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Abstract

Rivers are one of the most important sources of water supply and transmission in
many countries of the world, which has made the study of river water quality for
various health and social uses very sensitive and important. In the present study,
in order to study the water quality of Haraz River in Mazandaran province, the
water quality index of the National Health Foundation, pollution index, weight
quality index and social accounting index have been used. These indicators were
evaluated for different samples from 7 stations along the Haraz River in the
Panjab to upstream of the Haraz Dam and in the seasonal period in 2021. The
results of the analysis show that the seasonal average of NSFWQI index (47.9 to
52.6) indicates moderate to poor quality conditions, RPI (3.88 to 6.00), medium
to high pollution quality, WAWQI (44.40 to 52.15) good to bad quality and
DINIUS index (49.26 to 53.59) has emphasized the need for water purification
for public and industrial use. The results show that in spatial study of pollution
changes in Haraz River from upstream to downstream, water quality is
significantly reduced. The reason was the dumping of garbage and sewage in
restaurants around the river, upstream villages, agricultural drains, animal waste,
the existence of mines and sand extraction workshops. As a result, in order to
properly manage the water of Haraz River, measures should be considered and
the water quality monitoring program should be continued.

NSFWOQI, RPI,
WAWRQI, Dinius
1. Introduction

In recent years, human interventions such as the discharge of urban, industrial, and agricultural sewage,
the washing of waste disposal sites, as well as natural processes, have destroyed the quality of surface
waters and hindered their use for drinking, industry, agriculture, etc. (Khalili et al., 2020). For this
reason, it is necessary to plan for the monitoring and control of surface water in order to recognize and
protect the quality of surface water for consumers (Wang et al., 2020). Checking river water quality is
considered as the first and most important step in surface water quality management. The quality of
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surface and underground water is determined by physical, chemical and biological parameters. The
water quality index is a measure for the classification of surface water based on the use of standard
parameters and is actually a mathematical tool that converts a large number of data used to describe the
characteristics of water into one number and obtains the water quality level (Berry et al., 2020). Several
studies regarding the use of quality classification indicators of surface water have been conducted in
the last decade by domestic and foreign researchers. For example, Ebrahimpour and Mohammadzadeh
investigated the water quality of Zarivar lagoon lake using NSFWQI, OWQI and CWQI indicators.
According to the results of this study, Zarivar Lake was in the medium quality range in terms of
NSFWQI index and in the very poor range in terms of OWQI index. Meanwhile, according to the CWQI
index, the lake water was in the bad category in terms of quality, good for drinking, bad for aquatic
animals, and in the excellent category for irrigation, recreation and cattle use. He considered the use of
CWQI and NSFWQI indicators to know the quality of the country's water resources, especially lakes
and rivers, as appropriate and promising. In research, Wahidunisha and Shukla investigated the water
quality of Rob Sigar lagoon in India using the NSFWQI index on a monthly basis during one year
(August 2011 to July 2012). According to the results of this study, the water quality of Rub Sigar
wetland is in the medium quality range during the entire study period. The highest level of NSFWQI
index (66.75) was observed in November and the lowest level of this index (55.25) was observed in
July.

2. Materials and Methods

The investigated area in this study is 30 kilometers long, from the boundary of Nemarstaq village
(Punjab station) to the upstream of the Haraz reservoir dam (Chelaw station) with 7 quality monitoring
stations on the Haraz River. In this area, there are a large number of polluting sources, such as fish
breeding workshops, sand harvesting workshops, restaurants, local livestock farms, and a
slaughterhouse, whose wastewater is directly and indirectly discharged into the river. Also, there are
many agricultural fields and fruit orchards around Haraz River, which after irrigation of agricultural
drains along with the remaining fertilizers and poisons or chemical fertilizers and poisons in addition
to the actual consumption enters the Haraz River. In the present study, the NSFWQI water quality index,
the RPI pollution index, the WAWQI weighted water quality index, and the Dinius social accounting
index were used to investigate the water quality of the important Haraz River in Mazandaran province.

