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Received: April 04, 2022 The present study was conducted to assess the water quality of the Balighli-

Revised: May 19, 2022 Chai and Ghare-Sou Rivers, the main rivers of Ardabil Province, Iran. The

Accepted: May 21, 2022 levels of dissolved oxygen (DO), biochemical oxygen demand (BOD),
nitrate (NOs) and phosphate (PO4) were measured and simulated using the
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Ardabil Province purification capacity and total maximum daily load (TMDL) levels of water

Modeling quality parameters were calculated. The obtained results indicated

considerable differences between the levels simulated by the model from
the measured data for both rivers. Most of the river sections had low self-
purification capacities. Maximum self-purification capacity (%) were: high
water period: DO = -226.61; BODs = 90/30; NO3 = 99.88; PO4 = 96.49;

Total Maximum Daily Load
Water Quality Monitoring
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Corresponding author: low water period: DO = -281.71; BODs = 89.13; NO; = 94.74; PO, = 90.21.
ghrafiee@ut.ac.ir TMDL scores for DO, BODs and NOs were higher during the high-water

period, but entire sections of both rivers showed high excess loads of POa.
The results showed that most ranges of both rivers didn't have appropriate
water quality conditions. Therefore, it is necessary to make proper
decisions to control pollution levels and improve water quality in this basin.
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quality fluctuations in running waters. The model
allows input data for the hydraulic characteristics
of different sections with unequal lengths. This
model has been used extensively as a practical
model in pollution control scenarios to analyze
rivers' potential to receive pollutants. The present
study investigated water quality and self-
purification capacity along Balighli-Chai and
Ghare-Sou rivers in Ardabil province, Iran.
These rivers are the main water flows in the

Introduction

Water quality assessment of rivers and their
spatial and temporal fluctuations are essential for
appropriately managing these valuable systems.
Modeling techniques are practical tools for
improving our understanding of the complex
behavior of these water bodies regarding their
capacity for receiving pollutants. QUAL2Kw
model is a simulation framework to model water
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Ardabil Plain and have high importance in
providing water for different uses. During the
last years, they have experienced increased
pressure of water usage and received high loads
of various pollutants from point and non-point
sources; therefore, their water quality condition
has deteriorated. Hence, this research aimed to
investigate the levels of a set of water quality
parameters, including dissolved oxygen (DO),
biochemical oxygen demand (BODs), nitrate
(NO3), phosphate (PO4), and simulating their
trends using QUAL2Kw model, as well as
estimating self-purification capacity and total
maximum daily loads (TMDL) for these
parameters.

Material and Methods

Seventeen locations were defined along the
Balighli-Chai and Ghare-Sou rivers as sampling
points. Water samples were taken at these
locations within a year at two-month intervals.
Water physicochemical parameters (DO, BOD:s,
NOs, and PO4) and hydraulic characteristics of
water flow at sampling points were measured and
analyzed. The obtained data from March (high
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water period) and July (low water period) were
used to simulate the water quality condition of
the rivers by the QUAL2Kw model. Water
discharge, temperature, pH, DO, BOD:s, nitrate,
phosphate, alkalinity, and total coliform count
were considered as model inputs. The data for
April (high water period) were used for model
calibration. Self-purification capacity (Pc (%))
and TMDLs (kg/day) for the studied parameters
in all sections of the rivers were calculated in low
and high-water periods. The water quality
standards of the Iranian Department of
Environment were used as the baseline levels for
the studied parameters.

Results

The observed and simulated levels of the studied
water quality parameters (DO, CBODu, NOs3,
and PO,4) are depicted in Fig 1. QUAL2Kw
model outputs demonstrated apparent differences
between simulated trends and measured data of
the studied parameters, probably due to high
levels of non-point pollutants entering river
flows.
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Fig. 1 Simulated results of QUAL2Kw model and field measurements for: a) dissolved oxygen, b) biochemical
oxygen demand, c) nitrate, and d) phosphate
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Simulated DO concentrations in both low and
high-water periods were clearly higher than
measured concentrations, indicating the entrance
of high inputs of oxygen-consuming pollutants
along both rivers sections. Model outputs for
CBODu showed nearly DO reverse trends that
support high BOD contents of water flows,
especially in low water periods. The simulated
trends of the model for nitrate also showed a
significant deviation from the increasing trends
in actual observed data, which indicates the high
NO; input loads to the rivers. For PO4, the model
predicted lower levels in all the sampling points,
and their differences from observed data were
more elevated in high water time. Self-
purification capacity (Pc) scores were calculated
based on measured and modelled contents of
water quality parameters and showed the limited
potential of improving water quality through
most rivers sections. There was a considerable
difference between Pcs for actual and simulated
data, where Pc values calculated from modelled
data were higher than those from measured data.
High water Pc levels of all river sections were
higher. Also, the results indicated much better
self-purification conditions along the Ghare-Sou
River than Balighli-Chai, over both low and
high-water periods.

