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Fig 1- location of the gauge stations of the Gotvand and Ahvaz on the Karun river
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Table 1- Statistical characteristics of the results of water qualitative components in the gotvand

station
K Na Mg Ca Cl HCO3  So4 pH EC TDS Temp
parameter mg/L mg/L mg/L mg/L mg/L mg/L mg/L %7::0 mg/L °C
mean 0.05 6.47 1.63 4.52 6.67 2.8 3.06 7.76 12549 789.52 19
standard 0 359 082 123 353 033 147 025 43741 27279 291
deviation

minimum  0.01 1.77 0.02 1.58 1.71 1.5 0.03 7 520 15.42 5.4
maximum 0.15 2144 6.18 864 19.79 3.92 10.3 8.3 2700 1730 28.4
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Table 2- Statistical characteristics of the results of water qualitative components in the ahvaz station

K Na Mg Ca Cl  HCO, SO, pH EC TDS  Temp
parameter
mg/L mg/l mg/L mg/L mg/L  mg/L  mg/L 7:::0 mg/L °C

mean 0.08 11.72 3.8 6.65 11.14 3.34 7.51 7.65 2159.74 137695 219

standard 00 404 112 176 399 048 239 029 5536 35119 472

deviation

minimum  0.01 258 126 2.6 313  0.64 16 67 660 422 11

maximum 021 238 65 156 245 439 1551 83 3570 2271 31
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Fig. 2- Examples of the M5 algorithm a) Dividing the space of input parameters (X1xX2) into 6 areas
and b) Expression of criteria for dividing the space of input parameters in the form of a tree
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Fig 6- Piper diagram related to the water quality parameters of the Karun River at the Gotvand
gauge station between the years before and after the construction of the Gotvand reservoir dam.
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Table 3- The results of the most variance based on the PCA: a) Gotvand station and b) Ahvaz station

b) Ahvaz station
variable principal
component
second first
TDS 0.12 0.4
Ec 0.09 0.40
pH 0.73 -0.08
So4 0.20 0.34
HCO, -0.52 0.12
Cl- 0.03 0.38
Ca™' -0.03 0.31
Mg 0.1 0.27
Na* 0.07 0.39
K" -0.32 0.27
Perceptage of 12.49 59.00
variance

a) Gotvand station
principal

variable component
second first
TDS 0.05 0.41
Ec 0.03 0.44
pH 0.51 -0.08
So4 0.12 0.33
HCO, -0.55 0.01
Cl- 0.03 0.42
ca” -0.36 0.29
Mg 0.52 0.14
Na* 0.03 0.42
K* -0.12 0.25
Percentage of | 1303 | 4979

variance
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Fig 9- Biplot of the quality parameters of the Karun River at the Gotvand (a) and the Ahvaz gauge station
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Fig 10- The results of the developed MLR model in the training and testing stage
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Introduction

Rivers stand as invaluable water resources, serving a multitude of crucial functions ranging from
providing drinking water, supporting domestic needs, enabling agriculture, facilitating
transportation, powering generators, offering recreational opportunities, to even serving as
conduits for waste disposal. Throughout history, ancient civilizations thrived and flourished
along riverbanks due to the accessibility of fresh water sources, and to this day, numerous
developmental activities continue to hinge on these aquatic lifelines. Within this context, the
present study is centered on the Karoun River in Iran, selected as the focal point for a
comprehensive evaluation of its water quality. The principal objectives of this endeavor
encompass a comprehensive appraisal of the overall water quality and a systematic identification
of the variables influencing the river's hydrochemistry. To accomplish these goals, established
methodologies such as the Piper, Durov, and Schoeller graphical plots, well-regarded for their
ability to portray temporal variations, have been harnessed (Aazami et al., 2017; Allahverdipour
et al., 2023). These approaches provide insightful visualizations that are instrumental in
discerning the water quality status within the studied area. Moreover, the study harnesses
sophisticated multivariate statistical techniques, particularly Principal Component Analysis
(PCA), known for its proficiency in dissecting complex datasets. PCA serves as an efficacious
tool in dissecting the water samples and revealing the underlying characteristics of
hydrochemical attributes (Astel et al., 2006; Babolhakami et al., 2019). By extracting hidden
patterns and correlations among variables, PCA not only aids in comprehending the intricate
interactions within the river's ecosystem but also facilitates informed decision-making in devising
effective remedial measures. In conclusion, rivers endure as indispensable lifelines, intricately
woven into the fabric of human existence. The study of the Karoun River in Iran is emblematic of
the concerted efforts underway to ensure the continued well-being of our precious water
resources.

