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Rivers, where there is a large concentration of human activities, receive a
large amount of pollution. The purpose of this study was to monitor and
model the water quality of the Atrak River in the geographical area of
Bojnurd and to investigate the effect of polluting sources on the river using
the QUAL2KW model. After the field visit a study area of 33 km length, with
16 reaches, 11 main sampling stations, 10 sampling stations of point sources,
and 2 sampling stations of non-point sources were selected and specified. In
this study, four qualitative parameters of temperature, Dissolved Oxygen
(DO), Biochemical Oxygen Demand (BOD), and Chemical Oxygen Demand
(COD) were measured and simulated in the spring of 2022. Hydraulic
geometric data, qualitative data and meteorological data were entered into
the QUAL2KW model. The simulation error was calculated using Absolute
Mean Error (AME), Mean Absolute Percentage Error (%MAPE), and Root
Mean Squared Error (%RMSE). The RMSE for temperature, DO, BOD and
COD parameters was determined as 3.68, 4.51, 6.5, and 4.47, respectively.
According to the amount of calculated errors, it was found that the
QUAL2KW model had a very good accuracy in the qualitative simulation of
Atrak River.
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EXTENDED ABSTRACT

Introduction

Water quality models are accepted as a powerful
decision support tool globally. Currently, among
the current models of water quality investigation,
the QUAL2KW model is widely used to simulate
the water quality of rivers. These models are
usually developed for specific regions with
specific climate and physical characteristics.
Therefore, not paying attention to choosing the
right model can cause significant errors in water
quality simulation. Due to the limitation of usable
water resources, maintaining water quality is
considered as the first step in water resources
management programs. A clear understanding of
the quality status of water resources, as well as the
correct evaluation and modeling of these
resources, should be considered as the most
important step in management issues. In the
current research, the quality status of Atrak River
as one of the most important rivers in the northeast
of the country was investigated using the
QUAL2KW modeling method, which was used to
control the water quality of this river and provide
suitable practical solutions for management
decisions.

Material and Methods

In this research, about 33 km of the Atrak river
length has been selected as the study area. The
beginning of the range is before the village of
Sisab, and the end of the range is after the entrance
of the Baba Aman Bojnurd river to the main river
(Atrak river). Petrochemical industry of
Khorasan, as one of the most important polluting
industries, is located at a distance of 800 meters
from the river bank and at a distance of 3 km
before the end of the study area. In order to
segment or divide Atrak river, several stages of

field visits were carried out in the study area.
According to the size of the study area, the said
area was divided into 16 reaches .In order to use
the QUAL2KW model, first, the river should be
divided into smaller longitudinal parts according
to the hydraulic and quality conditions. The most
important step in river modeling is the correct
division of the study area, which is done by the
researcher. The data required for simulation
includes the geometrical data of the river channel,
hydraulic ~ data, qualitative  data  and
meteorological data. Sampling was done in the
spring of 2022 in 11 points of the study area.
Sampling of point pollutant sources was done
before these sources enter the main river.

Results
In this study, four qualitative parameters of
temperature, Dissolved  Oxygen  (DO),
Biochemical Oxygen Demand (BOD) and
Chemical Oxygen Demand (COD) were
investigated and simulated in 11 sampling points
from 16 river basins, 10 sampling points from
point sources and 2 extensive sources (Table 1).
The lowest amount of dissolved oxygen with a
concentration of 12.6 mg/l is related to station
number 4 in the reach 4 and the highest amount of
dissolved oxygen with a concentration of 9 mg/I
is related to station number 8 in reach 8.
According to the calculation of the absolute mean
error of 0.23, the root mean square error
percentage of 4.51 and the mean absolute
percentage error of 1.57, the high accuracy of the
model in simulating dissolved oxygen is
confirmed.

In the field visit of the study area, point sources
were examined and sampled, and the results of the
analysis of qualitative parameters and other
required information are recorded in Table 2.

Table 1 Geographical location of sampling points and water quality parameters* in study stations of Atrak River

Reach no. Sampling Geographical location COD BOD DO  Temperature
points Latitude Longitude (mg/l)  (mg/l) (mg/l) S
1 1 37° 26'47.18"N 57°40'12.53"E 18 8.76 6.2 17
2 2 37°27'25.24"N  57°39'27.44"E 20 1168 6.51 154
3 3 37°27'18.74"N  57° 38' 24.87"E 20 10.22 7.11 15.5
4 4 37°27'16.06"N  57° 36'56.35"E 18 7.3 6.12 15
5 5 37° 28'8.62"N 57° 36' 6.02"E 16 7.3 7.11 14
6 6 37°28'44.82"N 57° 35' 5.64"E 16 5.84 8.18 14.2
8 7 37°28'48.77"N  57°32'24.19"E 15 4.38 9 13.8
9 8 37°29'59.21"N 57° 32'9.75"E 14 4.38 8.91 14
10 9 37°30'31.95"N  57°30'19.11"E 17 5.84 8.52 13.2
13 10 37°31'28.07"N  57°29'30.59"E 14 4.38 8.55 14.12
16 11 37°31'56.14"N  57° 28'50.64"E 20 10.22 7.13 15.7

“Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Dissolved Oxygen (DO)
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Table 2 Analysis results of qualitative and hydraulic parameters of input and output point sources

Distance from River Wastewater Inlet wastewater BOD COD DO
downstream of the river discharge discharge (m%s)  temperature (°C) (mg/l) (mg/l) (mg/l)
(km) (m%/s)

33.07 - 0.0250 - - -
33.01 - 0.0250 - - - -
30.70 0.0180 - 26.20 53 55 3.00
30.53 0.0130 - 21.45 50 65 2.00
30.31 - 0.0330 - - -
30.64 - 0.0250 - - -
30.79 - 0.0250 - - -
20.66 - 0.0350 - - -
3.04 0.0112 - 21.70 42 66 4.86
0.841 0.4100 - 18.00 15 23 5.63

The highest BOD concentration of 10.22 mg/l was
related to station 11 in the 16" reach and the
lowest value was 4.38 mg/l in the 10" station of
the 13" reach. According to the output
information of the model, the absolute mean error
was 0.28, the root mean square error percentage
was 6.50, and the mean absolute percentage error
was 1.77 for the biochemical oxygen demand
factor. The highest value of river water COD in
the study area is 20 mg/l in stations number 2, 3
and 11, respectively, in reaches 2, 3 and 16, and
the lowest value of this parameter is 14 mg/l in
station number 8 in reach 9 and station number 9
was in the 13" reach. The increase in COD
concentration in the 2" and 3™ reachess is due to
the river passing through the residential area of
Sisab village and affected by the uses of this area .
According to the observational data and the data
calculated in the model, the absolute mean error is
0.461, the root mean square error percentage is
3.68, and the mean absolute percentage error is
1.61. Therefore, the model had a very good
accuracy in temperature simulation.

Environment and Water Engineering

Conclusions

The QUAL2KW model has a proper precision in
the qualitative simulation of the Atrak River
(according to the amount of calculated errors), and
the decrease in the flow of the Atrak River due to
improper exploitation is one of the most
fundamental problems of this water ecosystem in
the study area. According to the analysis of the
contribution of pollutant sources in the qualitative
state of the river, pollutants from surface runoff
and non-point sources in the initial reaches of the
river, especially in the area of Sisab village, have
had a significant effect on reducing water quality.

Data Availability
The data used in this research are presented in the
text of the article.
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Table 1 Geographical location information of Atrak River study area

Reach Distance and Geographical coordinates (downstream)
elevation
g o 5 5
z =% §8§ 2% = N
£ 3 2y 28 z 8 g g
3 e g3 8= e @
g = 3 = ig % g' ) = wn W) Z wn
- 3 = 3= = 155 = iy D = o
~ 3 3 =7 37 Q 2 8 Q 2 8
= g 8 5 & 7 g
0 - 33.090 - 979 37 26 47 57 40 13
1 1.85 31.240 979 977 37 27 19 57 39 39
2 0.90 30.340 977 972 37 27 28 57 39 8
3 2.85 27.490 972 966 37 27 15 57 37 46
4 3.93 23.560 966 963 37 27 51 57 36 19
5 1.43 22.130 963 960 37 28 18 57 35 50
6 5.02 17.110 960 948 37 28 34 57 34 9
7 1.92 15.190 948 929 37 28 56 57 33 32
8 3.83 11.360 929 915 37 29 13 57 32 6
9 5.44 5.920 915 907 37 30 17 57 30 42
10 2.29 3.630 907 906 37 30 50 57 30 1
11 0.59 3.040 906 905 37 30 60 57 29 48
12 0.88 2.160 905 903 37 31 16 57 29 39
13 1.12 1.040 903 902 37 31 44 57 29 16
14 0.20 0.840 902 901 37 31 48 57 29 11
15 0.20 0.640 901 900 37 31 50 57 29 7
16 0.64 0.000 900 899 37 31 56 57 28 50
a0y, ldlas oagaze 1o Joo 3L 0,90 cwliilse Dledbl =Y Jgox
Table 2 Meteorological information required by the model in the study area of the river
Data and time Cloud cover Wind speed Air temperature Dew point temperature
(%) (m/s) (Y (WY)
04/10/2022 00:00 7 1 12.8 8.2
04/10/2022 03:00 7 1 12.6 8.2
04/10/2022 06:00 6 9 15.5 7.8
04/10/2022 09:00 4 13 15.1 8.2
04/10/2022 12:00 7 10 14 7.9
04/10/2022 15:00 7 11 11.7 8.5
04/10/2022 18:00 2 2 10.2 8.3
04/10/2022 21:00 6 5 9.3 7.9
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Table 3 Geographical location of sampling points and water quality parameters* in study stations of Atrak River

