quality. The primary parameters influencing the grouping of water
quality at the stations were as follows: BOD, COD, and T. Coli in the first cluster; T.
Coli and NOs" in the second cluster; TDS, EC, and Turbidity in the third cluster; and
BOD, COD, TDS, EC, and Turb. in the fourth cluster. The principal component
analysis and factor analysis results indicated that the first two components
explained 86% of total variance. In the first component, with an eigenvalue of 5.94,
the most influential parameters in the qualitative classification of the stations
included pH, DO, EC, T. Coli, NOz", and Hg. In the second component, with an
eigenvalue of 2.72, parameters of BOD, COD, turbidity. and AS played the most
significant role in creating quality differences among the stations. Therefore, based
on the obtained results, it was revealed that the reason for qualitative changes at
different stations is due to the entry of human pollutants from various urban,
industrial, mining, and agricultural sources as well as erosion in the river basin.
Therefore, given the high precision of analytical methods used in evaluation of
qualitative aspects of the studied river's water, it can be acknowledged that
multivariable methods including cluster analysis and factor analysis can confidently
determine water quality of rivers and significant parameters, affecting their quality,
as well as identify pollutants in the management of river water quality.

1. Introduction

The surface water is influenced by a wide range of natural and artificial
pollutants (Kazemi Noredinvand,Takdastan and Jalilzadeh Yengejeh,

2015; Ebadati, 2017). These factors affect the physical, chemical, and
biological characteristics of freshwater (Jalilzadeh Yengejeh, Morshedi
and Yazdizadeh, 2014; Mostafavi and Teimori, 2018), in such a way
that the extensive length of rivers and their passage through various
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urban, industrial and agricultural areas have resulted in rivers being
exposed to different types of physical, chemical, and biological pollution
(Sadjadi, Davoodi and Jozi, 2019; Jalili, 2020). Therefore, assessing
and managing river water quality for various uses are important
(Muangthong and Shrestha, 2015). An important issue in water quality
analysis is identifying and differentiating important pollutant parameters
(Mohammadi et al., 2023). Due to the size of the Aras River, quality of
its water can be affected by various natural and human-made
pollutants. Therefore, by assessing water quality of this river and
categorizing the quality of its monitoring stations, pollutant sources and
key parameters influencing the quality of the stations through the
measurement of physicochemical and biological parameters can be
identified.

Water quality monitoring is a critical priority for the preservation of
water resources. Long-term water quality monitoring is the most
common and effective method for assessing environmental issues.
This approach delineates the spatial and temporal changes in quality
parameters, and consequently provides researchers with greater
assistance in evaluating pollution status (Kumar et al., 2021). Various
approaches are used to analyze and interpret variables determining
observed changes in water quality in different sources. Nonetheless,
interpretation of a complex and extensive data matrix consisting of
many physicochemical parameters from long-term monitoring
programs is difficult. Statistical methods, especially multivariate
statistical techniques constitute the significant part of these
approaches. Multivariable techniques include Cluster Analysis (CA),
Principal Component Analysis (PCA), and Factor Analysis
(Mackialeagha, Salarian and Behbahaninia, 2022). Cluster analysis is
a suitable method for analyzing water sample data and is essential for
evaluating water quality data and possibility for the qualitative grouping
of samples (Zhang et al., 2012). Therefore, given the fact that these
methods are considered valuable tools for reliable assessment and
management of water resources for the purpose of development of
quick  solutions in  connection to pollution management
(Sayemuzzaman et al., 2019; Aydin et al., 2021), the present study also
utilized the aforementioned methods to better interpret the overall data
for a clearer understanding of water quality in the Aras River.

Haji Gholizadeh et al. (2017) in a study conducted on 3500 water
quality data related to the South Florida River, classified the river into
some parts with low-to-high pollution levels using multivariable
statistical techniques and determined that parameters of DO, TKN, TP,
and T had the most significant impacts in terms of temporal changes
among seasons (Haji Gholizadeh et al., 2017). Belkhiri et al. (2015) in
a study conducted on evaluation of groundwater resources quality in
the Al-Ain Azel Plain located in Algeria using cluster analysis and factor
analysis methods, classified the studied wells into two groups based
on quality (Belkhiri et al., 2015). They reported that, based on the factor
analysis results, 85% of total variance of quality changes in this plain
was created by the initial two factors. Dissolution of geological
formations in the riverbed and pollution from human resources are
among the main effective factors on the studied water resources
quality. In the first component, values of parameters of EC, Ca?*, Mg?*,
Na*, K*, and SO,* were high, which were due to geological formations.
In the second component, values of parameters of NH,*, NO3, and
COD were higher, which were attributed to human activities.

