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Abstract

Surface water is a critical resource for agriculture, drinking, and industry, making its quality assessment a
priority. This study evaluated the drinking water quality of the Aji-chai Watershed in East Azerbaijan Province,
Iran, using three established indices—Water Quality Index (WQI), Entropy-Weighted Water Quality Index
(EWQI), and Improved Water Quality Index (ImpWQI)—based on 11 hydrochemical parameters. Data were
collected from 3 stations (Arzanag, Akhola, and Markid) from 2003-2021 (1382-1400 Persian calendar). Factor
analysis revealed that the first two principal factors accounted for over 78% of the variance at Arzanag, 81.1% at
Akhola, and 92.43% at Markid, indicating distinct influencing mechanisms. Results showed that water quality at
Arzanag was moderate according to WQI and EWQI but poor based on ImpWQI. Both Akhola and Markid
exhibited very poor water quality across all indices. Key influencing factors differed by location: sodium
chloride and hardness primarily drove quality at Arzanag, carbonate compounds and sulfates at Akhola, and
nearly all measured variables at Markid. In conclusion, water from all three stations was unsuitable for drinking
without treatment, underscoring the need for continuous monitoring. Future assessments should incorporate
microbial indicators and heavy metals for a more comprehensive water safety evaluation.

Keywords: Factor Analysis, Entropy Water Quality Index (EWQI), Water Quality Index (WQI), Improved
Water Quality Index (ImpWaQl).

Introduction

Surface water resources—including rivers, lakes, springs, and streams—are inherently vulnerable to quality
degradation from pollutants. Standard water quality assessment involves comparing measured physical,
chemical, and biological parameters against established national or international guideline thresholds, a task
typically performed by environmental monitoring agencies. Consequently, continuous monitoring and evaluation
are fundamental to the sustainable management and long-term protection of these vital resources. Water quality
indices serve as essential tools in this evaluation process, synthesizing complex data into comprehensible metrics
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(Aouiti et al., 2021). Among the various indices, three widely applied metrics are Water Quality Index (WQI),
Improved Water Quality Index (ImpWQI), and Entropy-Weighted Water Quality Index (EWQI) (Jafari &
Dinpashoh, 2024). This study employed these three indices to assess the water quality of the Aji-chai River. The
primary objectives of this research were: (1) evaluating surface water quality at the three selected stations along
the Aji-chai River and (2) conducting a factor analysis to identify the most significant hydrochemical factors
influencing water quality at each site.

Materials & Methods
Study Area and Data
This study focused on the Aji-chai Catchment in northwest Iran, a principal sub-basin of Lake Urmia. The Aji-
chai River, the longest river in the eastern basin of the lake, was analyzed at 3 hydrometric stations: Arzanag,
Akhola, and Markid. Hydrogeochemical data for the period of 2003-2021 were obtained from the Regional
Water Company of East Azerbaijan Province. The selected parameters included TDS, EC, pH, Na*, K*, Ca?",
Mg#*, CI~, SO,27, HCO3™, and TH. To account for seasonal variation, analyses were conducted using both the
annual average values and data from the wettest and driest months of each year despite the original
measurements being taken at irregular intervals.

Analytical Methods

Water quality was assessed using 3 conventional indices: Water Quality Index (WQI), Entropy-Weighted
Water Quality Index (EWQI), and Improved Water Quality Index (ImpWQI). To identify the dominant
hydrochemical factors influencing quality at each station, a separate factor analysis was performed for each site.
The analysis proceeded as follows:

1. A correlation matrix of the measured parameters was constructed to serve as the similarity matrix.

2. Scree plots were used to determine the optimal number of principal factors to retain.

3. Factor coefficients were calculated and axes were rotated by using the Varimax method to enhance
interpretability (Moghadam et al., 2008).

4. The position of variables on the factor loading plots (Cartesian plane) was interpreted to identify the key
parameters controlling water quality at each station.

