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Abstract

This study assessed the water quality of the Karun Bozorg (greater) River, from the junction of the Dez River to
the junction with the Arvand River, using the IRWQIsc index. Twelve sampling stations were established at
relatively equal distances (between 25 and 35 km) based on the main access points to the river. To analyze the
relationships between water quality parameters and their distribution, we employed Spearman's correlation
coefficient, hierarchical cluster analysis, and land use regression using the support vector machine method. The
calculated IRWQIsc values ranged from 30.65 to 48.98 within the study area. The results indicated that, with the
exception of two stations (1: Dehkhoda Sugarcane Cultivation and Industry and 4: Ahvaz City Entrance) that
exhibited average conditions (48.98 and 46.32, respectively), the remaining stations were in relatively poor
conditions. Furthermore, BOD and electrical conductivity levels at all stations exceeded Iran's drinking water
quality standards. Phosphate concentrations ranged from 0.006 to 0.021 mg/L, while ammonium levels varied
from 0.4 to 2.08 mg/L, with significant increases observed at downstream stations. Spearman’s correlation
analysis revealed a strong relationship between electrical conductivity and total hardness (0.81). The hierarchical
clustering of the stations indicated that Stations 9 to 12 experienced the highest pollution levels, primarily due to
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the influx of agricultural, industrial, and urban pollutants. The land use regression analysis demonstrated an R2
value of 0.78, suggesting that spatial patterns of water quality could be effectively predicted. These findings
underscored the necessity for improved pollutant management and continuous monitoring to enhance the river's
water quality.

Keywords: Water Resource, Water Quality Classification, Cluster Analysis, Physicochemical Parameters, Land
Use Regression.

Introduction

Water bodies, particularly rivers, are vital for the sustainability and development of human societies. Therefore,
maintaining water quality within permissible limits is essential, depending on the characteristics of surface water
and its intended use. Previous studies on the water quality of the Karun River have typically been limited in
scope, focusing on a small number of sampling stations primarily located around major cities like Ahvaz and
Khorramshahr. As a result, they fail to capture the changes occurring along the entire length of the Karun Bozorg
(greater) River. This river, which extends from the junction of the Dez and Karun Rivers to the junction with the
Arvand River, is crucial for supplying water to cities, villages, large industries, fisheries, and agricultural
activities. Given the fluctuations in water volume over the past few years, this study aimed to achieve the
following objectives: (1) to map and display the current status and spatial variations of water quality parameters
along the Karun Bozorg River, (2) to investigate the relationships between these water quality parameters, and
(3) to cluster sampling stations based on their water quality.

Materials & Methods

In this study, the water quality index of the Karun Bozorg River was calculated by establishing 12 sampling
stations at relatively equal distances from one another based on the main access points to the river—from the
Dez River inlet to the outlet at the Arvand River. Sampling was conducted on May 13, 2022, during which 11
parameters were measured: BOD5, COD, Electrical Conductivity (EC), Dissolved Oxygen Percentage (DO%),
turbidity, Total Water Hardness (TWH), phosphate, nitrate, ammonium, temperature, and pH. To analyze the
relationships among the measured parameters, Spearman's correlation coefficient was employed to group them
based on their degree of similarity. Hierarchical cluster analysis was then utilized to categorize the sampling
stations. Additionally, to visualize the spatial distribution of water quality in the Karun River, land use regression
was conducted using the support vector machine method in R software. For this analysis, Bands 1 to 7 of
Sentinel 2 satellite images, which were captured from the study area at 2-day intervals, were utilized. Given the
limited number of sampling stations, the data collected from all stations were used for modeling and validation.
The accuracy of the constructed model was assessed using R? and RMSE statistics.

Research Findings

The assessment of water quality in the Karun Bozorg River revealed significant insights based on the IRWQIsc
index, with calculated values ranging from 30.65 to 48.98 across 12 sampling stations. Notably, only two
stations (1: Dehkhoda Sugarcane Cultivation and Industry and 4: Ahvaz City Entrance) demonstrated an average
status (48.98 and 46.32, respectively), while the remaining stations were classified as being in relatively poor
conditions. Key findings included:

e BOD and EC: All sampling stations exhibited BOD and EC levels that exceeded Iran's drinking water
quality standards, indicating serious concerns regarding water safety.

e Nutrient Levels: Phosphate concentrations ranged from 0.006 to 0.021 mg/L and ammonium levels
ranged from 0.4 to 2.08 mg/L with significant increases observed at downstream stations.

e Correlation Analysis: Spearman’s correlation coefficient revealed a strong positive relationship between
EC and TWH (0.81), as well as between ammonium and EC (0.87). This suggested that as conductivity
increased, so did hardness and ammonium levels.

e Cluster Analysis: Hierarchical clustering categorized the sampling stations, revealing that Stations 9 to 12
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had the highest pollution levels primarily attributed to urban, agricultural, and industrial runoff.

e Land Use Regression: The land use regression analysis, with an Rz value of 0.78, showed that the spatial
patterns of water quality could be effectively predicted, highlighting the influence of land use on water quality
dynamics.