lldorom, Hassanzadeh and Hedayatzadeh (2022) in a study on
evaluation of the spatial-temporal changes of the quality parameters of
the Karkheh River in Iran using multivariate statistical analysis, showed
that PCA analysis identified three principal components as responsible
for the data structure, which accounted for 77.65% of total variance of
water quality (Ildorom, Hassanzadeh and Hedayatzadeh, 2022). Based
on the results obtained from this analysis, parameters of TDS, EC,
HCO;~ and pH were the most important parameters of these
components and had a significant contribution to the spatial changes
of surface water quality of the Karkheh River. The results of cluster
analysis also showed three similar groups among the 7 monitoring
sites. Rezaei et al. (2017), using analysis of principal components on
the qualitative water data at two stations of the Qarasu River declared
that the first two principal components justified a total of 36.90% of
variations, and changes were due to chemical parameters and entry of
industrial wastewater, human sewage and agricultural runoff (Rezaei
et al.,, 2017). Noshadi and Ghafourian (2016) utilized multivariate
statistical techniques to assess the groundwater quality in Fars
province (Noshadi and Ghafourian, 2016). Through factor analysis, it
was shown that more than 80% of total variance of changes in the
groundwater quality of the studied area was explained by the first three
factors wherein the significant parameters were SAR, Ca?', SO,?,
mg?*, CI", TDS, EC, TH, and Na* in the first factor, HCOs"in the second
factor and NO, and NOjs™ in the third factor.
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Mohammadi Ghaleni and Kardan Moghaddam (2022) in a study
on evaluation of water quality of the Sefidroud River in Iran, using
multivariate analysis reported that the results of CA indicated that water
guality parameters are located in separate clusters, so that only the
parameters TDS, EC, Cl and Na* in both Rudbar and Astaneh stations
were located in the same cluster (Mohammadi Ghaleni and Kardan
Moghaddam, 2022). The weights of the parameters showed that TDS
and K* are assigned, respectively, with the highest and lowest weights
equal to 0.163 and 0.031 based on the PCA method. Also, PCA results
showed that the first and second principal components covered 59.3%
and 67.6 % of total variance of measured water quality parameters in
Rudbar and Astaneh stations, respectively. Ghassemi Dehnavi et al.
(2016) assessed the qualitative and quantitative aspects of surface
waters using statistical analysis in the Azna River, located in Lorestan
province (Ghassemi Dehnavi et al., 2016). They announced that the
first three components by over 70 % variability justified the statistical
population. Based on cluster analysis, the stations were classified into
four clusters in terms of quality in the first cluster, the main reason for
changes was due to SO,> and pH parameters, in the second cluster
K*, in the third cluster Ca?*, and in the fourth cluster TDS, EC, CI,, Mg%,
HCO;™, Na*, and TH parameters. De Andrade Costa et al. (2020) in an
assessment of water quality based on multivariable statistics and water
guality index on the strategic rivers of the Pantanal in Atlantic Ocean
forests in Brazil, announced that cluster analysis and principal
component analysis identified the most effective parameters in water
quality and their correlation with the primary pollution sources,
highlighting wastewater discharge as the main source of river pollution
(De Andrade Costa et al., 2020). Yaganoglu et al. (2020) used ten
water quality parameters measured at seven stations over twelve
months through principal component analysis and cluster analysis to
investigate the spatial and temporal changes in water quality of the
Filyos River in Turkey (Yaganoglu et al., 2020). PCA results indicated
that 4 principal components explained 69.49 % of total variance in
water quality changes of the Filyos River. The predominant parameters
of river water quality included temperature, EC, DO, and pH. The
reason for the qualitative differences between the studied stations was
due to entry of wastewater from agricultural activities. Giao (2022), in
a study on assessment of surface water quality in the Ca Mau
peninsula in Vietnam, using multivariate statistical analysis revealed
that in terms of principal component analysis, the most effective
parameters in seasonal water variations were DO, TSS, BODs, and pH,
wherein the first two components explained 76.91 % of the variations
(Giao, 2022). Also, based on cluster analysis, water quality was
classified into seven clusters from poor to severely polluted, wherein
the most effective parameters in clustering were DO, TSS, BODs, COD,
and total coliforms (T. Coli). Considering that the international Aras
River passes through several countries including Turkey, Armenia,
Iran, and Azerbaijan, receives various types of pollution, and its water
is utilized for various purposes such as drinking, industrial, and
agricultural use, therefore, this research aims to identify the
parameters affecting river water quality to determine pollution
resources at various stations and classify the quality of stations using
multivariable statistical methods to establish an appropriate
management approach for controlling water quality of the Aras river.