Reac Sampling Geographical location COD BOD DO Temperatur
h no. points (mg/l) (mg/l) (mg/l) (°C) e
Latitude Longitude
1 1 37°26'47.18"N 57°40'12.53"E 18 8.76 6.2 17
2 2 37° 27" 25.24"N 57°39'27.44"E 20 11.68 6.51 154
3 3 37°27'18.74"N 57° 38'24.87"E 20 10.22 7.11 155
4 4 37°27'16.06"N 57° 36'56.35"E 18 7.3 6.12 15
5 5 37° 28'8.62"N 57° 36'6.02"E 16 7.3 7.11 14
6 6 37°28'44.82"N 57° 35'5.64"E 16 5.84 8.18 14.2
8 7 37°28'48.77"N 57° 32' 24.19"E 15 4.38 9 13.8
9 8 37°29'59.21"N 57°32'9.75"E 14 4.38 8.91 14
10 9 37°30' 31.95"N 57°30'19.11"E 17 5.84 8.52 13.2
13 10 37°31'28.07"N 57° 29' 30.59"E 14 4.38 8.55 14.12
16 11 37° 31'56.14"N 57° 28' 50.64"E 20 10.22 7.13 15.7

(COD) oo (ool55 (5mST 5 (BOD) oigdhty 75 g0 (stlomgiinnnss (153 15051 (DO Jslons (5 *

Z 95 9 5399 Slahai plie (Sg0em 5 (S sla el )b SIUT ol - Jgax
Table 4 Analysis results of qualitative and hydraulic parameters of input and output point sources

Distance from River discharge ~ Wastewater Inlet BOD CoD DO
downstream of (m3/s) discharge wastewater (mg/l) (mg/l) (mgll)
the river (km) (m3/s) temperature
(W9
33.07 - 0.0250 - - - -
33.01 - 0.0250 - - - -
30.70 0.0180 - 26.20 53 55 3.00
30.53 0.0130 - 21.45 50 65 2.00
30.31 - 0.0330 - - - -
30.64 - 0.0250 - - - -
30.79 - 0.0250 - - - -
20.66 - 0.0350 - - - -
3.04 0.0112 - 21.70 42 66 4.86
0.841 0.4100 - 18.00 15 23 5.63
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Table 5 The results of analysis of qualitative and hydraulic parameters of non-point sources of input and output

Non-point source River Wastewater Temperatur DO Fast Generic
length (km) discharge discharge e (°C) (mg/l) BOD constituent

Start End point (M%) (m3fs) (mgO2/l)  (COD)

point (km) (mg/l)

(km)

33.09 30.79 - 0.13 18 4.2 14 22

8.64 3.86 0.1 - - - - -

-a..5 (Robert et al. 1987; Zhenyang et al. 2022)
o b e lalllas o3guma 5l o3 VP 0 a8 szl F sl
o b el 03,08 plie g (slabals plie (285 Sl
—ojlail polie « S5y 0,5 sleopls (Jow (29,5 o ,loges
K5y ol bl g sl piges bl o el sad (g8
() I b Jow dawgi ool (gilwand polis
oo ol |y olelae esgame Jsb o DO cile s
<1 DO gLt ax o sisle (Lalse 4 01,0 DO (500 000
wol Oyl a0 5 el e dsr ST b anslie jo
eS| g insgid 5 udis Al (gl Slogzge oS
oslyn 5 Sl 5 AL St s Sy S
3O il corge o] 31 T el e S0 19
ST JUl (s 3loey55 BOD (gl slonsy] 3
(P i 5 (0551 5l T eledl 50 1) g a4 ol ]
Ly, ool g8 o0 ailBsg; O 0 DO liae ol e
RS 93,5 o dwle QUALZKW  Joo &¥olas o
¥ o )lod olSi] 4 bogs e VV/F M/ il L DO l5e
4 by A MO/ clale L DO (e 5t 5 ¥ 05 50
b 4 axgi boallbioe A ojb j0 A ojled ol

Environment and Water Engineering

COD 4BOD DO oo a5 ol )l jloz asdllas cpl o
—dges alads Vo 309, 050 V5l g,ls paiges alads VY o
5 san Syge 03S gie Vg slabal gl 5l (5l
0399w 3l oo a3l ;o (Y Jguz) <8 5 138 gsluas
R Gl pdised 5 wyn 90 lahal ple (Sl
3,90 Sledbl ple g a8 sla el )b LT mls a5 cé 5
i gl 5l S (izeen a2 (F) Jsoz 50 5l
e et wBlos (B) Jgur 8 4 00 S |y slabais
Al e pdy Sl Ailsog, 4y gladads e ailie 34,9 580
aboler (giloard jo s oS Julge 5l (Ko g9090 0l
oS bl Sl Gl oo lalatifed b 5l (0L S

sl ae jo Jle lgieds g ool Fogll JL o405
g yaud olps cdale gl SWAT (JWennerblom
Sk w@ls S g anle S Sloj slooygo jo ST 59 5
, (Emami Qara 2018) cuul oass,5 (pnd casin
(atnin gloj g Gle 0ogame 4y axgi b milie 3l (S
Gl oo 48,5 a5 10 08 xS slaoan¥T gl (g polis

