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ARTICLE INFO. ABSTRACT

The expansion of urban and rural areas, together with the lack of adequate
protection of river corridors, along with factors such as climate change, has
Research Paper severely threatened the water quality of these environments. Water Quality
Indices (WQIs) are among the most efficient and effective tools for assessing the
quality of surface and groundwater resources. This study was conducted to
Avrticle history evaluate the water quality of the Sezar River in Lorestan Province using the
N Iranian surface water resources quality index (IRWQIsc) in conjunction with a
Received: 24 December2025 Geographic Information System (GIS). In the first stage, based on the nine
Revised: 17 February 2026 criteria defined for identifying major rivers within the national river restoration
) program, the importance and sensitivity of surface rivers in the province were
Accepted: 22 February 2026 assessed, and an overall importance—sensitivity coefficient was determined for all
Published online: 20 May 2026 !rivers in Lorestan Province. Given that the rivers within the Sezar Watershed
were classified among those with high importance and sensitivity, the spatial
integration of hydrometric station distribution and the river network resulted in
the selection of five monitoring and sampling stations along the Sezar River. In
this one-year study, water sampling and laboratory analyses were carried out at
the selected stations during three seasons (summer, autumn, and winter of 2018)
and the spring of 2019. To better illustrate spatial variations, longitudinal zoning
of river water quality was performed in the ArcMap environment for all seasons

Article type:

Keywords: based on the index values obtained at the monitoring stations. The results
GIS, IRWQIsc, Sezar River, indicated that, according to the IRWQIsc, the water quality status of the studied
Water quality river deteriorated throughout the hydrological year from autumn toward summer,

with the lowest water quality conditions observed during the summer season.
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EXTENDED ABSTRACT

Introduction: Rivers are among the primary sources of water supply for drinking, agriculture, and industry, and
their pollution poses a serious threat to aquatic ecosystems.The discharge of wastewater, urban and rural runoff,
and phenomena such as acid rain lead to physical, chemical, and biological water pollution. Deterioration of
river water quality results in biodiversity loss, environmental degradation, and significant economic damages.
Uncontrolled urban and rural development, neglect of river buffer zones, and climate change have intensified
pressures on surface water resources. Awareness of water quality status is a fundamental requirement for
effective water resource management, protection, and sustainable development. Water quality indices (WQIs)
are efficient and reliable tools for comprehensive assessment of surface and groundwater quality. These indices
integrate multiple physical, chemical, and biological parameters into a single numerical value representing
overall water quality. The IRWQIsc, as a national index developed for Iran, provides higher accuracy by
incorporating key parameters with improved weighting schemes.Previous studies indicate that river water
quality generally declines during the summer season and along the downstream direction.Accordingly, this
study aims to investigate the spatiotemporal variation of water quality in the Sezar River using the IRWQIsc and
GIS techniques.

Methodology: Water samples were collected from five selected stations within the study watershed over the
course of one year (summer, autumn, and winter of 2018, and spring of 2019). Following laboratory analysis,
the data were processed using the IRWQIsc. After weighting the physicochemical parameters, the index value
for each station was determined for each season. Finally, spatial zoning maps of the river's water quality were
generated for every season. The IRWQIsc is based on the most commonly used parameters for assessing the
quality of Iranian surface water resources and is provided by the Iranian Environmental Protection Organization.
This index evaluates 11 parameters. In calculating the IRWQIsc, the laboratory-measured values of the
parameters are not used directly; instead, each parameter is first converted into a numerical score. For this
purpose, rating curves developed for each parameter are applied, transforming the measured values into a scale
ranging from 0 to 100, from which the final score of each parameter is derived. In this study, the pH and
electrical conductivity (EC) were measured using desktop pH and conductivity meters, COD using a
spectrophotometer, phosphate, nitrate, and ammonium using a photometer, total hardness via titration, BODs
using an incubator, turbidity with a turbidity meter, and dissolved oxygen (DO) with a DO meter. All analyses
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were conducted at the laboratory of the Lorestan Provincial Department of Environment. For spatial analysis, a
longitudinal zoning map of river water quality was produced in ArcMap 10.6 without employing interpolation
methods, to avoid uncertainties associated with such approaches. The river course was segmented into
longitudinal sections, and the water quality index value of each monitoring station was assigned to the segment
between that station and its upstream station. This approach enabled a data-driven, segment-based representation
of water quality variations along the river, avoiding unnecessary interpolation and providing a precise
visualization of spatial changes.