Calculated TMDLs for water quality parameters
showed that most river sections had limited
potential to receive pollutants loads. More river
sections had negative TMDLs for DO in the low-
water period. TMDLs of BODs for both rivers in
the high-water period were appropriately higher
than in the low water. Only two last sections of
the Balighli-Chai River had higher BOD loads
than allowable loads. For NOs, some areas of
both rivers had excess loads in low water flow
time, while in a high-water period, all of them
had a considerably high capacity to receive NOs.
However, excess phosphate loads existed in all
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rivers studied points in low and high-water
periods. The excess loads were comparably
higher in high water flows, indicating much
higher entering phosphate loads in high water
times.

Conclusion

The present study investigated the water quality
condition of the Balighli-Chai and Ghare-Sou
rivers during low and high-water periods for
water quality parameters of DO, BOD, NOs, and
PO.. Based on the obtained results, it can be said
that both rivers had unfavorable water quality
conditions. The water quality of the rivers
regarding their DO, BODs, and NOs
concentrations had a better state in the high-
water period, while lower levels of PO4 were
obtained in low water conditions. Significant
differences existed between measured and
QUAL2Kw simulated concentrations of the
parameters indicating water pollutant loads
through all of the sections of the rivers.
Calculated TMDLs for the studied parameters
highlights unfavorable water quality condition
and limited capacity for receiving pollutant loads
for both rivers. Based on the results and
regarding low and highly regulated water
discharges, there is an urgent need for proper
planning to control the entry of pollutants into
these rivers and increase their flow to improve
their ecological health condition.
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Table 1 Sampling stations of the Balighli-chai and Ghareh-Sou Rivers

River Sampling site Latitude Longitude Altitude (m)

1 Ilanjigh 37°59'01.10"N 47°55'11.75"E 1754

2 Borjlou 38°00'39.97"N 47° 57" 11.75"E 1621

3 Yamchi 38°02'01.38" N 48°02'21.58"E 1564

Balighli-Chai 4 Almas 38°09'30.65" N 48°11'37.94"E 1417
5 Aghbolagh Aghajan 38°15'53.79"N 48°19'27.89"E 1333

6 Dolat Abad 38°22'02.10"N 48°19'11.61"E 1300

7 Arbabkandi 38°30'13.27"N 48°01'50.50" E 1125

8 Kangarlou 38°35'06.19"N 47° 47 49.08" E 964

9 Ghara-Ghieh 38°34'35.17"N 47°45'23.26"E 946

10  Aghdaragh 38°31'45.59"N 47°39'37.75"E 896

11 Doostbeiglou 38°32'58.80" N 47°32'28.53"E 778

Ghare-Sou 12 Moshiran 38°42'53.40" N 47°31'28.62"E 665
13 Abesh Ahmad 39°04' 08.88" N 47°31'27.10"E 356

14  Agha Mohammad Beiglou 39°10'12.81"N 47°32'28.59"E 296

15 Gol tappeh 39°15'15.35"N 47°31'4491"E 247

16  Eivazlou 39°24'42.00" N 47°26'11.06" E 164

17  Aslandooz 39°24'42.00" N 47°26'11.06" E 140
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Table 2 Hydraulic characteristics of rivers' flow

Low water period High water period
Sampling site Width Depth Velocity Discharge Width Depth Velocity Discharge
(m) (m) (m/s) (m%s) (m) (m) (m/s) (m%s)

1 Tlanjigh 4 0.6 0.135 0.324 4 0.7 0.135 0.378
2 Borjlou 7 0.2 0.213 0.3 8 0.35 0.595 1.67
3 Yamchi 8 0.3 0.27 0.65 16 0.6 0.72 6.91
4 Almas 1.5 0.2 0.09 0.03 3 0.5 0.09 0.135