2. Methodology
2.1. Studied area

River is one of the important border rivers of Iran. The watershed basin
of this river covers parts of the territories of Turkey, Armenia,
Azerbaijan, and Iran. The length of this river is 1072 km, and the area
of the watershed basin is 97,000 km?. It is susceptible to various types
of pollution including adjacent urban-rural sewage as well as
agricultural and industrial effluents. This river is the main source for
providing water for various agricultural, domestic, industrial,
recreational, and drinking sections and electricity production in the
region. River basin in Iran covers an area of 39,478 square kilometers,
approximately 81.5 % of which is located in mountainous and foothill
regions, while the remainder consists of plains scattered throughout
various parts of the basin (Salahi, Saber and Mofidi, 2022). From a
macroclimatic perspective, this basin exhibits characteristics typical of
temperate regions at mid-latitudes. However, the presence of
mountainous and elevated areas such as the slopes of Sabalan and
Ararat, along with plains situated below 500 meters, have led to
significant climatic diversity within this basin (Aghayari Samian et al.,
2022). A total of 45 rivers flow through this basin, with the Aras River
being the main artery and the primary source of freshwater for the
Republic of Azerbaijan. It also provides water for agricultural, industrial,
and drinking purposes for other countries within the basin. This river
flows through the borders of Iran and West Azerbaijan, East Azerbaijan,
and Ardebil provinces and after receiving multiple branches such as
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Zangmar River, Sari Su, Aland, Qatur, Arpachay, Darreh Rud, etc. is
separated from the Iranian border near Tazehkand village of Parsabad
Moghan in Ardebil province and enters the territory of the Republic of

Azerbaijan and meets Kura River in this country and discharges about
0.21 km® of water into the Caspian Sea annually on average
(Khoshnoodmotlagh et al., 2020).

4200°E AYOU'E SOUTE 4SYU0TE 4600°E 4ATOOCE SROUTE 900TE 0'onr

WOUN 00N

ISUON

Fig. 1. Location of the Aras River and its studied area in Iran (Khoshnoodmotlagh et al., 2020).

2.2. Data gathering and statistical methods

The present study aimed to assess water quality of the Aras River in
Iran based on the qualitative data collected from 19 sampling stations
from entry point of the river into Iran, located at the border of Turkey to
its exit point into Turkey. Sampling was conducted seasonally over two
years from spring 2020 to winter 2021 (Table 1). Parameters included
16 factors such as EC, pH, NOz, COD, BOD, total Coli. (T. Coli), Fecal
Coli. (F. Coli), TDS, SO,*, Hg, Pb, Cd, Fe, Cu, and Ni, which were
measured through following the guidelines outlined in the standard
method (Rodger B.B., Andrew D.E. and Eugene W.R., 2017).

Table 1. Geographic location and coordinates of sampling stations in
the Aras River within the boundaries of Iran.

Coordinates

No. Location

X Y
1 Entry to Iran 4381422 490451
2 Qarah Khvojalu 4363202 497322
3 Sanam Balaghi 4357243 504796
4 Zangmar entrance 4356332 506821
5 Downstream of Poldasht 4353802 506871
6 Dam tank 4328339 532306
7 Dam outlet 4325377 534376
8 Before Agh Chai station 4316485 538794
9 Agh Chai 4315187 542922
10 After a mix of Agh Chai 4313561 547311
11 Jolfa entrance 552469 4312934
12 Above of Mil Moghan dam 704238 4367735
Before the confluence of the sugar
13 factory's sewage with the Aras 736405 4387667
river
After the confluence of the sewage
14 of the sugar factory with the Aras 736440 4387718
river
15 Before the confluence of the urban 754200 4397811

sewage with the Aras River
After the confluence of urban

16 sewage with the Aras River 757491 4397770
17 A]_‘ter the conflu_ence of Darreh Rud 706855 4371067
with the Aras River
Before the confluence of Darreh
18 Rud with the Aras River 705556 4371067
19 In front of Mil Moghan dam 704238 4367735

Sampling was conducted using glass bottles. The sampling
containers were first rinsed with detergent and regular water, then with
nitric acid, and finally with distilled water. For samples of COD and BOD
parameters, dark glass containers were used. One-liter polymer
containers were employed for sampling of heavy metal measurements,
which ensures that they were thoroughly rinsed with detergent and
distilled water before sampling, and rinsed once again with sampling
water at the time of collection. Samples were taken from a distance of
two meters from the water's edge and at a depth of 20 centimeters in
the river. Before transporting the samples to laboratory, stabilization of
the samples with the required chemicals, determination of water and air
temperature, and preparation of labels (including station specifications,
sampling time, and weather conditions) were taken place. After the
necessary preparations, the samples were transported to the
laboratory under appropriate temperature conditions and within the
shortest possible time, and they were stored in a refrigerator until
analysis. The analysis of the samples was conducted according to the
protocol outlined in standard method (Rodger B.B., Andrew D.E. and
Eugene W.R., 2017).