Research Findings
The calculated mean water quality index values for the three stations are presented in Table X. For WQI, the
means were 129 (Arzanag), 239 (Akhola), and 1147 (Markid). Corresponding mean values for EWQI were 127,
220, and 946, and for ImpWQI were 156, 333, and 1896, respectively. These results consistently classified the
water at all three sites as very poor and unsuitable for drinking. Seasonal analysis revealed that, in most years,
water quality was better during wet months compared to dry months. Strong correlations were observed among
the hydrochemical variables at each site. Factor analysis identified the dominant influences on water quality
variance. At Arzanag, the first two factors explained 43.4% and 34.8% of the total variance, respectively. At
Akhola and Markid, they cumulatively accounted for 81.1% and 95.5%, respectively. Following Varimax
rotation, the factor loadings revealed distinct parameter associations:

Arzanag: The first factor showed high loadings (>0.9) for CI~, SO,%", EC, and TDS. The second factor was
strongly associated with Ca2*, Mg?*, and TH.

Akhola: The first factor was linked to 8 variables with loadings >0.7: EC, HCO;™, CI~, TDS, Ca%*, TH,
Mg#*, and Na*. The second factor was primarily associated with SO,2".

Markid: The first factor showed near-unity loadings (close to 1) for 9 variables: CI~, SO,27, TDS, Ca?*, TH,
Mg#*, Na*, and K* (with SO,2” loading negatively). The second factor was also strongly defined by SO,2~ (with
a loading close to -1).

Discussion of Results & Conclusion

The three water quality indices—WQI, EWQI, and ImpWQI—consistently classified the river water at all three
study sites (Arzanag, Akhola, and Markid) as very poor and unsuitable for drinking. The factor analysis further
elucidated the distinct hydrochemical drivers of pollution at each location. At Arzanag, water quality was
primarily influenced by two key factors: (1) salinity driven by chloride, sodium, and potassium and (2) hardness
associated with bicarbonate, calcium, and magnesium. In contrast, at Akhola, most measured variables—
excluding pH and sulfate—collectively explained the majority of water quality variance, with sulfate (SO427)
emerging as a secondary, distinct influence. These findings underscored that while increasing water volume in
the watershed might be challenging, preventing further pollution in the river system was a critical and actionable
priority. Consequently, this study strongly recommends implementation of targeted, effective measures to
control pollution sources and conserve water quality within the Aji-chai river basin.
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precipitation at Markid station during the statistical period 1382-1400
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Table 3 Correlation matrix between the used variables in determining water quality at a representative station

namely Arzanag at Ajichai River

TDS EC pH HCO; | CI SO, | ca® | Mg” | Na' K* TH
TDS 1
EC 996 |1
PH -0.115 [-0.107 |1
HCO, [0.149 [0.140 [-0.141 |1
Cl 868" | .8717 [0.143 [-0097 |1
S0,” 569 575 |-461" |0206 [0129 |1
ca™ 555 542" |-0.176 |.885  |0.316 [0379 |1
Mg 694" | 685 |-0.095 |.607  |.508" |0.387 |.853" |1
Na* 8707 | .8837 |[-0073 |-0243 |.820° | 548" |0.144 |0278 |1
K* 7977 | .8007 |[-0.385 [0.078 | .588" |.682" |0.366 |0.413 |.7907 |1
TH 6547 | 6437 |-0137 |.7637 | 0436 |0398 |.956° |.969" |0.225 |0.407 |1
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Fig 6 Scree plot of Stations Arzanag, Akhola, and Markid
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Table 4 Eigenvalues, variances accounted by factors before, and after the Varimax rotation in the station Arzanag
located on Ajichai River
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2 2.537 23.064 78.215 2,537 | 23.064 | 78.215 3.828 | 34.801 78.215
3 1.474 13.400 91.615
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5 274 2.494 98.463
6 .143 1.299 99.762
7 .013 119 99.881
8 .011 101 99.982
9 .002 .018 100.000
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11 3.038E-16 | 2.762E-15 100.000
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Fig 7 Position of hydrochemical variables on two first factors plan after VVarimax rotation in Arzanag station
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Table 5 Eigenvalues, variances accounted by factors before and after the Varimax rotation in station Akhola
located on Ajichai River
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5 522 4,742 98.048
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7 .046 422 99.983
8 .002 .017 100.000
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11 2.243E-16 | 2.039E-15 | 100.000
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Fig 8 Position of hydrochemical variables on two first factors plan after Varimax rotation in Akhola station
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Table 6 Eigenvalues, variances accounted by factors before and after the VVarimax rotation in station Markid
located on Ajichai River
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6 .020 181 99.960
7 .003 .029 99.989
8 .001 .010 100.000
9 2.066E-5 .000 100.000
10 7.036E-6 6.397E-5 100.000
11 -2.003E-16 | -1.821E-15 | 100.000
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