/GQ/U.&&JJ‘Q ‘)A»LC : d&aﬁ,‘fﬂ—/ﬁf“ﬂ‘(‘jg %L_{), feo ru/:.u.a‘;j‘,.fé/ ol ‘/..‘SJJ[/.? Jl ‘o.b:}.i.g.teu""g,,._.éc,r&o lid adzo

SLU%o 359,15 9 A Cowad (51o,lgale pglaad 31 oaliiw! L (WQI) of CudsS (ad L ow 0
O'ﬂ, Jlo.w 639)A¢§.~O 4.3‘539) » bﬁ}fw.\» 9 b)*afw&

Yd.'iblxw s g fobl)"_,ib'- g c‘"uaupU aobld c*fujlﬁ ! g ) s 99 g

Ol Jors ol e Dl 13T o8l ¢ Juwsl Aol s et 3 dame orige 5 pske 03,5 (S5 (sl ()

Db el ool ST oKl ¢ syl domly s Jamn g 5 pke 03,8 slad (Y
eb.fataei@iauv.ac.ir : o5\ J s ot 5 4sbL1*

Ol e Jn gl eodbal sl5T ol&zils ¢ Loa )l domls g dams i poke o5 S Slskaul (7

RSP POV W B L -+ PP SOV o PRRROOR- PR S PINEO I 1

VESYAYYY 5 b VEYANY il b
bAS>
sladls (b 290 6529, of CedS Simghy cnl o el plal Jled 3 (e O glie (et 5 SR Sl e gk W)
cu‘.u)fd suww 915 ¢ o sfvu.uLu ¢ ;V—W'K Jvo‘.u.' é;).ﬁ 9 dw L;O.S ).a.ol)l; Ve ol 5/\ Cawdd] dlo)l}hln )J5La) )‘ odlaiwl L Yo VA=Y Y
25,5 anwle Gpd (WQI) Ol cuss jasls 083 )13 aulllas 3590 (¢ yiayud oSt dus 1> O a5 S 35w o o xSl colun ¢ Jolore dlge JS°
Jie ls 8,5 )5 o 3,90 o ppitokiz 5 oysiiacss gmwyS) (slo e ) odlitel b (sally YA) (cloglsale sl cslocinms 5 sl b of blsyl 5
90 Wb e dw b i adllas 3y90 (slacuns 9 sl ol L WQI pBapls s opsioin fyomo)S) Jdo sl D9 Slgy g Jod (Siwses
Sl Ol yuss il ags L Adgr (Samed )b 2o 0 (g xe mhaw > +/Ae dgi> R? L WQI L B6/B5 5 B4/B3 cul slacuus
s 395005 9 (39l 58 (sl gbaailidgy (gm 39 )bt (baadliu ) ;;‘ CaS Dy OT i S ls opxiods Jad e )S) Jio 51 eolanl b WQI
0 42 39 ks o 4y 39 | g (g 22 Cind 29,805 5 (133l E (sladilSag, O CudS oS A m 39y a8 e o dld g Cundily (3ble @
OB @l 4B Sl 4 ) B alidg) andle (ixto g (sSe blie «giygliS bl Sl s b ) (29 TWQI LIS s s
d\jb uly )‘ c).uu.n.,\.a) gy.w)f) LJJ.a 9 A Cawddd dlc)‘yhln ).nga.: )I odleiwl 2l UL«: L}J.’?U (’*_uLv 615 )9.]04; 1Y oM s A.j UJMS dl)]b 9 A,BL
ol Y255 5 o S Gl (sl

039l 09,als 9 3l ot (T (Sogl a1 galS gWojly

Vakili &) wil o oo il 55 ol 003 T 05k
53 eish s, wx=s > .(Amanollahi, 2020
e e b el g b s slaysis
oo 3 AU Sl Sosbe Wb Jes
sladylp 5l ol sl 5 535LiS sla Sl
0353 U1 SISt 2 (5500 s o K05 5 MLSL 5

Ao o
O ol gl a4 DL o 5 513 s Lawilsts
LS e OB ol e 350 it e Lo baolis s
Gad et al., 2022; Fataei ) <ol sdd lasilssy, s

