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Abstract

The purpose of this study is to evaluate the water quality of Shast dareh River in Torbet Heydarieh using the
NSFWQI and IRWQISC quality indicators, and to determine the degree of vulnerability using the
WRASTIC index in line with its quality management. Two monitoring stations were selected along the Shast
dareh River, one upstream of Torbat Heydarieh city (S1) and the other downstream of the city and
wastewater treatment plant (S2). 12 water quality parameters along the river were measured for one year
with seasonal frequency using the standard method. Based on the IRWQISC index, the water quality is in the
moderate to relatively good class. In the upstream areas, the river has better quality conditions, so that in the
S1 station, the water quality is relatively good and good in the autumn and winter seasons. The Shast dareh
River at the S2 station is affected by the pollution load, so that the water quality at this station is in the range
of bad and very bad in all four sampling times. The NSFWQI index is in the range of 14 to 56 at the
monitoring stations. Therefore, based on this index, water quality conditions are moderate to bad at the S1
station and bad and very bad at the S2 station. These numbers indicate the moderate to high sensitivity of the
Shast dareh River to pollution and the region's potential to cause pollution in surface water resources. Based
on this, it is necessary to control and monitor the quality of the wastewater treatment plant emissions and
their compliance with the standard of discharge to receiving waters, and to monitor human activities,
agriculture, etc., to improve the ecological conditions and water resources of this area.

Key Words: Water Quality Index, Vulnerability index, Assessment, Quality management, Shast Dareh
River.
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Introduction

Water pollution from industrial discharges, urban sewage, and agricultural runoff is a significant

environmental issue, resulting in degradation of the chemical, physical, and biological quality of freshwater

resources. Effective water quality management requires robust assessment tools such as Water Quality

Indices (WQIs), which simplify complex data into interpretable metrics for monitoring and decision-making.

This study focuses on the Shast Dareh River in Torbat Heydarieh, Iran, a region characterized by semi-arid

conditions and increasing agricultural activity. The river flows through urban areas, industrial zones, and

farmlands, receiving inputs from wastewater treatment plants, agricultural runoff, and domestic sewage. To

evaluate its health, two primary indices were employed:

1. NSFWQI (National Sanitation Foundation Water Quality Index) — A globally recognized index
incorporating nine parameters (e.g., dissolved oxygen, turbidity, nitrates, phosphates, fecal coliform).

2. IRWQISC (Iranian Surface Water Quality Index) — A localized index accounting for Iran’s environmental
conditions.

Additionally, the WRASTIC index was used to assess the river’s vulnerability to pollution based on land use

and hydrological factors.

Methodology

Study Area: Torbat Heydarieh is one of the cities of Khorasan Razavi Province and the center of Torbat
Heydarieh County. The area of this County is approximately 24,000 square kilometers and has a semi-arid
climate. The Shast Dareh River is 125 kilometers long, seasonal, and a tributary of Kal Shar Gonabad in the
desert plain basin. This river, with an average annual discharge of 23 million cubic meters (measured at the
Senobar station in the upstream areas of the river), has an average slope of 1.2 percent, and its overall
direction is north-south.

Monitoring Program Design: Depending on the location of the polluting sources in the region and the
location of the Torbat Heydarieh wastewater treatment plant, two monitoring stations were determined along
the Shast Dareh River. The first station (S1) was selected upstream of Torbat Heydarieh city at the location
of the Senobar hydrometric station, and the second station (S2) was selected downstream of Torbat
Heydarieh city and about 60 meters below the outlet of the treated wastewater of the Torbat Heydarieh
wastewater treatment plant. In selecting the monitoring points, criteria such as appropriate distance from
pollutant sources (downstream of the polluting unit to investigate the qualitative effects and upstream of the
polluting units for comparison), water quality indicators of the basin inlet or outlet, proximity to urban and
rural areas, and appropriate and safe access roads were considered. First, based on the national guidelines for
the surface water and river monitoring program, a 1:50,000 scale map was used to examine the general
location of the river. Then, based on the above criteria and using Google Earth satellite images, monitoring
points were identified, and finally, the final location of the points was verified during a regional visit.

At each station, 12 quality parameters (pH, BOD, COD, TDS, EC, DO, temperature, organic phosphate,
nitrate, ammonium, turbidity, and fecal coliform) were measured seasonally, and the results were analyzed
using the desired indicators.

Considering the number of stations (2 stations), the number of parameters measured (12 parameters), and the
seasonality of sampling (4 times per year), the total number of tests performed was 96 tests (Table 1).

To investigate, analyze, and classify the water quality of the Shast Dareh River in Torbat Heydarieh County,
the NSFWQI and IRWQIsc quality indices were used.

The WRASTIC index is used to assess the potential of a study area to pollute surface water resources in any
hydrological environment. In this method, simple characteristics are weighted according to their impact on
surface water pollution, and finally, a single value is calculated for the entire area. This index is calculated
based on the following formula and seven criteria (wastewater discharge (W), recreational land use (R),
agricultural land use (A), catchment area (S), transportation routes (T), industrial land use (), and vegetation
density (C)).

WRASTIC INDEX = WrWw+RrRRw+ARAW+SRSW+TRTw+IrIW+CrCw
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Table (1): Parameters measured according to standard test method

Parameter Method Unit
DO Membrane Electrode mg/lit O,
Fecal Coliform Multiple Tube Technique MPN/100ml
pH Electrometric -
BOD Respirometric mg/lit O,
COD Closed Reflux-Titrimetric mg/lit O,
Temperature Laboratory and Field °C
PO, Stannous Chloride mg/lit P
NO3 Brucine mg/lit NO3z
NH,* Nesslerization mg/lit NH4*
Turbidity Nephelometric NTU
TDS Electrical Conductivity mg/lit
EC Platinum Electrode mhos/cmp

Results

- Water Quality Indices (WQIs)

A summary of the results obtained from the tests and their comparison with various standards is presented in
Table (2).