Aghbolagh - 6 0.1 0.26 0.16
5 . - - -

Aghajan
6  Dolat Abad 8 0.3 0.14 0.34 10 0.3 0.36 1.1
7  Arbabkandi 3 0.1 0.43 0.13 17 0.4 0.6 4.1
8  Kangarlou 6 0.4 0.14 0.37 5 0.25 0.18 0.23
9  Ghara-Ghieh 4 0.4 0.18 0.3 4 0.45 0.18 0.32
10  Aghdaragh 4 0.2 0.12 0.09 8 0.3 0.24 0.58
11 Doostbeiglou 5 0.4 0.23 0.46 5 0.6 0.36 1.1
12 Moshiran 8 0.45 0.17 0.61 15 0.5 0.6 4.5
13 Abesh Ahmad 6 0.2 0.09 0.11 20 0.8 0.51 8.2

Agha 0.02 15 1.1 0.68 11.22
14  Mohammad 2 0.1 0.09

Beiglou
15 Gol tappeh 2 0.1 0.09 0.02 20 0.4 0.5 4.0
16  Eivazlou 3 0.1 0.09 0.03 13 0.45 0.45 2.63
17 Aslandooz 3 0.1 0.09 0.03 15 0.8 0.43 5.16
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Fig. 1 Sections of Balighli-Chai and Ghareh-Sou rivers. Red numbers indicate the length of each section. The
names of the stations are presented in Table (2)
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Table 3 Meteorological parameters of QUAL2Kw.

T (°C) Wind speed (m/s) Dew point (°C) Cloud cover (%)
Low water period 20.8 £5.6 2.23 -8.04 0.9 20 - 60
High water period 123+4.2 2.23-11.6 12.3 30-80
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Table 4 Physiochemical characteristics of rivers' flow

Low water period High water period
Sampling site T DO BODs NO; POy T DO BODs NO;  PO4
(C) (mgM) (mg/) (mgh (mgh (°C) (mg/) (mg/) (mg/) (mg/l
1 Ilanjigh 68 73 12 129 125 6.1 7.8 09 323 0.14
2 Borjlou 193 434 26 753 265 113 533 28 289 393
3 Yamchi 205 5.9 33 793 198 87  7.82 2.1 328  1.62
4 Almas 208 416 45 544 1425 10  3.66 59 334 0573
5 Aghbolagh Aghajan - - - - - 13 2.2 8.1 273 -
6  Dolat Abad 183 3.1 137 4633 132 126 3.7 6.7 3651 135
7 Arbabkandi 213 523 39 544 37 1001 94 1.7 426 23
8  Kangarlou 218 6.1 4.1 642 07 144 713 26 270 1.9
9  Ghara-Ghich 206 5.9 3.7 478 17 166 6.8 29 368 21
10  Aghdaragh 217 54 29 443 18 169 65 17 395 29
11 Doostbeiglou 199 62 2.1 4.7 1.7 151 79 12 355 28
12 Moshiran 229 533 37 632 1.6 155 6.8 2.7 0.3 3.6
13 Abesh Ahmad 247 43 42 432 13 118 62 3.1 408 0.7
14 Agha Mohammad 267 4.1 39 125 07 133 62 46 196 24
Beiglou

15 Gol tappeh 293 3.1 42 784 12 135 57 34 406 12
16 Eivazlou 298 3.6 48 868 1.1 159 538 3.6 361 2.1
17 Aslandooz 294 33 46 724 13 157 57 3.5 392 1.8

SlaS 5 ol 009y S in ilBog, eSS L 4 dxel
ety (nyege 5I NOs (o> jsbay 5 loge s
) Y IR u_‘i).x.n LDMBQQ) s_;| M.S Oy ‘..\f).:‘
9&:Lmuuwéj)sm}uuu&za ‘L§>)"
clle LU Gl Jele Glyisa s sbodlals
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Merchan et al. 2020) col oo atuils ks,
Sl g 2l 3 03,08 )9 mals Slocdled iz
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(Khalili et al. 2020)
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Table 5 The levels of existing load (Lg), allowable load (L) and maximum daily load (Lp) for DO and BODs