RPI index

The Taiwan Environmental Protection Agency used the RPI index using water quality data to classify
stations for water quality monitoring. The results obtained from this index can be a valuable reference for
river water pollution management. In order to determine river pollution, four water quality parameters
including DO, BOD, TSS and NH3-N have been presented.

NSFWQI index

In order to calculate the NSFWQI water quality index, 9 parameters were used as basic parameters to
determine the water quality index. These parameters are dissolved oxygen (DO), temperature (T), fecal
coliform (CF), turbidity (TUR), total phosphate (P), nitrate (N), total solids (TDS), pH and biological
oxygen demand (BOD). Based on the importance of the parameters, weight has been given to each one.

WAWQI weighted water quality index

Arithmetic weighted water quality index or WAWAQI classifies water quality according to the degree of
purity using the investigated water quality parameters.

Dinius social accounting system index

Dinius proposed a water quality index to be used as a preliminary social audit system to measure the
cost effects of pollution control activities. His purpose of this action was a: providing a method to
provide informative reports to the public and the government about the level of pollution and the
location of pollution in a simple way and b: estimating the necessary cost to control pollution in natural
resources. In order to develop this index, many similar studies have been used and using them, 11 sub-
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index functions are used to calculate 11 sub-index parameters of dissolved oxygen pollution, BOD5,
total coliform, fecal coliform, specific conductivity, chloride, hardness, alkalinity, pH. temperature and
colour were introduced.

3. Results

According to the RPI pollution index, the results of the river pollution index range from 3.88 to 6.13.
According to this index, water quality in stations S1, S2-1 and S3 is classified as moderate pollution. In
the meantime, a high pollution index has been obtained in the S2-1 station in the summer, which can be
the reason for the tourism of the upstream villages and agricultural activities in the upstream villages of
this station and the entry of sewage into the Haraz River.

According to the WAWQI index, the water quality of Haraz River is in the range of 40.44 to 43.53. The
results have shown that the S1, S2-1, S2 and S3 stations are in good quality condition, but the obtained
water quality index numbers tend to be in relatively bad condition as you move downstream (separately
for each season). However, the water quality of Haraz River in stations S4 and S5 is relatively bad.
According to the obtained analysis, the amount of turbidity in the upstream stations is much lower than
the downstream stations.

According to LINIUS social accounting system index, the water quality of Haraz River for public use
requires primary treatment for consumption. So that for recreational use in stations S1, S2-1, S2, S3 and
S4, it is in the area of the beginning of pollution and in stations S5-1 and S5 in the area of suspected
pollution. The reason for this is the presence of floating materials caused by the waste of passengers in
the river area, the oil layer caused by the presence of motor pumps that collect water from the river,
especially in the first half of the year (spring and summer), which is also the tourist season and the
season for planting rice fields.

4. Discussion and Conclusion

In recent years, human interventions such as the discharge of urban, industrial, and agricultural sewage,
the washing of waste disposal sites, as well as natural processes, have destroyed the quality of surface
waters and hindered their use for drinking, industry, agriculture, etc. For this reason, it is necessary to
plan for the monitoring and control of surface water in order to know and protect the quality of surface
water for consumers. In the present study, the NSFWQI water quality index, the RPI pollution index,
the WAWQI weighted water quality index, and the Dinius social accounting index were used to
investigate the water quality of the important Haraz River in Mazandaran province.

In the spatial investigation of Haraz River pollution changes from the upstream stations to the
downstream, the water quality decreases significantly. The reason for that is the discharge of waste and
sewage from restaurants around the river, upstream villages, agricultural water drains, animal
excrement, the existence of mines and sand harvesting workshops. As a result, measures should be
taken for the basic water management of Haraz River and the water quality monitoring program should
be continued in it. The results of this study are consistent with the results of Aminpour et al. (2015)
regarding the increase in the level of pollution and decrease in the water quality of Gaz Rudbar River,
from the upstream stations to the downstream due to the entry of household, rural, urban and agricultural
pollutants.
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