2.3. Statistical analysis

For analyzing the obtained data, multivariate statistical methods such
as Cluster Analysis (CA), Discriminant Analysis (DA), Principal
Component Analysis (PCA), and Factor Analysis (FA) were used as
follows. The analyses were performed using SPSS24 and MINITAB15
software. The Kolmogorov-Smirnov (K-S) statistic was used for normal
distribution and fit of the data. The Bartlett test was used to evaluate
the normality of the data in assessing the principal components.

2.4. Cluster analysis

In the cluster analysis method, data grouping is done based on the
distance between them, and Euclidean geometry was used to calculate
the distances between clusters, in such a way that, by calculating the
Euclidean distance between spatial or temporal points, a distance
matrix is obtained to define spatial and temporal groups based on this
matrix distances. At the beginning of the cluster analysis process, there
are as many clusters as there are observations, and at the last stage,
the data is separated into a smaller number of clusters. In this way,
similar sets, being less distant from each other are placed in a cluster
(Fataei and Shiralipoor, 2011).

Two distinct methods in cluster analysis include “Hierarchical
Cluster Analysis” (HCA) and “Non-Hierarchical Cluster Analysis”
(NCA). In the present study, HCA was used, which can be
compressible, in such a way that each parameter is initially placed
within its cluster, next two groups with higher similarities are combined
or divided, which in the process of division, initially, all parameters are
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placed within one cluster, and then at each stage, the more distinct
parameters are separated and create a smaller cluster. Hierarchical
relationships between groups are visually represented in a tree
diagram. In non-hierarchical cluster analysis, often referred to as “K-
mean clustering”, there is no diagram structure and it requires a
predefined number of classes and parameters within each cluster are
based on a pre-defined threshold distance (Muangthong and Shrestha,
2015).

2.5. Principal component /factor analysis

The principal component analysis is a multivariable statistical method,
which can be used as an appropriate solution for reducing the volume
of data and the complexity of initial variables as well as better
interpretation of information in cases where the data volume is
substantial, in such a way that these parameters may describe real
variations in population (Saavedra et al., 2013). The Kaiser-Meyer-
Olkin (KMO) test is used to ensure appropriateness of the principal
component analysis. Furthermore, Varimax rotation is employed to
enhance the relationships between inputs and initial factors, and to
better distinguish them for inclusion in the components. In fact, in PCA,
a correlation matrix is constructed, and subsequently components,
which cover a small portion of population variations are disregarded
(Zamani-Ahmadmahmoodi et al., 2019).

Choosing a correlation matrix and standardization mean that
regardless of the actual data magnitude, each variable should have
equal importance. To achieve this goal, standardized values using the
method defined in Eq. 1 should be used instead of using the values of
either variable (Fataei, et al., 2017).

xX— U
Z= —— (1)
o
where, z is the standardized variable, x is the value of variable, and p
and o are the mean and standard deviation of variables respectively. In
the next step, some principal components capable of providing a
comprehensive description of variables were determined, and they are
grouped under these components based on their correlation. Finally,
the primary variables in each component are determined based on the
maximum factor loadings (Lausch and Herzog, 2002).

3. Results and discussion
3.1. Cluster analysis

The cluster analysis method was used for evaluation of water quality
degrees, similarity at sampling stations and classifying them. The
results obtained from the cluster analysis of 19 studied stations in the
Aras River in Iran, in terms of the evaluated parameters, are shown in
Fig. 2. In this diagram, X-axis represents the distances between
homogeneous groups, and Y-axis represents the names of the
sampling stations. Based on the specified Euclidean distance for
clustering, indicated in gray within the diagram, the stations were
divided into four clusters based on their qualitative similarity. Stations
1, 3, and 7 are in the first cluster, stations 2, 10, 4, 8, 5, 11, 6, and 9 are
in the second cluster, stations 12, 13, 15, 17, 18, and 19 in the third
cluster, and stations 14 and 16 in the fourth cluster.

Dendrogram
Ward Linkage, Euclidean Distance

22.25

14.83

Distance

7.42

0.00 1 t 1 1 + 1 |

6 9 12 13 15 17 18 19 14 16

Stations

Fig. 2. Cluster diagram of qualitative grouping of the studied stations based on parameters
measured in the Aras River, Iran.

