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Abstract

Rivers, as vital arteries of surface water, play an important role in providing various water consumption
needs. Population growth and vast urbanization carry out a significant increase in the production of sewage
and urban effluents, thus resulting in a decreasing river water quality rate. In this study, the impact of the
agriculture wastewater sector (gardens), villages, restaurants, and tourist sites of the study area on the Abbas-
Abad River water quality was investigated using the QUAL2Kw model. The modeling result of the period
2021-2022 showed any increase in pollutant flow realized by the agriculture sector and restaurant
wastewaters increased the biochemical oxygen demand value of the river, especially in spring and summer.
As a result, the amount of dissolved oxygen along the river, especially in the downstream sections (the end
of considered river reach), decreased. Additionally, the river water illustrated an alkaline condition (high pH
rate), and increased electrical conductivity (because of lack of sedimentation of dissolved and suspended
solids) along the river. Although the nitrate rate was increased along the river during spring and summer, it
did not also exceed the standard level for surface waters. The results of this research indicate a need to
establish quality management of the river to have a safe environmental balance development that prevents
the pollutant rate of the river, ensuring a sustainable trend in its self-purification value.

Introduction

Rivers are essential for providing water, yet population growth and urban expansion can
exacerbate water pollution. Water quality simulation models assist in managing pollution by
mimicking natural processes and elucidating the relationship between water supply and demand,
resulting in improved water quality and resource conservation (Farkhani, 2021). In this regard,
Chapra and Pelletier, (2003) introduced the QUAL2Kw water quality simulation model, which is
a stable and user-friendly one-dimensional model. This model can simulate over 15 parameters of
water quality and river flow, such as dissolved oxygen (DO), chemical oxygen demand (COD),
biochemical oxygen demand (BOD), electrical conductivity (EC), nitrate (NOs3), ammonium
(NHa), phosphate (PO,), temperature (T), and pH. Numerous studies have utilized this model to
simulate water quality in various rivers.
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Babamiri et al., (2021) conducted a study using the QUAL2Kw model to assess the quality
status and self-purification capacity of the Abbas-Abad River. The study involved simulating six
parameters (COD, BOD, DO, PO4, NO3, and NHy) using the model and comparing the results with
field observations. The sensitivity analysis revealed that the oxidation rate, nitrification rate, and
denitrification rate were the most influential parameters on water quality. Additionally, the study
found that river flow had the greatest impact on the river's self-purification capability. A study was
conducted to identify the sources of pollution in the Zarine-Rood River and to explore various
pollution control scenarios to meet water quality standards for the preservation of fish life. Many
studies have used the QUAL2Kw model to simulate the quality parameters of rivers, and the results
show that this model has good accuracy in simulation (Pashazade Laleh et al., 2021; Babamiri and
Dinpashoh, 2023; Noorali et al., 2026).

This research aims to assess the tempo-spatial variations in the qualitative characteristics of the
Abbas-Abad River. Utilizing hydrometric and hydraulic information, along with measured
qualitative data, the river's water quality was simulated with the QUAL2Kw numerical model. The
study examined the temporal and spatial changes in DO, BOD, NOs, EC, temperature (T), and pH.

Methodology

This study focused on the Mountainous River of Abbas-Abad in Hamedan province, Iran. To
evaluate the qualitative condition of the Abbas-Abad River, the QUAL2Kw model was used, and
data related to eight polluting sources entering the river were identified. These sources included six
agricultural drainages and two restaurant wastewater in the downstream area of Abbas-Abad.
Information about six sampling stations along the river was also utilized. The first station, located
upstream of the river, is more affected by natural conditions, with no agricultural activities or
sewage entering the area. Fig. (1) shows the location of pollutant sources and sampling stations in
the GIS environment, while Table. (1) displays the qualitative characteristics of polluting sources.
Stations 3 and 4 are affected by agricultural activities, while stations 2, 5, and 6 are exposed to
wastewater from restaurants and, to some extent, agricultural activities. Table. (2) shows the
geographic coordinates of the sampling stations along the Abbas-Abad River (Noorali et al., 2024;
Babamiri et al., 2026).
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Fig. 1- Location of point source pollutants and sampling stations
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Table 1- The average qualitative data of the pollutant sources entering the Abbas-Abad River

Point Distance* Q BOD DO NOs EC

sources (Km) (I/s) (mg/l) (mg/) (ng/) (us/cm)

Es 5.60 125 9.25 4.13 1240 98.30

E4 4.38 150 29.43 3.85 2422 235.75

Agricultural Es 3.55 6 10.35 2.12 1420 124.55
effluents Es 2.50 403 25.75 3.52 4420 442.70
E; 1.86 255 23.78 3.21 4224 523.60

Es 0.2 152 22.86 3.10 5843 549.25

Wastewater Wi 6.08 10 10 4.98 1490 110.25
of restaurants W3 5.20 250 55 2.97 3977 324.22

*Distance from upstream of the river

Table 2- Geographical location of sampling stations

Monitoring stations Distance* Geographical Coordinates

(Km) Latitude Longitude
S 7.03 34°46°00” 48°26°00”
S> 6.14 34°46°02” 48°26°20”
S3 5.25 34°46°09” 48°26°53”
Sq 4.23 34°46°15” 48°27°12”
Ss 1.86 34°47°57” 48°28°00”
Se 0.0 34°47°46” 48°28°34”

*Distance from upstream of the river

The model was run using available data for the spring of 2021, and model calibration was
performed using auto-calibration and a genetic algorithm in the modern version of QUAL2Kw.
Auto-calibration was carried out for 100 populations and 85 iterations of the genetic algorithm. To
evaluate the accuracy of the numerical modeling results and determine their error, the root mean
square error (RMSE), minimum mean square error (MSE), mean absolute error (MAE), and
standard error (SE) indicators were used (Eq.s 1 to 4). The small value of the criteria indicates a
more accurate simulation of real conditions (Rafiee et al., 2014).
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Where Ym is the observed value, Ym is the average observed value, Yp is the predicted value,
Yp is the average predicted value.