Table (2): Comparing analysis results with different standards

Station2 Stationl
Aquatic STD 5 =z = c 5 =2 = c
Fao | WHO I (warm-water E = E E £ = £ S Parameter
(2011) (fish E|l & 2| 5 g & = 5
) < 1) <
5 5 354 | 412 | 565 | 609 | 875 | 7 86 | 898 (ppm) DO
Fecal Coliform
200< | 0 0 1100 | 93 | 460 | 1100 | 240 | 150 0 4 MPN/200mI)
6% & 6-9 783 | 725 | 766 | 756 | 7.67 | 7.38 | 803 | 7.71 pH
33;'3’2'6 - 305 | 223 | 194 | 13 | 265 | 206 | 123 | 104 CC)T
50< 5 6< 9 | 350 | 115 | 16 1< 1< 1< 1 (ppm) BOD
8< 10 - 19 | 726 | 249 | 38 1< 1< 1< 2 (ppm) COD
02 | 005 0.13< 045 | 29 | 29 | 3 | 001< | 0.01< | 0.01< | 0.01< | (ppm)POs
0-10 | 50 - 5 8 | 23 9 8 11 5 5 (ppm) NO3
05 | 15 1c 325 [ 3125 | 11 | 001<| 03 | 006 | 0.01< | <0.01 | (ppm)NHs*
5 5 157 | 472 | 221 | 176 | 142 | 854 | 014 | 2.61 T(“,\rlt_’r'ﬂ')ty
1500< | 1000 500 1230 | 1350 | 1500 | 1440 | 3700 | 2730 | 1190 | 2210 | (mg/l) TDS
<3000 | 250 - 1810 | 1960 | 2330 | 2120 | 6455 | 4550 | 2000 | 3750 | (wmhos/cm)EC

Table (3): Classification of Shast Dareh River water quality over time and monitoring stations based on
NSFWQI and IRWQISC indices

Station NSFWQI (Range: 0-100) IRWQISC (Range: 0-85+)  Quality Status
S1 (Upstream) 46-56 46-70.6 Moderate to Good
S2 (Downstream) 14-29 10-27 Poor to Very Poor

- Upstream (S1):
Moderate pollution due to natural TDS/EC from geology.
Fecal coliform occasionally exceeded FAO limits.

- Downstream (S2):
Severe degradation: High BOD (350 ppm), COD (726 ppm), and fecal coliform (1100 MPN/100ml).
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Primary culprits: Treated wastewater effluent + agricultural runoff.

- WRASTIC Vulnerability Assessment
S1 (Upstream): Score = 47 (Moderate vulnerability).
S2 (Downstream): Score = 57 (High vulnerability).

- Comparative Analysis
Downstream pollution levels were 2—3 times higher than upstream.
Worst season: Spring (high agricultural activity + low river flow).
Fecal coliform consistently violated FAQ irrigation standards.

Conclusion

The indicators used in the present study are a tool for converting quantitative data from analysis results into
gualitative descriptions of surface waters. As a result, with qualitative classification and simplification of
water quality analysis, watershed management is facilitated.

The decrease in water quality indicators at station S2 indicates a worse quality situation than at station S1.
The increase in the amount of important parameters measured, such as BOD, COD, fecal coliform, etc., has
caused a decrease in the IRWQISC index number to 10.5 and a decrease in the NSFWQI index number to 14
at station S2 in the spring. This is due to the entry of human sewage and agricultural effluents into the river.
It should be noted that the results of this study on the decline in water quality downstream of the river are
consistent with the results of Aminipour et al. (2017), Sadeghi et al. (2017), Alizadeh et al. (2015), and
Gholizadeh & Heydari (2020).

In the study area, urban and rural communities adjacent to the river pollute it by dumping garbage and
sewage into the river. The water quality varies from good to very bad according to the above indicators.
According to the Iranian water quality standard, the permissible limit of fecal coliform for agricultural
activities is 500 MNP per 100 ml of sample, which was measured higher than the permissible limit in some
samples. Accordingly, the water quality of the Shast Dareh River is not suitable for agricultural use in some
seasons. The increase in BOD, COD, and phosphate values at station S2 can also be attributed to the entry of
urban and agricultural wastewater into the river, as well as the Torbat Heydarieh wastewater treatment plant
located upstream of this station. While the higher TDS and EC at station S1 can be attributed to the type of
river bed.

The vulnerability index also confirms the bad conditions for station S2, in line with the two above-mentioned
quality indicators, as the vulnerability index at stations S1 and S2 is 47 and 57 (medium to high sensitivity),
respectively, which indicates the greater vulnerability of the river in the downstream areas. This could be due
to the effect of the entry of drains and wastewater containing various pollutants into the river, as well as
different uses and their effects on the river.

Recommendations: Conducting water resources management studies in the study area is necessary. The

following are some of the necessary solutions to manage this issue:

- Implementing integrated water resources management at the regional level

- Maintaining river water quality at the quality level recommended in the Iranian Water Quality Standard

- -Prioritizing programs to protect the existence and quality of water resources compared to human,
agricultural, and industrial development programs

- Continuous monitoring of the quality of effluent from the Torbat Heydarieh wastewater treatment plant
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1. NSFWQI: National Sanitation Foundation
Water Quality Index

2. IRWQIs: Iran Water Quality Index for Surface
Water

3. WHO: World Health Organization

4. FAO: Food & Agriculture Organization
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