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Rivers are valuable sources of water supply for various purposes. These sources
are seriously exposed to quality degradation due to the entry of various
contaminants. Therefore, proper monitoring and quality management of these
resources could be very important. In the present study, the quality of the Balikhlou
river in Ardabil province, northwest of Iran, was investigated by surveying the trend
of changes in river quality parameters, as well as water quality indices. In this study,
after collecting the available data, by determining the trend of changes in quality
parameters, the suitability of the studied river water quality for drinking and irrigation
purposes was determined. The results indicated that there is an inverse relationship
between changes in river discharge rate and the concentration of qualitative
parameters. Therefore, it was found that salinity-containing pollution sources enter
the river upstream of the desired station. Besides, the results of water quality
indices showed that the water quality of the studied river is very poor for drinking
(WQI>75). In addition, the results of water quality assessment for irrigation use
based on SAR, KI, and SSP indices were generally considered inappropriate
(SAR>26, KI>1, SSP>50), EC was often permissible (750<EC<2250), and MH was
appropriate (MH<50). Our study highlights the importance of river water quality
studies over time and thus can lead to better management of these valuable
resources.
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1. Introduction
Proper quality of water resources leads to ecological and economic
development. However, as a result of many stresses on water quality,
including human activities, increasing consumption of water resources,
and natural processes (e.g., weathering, soil erosion, etc.), the
deterioration of water quality around the world has become a serious
problem (Wu et al. 2018). Rivers are the main sources of water for
drinking, industrial, and agricultural uses, and the vital role of rivers in
transmitting pollution in these areas makes them easily polluted (Singh
et al. 2005). Therefore, due to the special importance of rivers, it is
necessary to control and manage their quality degradation. Many
studies have been conducted around the world to study the quality of
river water (Effendi 2016; Kumarasamy et al. 2014; Mustapha et al.
2013; Nikoo et al. 2011; Son et al. 2020; Xu et al. 2019).
*Corresponding

One of the approaches for qualitative analysis of river water is time
series analysis. Assessing long-term trends in water quality is a subject
of growing interest (Abaurrea et al. 2011) and currently, various studies
have been performed using time series and/or trend analysis of water
quality parameters (Arya and Zhang 2015; Karakaya and Evrendilek
2010; Mahmoodi et al. 2021; Mattikalli 1996; Parmar and Bhardwaj
2014; Parmar and Bhardwaj 2015; Tamagnone et al. 2019).
Another important approach in the assessment of rivers-water
quality is using water quality indices (Akinbile and Omoniyi 2018; Bora
and Goswami 2017; Ewaid and Abed 2017; Judran and Kumar 2020;
Lkr et al. 2020; Şener et al. 2017; Tian et al. 2019). Water quality
indicators depict the overall quality of water by converting various
physical and chemical parameters into a single value (Avvannavar and
Shrihari 2008).
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In the present study, to investigate the water quality of the Balikhlou
river in Ardabil province, northwest of Iran, both mentioned approaches
(i.e., time series analysis, and water quality indices) have been used.
First, water quality data of the studied river were collected from Ardabil
Regional Water Company. Then, the temporal changes in the
parameters were surveyed during 1968 to 2011. This study identified
the strong and inverse relationship between river discharge and
concentration of qualitative parameters in the second half of the study
period that indicate the entry of external pollution into the studied river.
Then, the suitability of the studied river water for drinking and irrigation
purposes was investigated; For this purpose, various water quality
indices were used and the results were reported. In this study, to
calculate the water quality index (WQI), a combination of the wide range
of important parameters was used so that this index can reflect the
status of river water quality more realistically. Besides, WQI was
calculated for six two-month periods, and thus, the WQI changes over
a year were also determined. On the other hand, indices determining
the suitability of water quality for irrigation were also calculated for the
entire period 1968-2011 to determine changes in each of them over
time. The present study highlights the importance of river water quality
studies over time, as it can show the effectiveness of river water quality