Results and Discussion: By examining the five stations of the Sezar River in summer, it was found that the
water quality index at the upstream western stations of the watershed, namely Venai and Rahimabad, was
classified as good and moderate, respectively. At the upstream eastern station, Marbareh, the index was
moderate, while at the middle station (Tireh) and the downstream station (Tang-e Panj), it indicated relatively
poor water quality. During the autumn season, the water quality index values for the upstream stations in the
western part of the watershed were classified as very good (Venai) and relatively good (Rahimabad). The
upstream eastern station (Marbareh) and both the middle and downstream stations were assessed as having good
water quality. An examination of the five stations during the winter season indicated that the water quality index
was good for the upstream stations (Venai in the west and Marbareh in the east). At Rahimabad and the two
middle (Tireh) and downstream (Tang-e Panj) stations, the index was found to be relatively good. An
examination of the five stations in spring 2019 showed that the water quality index was very good at the
upstream western station of the watershed (Venai) and relatively good at Rahimabad. At the upstream eastern
station (Marbareh), the index was also relatively good, while it was moderate at the middle station (Tireh) and
relatively good at the downstream station (Tang-e Panj). The results indicated that, over the hydrological year
(from autumn to winter), water quality at the upstream station in the western part of the watershed (Venai)
ranged from very good to good, while at the upstream station in the eastern part of the watershed (Marbareh), it
declined from good to relatively good and then to moderate. At the Rahimabad station, water quality varied
from relatively good to moderate, and at the two downstream stations, Tireh and Tang-e Panj, it decreased from
good to relatively good and then to poor. Overall, based on the IRWQIsc, the water quality of the study
watershed showed a decreasing trend from autumn to summer, and in all seasons, water quality declined
progressively from upstream to downstream.

Conclusion: The results of the study indicated that water quality in the five selected stations, based on the
IRWQIsc, deteriorated from autumn to summer, with the lowest quality observed in summer due to reduced
rainfall, lower river discharge, and increased water abstraction for agriculture. The decline was further
exacerbated by the discharge of municipal, rural, and industrial wastewater. Spatially, water quality consistently
decreased from upstream to downstream throughout all seasons, reflecting increased pollution along the river
course. For example, the Rahimabad station exhibited lower water quality than the upstream Venai station due
to industrial effluents and tourism activities, while the Tireh and Tang-e Panj stations were further impacted by
wastewater from nearby urban and rural areas and industrial sources. These findings highlight seasonal and
longitudinal variations in river water quality, suggesting the need for extended monitoring with more stations
over longer periods for more comprehensive assessments.
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Figure 1- Distribution of water quality monitoring stations in the Sezar Watershed
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Table 1- Criteria for identifying major rivers in Iran’s River Restoration Plan

Feature The nine characteristics of determining important Importance
number rivers in the restoration plan of the country's rivers factor
1 A river that is the source of drinking water for a 6
population of more than 100,000 people
2 A river that provides more than 20% of the province's 5
water needs.

3 Be a border river. 3
4 The river is protected. 4
5 A river that leads downstream to a protected ecosystem 4
such as a lake, wetland, etc.
6 Rivers that have big dams. 2
7 A river that passes through the city. 1
8 A river that has valuable biodiversity and aquatic life. 4
9 A river with a vulnerable watershed. 4
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Table 2- River importance and sensitivity coefficients in the restoration plan
Feature Importance Sensitivity Coefficient
No. Coefficient
1 6 For each additional 100,000 people in the population, add 0.2 to the importance
coefficient.
2 5 In cases where the river supplies more than 20% of the province’s water requirements, for
each additional 5% supplied, add 0.5 to the importance coefficient.
4,5,8,9 4 If the river flows into an internationally registered (recognized) area, add 1 point to the
importance coefficient.
3 3 If the river forms a boundary with more than one country, for each additional country
sharing the river boundary, add 0.25 to the importance coefficient.
6 2 For each additional dam on the river, add 0.2 to the importance coefficient.
7 1 For each additional city through which the river passes, add 0.2 to the importance

coefficient.
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Table 3- Determination of importance and sensitivity for rivers in Lorestan Province
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Dokhtar Kazaz #* Kazaz 10 10
Klamandan # 4
2 Azna
Azna #* #* 5 5.125
Tireh #® ® 5 6
Silakhor 3 ® % # 14 15
3 Doroud Marboreh 3 # % # 14 14
Gahar Roud % # 17 17
Sezar * % * 13 13
Absardeh # Absardeh 12 12
Garmayeroud s # 5 5
4 Bopijerd " Talab
Galehroud * Bishehdalan 9.6
Dehtorkan Shah'd . # 6 6
Boroujerdi
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Table 4- Selected water quality monitoring stations

No. Station Elevation Latitude Longitude River Coefficient ——
Importance Sensitivity
1 Sarab Sefid Vennaei 1968 335451 48 3554 Galehroud 9 9.6
2 Silakhor Rahimabad 1482 3346 42 48 47 52 Silakhor 14 15
3 Marboreh 1443 332832 4904 00 Marboreh 14 14
4 Tireh Doroud 1441 33 28 36 49 03 46 Tireh 5 6
5 Tang-e Panj 535 3256 54 48 44 27 Sezar 13 13
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Table 5- IRWQIsc parameters and their weights