Cluster analysis places a set of variables into homogeneous
clusters so that the clusters obtained from this method have more
internal homogeneity and external heterogeneity (Muniz et al., 2023;
Govender et al., 2020). The Aras River is affected by various pollutants
such as untreated sewage from residential communities, heavy metals,
hydrocarbons, PCBs from industries and mines, nutrients, and
organochlorine pesticides from agricultural wastewater in its watershed
basin. Due to lack of development and proper efficiency of sewage
collection and treatment systems in Armenia and Azerbaijan, the
pollution of internal branches of the rivers in these countries is very high
in terms of organic matter (TACIS 2003). Additionally, organic sediment
load resulting from deforestation and agricultural activities further
contributes to the above factors. Based on the results of cluster analysis
and dendrogram chart shown in Fig. 2, the qualitative classification of
the studied stations in this river within the territory of Iran is as follows:

Cluster 1 includes the entrance stations to Iran, Sanam Balaghi,
and exit of Ares Dam. Based on the results obtained from average
values of the measured parameters in the clusters and overall average
(Table 1), values of BOD, COD, T. Coli., and NO3 parameters at these
stations are higher than overall average of all stations. The high levels
of these parameters at Sanam Balaghi station result from entry of
agricultural runoff, fish farming wastewater, as well as wastewater from
villages and towns located on fringes of the river within the vicinity of
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Nakhchivan (an autonomous republic of Azerbaijan), primarily
consisting of untreated household sewage from the Sharur district and
Shah Takhti City of this republic. Furthermore, in this area (an effective
area on the Aras River), most agricultural activities are related to the
Sharur district of this republic. In such a way the arable land area in this
region is approximately 15,000 hectares and is currently being utilized.
Agricultural drainage waters from this area are discharged into the Aras
River through four main drainage channels. Furthermore, at the
entrance station to Iran, the pollutants of the route traveled in Turkey
due to the return effluents from the lands of Igdir Plain and change in
water quality caused by the igneous nature of Ararat, entry of effluents
from industrial areas in Armenia and a 200-hectare fish farm where
different types of fish are grown, including sturgeon, which discharge all
the polluted effluents directly into the river, which mostly include
nutrients such as nitrates and phosphates as well as the sewage of the
Poldasht city and Zangbar River in Mako, Iran, and the sewage of these
cities all affect the outlet water quality of Aras Dam.

Cluster 2 includes the stations of Qarah Khvojalu (affected by the
discharge of wastewater from upstream villages and wastewater from
fish farming in Armenia), Zangmar (affected by entry of untreated
sewage from Maku city), downstream of Poldasht (affected by the
discharge of untreated sewage from Poldasht City), Aras Dam reservoir
(affected by the discharge of mine wastewater and fish farming in
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Armenia, as well as agricultural land runoff), before the Agh Chai
station, Agh Chai, after the confluence of Agh Chai (quality of this
station is affected by the connection of Qatur River subsidiary branch,
which is severely affected by the erosion of watershed basin and has a
high sediment load, and also receives treated wastewater from Khoy
City and agricultural runoff) and entrance of Jolfa (affected by entry of
septic tank effluents from the Aras residential town and also leakage
from the absorptive wells of this town. In these stations, levels of T. Coli
and NO;” parameters were higher than overall average.

Cluster 3 includes the areas, being higher than Mil Moghan Dam,
before confluence of the sewage from the sugar cane factory of Moghan
Agro-Industry and Livestock Co. to Aras River, before confluence of the
urban sewage of Parsabad to Aras River, after confluence of the
subsidiary branch of Darreh Rud with Aras River, and in front of the Mil
Moghan Dam. In these areas, only the values of physical parameters
such as TDS, EC, and turbidity were higher than overall average, which
could be due to entry of drainage of extensive agricultural lands in the
region, as well as sedimentation loads and high suspended solids in the
Darreh Rud River resulting from increased destruction of vegetation
coverage in the watershed basin of this river. However, stations in this
cluster had lower levels of the chemical and biological pollutants
compared to overall average, indicating the favorable quality status of
these stations and absence of human pollutants within the range of
these stations. This also signifies that the river has a suitable self-
purification capacity along its path and has purified the received
pollutants.

Cluster 4 includes the stations after confluence of effluents of the
sugar factory of Moghan Agro-Industry and Livestock Co. into the Aras
River, as well as the station after confluence of Parsabad urban sewage
into the Aras River. In these stations, levels of BOD, COD, TDS, EC,
and turbidity parameters were measured. Water quality changes in
these stations are mainly due to discharge of industrial and urban
pollutants. The high pollutant concentrations at station No. 14 are
attributed to the discharge of effluents from the sugar factory of Moghan
Agro-Industry and Livestock Co., while at station 16, it is due to the
discharge of treated sewage from the Parsabad urban sewage
treatment plant.