planning and management. The results of this study can provide a
better picture of Balikhlou River water quality status and will be useful
for further planning as well as water quality studies in the future.
2. Materials and methods
2.1. Study area
Balikhlou river basin is located in Ardabil province between latitude
and longitude of 37°46ʹN to 38°22ʹN and 47°46ʹE to 48°42ʹE,
respectively (Fig. 1) (Aalipour erdi et al. 2018). Balikhloo river, which
originates from the southeastern areas of Sabalan mountain, is one of
the most important rivers in Ardabil. This river enters Ardabil city from
the southwest and after passing through the city, this river enters the
Qareh-Su river and then enters the Caspian Sea through the Aras river.
The length of the Balikhlou river is 78 km and the area of the study basin
is about 1600 km2, which mainly includes high mountainous areas. The
average precipitation in the study area is 329.6 mm/year, of which
40.2% occur in spring, 7.5% in summer, 24.9% in autumn, and 27.4%
in winter. The cities of Nir, Ardabil, and Sarein are located as the three
main urban areas within the watershed of the Blikhlou river.

Fig. 1. The location of the study area.
2.2. Data collection

mentioned parameters have been measured and available o nly in the
new study of Ardabil Regional Water Company in 2018.

In the present study, to assess the water quality status of the study
case, statistics and information of quality parameters were collected
and reviewed; These data include parameters of TA (total alkalinity),
TDS (total dissolved solids), pH, TH (total hardness), TSS (total
suspended solids), BOD (biochemical oxygen demand), COD
(chemical oxygen demand), DO (dissolved oxygen), calcium,
magnesium, sodium, potassium, chloride, sulfate, nitrate, electrical
conductivity (EC), turbidity (NTU), bicarbonate, and phosphate. For the
study area, only the long-term information (1968-2011) of the main
cations (i.e., Na, Ca, and Mg) and anions (i.e., Cl, SO 4, HCO3), pH, EC,
and river discharge (Q) is available and recorded; The rest of the

3. Results and discussion
3.1. Time series analysis
Investigating the trend of changes in the river water quality
parameters can show whether the quality management of water
resources has been effective or not. Therefore, in this study, the
changes of all qualitative parameters were surveyed, the results of
which are as shown in Fig. 2. To calculate the temporal variation of the
values of different parameters, the average value for each parameter in
each year was used.
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Fig. 2. Variations of water quality parameters of Balikhlou river during the period 1968 to 2011.
The time series diagram of changes in river discharge shows that
since 1993, river discharge has decreased significantly so that the
mean river discharge rate has decreased from about 53 m3/s in 1992 to
about 5.5 m3/s in 2011. It is observed that with decreasing river
discharge, the parameter Na concentration has increased. Generally,
an inverse relationship between the discharge and Na towards the end
of the study period may shows that the sources of pollution containing
salinity enter the river upstream of the measuring station so that with
decreasing the discharge of the river basin, the concentration of Na in
the river increases. In fact, finding accurate sources of pollution requires
an independent and extensive study.
Besides, the trend of HCO3 concentration in the years after 1998
compared to the previous decades shows an increase. However, the
increase of this parameter due to the natural buffering capacity of water,
unlike other parameters, increases with a gentle slope. Also, the
parameter of electrical conductivity (EC) in 1998 onwards due to the
entry of salinity pollution sources into the river and on the other hand, a
significant reduction in river discharge shows a significant increase.
The increase of chloride ion (Cl) in water from 1998 onwards
indicates a significant inverse relationship with changes in river
discharge and the entry of pollution sources often of agricultural origin
along the river due to the use of sodium hypochlorite and calcium
hypochlorite as disinfectants in agricultural products into the river in the
upper parts of the studied station. The trend of changes in Ca, Mg, and

Parameter
TA
TH
Potassium
Phosphate
Sodium
Nitrate
Sulfate
Chloride
Magnesium
Calcium
EC
pH
TSS
TDS
BOD
COD
DO
Turbidity
Total weights