Vol. 10, No. 3, 2024

[

EWE

VFeV ).A.IL\ AN O)Lo.ai} AR 0)5\)


Admin
Typewritten text
357


YOA

VFe¥ ng)LO.Q.”jdj Q‘)J).yo

el 4l Slanlie polie b oonlio 3llas < Jow BOD
—so bk ool el sileand o (lis g9.090 ()l
@ bgwe Vo /YY MY/l BOD clale jlode 5 ien il
S ENAMY/NL T Jlade 5065 918 o5L 40 V) oKt
oy bl 4y dxgi b el 009 VY o3L 51V - ol
Ol i gl VA Glhe glas (oSl o Joe
TVVY it slolas slae 5 Silos o 7810+ lay e
wl3og, il Jon o awl 0uls 4wl BOD e 510
el Aryaee Nezhad et al. (2019) lowg a5 54,0l
G 9 OV el cnl Bllae ju3 (sllas (S

sl 0353 YEIVY (Ll

14
12 o
10 B [ Measured QD”
— O Simulated
> 8
£ 8 o
8 6 8
5] ° o
o %
4 m] B o]
o
2
0 i : i i i i : i i i i : i i i i :
30 20 10 0

Distance to the downstream of river (km)

Shordan (ply> ST Ol gileans -F S

wlog; Ol odigh 4528 @
Fig. 4 Simulation of changes in fast decomposing
biochemical oxygen demand of rapidly decomposing
river water

(Slllas sogaze ;o aildog, oI COD lade (5 i
o3l ;0 eSS V) gV Y o e slaolKins! o Y- mg/l
PE MY/ el ol lade eS8 9 ¥ Y o
035 VYV 03L ;0 4 o led ollin] 94 05L 0 A o lads oK)
s Jdo 4 Y 5 ¥ o5b ,0 COD clale oliél .ol
A g Sl Sliwy, (PSsfw aihie Sl Al
99,9 J.J\) L \¥ o)l.i e ..L...:Llsn aslais g).v‘ (_gl.a:‘_g).')lf
Cod Sl ailsogy CadS oS il dailsog, 4 lelll ailsog,
Olyee g a3 S 138 28 &ilbog, COD oYL clale |56
50 ollbl alssy, COD clale .ol azsl, ol38 COD
NG PR 6}50)‘&\9‘ Yy mg/L “5))‘ 45[505) 4 99,9 J.?bo
PP O5ST Giloaned 5 Slis 4 bayye (O) SO

Environment and Water Engineering

Slasye eiln i sllat T llas sllas (o Sikeo
CEs VOV co i sl sllas o Sike o F/O)
4z o a8l e 9l 5,50 DO (gluacs o Jow YL
S GolwJoe Cs wiS e yho Cuow 4 lallaz olie
ik 9 oSS (Chanasyk et al. 2004) asb
Aryage adllhe ;0 DO glp Gllae jo8 slhs lade
&g, a5 silw]ae o Nezhad et al. (2019)
1 DO als ool 039 VYA 5 +/AF a5 4 0g,8L0
Sl ailog; 4 Qlelbl ailsog, Gl 9955 51 Sl ¥ o3l
SalS wlssg; 4 0u¥T mlie 59,5 L DO clalé .aily
g5 oo 09, VW B A o3L 51 DO cdale 2ol8l b
cle pizmen il aildog, SYLoes lei sasms lis
03gd2e ;3 (Gdie dlge 39,9 ¥ o3k ,0 DO SLSL als
Wl jo g albog; Ol Se e el Ol sling,
o0 s dlge 4 Ol (Fogll ol oaslea cd )b als
5 63l QLS ks Gl Gk 311, DO clike sl
Kannel et al. ) sas zals bpuslE g Seo puad golio

(2007
10 -
9 o Q g o
g - a ool
7E 08 8 &
= g @ O
(=)
E 5+
Q 4 o Measured
3 4 o Simulated
2 4
1.
0 .................
30 20 10 0

Distance to the downstream of river (km)

DO oty (g3lwaed -¥ S
Fig. 3 Simulation of changes of DO

@555 ey 28,5 15 0 L QUALZKW o o ol
Rl 05eST g5 93 oS ysls S Ly JT Sl
(Fast Reacting BOD) ousgias 125 gy (2 boowslons
—ai B (Slowly Reacting BOD) ous gy oiS
Doz 5o (e 6,95 slesal) 4 dzgi bl o 5l
Olsieas Fast reacting BOD . 315" oledbl 059 pos
slrosls «(f) JSo j0 005 o Jaw o)l ol BOD

Vol. 10, No 3, 2024

[

EWE

VFeV ).A.IL\ AN O)Lo.afé AR 0)5\)