Methodology

The Karun River, the most abundant and longest river in the Iran, originates from the
Zardkouh Bakhtiari mountains and meanders through the central Zagros mountain range,
eventually flowing into the Khuzestan plains. The study area, includes two hydrometric stations:
Gotvand station downstream of the regulating dam at geographical coordinates "48.45'48°41 East
longitude and "67.25'20°31 North latitude, which is situated 140 kilometers from the Gotvand
station; and Ahvaz hydrometric station located in the city of Ahvaz at geographical coordinates
"67.56'49°48 East longitude and "89.35'15°32 North latitude. The southern slopes of the Zagros


mailto:m.zayri@scu.ac.ir

mountain range, due to the presence of evaporative formations and the influx of relatively
brackish tributaries, such as the Morghab, Shoor Andika, and Shoor Lali branches located
upstream of the upper Gotvand dam, naturally contribute to the increased salinity of the Karun
River's water. Considering the passage of these rivers through evaporative and brackish
formations, including the Gachsaran Formation, they significantly influence the salinity of the
water in the Gotvand dam reservoir and contribute to its declining quality. Over 50% of the
river's length upstream of the Gotvand hydrometric station flows through the Gachsaran
Formation, and the river water is in direct and permanent contact with these evaporative and
soluble units.

Results and Discusspn

Temporal variations in TDS (Total Dissolved Solids) and EC (Electrical Conductivity) values
of the Karun River are depicted at the Gotvand and Ahvaz hydrometric stations during the wet
period (Mehr to Esfand) and the dry period (Farvardin to Shahrivar). The changes in TDS and EC
parameters have shown an increasing trend from the water year 1385 onwards, but before and
after the construction of the Gotvand reservoir dam, there is no distinct trend evident in both
hydrometric stations. Under stable geological and pedological conditions of the watershed areas,
with a decrease in river discharge, TDS and EC values increase. Figure (1) showed scree plot
resulted from PCA method on ahvaz statition. A scree plot for explained variance and
eigenvalues for the ten Principal Components (PCs) from the PCA analysis The highest
percentage of water quality variations at the Gotvand station was influenced by two main factors.
The first factor, which represents 49.79% of the changes in the Karun River's water quality at this
station, includes the accumulation of salts (TDS, EC, SO4, Cl-, and Na+). The input of these
parameters into the Karun River could be influenced by the dissolution of evaporite formations of
the Gachsaran Formation in the upstream reservoir lake area of this station. The second factor,
accounting for 13.83% of the changes in the water quality of the Karun River basin, is
responsible. The highest correlation with this factor was found in parameters (pH, HCO3, and
Mg2+). The components of this factor indicate the acidity of surface waters, where the presence
of HCO3 could be attributed to water passing through limestone formations or silicate
weathering. the highest percentage of water quality variations at the Ahvaz station was influenced
by two main factors. The first factor, representing 59% of the changes in the Karun River's water
quality at this station, includes the accumulation of salts (TDS, EC, SO4, Cl-, Ca2+, Mg2+, Na+,
and K+).
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Fig. 1. scree plot resulted PCA method on ahvaz statition



Conclusions

In this research, quantitative and qualitative components of the Karun River were investigated
at the Gotvand hydrometric station downstream of the Gotvand reservoir and the Ahvaz
hydrometric station in the city of Ahvaz using statistical methods such as principal component
analysis, machine learning methods including decision tree and multiple variable linear
regression, as well as graphical methods. The results indicate that during the years 2008 to 2011
and 2013 to 2015, which experienced lower than average precipitation, reflecting drought
conditions, the reduction in river discharge has led to an increase in TDS (Total Dissolved Solids)
and EC (Electrical Conductivity) values. According to the Piper diagram, the overall status of
water samples taken at the Gotvand station shows a tendency towards non-carbonate hardness
after the operation of the Gotvand dam in 2011. The water samples at this station exhibit anionic
characteristics in the chloride zone or a mixed zone, and in terms of cations, they are positioned
in the sodium-potassium or mixed zone. The Schoeller diagram results demonstrate that the water
quality of the Karun River in terms of drinking water standards is acceptable at this station.
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