Number Parameter Unit Weight
1 FC MPN/100 ml 0.14
2 BODs mg/I 0.117
3 NOs mg/I 0.108
4 DO %Saturation 0.097
5 EC uS/cm 0.096
6 COD mg/I 0.093
7 NH4* mg/l 0.09
8 PO mg/I 0.087
9 Turbidity NTU 0.062
10 Total Hardness Mg CaCOsl/l 0.059
11 pH - 0.051
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Figure 2— pH parameter ranking curve in the IRWQIsc quality index
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Table 6- Surface water quality classification based on the conventional IRWQI

IRWQIsc value Water quality classes Descriptive color of water quality indicator classes
30-44.9 relatively bad R
45-55 moderate
55.1-70 relatively good
70.1-85 good
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(Parameter) (Value) (Index) (weight)

BOD;, mg/! 1 96 0.117

CoD, mg/! 3 92 0.093

Dissolved Oxygen Saturation, % 12 30 0.097

Electrical conductivity, pS/cm 741 62 0.096
Fecal Coliform, No./100ml 100 0

NH,*, mg/| 2.21 23 0.09

NOs, mg/I 0.03 100 0.108

PO.*, mg/l 0.34 45 0.087

Total Hardness, mgCaCO4/I 111 98 0.059

Turbidity, NTU 6.85 75 0.062

pH 7.48 61 0.051

| Swi= 0.86

IRWQI(sc 61.3

YFAN Sl — SUTws 5 0! ARWQISC yad i (88 alub cponrd —Y JSWS
Figure 3— Water quality classification of stations using IRWQIsc index
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Table 7- IRWQIsc results at Sezar River stations — summer 2018

. Sampling Descriptive index Descriptive symbol of the Descriptive color
No. Station name season number index index
1 Sarab Sefid Venai  summer 2018 71.7 good
2 Silakhor Rahim summer 2018 54.5 moderate
Abad
3 Tireh Dourood summer 2018 41.6 relatively bad
4 Marboreh summer 2018 53.5 moderate
5 Tang-e Panj summer 2018 42.4 relatively bad
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Figure 4— Longitudinal water quality zoning — summer 2018
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Table 8- IRWQIsc results at Sezar River stations — autumn 2018

No. Station name Sampling Descriptive Index Descriptive Symbol of the Descriptive Color
Season Number Index Index
1  Sarab Sefid Venai  Autumn 2018 87.7 very good
2 Sllakgobrazeahlm Autumn 2018 58.3 relatively good
3 Tireh Dourood Autumn 2018 70.8 good
4 Marboreh Autumn 2018 84.1 good
5 Tang-e Panj Autumn 2018 75.3 good
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Table 9- IRWQIsc results at Sezar River stations — winter 2019

No. Station Name Sampling Descriptive Index Descriptive Symbol of the Descriptive Color
Season Number Index Index
1 Sarab Sefid Venai Winter 2019 75.2 good
2 Sllakgc;)ralc'\;ahlm Winter 2019 62.9 relatively good
3 Tireh Dourood Winter 2019 61.4 relatively good
4 Marboreh Winter 2019 75 good
5 Tang-e Panj Winter 2019 59.1 good
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Table 10- IRWQIsc results at Sezar River stations — spring 2019
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No. Station name Sampling Descriptive Index Descriptive Symbol of the Descriptive Color
Season Number Index Index
1 Sarab Sefid Venai Spring 2019 71.1 good
Silakhor Rahim . )

2 Abad Spring 2019 61.3 relatively good

3 Tireh Dourood Spring 2019 53.6 moderate

4 Marboreh Spring 2019 63.7 relatively good

5 Tang-e Panj Spring 2019 59.0 relatively good
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Figure 7— Longitudinal water quality zoning — spring 2019
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Table 11- Comparison of IRWQIsc results across all seasons
No Station name Descriptive Indicator Symbol and Color
' summer 2018 Autumn 2018 Winter 2019 Spring 2019
) Sarab Sefid Venai good _ good good
2 Silakhor Rahim Abad moderate relatively good relatively good relatively good
3 Tireh Dourood relatively bad good relatively good moderate
4 Marboreh moderate good good relatively good
5 Tang-e Panj relatively bad good good relatively good
100
90
80
70
1
& 60
; 50
g 40
& 30
20
10
0
Autumn 2018 Winter 2019 Spring 2019 summer 2018
Sarab Sefid Vanai ==@==Silakhor Rahim Abad === Tireh Dourood
Marboreh ==@==Tang Panj
Alisws s had 3 45w dilddgy sisvw WolKiwg! IRWQISC CodsS ad b Ol gt -A JSWG
Figure 8- Seasonal variations of IRWQIsc at monitoring stations
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