Admin
Typewritten text
358


Yoa

ol ceaS 1 oan ¥ el pbie S (g5l Joe

ols plis Gregs pl 5l Jols s Laisls plxil COD
Aoy, 2Yhogs cud b ool b (b Kaal
Ol S (2o p 1) 58U Gk silee s Sial
ey QUALZKW Juw 5l Ranjith et al. (2019) .5l
,948 4o Tungabhadra alsog, ol cuas o)y
4 by e slaosls dslllas pl jo .aisged solaiul liwgain
o)’l.g AN 9 43[505) Pl .00 km B u] GEL.S )...abl.‘ A
ool 5,50 ailSsg) O (8F ooy 9 Joo (miuly Sx
o, las o priw Cons I Jol> gl ulul g cd)5 18

b She (Jow mls 4 axeg b adlgo obonds
il 9 FIFY Sluye oSl jdo lhas /08 las
COD )9;15@ ‘5‘)._» JNIEE = e s gl d,Ua.a

Sl Cawsas

Joe 5l eslaxwl L Setiawan and Saily (2021)
1, Batu Bukit «lss4, ol a8 coxsy QUALZKW
(Siledoe cpl @l b wols 1,8 byl o ee s 3590l Ho
BOD o>l Lies (il Lds 4 ailsog, of cuaS tals
Oygo 0 WSS asie Gezed Al el COD
alyz Slatdl sgngs 5 oiadlad dawgs Sl oo o pde
Babamiri et al. .cils valys 5459 dikaie (pl ;o og
&S 6 lwas QUALZKW  Jow 5l sslizal L (2021)

S osls apsis NRTE i g .
or )‘ ool.b.w‘ L: |) U‘)J‘ él)‘ u,ula.c 44[?09) @YLQP 9
22 T+
le)
204 O 0O 0
© O Measured %
18 Ho g O Simulated
= o
g
E 16 + [m] B o o
o
@) 8 o}
O 144 o |
o
o
12 +
10 Al : A d : A d : ......... : ..........
30 25 20 15 10 5 0

Distance to downstream of river (km)
ailBog, o COD &l s (g5lwancds -0 IS
Fig. 5 Simulation of changes in COD of river water

Lol ails Lo gilwand ;s ol jlaws cds Jow
WV o3k yo Ll albog, az g LB 0Ly 3959 4 455
il b alsag, sl slaisn jo Lo oS 5l alssg,
sials o el cnl b .ol oo ol o VIO °C i
Slaslllas ;3 aBlin IS0 5 s, Jole 5enS]
-Jowe e L Aryaee Nezhad et al. (2019) lawgs a5
Joe 5l eolatul L =S sl
Bllae ;08 glas Jlade oy 505 wyo 5 alsl QUALZKW

‘osiji‘: 45[509)

o b3 FVF dlas e oy 5 s 5 /0 ailiog, (gles

9 JJQ;GA 43[505) ulf)Lw‘nj.' é)‘j 43[5\)5) Ml} @M

Environment and Water Engineering

s oot oSl 5 b s & L e
sl el Jlo)55 5 (oYL Coenl 1Ol (aS sla el
(59959 gl slos Bkl Laime slso (slos 4y ails-sg,
(S o Sla il gy qulie alaly 4y Lo il ais
Slebs hunal Cogb) g ol gy doy0 b (b9 Sy
R Fan 3 b Pl Glulale aoys 5 o]
0dgaze Job jo led Ol (7) JSi o )ls (S ailsog,
lrools &y azgi b ass oo lis |y Sl wlbog, Slllas
sl . Skes (Jow )0 ouds Al slaosls ¢ Slaalie
doys 5 VPN Slasye uSilee jim sllas o /F5) gllae

lple b e VPN cnin sl 3las (ke

Vol. 10, No. 3, 2024

[

EWE

VFeV ).A.IL\ AN O)Lo.ai} AR 0)5\)


Admin
Typewritten text
359


Y5

VFe¥ ng)LO.Q.”jdj Q‘).:).yo

S aie) ol o Wlg oS 5)ls 099 srio ooy
Zolfaghari et al. 2011; Zolfaghari and ) sgs 48,5
(Kargar, 2019

0 oo ‘sLaoliu..J 59 43[5&9) u—| u.d.»S w-‘bls V‘-cl-’
”. ..4:’ . > - - )‘ Lm»‘s L')_{‘A:‘J,SASW‘ Iﬁ)y J-;j—‘;‘
S ol cuas Sgage 4 U ailed colazwl ML 5 Ol

b 5 Ol abas gl alise slolg, 0jgyel oS

18 T
17 & 0 Measured
O Simulated
16 +t0 O %C(D
9 oo ;
< 15 ¢ o O
|_
o}
14 4 8 g O o
(e} o 0o
e}
e}
54 o e} O
12 i i : PR S T 1 : Al L i : ......... : ..........
30 25 20 15 10 5 0
Distance to downstream of river (km)
a0y, ol Glod Ol pois (g jlwans -8 S
Fig. 6 Simulation of changes in river water temperature
b5 Sy 50 03V et Jolod 4y 4z L ¥ & S azmis - F
- e olie g o slaclly, 51 25U sleoan VT w@ilss S . . .
rE L GBI S SR P epSamily n)o)lee Gl aslllhe Gl mll 4 axg L