In contrast with similar studies conducted on other rivers, Giao
(2022) assessed water quality of the rivers in the Ca Mau Peninsula,
Vietnam, and classified it into seven clusters ranging from poor to
heavily polluted based on a cluster analysis. The most significant
parameters influencing this clustering included DO, TSS, BODs, COD,
and total coliforms. Meanwhile, lldorom, Hassanzadeh and
Hedayatzadeh (2022) reported that water quality classification at the
studied stations on the Karkheh River fell into three clusters due to
variations in values of parameters such as TDS, EC, K*, Mg?*, and Ca?",
particularly noting high values in the third cluster compared to other two
ones (lldorom, Hassanzadeh and Hedayatzadeh, 2022). Additionally,
Bab al-Hakami and Ghollami (2018) in their research on water quality
of the Talar River in Mazandaran, divided the studied stations into three
groups based on quality, attributing the differences among the stations
and the resulting clustering to the influx of industrial, domestic, hospital,
and agricultural wastewater into the downstream stations (Hakami and
Ghollami, 2018). In further research, Yaganoglu et al. (2020) indicated
that quality variations observed among the studied stations of the Filyos
River in Turkey resulted from wastewater discharge from agricultural
activities (Yaganoglu et al., 2020).

On the other hand, according to the obtained results (Table 2),
heavy metals such as mercury and arsenic have been observed in all
studied stations. Based on the analysis of pollutants in Aras River
watershed basin, it was identified that this river is affected not only by
the runoffs from accumulated tailings of past mining activities in the
country of Armenia but also from active mines in this country, which is
mainly located on the southern side of Aras River watershed basin on
the border of Iran in East Azerbaijan Province, where the use of various
organic and inorganic chemicals for separating metal from ore leads to
entry of different chemical substances and heavy metals into water
sources. Moreover, in industry, mercury pollution generally originates
from lamp manufacturing industries. In this regard, there is a large lamp
production factory called “Electrolamp” in Yerevan, the capital of
Armenia, whose wastes were discharged without treatment to the water
sources of the Ares River basin in this country in the past years. Another
source of pollution in East Azerbaijan, Iran, may arise from mining and
mineral processing activities, specifically the extraction of copper and
gold. On the other hand, considering that there are vast agricultural
lands in the watershed of the Aras River, wherein the effluents
containing the remains of poisons and fertilizers enter this river, it can
be considered as another source of the presence of these heavy metals
in the different stations of the Aras River. A study conducted by Abbasi

et al. (2017) on the impact of mining and exploitation of gold mines on
the pollution of water in the Zarshooran region of Takab showed that
the high levels of arsenic and mercury in the surface waters of the
region are due to the gold deposit in this area (Abbasi et al., 2017). The
study conducted by Rafiei et al. (2010) also provided similar results
regarding the pollution of heavy metals such as mercury and arsenic
around the Dashkasan gold mine (Rafiei et al., 2010). According to the
findings of a study conducted by Behbahani Nia and Farahani (2016)
on investigating the source of water pollution in the Hashtroud region in
East Azerbaijan; the release of arsenic from the geological units of the
region, absorption of arsenic by oxide minerals under aerobic and acidic
conditions to nearly neutral, and absorption from oxide surfaces due to
an increase in pH to alkaline conditions and an increase in arsenic
concentration in the solution were identified as contributors to
contamination (Behbahani Nia and Farahani, 2016).

Based on qualitative grouping obtained for the sampling stations
of Aras River in Iran, pollution source was identified from various human
activities, and cluster analysis grouping effectively classified the studied
stations based on the susceptibility against parameter values and
received pollution loads. Ling et al. (2017) also using cluster analysis
multivariate statistical methods demonstrated that water quality in
Kanto City, Malaysia, was influenced by various human pollutants
including industrial effluents, domestic sewage, agricultural runoff, and
erosion (Ling et al., 2017). Ghassemi Dehnavi et al. (2016), in their
study on qualitative and quantitative assessment of the Azna River in
Lorestan, also classified the stations into four clusters based on the
results from the cluster diagram (Ghassemi Dehnavi et al., 2016). The
first cluster was affected by SO,> and pH parameters, the second
cluster by the potassium ion parameter, the third cluster by high calcium
ion levels, and the fourth cluster by TDS, EC, CI, Mg?*, HCOs~, Na*,
and TH parameters. Cheraghi et al. (2019) classified the studied
stations into two groups in grouping groundwater quality in
Khorramabad region using cluster analysis and stated that the main
difference between the two clusters depended on factors such as type
of formation and lithology (Cheraghi et al., 2019). As explained, in the
current research, water quality of Aras River in the qualitative grouping
of the stations was mainly influenced by human factors

Table 2. Average of the measured parameters in the clustering
resulted from cluster analysis.