3.2. Water quality index for drinking
In general, water quality indices are used primarily to assess river
water suitability for drinking purposes. Water quality indices are
techniques of rating that reflect the composite effect of different
parameters. Indexing methods integrate numerous water quality
variables into a single metric and are widely used in environmental
science and engineering (Rajkumar et al. 2020).
The WQI calculation was performed to assess the suitability of the
Balikhlou River for drinking purposes. The first step in calculating the
WQI is to determine the weight assigned to each parameter. Weighting
of chemical parameters is generally done according to their relative
importance in the quality of drinking water (Ravikumar et al. 2013). In
the present study, the considered parameters (physical and chemical)
in the WQI calculations are pH, TDS (total dissolved solids), TA (total
alkalinity), TH (total hardness), TSS (total suspended solids), BOD
(biochemical oxygen demand), COD (chemical oxygen demand), DO
(dissolved oxygen), calcium, magnesium, sodium, potassium, chloride,
sulfate, nitrate, electrical conductivity (EC), turbidity (NTU), and
phosphate. Weighing from 1 to 5 is based on the relative importance of
each parameter in drinking water quality, which is shown in Table 1.

Table 1. Relative weights assigned to each parameter.
Water quality
Unit
Assigned weight (w i)
standard
mg/L
200
2
mg/L
500
4
mg/L
10
1
mg/L
5
5
mg/L
200
3
mg/L
50
5
mg/L
250
2
mg/L
250
3
mg/L
50
4
mg/L
75
4
µS/cm
1500
4
6.5-8.5
2
mg/L
500
3
mg/L
500
4
mg/L
5
5
mg/L
10
4
mg/L
5
5
NTU
5
5
∑ wi = 65

In calculating the WQI, it is necessary to use standard values of
drinking water for different parameters. In this study, standard values
for the studied quality parameters have been prepared from the drinking

2

SO4 also follows the general trend of other quality parameters of the
Balikhlou river.

Relative weight (Wi )
0.0308
0.0615
0.0154
0.0769
0.0462
0.0769
0.0308
0.0462
0.0615
0.0615
0.0615
0.0308
0.0462
0.0615
0.0769
0.0615
0.0769
0.0769
∑ Wi = 1.0000

water quality standard of the World Health Organization and some
recent studies (Bora and Goswami 2017; WHO 2017; Hamlat and
Guidoum 2018; Das Kangabam et al. 2017; Karunanidhi et al. 2021;

Ravikumar et al. 2013). The water quality classification is based on the
WQI value according to Table 2, which includes five general classes of

Table 2. WQI classification.
status

WQI value
0-25
26-50
51-75
76-100
Above 100

Excellent
Good
Poor
Very poor
Unsuitable

SIi = Wi ×

while

Ci
Si

× 100

Possible usage

All kind of uses
All kind of uses
Irrigation and industrial uses (not drinking)
Just for Irrigation use
Proper treatment required

WQI depicts the overall quality of water by converting several
physical and chemical parameters into a single value (Avvannavar and
Shrihari 2008; Mishra and Patel 2001; Vasanthavigar et al. 2010; Rakib
et al. 2020) and is calculated using Eq. 1.
WQI = ∑ni=1 SIi

unsuitable, very poor, poor, good and excellent quality for drinking
(Brown et al. 1972).

(1)

where, SIi indicates the sub-index of the ith parameter, Wi shows the
relative weight, Ci is the measured concentration of ith parameter, Si is
the standard value of ith parameter. After calculating the WQI, the
results are as shown in Fig. 3. In general, the WQI results generally
show that the water quality of the study river is very poor for drinking. It
should be noted that the value of water quality index is higher in April
to August.
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Fig. 3. WQI value in the study area during 2018.
3.3. Water quality indices for irrigation
Considering that the main source of agricultural water supply in the
study area is the Balikhlou river, it is necessary to evaluate the quality
of the study case in terms of suitability for irrigation purposes. In the
present study, agricultural water quality assessment has been carried
out using several water quality indices for irrigation include EC
(electrical conductivity), SAR (sodium adsorption ratio), KI (Kelley’s
index), MH (magnesium hazard), and SSP (soluble sodium

percentage), are listed in Table 3 (Ravikumar et al. 2011). According to
Table 3, to estimate the suitability of the river water for irrigation use,
only the values of the main cations and anions are used to calculate the
relevant indices. Therefore, in this study, considering the data of the
main cations and anions for the whole period 1968-2011, qualitative
indicators for all years of the period were calculated (Fig. 4). Also, the
water quality classification for irrigation uses is according to Table 4
(Acharya et al. 2018).