Sliwy,y adlais ;0 05 4 a0y, olail sboosl o sladass
ol ails Ol cpa s zals o e B 5ol

Loold ay  ow yiawd
oads &5l dllie (e j0 mghy ol 0 oud colaiul sleosls

OB wm g 28l oL
5,05 allie ol LAl |y 5 Siangi b alal, 4o

References

Albuquerque, M. T. D., Antunes, I. M. H. R,,
Oliveira, N. P., & Pelletier, G. (2019). Impact
of sewage effluent discharges prediction using
QUAL2Kw in a sensitive protected area
Portugal. SN Appl. Sci., 1(10), 1-8. DOI:
10.1007/s42452-019-1095-y

Almeida, P., Albuquerque, T., Antunes, M,
Ferreira, A., & Pelletier, G. (2021). Effects of
wastewater treatment plant’s discharges on a
freshwater ecosystem—a case study on the

Environment and Water Engineering

1D ged

Joe ol dlxe lalls e @ azgd L)
S Gilwands o selhe L cds 5l QUALZKW
Sl 009y Jlo,95 5 S il dilog,

Jdo a4 3 sl o S5l ailseg, Jlme cuxss Y
ol ol cuas pals cel alsog, 5l of e e catlo
G JUSD coge alBg) (23 RIEL 5 sl wlbs,
D dalsd wlilpg sgw BT jzals g laoasY]

Ramalhoso river (Portugal). Water Air Soil
Pollut., 232(5), 1-11. DOI: 10.1007/s11270-
021-05131-1

Angello, Z. A., Behailu, B. M., & Tranckner, J.
(2021). Selection of optimum pollution load
reduction and water quality improvement
approaches using scenario basedwater quality
modeling in little akaki river, Ethiopia. Water,
13(5), 584. DOI: 10.3390/w13050584

Tabrizi,

Aryaee Nezhad, R., Sarai

Vol. 10, No 3, 2024

M. &
12

EWE

VFeV ).A.IL\ AN O)Lo.afé AR 0)5\)


https://doi.org/10.1007/s42452-019-1095-y
https://link.springer.com/article/10.1007/s11270-021-05131-1#citeas
https://link.springer.com/article/10.1007/s11270-021-05131-1#citeas
https://doi.org/10.3390/w13050584
Admin
Typewritten text
360


\rd!

ol ceaS 1 oan ¥ el pbie S (g5l Joe

Babazadeh, H. (2019). Modeling water quality
of rivers using QUAL2KW model (case study:
Shahroud river). J. Env. Sci. Tech., 21(7), 1-13

[In Persian]. DOl:
10.22034/jest.2018.30267.3894
Atabati, A., Adab, H., Zolfaghari, G., &

Nasrabadi, M. (2022). Modeling groundwater
nitrate concentrations using spatial and non-
spatial regression models in a semi-arid
environment. Water Sci. Eng., 15(3), 218-227.
DOI: 10.1016/j.wse.2022.05.002

Babamiri, O., Vanaei, A., Guo, X., Wu, P,
Richter, A., & Ng, K. T. W. (2021). Numerical
simulation of water quality and self-
purification in a mountainous river using
QUAL2KW. J Environ. Informatics., 37(1),
26-35. DOI: 10.3808/jei.202000435

Ben Moussa, A., Chandoul, S., Mzali, H., Bel Haj
Salem, S., Elmejri, H., Zouari, K., Hafiane, A.,
& Mrabet, H. (2021). Hydrogeochemistry and
evaluation of groundwater suitability for
irrigation purpose in the Mornag region,
northeastern Tunisia. Environ. Dev. Sustain.,
23(2), 2698-2718. DOI: 10.1007/s10668-020-
00696-z

Chanasyk D. S., Mapfumo E., Willms W. D., &
Naeth, M. A. (2004). Quantification and
simulation of soil water on grazed fescue
watersheds. J. Range Manage., 57, 169 -177.
DOI: 10.2111/1551-
5028(2004)057[0169:QASOSW]2.0.CO;2

Chapra, S., & Pelletier, G. (2003). A modeling
framework for simulating river and stream
water quality: Documentation and users
manual, report. Civ Environ Eng Dep, Tufts
Univ, Medford, Mass.

Darajati Setiawan, A., Widyastuti, M., &
Pramono Hadi, M. (2018). Water quality
modeling for pollutant carrying capacity
assessment using QUAL2KW in Bedog river.
Indones J Geogr., 50(1), 49-56. DOI:
10.22146/ij9.16429

Emami Qara, F. (2018). Investigating and
simulating the process of quality changes in
Necarod using the QUAL2KW model.
University of Agricultural Sciences and
Natural Resources, Faculty of Agricultural
Engineering Sari (Iran).