The results underscored the urgent need for improved pollutant management and continuous monitoring to
enhance the water quality of the Karun Bozorg River. The integration of spatial distribution maps aids decision-
makers in visualizing and addressing the deteriorating conditions of the river's water quality, emphasizing the
necessity for critical conservation measures and better agricultural practices.

Discussion of Results & Conclusion

The calculated Water Quality Index (WQI) results indicated a decreasing trend from Station 1 to Station 12, with
WQI values ranging from 30.65 at Station 12 to 48.98 at Station 1. The findings revealed that all stations were in
relatively poor conditions with the exception of two stations (1 and 4), which exhibited mediocre water quality.
Notably, fecal coliform and phosphate parameters had the highest average effective weights compared to other
factors. This situation was primarily attributed to the inflow of urban, rural, and hospital sewage, along with the
discharge from extensive industrial activities along the river. Correlation matrix analysis showed a significant
positive correlation between ammonium and EC (0.87), as well as between TWH and EC (0.81). Cluster analysis
further revealed that Stations 1 (Dehkhoda Sugarcane Cultivation and Industry) and 12 (Khoramshahr) differed
significantly from the other sampled stations. Additionally, mapping the river's water quality status using the
support vector machine method demonstrated an accuracy of 78%, highlighting the efficacy of this approach
even with a limited number of training points.

The correlation results indicated that EC, ammonium, TWH, and phosphate levels increased from Station 1
(upstream of the Dez River junction) to Station 12 (Khoramshahr). While phosphate concentrations remained
below the standard at all stations, other parameters exceeded acceptable limits at several locations. The tidal
phenomenon might also exacerbate sudden spikes in EC, particularly at Station 12.

Due to the adverse effects of human pollutants, the water quality of the Karun Bozorg River was
deteriorating. Consequently, it is imperative for responsible managers and decision-makers to implement critical
conservation measures, such as improved agricultural practices, in conjunction with planned river usage. Spatial
distribution maps can enhance the effectiveness of this information, enabling decision-makers to visualize the
river's water quality conditions more clearly in the study area.
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Table 3: Measurement results of IRWQI index parameters
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FC

(MPN/100) 150 210 20 240 1200 | 240 240 1200 | 150 150 210 1100

BODS 20 30 29 20 27 22 31 26 33 34 23 29

(mg/L)

NO3 1.185 | 1.42 157 149 |19 174 | 192 |215 | 277 |1.768 | 1.75 1.367

(mg/L)

EC 2010 | 2230 | 2220 | 2330 | 2620 | 2670 | 2730 | 2860 | 2990 | 3170 3360 4840

(mS/cm)

cob 48 72 70 52 66 54 75 63 81 83 57 73

(mg/L)

(Prgg;}L) 0.006 | 0.008 | 0.01 | 0.009 | 0.014 | 0.01 | 0.006 | 0.008 | 0.017 | 0.021 | 0.009 | 0.018

TURB

(NTU) 945 | 24 17 12.3 16 112 | 248 | 204 |26 55 12.5 24

THAR

(mg/L) 397 220 260 397 320 348 387.5 | 418 510 450 680 925

pH 8.2 795 | 776 | 786 |793 |787 |798 |7.83 |7.85 |81 8.11 8.16

NH4 0.4 058 | 0.9 0.67 | 148 |105 |1.74 |1.057|201 |1.35 1.99 2.08

(mg/L)

DO 844 876 |74 8.13 | 6.4 718 [ 701 (641 |7.21 |7.76 7.22 8.47

(mg/L)

Temp(°C) 23 237 | 253 | 254 |25 255 | 257 |25 26.8 | 27 25.9 26.8
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Figure 3: Spatial changes of IRWQI index in the Karun Bozorg River
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Figure 4: Correlation plot between water quality parameters of Karun Bozor river
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