Cluster 1 2 3 4 Total
BOD 6.43 3.81 3.73 5.10 4.33
COD 23.25 17.41 16.88 25.34 19.00

pH 8.23 8.34 7.90 8.12 8.16
TDS 458.6 527.4 882.4 1038.9 682.5
DO 8.56 8.48 7.79 7.70 8.20
EC 897.8 1049.3 1334.7 1537.6 1166.9
T.C.F 968.5 9515 110.31 152.6 604.5
S0.%> 66.42 66.10 46.94 68.20 60.32
NOs 5.23 6.44 3.13 3.35 4.88
Turb. 23 23 22.64 25.87 23.19
As 13 13 13.04 12.89 13
Fe 0.87 1.13 0.98 0.88 1.01
Hg 5.28 5.16 4.90 4.41 5.02
Ni 0.04 0.09 0.00 0.00 0.05

3.2. Principal component analysis and factor analysis

In the factor analysis method, the first component explains the most
variation in the data, while subsequent components are ranked in
descending order (Yadanoglu et al., 2020). Therefore, in cases where
a number of stations and parameters is high, this method can justify the
existing difference between sources of variation (e.g., stations herein)
through a small number of principal components with significant
variations. Therefore, important principal components can be used as
a criterion to represent different aspects of the data (Zamani-
Ahmadmahmoodi et al., 2019). Therefore, when a limited number of
primary components justify over 70% of total variations, it is possible to
ascertain the identity of each component based on the eigenvectors’
coefficients of each PC (for each parameter), so that it can be
determined which parameters had the greatest impact on the process
of changes between sources of change in the stations. Of course, a
number, equal to 70 %, is variable for different designs with different
sensitivities (Fataei and Shiralipoor, 2011).

The results of the analysis into principal components, including
values of eigenvectors, eigenvalues, and relative and cumulative
variance of the principal components of the examined parameters are
presented in Table 3. The results clearly indicate that in PC, and PC;,
coefficients of pH, DO, EC, T. Coli, NO3", Hg, BOD, COD, turbidity, and
are almost high indicating the greater impact of these parameters in
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creating differences between stations compared to other parameters,
mainly originating from pollution resulting from human activities.
However, the results of the principal component analysis in a study
conducted by Ravanbakhsh et al. (2019) on assessing changes in river
water quality showed that the main responsible factors for changes in
water quality at the studied stations are total dissolved solids (TDS),
electrical conductivity (EC), chlorides (CI), sodium (Na), sodium
adsorption ratio (SAR), and Na parameters, which are mainly related to
natural sources (Ravanbakhsh et al., 2019). Therefore, it becomes
clear that formation of analysis factors into principal components is
carried out through the influence of several important parameters that
can have either human or natural origins and can be used as a precise
method in determining the most effective parameters on surface water
quality and identifying the sources of contamination.

Table 3. Values of eigenvectors for principal component analysis and
rotation matrix of factor analysis along with their eigenvalues and
percentage of their variance explanation.

Variable PC. PC,

BOD 0.072 -0.459

CoD 0.007 -0.527

pH 0.344 -0.117

TDS -0.371 -0.085

DO 0.356 0.033

EC -0.297 -0.076

T.C.F 0.393 0.007

SO.* 0.263 -0.362

NO3 0.365 0.045

Turbidity -0.052 -0.382

As -0.026 0.357

Fe 0.086 0.222

Hg 0.292 0.078

Ni 0.268 0.149
Eigenvalues 5.94 2.72
Variance percentage 0.42 0.19
Cumulative percentage 0.42 0.62

Table 3 shows that most parameters appeared in PC; with
approximately equal coefficients, indicating that the first component has
played the most significant role in creating variance between stations.
Analysis of the principal components of the water parameters based on