Environment and Water Engineering

Esmaili Sari, A., Zolfaghari, G., Ghasempouri, S.
M., Shayegh, S. S, & Hasani Tabatabei, M.
(2007). Effect of age, gender, years of practice,
specialty and number of amalgam restorations
on mercury concentration in nails of dentists
practicing in Tehran. J. lran. Dent. Assoc.,
19(1), 97-104 [in Persian].

Fan, C., Chen, K. H., & Huang, Y. Z. (2021).
Model-based carrying capacity investigation
and its application to total maximum daily load
(TMDL) establishment for river water quality
management: A case study in Taiwan. J. Clean
Prod., 291 (1), 125-251. DOI:
10.1016/j.jclepro.2020.125251

Ferreira, D. C., Graziele, 1., Marques, R. C., &
Gongalves, J. (2021). Investment in drinking
water and sanitation infrastructure and its
impact on waterborne diseases dissemination:
The Brazilian case. Sci. Total Environ., 779.
DOI: 10.1016/j.scitotenv.2021.146279

Ghorbani, Z., Amanipoor, H., & Battaleb-Looie,
S. (2020). Water quality simulation of Dez
river in lran using QUAL2KW model.
Geocarto  Int.,, 37(4), 1126-1138. DOI:
10.1080/10106049.2020.1762763

Giri, A., Bharti, V. K., Kalia, S., Arora, A., Balaje,
S. S., & Chaurasia, O. P. (2020). A review on
water quality and dairy cattle health: a special
emphasis on high-altitude region. Appl Water
Sci., 10(3). DOI:10.1007/s13201-020-1160-0

Kannel, P. R., Lee, S., Lee, Y. S., Kanel, S. R., &
Pelletier, G. J. (2007). Application of
automated QUAL2Kw for water quality
modeling and management in the Bagmati
river, Nepal. Ecol Modell., 202(3-4), 503-517.
DOI: 10.1016/j.ecolmodel.2006.12.033

Lestari, S., Arfiati, D., Masrevaniah, A., &
Sholichin, M. (2019). Study of carrying
capacity of Karang Mumus River using the
QUAL2KW Program. Int. J. Agric. Environ.
Sci., 6(6), 67-72. DOI:
10.14445/23942568/1JAES-V616P110

Mohammadi, M., Qaderi, K., & Ahmadi, M. M.
(2019). Performance evaluation of the water
cycle optimizing algorithm for calibration of
QUAL2KW Model. Iran J. Soil. Water. Res.,
50(4), 911-920 [in  Persian]. DOI:
10.22059/1JSWR.2018.252649.667853

Vol. 10, No. 2, 2024

o

EWE

\f’v C)l:\.ua..’l.\ Y O)Lo.a: AR 0)5\)


https://doi.org/10.22034/jest.2018.30267.3894
https://doi.org/10.1016/j.wse.2022.05.002
https://www.researchgate.net/publication/342443874_Numerical_Simulation_of_Water_Quality_and_Self-Purification_in_a_Mountainous_River_Using_QUAL2KW
https://ideas.repec.org/a/spr/endesu/v23y2021i2d10.1007_s10668-020-00696-z.html
https://ideas.repec.org/a/spr/endesu/v23y2021i2d10.1007_s10668-020-00696-z.html
https://doi.org/10.2111/1551-5028(2004)057%5b0169:QASOSW%5d2.0.CO;2
https://doi.org/10.2111/1551-5028(2004)057%5b0169:QASOSW%5d2.0.CO;2
https://doi.org/10.22146/ijg.16429
https://doi.org/10.1016/j.jclepro.2020.125251
https://www.sciencedirect.com/science/article/pii/S0048969721013474
https://www.tandfonline.com/doi/abs/10.1080/10106049.2020.1762763
https://link.springer.com/article/10.1007/s13201-020-1160-0
https://www.sciencedirect.com/science/article/abs/pii/S0304380007000051
https://doi.org/10.14445/23942568/IJAES-V6I6P110
https://ijswr.ut.ac.ir/?_action=article&au=612108&_au=maryam++mohammadi&lang=en
https://doi.org/10.22059/ijswr.2018.252649.667853
Admin
Typewritten text
361


Y&y

Mulvaney K. K., Merrill H. N., & Mazzotta, J. M.
(2020). Sense of place and water quality:
applying sense of place metrics to better
understand community impacts of changes in
water quality. Water Qual - Sci Assessments
Policy., DOI: 10.5772/intechopen.91480

Pelletier, G., & Chapra, S. (2008). QUAL2KW
user manual (version 5.1) A modeling
framework for simulating river and stream
water quality. Washington.