Low water period High water period
River section Le L. Lp EL AL AC
(kg/day) (kg/day) (kg/day)  (kg/day)  (kg/day)  (kg/day)
Dissolved Oxygen (DO)
1 Ilanjigh - Borjlou 185.05 158.97 26.07 224.05 170.64 53.41
2 Borjlou - Yamchi 234.89 229.39 5.50 2079.74 1581.55 498.18
3 Almas - Aghbolagh Aghajan 10.78 12.96 -2.17 37.33 63.72 -26.38
4 Aghbolagh Aghajan - Dolat Abad 91.07 146.88 -55.81 160.57 272.16 -111.58
5 Dolat Abad - Arbabkandi 84.57 101.52 -16.95 147.14 112.32 348.19
6  Kangarlou - Ghara-Ghieh 173.66 144.72 28.94 167.50 118.80 48.71
7  Ghara-Ghieh - Aghdaragh 101.93 842.4 17.69 305.20 194.40 110.81
8  Aghdaragh - Doostbeiglou 147.31 118.8 28.51 609.64 362.88 246.76
9  Doostbeiglou - Moshiran 266.48 231.12 35.36 1778.11 1209.6 568.51
10 Moshiran - Abesh Ahmad 149.76 155.52 -5.75 3566.16 2743.2 822.96
11 Abesh Ahmad - Agha Mohammad Beiglou 23.58 28.08 -4.49 5201.45 4149.72 1006.73
12 Agha Mohammad Beiglou - Gol tappeh 6.22 8.64 -2.42 3912.14 3287.52 624.63
13 Gol tappeh — Eivazlou 5.53 8.64 -3.11 2017.01 1753.92 263.08
14  Eivazlou - Aslandooz 7.45 10.8 -3.35 2325.19 2004.48 320.72
Biochemical oxygen demand (BODs)
1 Ilanjigh - Borjlou 60.41 222.56 -162.15 63.14 238.89 -175.75
2 Borjlou - Yamchi 135.34 321.15 -185.8 774.96 2214.17 -1439.21
3 Almas - Aghbolagh Aghajan 11.66 181.44 -6.48 892.08 892.08 0
4  Aghbolagh Aghajan - Dolat Abad 402.45 205.63 196.82 402.79 381.02 21.77
5 Dolat Abad - Arbabkandi 178.67 142.13 36.54 963.49 1572.48 -628.99
6  Kangarlou - Ghara-Ghieh 112.88 202.61 -89.73 65.34 166.32 -100.98
7  Ghara-Ghieh - Aghdaragh 60.65 117.94 -57.28 81.65 272.16 -190.51
8  Aghdaragh - Doostbeiglou 66.52 166.32 -99.79 90.72 508.03 -417.31
9  Doostbeiglou - Moshiran 134.05 323.57 -189.52 471.74 1693.44 -1221.69
10 Moshiran - Abesh Ahmad 122.86 217.73 -94.87 1591.05 3840.48 -2249.42
11 Abesh Ahmad - Agha Mohammad Beiglou 22.74 393.12 -16.57 3223.99 5872.61 -2642.67
12 Agha Mohammad Beiglou - Gol tappeh 6.91 120.96 -5.18 2630.01 4602.52 -1972.51
13 Gol tappeh — Eivazlou 743 120.96 -4.66 1227.74 2455.48 -1227.74
14 Eivazlou - Aslandooz 10.40 15.120 -5.07 1443.23 2806.27 -1363.04

Bold numbers indicate DO deficiency and excess loads for BODs .o BODs L oljle § DO 5508 sainolis 5, 5 olac!
SUazils jae sl 3 51 by g28lg 0 ,Slae B ] bl Jow (29,5 5l Jols Glanloe oYLogs o b LS
9 Sy llyd 4 bgipe Jae (295 ool 2 GlSL a5 009 S et (2l 0)90 50 (HBly slaesls

o

EWE

Environment and Water Engineering Ol owiige 5 oy jlare 4
Vol. 9, No. 3, 2023 VEY b oF o)let @ oygn (M


SAMSUNG
Typewritten text
347


YA

VEY o) en g o208,

Lol &
DeRg% 30 0550l el 009 gllasl (gogu> U aS ouls
1,8 o,Lal 5,40 Nooshadi and Hatamizadeh (2011)