a 16x16 correlation matrix derived from the average data of two-year
sampling periods for 19 stations revealed that the first two components
justify 86% of changes between the stations, in such a way that the first
and the second principal components justified 5.94 % and 2.72 % of
gualitative variations between stations respectively. Other components
partly contributed to justifying the water quality changes among the
stations. Comparison of coefficients for either parameter (eigenvectors)
for components 1 and 2 indicates that the first component has the most
significant contribution to model variations, implying susceptibility and
exist of a substantial difference between the stations due to pH, DO,
EC, T. Coli., NOs, and Hg parameters and in terms of the component
2, BOD, COD, turbidity and As played the most significant role in
creating qualitative differences among the studied stations. The
concept of high susceptibility refers to significant differences between
values at different stations, indicating variations in pollutant sources at
each station. Results show that based on the nature of parameters,
water quality of the studied stations has been influenced by various
human activities. As mentioned, Principal Component Analysis (PCA)
for determination of the main parameters of river water quality has been
used in many studies. In a study conducted by lldorom, Hassanzadeh
and Hedayatzadeh (2021), it was reported that the first three factors
accounted for the most significant variations in the river water quality,
with values of 53.36, 16.15, and 8.14, respectively (lldorom,
Hassanzadeh and Hedayatzadeh, 2021). The most important water
guality parameters identified through these three factors including TDS,
EC, HCO;™, and pH. Bab al-Hammami and Gholami Sefidkouhi (2018)
also demonstrated that 80 % of changes in water quality were explained
by the first three factors, with the first, second, and third factors
accounting for 6.1%, 12.59%, and 8.3% of the variations, respectively
(Bab al-Hammami and Gholami Sefidkouhi, 2018). They indicated that
changes in water quality of the Talar River basin were primarily due to
parameters such as TDS, EC, Cl, TH, SAR, K, Na, Mg, Ca, and SO,%,
which were influenced by agricultural runoff entering the river. The
results obtained from a study conducted by Yaganoglu et al. (2020) in
assessment of variations in surface water quality of the Filyos River in
Turkey by using the multivariate statistical method of Principal
Component Analysis revealed that the first four components explained
69.49% of total variations (Yaganoglu et al., 2020). They demonstrated
that the main parameters and showed that the main parameters of
gualitative changes in water among the stations include temperature,
EC, DO, and pH, all of which are affected by human activities.
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Fig. 3. Distribution of investigated stations (Biplot) based on the first and second components of the analysis of the
principal components in the Aras River watershed basin.

Fig. 3 illustrates the grouping of the sampling stations using
principal component analysis based on PC; and PC, components in
connection with the studied parameters. As observed, this grouping,
similar to the cluster analysis results discussed earlier, has classified
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the stations into four pollution categories based on two components PC,
and PC,. Therefore, the results obtained from the principal component
analysis are compatible with the cluster analysis results and confirm
one other, in such a way that these results are in line with the findings
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of Poyraz and Taspinar (2014) on evaluation of the drinking water
quality in the industrial region of Marmara, Turkey, as well as the study
by Giao (2022) on assessment of the surface water quality in the Ca
Mau Peninsula, Vietnam (Poyraz and Taspinar, 2014; Giao, 2022).

The results of this research provide valuable information for
interpreting a large set of data measured over two years on a seasonal
basis regarding the assessment of water quality, identification of
pollution sources, and understanding the spatial changes and trends in
water quality of the Aras River. This information can be directly used in
management plans aimed at improving water quality of aforementioned
river. The findings indicate that pollutant sources are primarily of human
origin, stemming from the discharge of industrial and mining
wastewater, inadequately treated sewage effluents, and runoff from
extensive agricultural land within the watershed. Given that the Aras
River basin spans several countries, there is a critical need for
coordinated and integrated watershed management planning to control
the inflow of pollutants into this river, which serves as an important
source of water for agricultural, industrial, and drinking purposes in
these countries.

4. Conclusions

In the present study, multivariable cluster analysis and principal
component analysis methods were used to determine the quality status
and parameters affecting water quality at sampling stations on the Aras
River. The results showed that water quality at different stations varied
mainly due to the input of human pollutant sources. The origin of
pollution was determined through the parameters affecting the quality
of each station, in such a way that 19 studied stations were classified
into four quality groups based on the parameters’ effect on the river's
water quality, and the changes in quality were explained by 86% of the
variations through the first two components of factor analysis.
Therefore, the grouping resulting from cluster analysis was confirmed
through the results of principal component analysis. The parameter
weighting, using PCA indicates that the highest and the lowest weights
were assigned to parameters of BOD and Fe, respectively, with values
of 0.527 and 0.222. This reflects that water quality of the stations is
most affected by entry of organic matter through the sewage entry.
Therefore, considering the issues related to the operation of very old
and malfunctioning treatment plants in Azerbaijan and Armenia, along
with influx of untreated raw sewage from some cities along the Aras
River in Iran, there is a pressing need to renovate the existing treatment
plants and establish sewage treatment facilities for cities lacking such
an infrastructure in the Aras River watershed. According to the obtained
results, it was determined that the qualitative changes in different
stations are due to entry of different pollutant sources at these stations,
including agricultural runoff and effluents from large fish farming ponds,
erosion resulting in excessive sedimentation in some tributaries of the
watershed basin, as well as the entry of effluents and wastewater from
industrial and mining activities in the watershed basin of the Aras river
through various countries including Turkey, Iran, Armenia, and
Azerbaijan. Therefore, based on the results, there is a need for
comprehensive management under the supervision of international
environmental organizations and with the cooperation of all countries
located in the watershed to maintain water quality of this important
border and international river.
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