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: Abstract

Introduction and objectives: Water quality and heath of rivers are
the most important factors to achieve sustainable development. Doogh
River is one of the main tributaries of Gorganroud river in the east of
Golestan province, which has an important role in supplying drinking
water to Gonbad Kavous. Furthermore, it is one of the water supply
sources of Golestan dam with agriculture use. Therefore, the study of
hydrochemical and water quality of this river for different uses (e.g.,
drinking, agricultural, and industrial), is of great importance
Materials and Methods: In this study, Stiff, Piper and Gibbs diagrams
were used to investigate Doogh River hydrochemistry. Wilcox, sodium
soluble percentage, magnesium ratio, and permeability index was
evaluated to classify water for irrigation purpose. To investigate Doogh
River water for drinking purpose, NSFWQI index, Schoeller diagram,
and water quality standards were used. Eventually, water quality for
industry was assessed using Langelier Saturation Index, Ryznar
Stability Index, and corrosivity ratio.

Findings and discussion: Hydrochemical results showed Ca-Mg-HCO3
is dominant hydrochemical facies and rock-water interaction is the
main controlling factor in river water chemistry. According to NSFWQI
index and Schoeller diagram, river water was in the acceptable class
for drinking purpose. While, based on water quality standards,
turbidity and fecal coliforms values were higher than drinking limit
and needs to be purified. Based on the results of sodium percentage,
magnesium ratio, and permeability index, water quality is well
evaluated for agriculture purpose. Industrial indices indicate that the
relatively corrosive property. According to the results of this study,
Doogh River water requires two physical and microbial purifications
for drinking purpose. Water quality for irrigation purpose is well
evaluated and there is no need for soil regeneration after use. Although
Doogh River water is relatively corrosive, but it is save to use all
metallic equipment to transfer and extract water.
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Introduction

Rivers are one of the main sources of
drinking water in most parts of the world.
Their health and water quality are the most
important factors in achieving sustainable
development. Lack of attention to the
chemical quality of water, in addition to
causing health damage, will not be
ineffective from an agricultural and
economic point of view. There are many
criteria an

d indicators for surface and groundwater
quality monitoring, the choice of which
varies depending on the purpose of the study
and the needs of stakeholders.

So far, many studies have been conducted to
evaluate the quality of surface and
groundwater, but in less research, in
addition to the discussion of surface and
groundwater hydrochemistry, the quality of
these resources for all drinking, agricultural,
and industrial uses have been evaluated.
Therefore,  conducting a  relatively
comprehensive study to investigate the
hydrochemical and determine the use of
surface water for drinking, agricultural, and
industrial purposes can provide useful
information to researchers, beneficiary
organizations or even the general public.
Therefore, in this study, first the
hydrochemistry of Dooq Kalaleh river was
investigated using graphic and statistical
methods and then the factors affecting its
chemical quality were determined. In the
next stage, the water quality of the river and
determining its use in the drinking,
agricultural, and industrial sectors were
evaluated using water quality indicators and
existing standards

Methods

In order to study the water quality of Dooq
River and identify the processes affecting its
quality, the data of a six-month statistical
period in two seasons of autumn and winter
of 1397 were used. For this purpose, 10
water samples during six-month statistical
period were taken from Dooq River in
Ejenkhojeh Hydrometric Station and before
recharge Felmaan wells. In this study, in

addition to discharge, 22 physicochemical
and microbial parameters of Dooq River
water were measured in Gonbad Kavous
Water and Wastewater Laboratory.

First, general hydrogeochemical
investigations were performed to identify
the general water status of Dooq River. For
this purpose, in the first stage, the dominant
type of river water chemical parameters was
studied wusing Stiff, Piper and Gibbs
diagrams. AgQa software was used to plot
Stiff and Piper diagrams. Then, using
Minitab16 software and cluster analysis
method, the amount of hydrochemical
changes in water samples during the period
and the factors affecting the amount of
physicochemical and microbial parameters
of Dooq River were determined. In order to
classify water for irrigation, various
chemical parameters and indices such as
Wilcox, soluble sodium percentage,
magnesium ratio and permeability index
were selected.