Results and Discussion

The RMSE, MSE, MAE, and SE errors indicate acceptable results for model calibration, with
the best values for the pH being 0.063, 0.004, 0.032, and 0.008, respectively. Model validation
using summer season data also shows satisfactory results, with the most favorable RMSE, MSE,
MAE, and SE values related to the DO at 0.26, 0.06, 0.22, and 0.03 mg/1, respectively.

The findings suggest that pollution entering the river during summer from agricultural and
restaurant sewage discharge is greater than in spring. The model output indicates unsuitable DO
levels downstream of the river in both seasons, pointing to an increase in pollution and a decrease
in the river's self-purification ability. However, the NO; concentration along the river does not
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exceed the standard input level for surface waters, including rivers (10 mg/1), despite showing an
increasing trend in both seasons.
Conclusion

This research identifies the polluting sources of the Abbas-Abad River and to assess its quality
during different seasons of 2021-2022. For this purpose, the QUAL2Kw model was used to
evaluate the river's quality condition. Meteorological data, hydraulic and hydrological properties
from the six sampling stations records (2021), were analyzed. Additionally, eight points of pollutant
sources entering the river were considered in the model. The results of the model's calibration and
validation demonstrate the QUAL2Kw model's capability in assessing river quality. The river
simulation results (2021-2022) indicate that the pollution rates from agricultural and restaurant
wastewater have increased the BOD levels during spring and summer. Consequently, the levels of
the DO along the river, especially at the end of the river flow, have decreased. Additionally, the
river water exhibits an alkaline (pH) condition. The EC rate has also shown a rising trend due to
the lack of settling of dissolved and suspended solids in the water. Although the NO; levels have
increased during the spring and summer, they did not exceed the standard value for surface water
(10 mg/1).
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Table 1- The average qualitative data of the pollutant sources entering the Abbas-Abad River

Point Distance* Q BOD DO NO3 EC

sources (Km) (L/s) (mg/L) (mg/L) (ng/L) (us/cm)

E> 5.60 125 9.25 4.13 1240 98.30

E4 4.38 150 29.43 3.85 2422 235.75

Agricultural Es 3.55 6 10.35 5.12 1420 124.55
effluents Es 2.50 403 25.75 3.52 4420 442.70
E; 1.86 255 23.78 3.21 4224 523.60

Es 0.2 152 22.86 3.10 5843 549.25

Wastewater of Wi 6.08 10 10 4.98 1490 110.25
restaurants W; 5.20 250 55 2.97 3977 324.22

*Distance from upstream of the river
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Table 2- Geographical location of sampling stations

Monitoring Stations Distance* Geographic Coordinates
(Km) Latitude Longitude
S1 7.03 34°46°00” 48°26°00”
Sz 6.14 34°46°02” 48°26°20”
S3 5.25 34°46°09” 48°26°53”
S4 4.23 34°46°15” 48°27°12”
Ss 1.86 34°47°57” 48°28°00”
Se 0.0 34°47°46” 48°28°34”
*Distance from upstream of the river
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Fig. 3- Current balance in the element
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Fig. 4- The considered reaches of the Abbas-Abad River for QUAL2Kw modeling
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Table 3- Average meteorological parameters of the Abbas-Abad station

Downstream boundary

tem ‘/:;; ture t?rflwef ;ﬁfe Wind speed Cloud cover Shader surface
o) “0) (ms) (%) (%)

133 4.30 3.10 30 70
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Table 4- Parameters calibrated for qualitative modeling of the Abbas-Abad River

. Limits
Parameters Value Unit Mini Max
Fast BOD Oxidation rate 0 1/day 0 5
Ammonium Nitrification 0 1/day 0 10
Denitrification 0.316 m/d 0 2
Joe S 5elsl Sl @l -0 Jour
Table 5- Calibration results of the model parameters of spring
Water EC NOs DO BOD
Temperature pH (us/cm) (ng/L) (mg/L) (mg/L)
(9]

RMSE 0.99 0.063 8.05 91.79 0.84 0.61
MSE 0.87 0.004 64.90 8425.68 0.70 0.38
MAE 0.72 0.032 6.11 73.41 0.63 0.48

SE 0.07 0.008 0.07 0.06 0.11 0.06
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Fig. 5- Variations in the river water quality parameters during spring period
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Table 6- Validation of the model parameters of summer period

BOD DO NOs EC Water
(mg/L) (mg/L) (ng/L) (us/cm) pH Temperature
O
RMSE 1.09 0.26 120.91 14.50 0.30 1
MSE 1.20 0.06 14620.78 210.25 0.09 1
MAE 0.90 0.22 79.22 12.95 0.24 0.96
SE 0.08 0.03 0.06 0.08 0.04 0.06
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6- Variations in the Abbas-Abad River quality parameters during summer season
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