Ranjith, S., Shivapur, A. V., Kumar, P. S. K,
Hiremath, C. G., & Dhungana, S. (2019).
Utilization of water quality modeling and
dissolved  oxygen control in  river
Tungabhadra, Karnataka (India). OALib. J.,
6(5), 1-17. DOI: 10.4236/0alib.1105397

Saily, R., & Setiawan, B. (2021). Determination
of carrying and load capacity using
QUALZ2KW modeling simulation. 10P Conf.
Ser.  Earth  Environ.  Sci., 737(1).
DOI: 10.1088/1755-1315/737/1/012022

Salam, M. A., Kabir, M. M., Yee, L. F., Rak, A.
E., & Khan, M.S. (2019). Water quality
assessment of Perak river. Malaysia
Pollution., 5(3), 637-48. DOI:
10.22059/poll.2019.274543.570

Shi, X., Wang, Y., Jiao, J. J., Zhong, J., Wen, H.,
& Dong, R. (2018). Assessing major factors
affecting shallow groundwater geochemical
evolution in a highly urbanized coastal area of
Shenzhen City, China. J. Geochemical
Explor., 184, 17-27. DOl:
10.1016/j.gexplo.2017.10.003

Tran, C. N., Yossapol, C., Tantemsapya, N., &
Kosa, P. (2022). Water quality simulation and
dissolved oxygen change scenarios in lam
Takhong river in Thailand. J. Sustain. Dev.
Energy Water Environ. syst., 10(1), 1-13.
DOI: 10.13044/j.sdewes.d9.0389

Tran, H. D., Le, H.V., Tran, H. D. M., & Nguyen,
Q. D. (2020). Forecast on water quality of To
Lich river based by scenes of Ha Noi sewerage
planning by model QUAL2KW. Vietnam J.
Sci. Technol., 58(3A), 75.
DOI:10.15625/2525-2518/58/3A/14269

Vichotama, R., Haribowo, R., & Prayogo, T. B.
(2021). Water quality analysis at Tukad

Environment and Water Engineering

Badung, Denpasar, Bali Using the QUAL2KW
program. Jurnal Teknologi dan Rekayasa

Sumber Daya Air, 1(1), 40-51. DOI:
10.21776/ub.jtresda.2021.001.01.04
Zhenyang, Q. (2022). Evaluations of the

environmental effects of controlled tile
drainage on watershed and river using the
improved SWAT and the QUAL2Kw under
current and future climate
regimes. University Ottawa.

Zolfaghari, G. (2018a). Risk assessment of
mercury and lead in fish species from Iranian
international wetlands. MethodsX, 5, 438—447.
DOI: 10.1016/j.mex.2018.05.002

Zolfaghari, G., Akhgari Sang Atash, Z., & Sazgar,
A. (2018b). Baseline heavy metals in plant
species from some industrial and rural areas:
Carcinogenic and non-carcinogenic  risk
assessment. MethodsX, 5, 43-60. DOI:
10.1016/j.mex.2018.01.003

Zolfaghari, G., Delsooz, M., & Rajaee, S. (2016).
Study of mercury pollution in water,
sediments, and fish from Hamoon international
wetland. J. Water Wastewater, 27(5), 25-37 [in
Persian].

Zolfaghari, G., Esmaili Sari, A., Ghasempouri, S.
M., Ghorbani, F., Ahmadifard, N., & Shokri,
N. (2006). Relationship beetween age, gender
and weight with mercury concentration in
different organs of Chalcalburnus
chalcalburnus from Anzali wetland. Iran. J.
Mar. Sci. Technol., 5(3-4), 23-31 [in Persian].

Zolfaghari, G., Esmaili-Sari, A., & Younesi, H.
(2011). Surface modification of ordered
nanoporous carbons CMK-3 via a chemical
oxidation approach and its application in
removal of lead pollution from water.
Proceedings of the 2" International
Conference on Environmental Science and
Technology, IPCBEE, 6, 174-178.

Zolfaghari, G., & Kargar, M. (2019).
Nanofiltration and microfiltration for the
removal of chromium, total dissolved solids,
and sulfate from water. MethodsX, 6, 549-557.
DOI: 10.1016/j.mex.2019.03.012

Vol. 10, No. 3, 2024

&

EWE

VFe¥ ).a.lL\ AN O)Lo.a: AR 0,99


https://www.researchgate.net/publication/340543657_Sense_of_Place_and_Water_Quality_Applying_Sense_of_Place_Metrics_to_Better_Understand_Community_Impacts_of_Changes_in_Water_Quality
doi:%2010.4236/oalib.1105397
https://iopscience.iop.org/article/10.1088/1755-1315/737/1/012022
https://www.researchgate.net/publication/332401232_Water_Quality_Assessment_of_Perak_River_Malaysia
https://www.sciencedirect.com/science/article/abs/pii/S0375674217307057
http://dx.doi.org/10.13044/j.sdewes.d9.0389
http://dx.doi.org/10.15625/2525-2518/58/3A/14269
https://jtresda.ub.ac.id/index.php/jtresda/article/view/12
https://ruor.uottawa.ca/browse?type=author&value=Que%2C+Zhenyang
https://doi.org/10.1016/j.mex.2018.05.002
https://doi.org/10.1016/j.mex.2018.01.003
https://doi.org/10.1016/j.mex.2018.01.003
https://doi.org/10.1016/j.mex.2019.03.012
Admin
Typewritten text
362