Schoeller diagram and NSFWQI index were
used to study the water of Dooq River in the
drinking section. Schoeller diagram was
drawn in AqQa software and NSF-WQI
online calculator software was used to
calculate the NSFWQI index. In order to
evaluate the water quality in the industrial
sector, corrosion indices, Langelier
Saturation Index (LSI) and Ryznar Stability
Index (RSI) were used. LSI and RSI indices
were calculated by LSI and RSI Calculator
online software.

Findings and discussion

The results of Dooq River hydrochemical
studies showed that the water-rock reaction
is the most important factor in controlling
the water chemistry of Dooq River. Also, the
predominant hydrochemical facies of river

water are calcium bicarbonate and
magnesium-calcium bicarbonate,
respectively.

Based on the degree of hydrochemical
similarity between the water samples taken
from Dooq River, two separate clusters can
be distinguished. However, the difference
between the two clusters is very small and
both clusters can be considered as a single
cluster. This indicates the existence of one
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water source with a specific chemical
composition. The results of the tree
diagrams of the water samples are
consistent with the results of the Stiff and
Piper diagrams of a single water source with
a specific chemical composition. Also,
according to the tree diagram between the
anions and some measured microbial
parameters, two completely separate
clusters can be identified. The first cluster
contains the main anions of water (such as
bicarbonate, sulfate ...). This cluster shows
the effect of upstream basin rocks on the
water quality of Dooq River. This could be an
emphasis on the active role of the water-rock
reaction in the chemical composition of the
Dooq River water, which is also mentioned
in the Gibbs River diagram.

Cluster two consists of the parameters of
nitrate, phosphate, fecal coliform, etc. Due to
the nature of the parameters in this cluster,
human factors such as discharge of urban
and rural wastewater and agricultural
effluents can play an important role in
changing the water quality of this river.
Therefore, lithological and human factors
are the two main factors in changing the
amount of physicochemical and microbial
parameters and consequently changing the
water quality of Dooq River.

The value of the NSFWQI index calculated for
the Doogh River in the whole period varies
between 50 and 70. This value indicates the
average quality of river water for drinking.
While the results of the Schoeller diagram,
the water quality of the Dooq River is in a
good category. The results of comparing
some physicochemical as well as microbial
parameters with the existing standards for
drinking water showed that except for
turbidity and fecal coliform, all parameters
can be used in the drinking section without
special treatment. However, due to the low
amount of fluoride in the Doogh River water
for human consumption, it is necessary to
add fluoride to drinking water. Also, to
reduce turbidity and eliminate fecal
coliforms from Dooq river water, it is
necessary to perform two types of
treatment, physical and microbial,
respectively.

In all samples, the magnesium ratio is less
than 50, which indicates the appropriate
quality of water for irrigation. So that, the

use of this water will not have an adverse
effect on soil quality and yield of agricultural
products. Also, based on the permeability
index and the percentage of soluble sodium,
all samples have good quality for irrigation
and long-term use of Dooq river water will
not have much effect on soil permeability.
Based on the results of agricultural
indicators, water quality for irrigation is
good and there is no need to improve the soil
after using the water of Dooq River.
However, according to the Wilcox diagram,
water quality for agriculture is in the middle.
The results of water classification for
industry vary slightly based on LSI and RSI
indices, as well as the corrosion ratio. Due to
LSI index, Doogh River is often relatively
corrosive. In some river-related samples,
there is little tendency for precipitation. It
seems that due to the constant chemical
composition of Dooq River water, it is likely
that the temperature of the river plays a
decisive role in the tendency of water to
corrode or precipitate. So that with
increasing temperature, water tends to
precipitate and with decreasing
temperature, water becomes corrosive. The
results of the RSI showed that during whole
water sampling period, water is relatively
corrosive. Based on the corrosion ratio, a
variety of metal pipes can be used to transfer
water from the Dooq River without any
problems.

Conclusion

Based on the results of the indices used in
this study, it can be concluded that the water
of Doogh River is of relatively good quality
for use in various sectors of drinking,
agriculture and industry. However, in the
drinking water sector, it seems necessary to
reduce some parameters such as turbidity
and coliform.
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