Table 3. Water quality indices for irrigation (Ravikumar et al. 2011).
Indices
Formula
+
Na
SAR =
Sodium adsorption ratio (SAR)
√(Ca2+ +Mg2+ )/2
Kelley’s index (KI)

KI =

Na+
2+

2+

Ca +Mg
Mg2+
) ×100
MH = ( 2+
Ca +Mg2+
+
Na
) ×100
SSP = ( 2+
Ca +Mg2+ +Na+

Magnesium hazard (MH)
Soluble sodium percentage (SSP)

30
180
20
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Fig. 4. Changes in the values of water quality indices for irrigation during the period 1968 to 2011 based on various indices.

Indices
EC

Table 4. Classification of irrigation water quality (Acharya et al. 2018).
Range
<250
250-750
750-2250
>2250
0-10

SAR

MH

KI

SSP

The results of the present study show that the amount of MH in the
study period is generally below 50 and in this regard, the river water
quality is suitable for irrigation purposes. Changes in EC over time (Fig.
2) indicate that according to the classification shown in Table 3, the
water quality of the studied river is generally permissible for irrigation.
However, the results of KI, SAR, and SSP indices show that for almost
the entire period 1968-2011, the water quality of the Balikhlou river is
unsuitable for irrigation purposes.
Now, some results of other studies are discussed. The results of
the study by Ravikumar et al. (2013) showed that the WQI values in the
Sankey tank belonged to the poor water class (WQI between 50.34 and
63.38). Also, the water of Mallathahalli lake was in the category of
unsuitable water quality (WQI between 111.69 and 137.09). In another
study, Ewaid and Abed (2017) concluded that the lowest WQI is for
station 1 (WQI=43.0) which indicates good water quality. Stations 2, 3
and 4 also had WQI values of 67.2, 64.1 and 73.5, respectively, which
were in the poor class in terms of water quality. Station 5 had a
maximum WQI value of 88.7, which falls in very poor class. The overall
WQI of their study river was 67.3, which indicates poor quality. The SAR
value in the study of Ravikumar et al. (2011) in all samples was less
than 10, which is in the excellent class for irrigation. The SSP ranged
from 5.4 to 52.84 and generally was good (below 50). In addition, Kelly’s
index in their study ranged from 0.057 to 1.121, and all the water
samples based on this index are suitable for irrigation, except for one
sample (KI=1.121). Regarding the MH index, out of 47 samples, 23.4%
of the samples were below 50 (suitable), while 76.6 % were in the
category of unsuitable water quality (MH>50).
4. Conclusions
The present study provides valuable information about the general
status of water quality in the Balikhlou river, Ardabil, using time series
analysis of the river quality data and water quality indices. The water
quality index (WQI) results showed that the quality of the studied river
is almost unsuitable for drinking. The assessment of the suitability of
river water quality for irrigation purposes using EC, SAR, MH, KI, and
SSP indices revealed that the water quality of the Balikhlou river is also
unsuitable for irrigation. Therefore, to improve the quality of the studied

Classification
Excellent
Good
Permissible
Doubtful
Excellent

10-18

Good

18-26

Doubtful

>26

Unsuitable

<50

Suitable

>50

Unsuitable

<1

Suitable

>1

Unsuitable

<50

Good

>50

Unsuitable

river water, it is necessary to take appropriate measures by the Ardabil
Regional Water Company. It is suggested that in future studies, sources
of river pollution be identified and solutions to improve the quality of the
studied river be presented.
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