W PLE

-0 Egee yo Ll Bbline o] o wland VU slaclale
33 S50, (Pl 5l 639)9 Sl iSey Gl e Gly
@loe,59) bl b aslio 1o (ol 0)90) (line) Juad
ol Bk 5l (ales
31 osia¥l (68955 )b Gl o Blie 53 9 009 ogllas

a5 ails Jlis 1y olyr oo

POs 3 NOs (slo yal )l sl (Lp) ailyy, oyl jiSTas g (Lo) Slms Sl o(Lr) 95290 5L polie =7 Jgoor
Table 6 The levels of existing load (Lr), allowable load (Li) and maximum daily load (Lp) NO3 and PO,

Low water period High water period
River section Lk L. Ly EL AL AC
(kg/day) (kg/day) (kg/day)  (kg/day)  (kg/day)  (kg/day)
Nitrate (NO3)
1 Ilanjigh — Borjlou 1217.59 1589.76 -372.16 548.26 1706.40 -1158.13
2 Borjlou - Yamchi 3546.40 2293.92 -1252.48 9758.17 15815.52 -6057.34
3 Almas - Aghbolagh Aghajan 140.74 129.60 11.15 384.48 637.20 -252.71
4 Aghbolagh Aghajan - Dolat Abad 1360.99 1468.80 -107.81 1736.65 2721.60 -984.94
5  Dolat Abad - Arbabkandi 1021.59 1015.20 6.39 8885.63 11232.00 -2346.36
6  Kangarlou - Ghara-Ghieh 1620.86 1447.20 173.66 757.94 1188.00 -430.05
7  Ghara-Ghieh - Aghdaragh 424.57 842.40 -417.83 736.77 1944.00 -1207.22
8  Aghdaragh - Doostbeiglou 86.72 1188.00 -1101.27 1328.14 3628.80 -2300.65
9  Doostbeiglou - Moshiran 1569.30 2311.20 -741.89 4330.36 12096.00 -7765.63
10 Moshiran - Abesh Ahmad 1654.70 1555.20 99.53 11274.55 27432.00  -16157.45
11 Abesh Ahmad - Agha Mohammad Beiglou 156.41 280.80 -124.39 25336.11 4194720  -16611.09
12 Agha Mohammad Beiglou - Gol tappeh 78.52 86.40 -7.86 19790.87 3287520  -13084.33
13 Gol tappeh — Eivazlou 136.43 86.40 50.02 13820.89 17539.20 -3718.31
14 Eivazlou - Aslandooz 179.60 108.00 71.60 14893.28  20044.80 -5151.51
Phosphate (PO4)

1 Ilanjigh - Borjlou 62.0 4.13 57.87 69.45 4.43 65.01
2 Borjlou - Yamchi 106.21 5.96 100.24 877.76 41.12 836.64
3 Almas - Aghbolagh Aghajan 3.69 0.33 3.36 3.65 1.65 1.99

4 Aghbolagh Aghajan - Dolat Abad 387.76 3.82 383.94 367.42 7.07 360.33
5  Dolat Abad - Arbabkandi 171.57 2.64 168.93 1774.65 29.20 1745.45
6  Kangarlou - Ghara-Ghieh 24.73 3.76 30.97 47.52 3.08 43.43
7  Ghara-Ghieh - Aghdaragh 2434.53 2.19 2432.34 101.08 5.05 96.03

8  Aghdaragh - Doostbeiglou 3433.32 3.08 3430.23 214.09 9.43 204.66
9  Doostbeiglou - Moshiran 76.27 6.01 70.26 774.14 31.44 742.69
10 Moshiran - Abesh Ahmad 45.1 4.04 41.05 1179.57 71.32 1108.25
11 Abesh Ahmad - Agha Mohammad Beiglou 5.62 0.73 4.88 1300.36 109.06 1191.30
12 Agha Mohammad Beiglou - Gol tappeh 1.64 0.22 1.41 1183.51 85.47 1098.03
13 Gol tappeh — Eivazlou 2.16 0.22 1.93 526.17 45.60 480.57
14  Eivazlou - Aslandooz 2.59 0.28 231 781.74 52.12 729.63

Bold numbers indicate excess loads for NO3 and PO4
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