49.:.174[..21 uT ‘.;\.al CjLA o)'_gja\ 456))1944 (et al., 2013



(e LVFeY o} g 33l ¥ o Lot 020 e Il codigdh daiowi  cauds pobio Coliiog alouol V-

M 5w 5 S ol paised A o
McCarthy ) sl S Sk Ll 5 e 58 50 KT
5 5l S 05 Sl eslitl s Cpnen 4 (et al., 2017
4508 U 00 53 5 Sl 0 pgs o O hS ) 53
ol 5 b sl VU Sl B ) s Sl e
(Topp et al., 2020) ol o3ls 5Las 5 5 51 1, Ol CuiS
w3y plalassdoe Ghls 5 s S e 058 L
ol ool S o el Sz oo S5 5be
I RS eSS 5 o0 ane Ol Jsb 3 oy ap La sl
CUSL a4 das e | el 5l S Kls e e
cro3 A8 R G Sl ol Ol e A0
S sla el Gaskis ¢f s RS glaesls Sby 5 S
G148 same & o oot 4 (e SIS Olaj 5 O 3 O
—o IS Sl Bl L e 53 s (5 S 3101 (slaesls |
w8 e dadis eslinal LB s 51 oluabl 5 e 035
by e ldlas 31 lews 3 (Quang et al., 2023) s,
SoS LI 50 iecsT (sla st L 5l Ol Sk o2 &
eslinal oS Il s (ool ok e3lizl &S sla by bl
daze S szl plesl L YT e el Sl
a5 5 5 Ak of CdS sl bl 5l s cib
Tian ef ) A5l T CoiS mhaw 5l il 62 a5 SOLLS
2ls s> (al., 2019; Mackialeagha et al., 2022
LGS (RGN RS R L gy P
Semiromi et al., 2011;) <l s, 0 Ol coas
sla bl s b b el ol (Vinod et al., 2013
S Ol g |y Of kS s sie S & Of il S
Las ol B Gl 3 se e Ol G s il LU s S
(Gad et al., 2022)
Laosls 5l 53l pmm b slagsSeslbil &5 il Sl
@ 8 cmlin (ol Jde Kl oslinal (S o sl |
sl 53 ppe p8 S il O sbaesls Ll
kS e glayatli 5 b (slaesls s BLS,I o e
033 3V S iy b, (Gad et al., 2022) o ol
Aol 1Lt o 5 las e el il O kS b
sl b o OS5 e SO Sl s D L
b Ol b mlize ahal G s O oS (5, S o5l

ol cuwiS 2als o pl s (Kareem et al., 2021) <o
Uil 5 208 e e shae 5 OLS! (6 L0121
s O85lp s bim 5 0Ll cudh s bl 28 O
.(Valiallah & Moradi, 2020; Hussain et al., 2021)
I 53 Oler e 3 aibis s, 5l (ol Of oS
Kandler et al. 2017; Yadav et al., 2019; ) ol zals
Cerqueira et al., 2020; Zhang et al., 2021; Sadegh

ot Sl sl ) slaans b, (Al et al., 2021
b G555 Jalse 5 Ll DIes L 0T CodS 5 nda
L5 @ o5l (sdodgs 5 Lla 315 e 5 e 55 Dl 4
s IS gl 4L (a5 5 o) S e 6l
Mishra et al., 2021;) cul o5 sbml otlies
ol sbdl s (Abbasi et al., 2021; Jalili, 2020
S s Camex bl iamen 5 ol s JLSUs e
e 3313 13 Ol e 53 Ol el 03331 55,
rlin e (G528 53 ol SED) Ol cnl s Jomel,
5 ol laesls 2l b pge cpl oS ol 528 O e
(Talebi, 2023) el ,, LOII 585
Gl Jold Ol AS Gl IS sbe
Shukla et al., 2018; ) cosl sl 5 slawd (S5
PH Jols OT S5 sle el,L (Safizadeh er al., 2021
FSSI colas Tles Slitelr IS ks 0505
i (3535 e hin slge A slos Sl IS L 5558
Gla bl 5 ol (a5 K55 o om) 7 bt ol
3 s 3 by S il a0 IS Juls et
Al Vol 5 ol Wl ol Caees
5 LS Omen Slaubly ol oa aess sla bl
(Adjovu et al.,2023) =l ' IS Ly il Sl bags SU
Gl ptisad Gk 3 Tl kS gla il e sbe
ol Ll s e L s LT ARELST sl 5 s
DB 5 VL e 4 5L (kS ks pse e sla s
ed & gk e O G s (g a Oles 5 3l 63,2
53 Xt nlin S5 eliie 55 s 5 4 g s
Spdome Loy 5 S sba plids 55 adlsod 48 sazes e
s 5 o O o (Adjovu et al., 2023) 1 i

S &S glallast JIsas Joee 3 0l (5515 a5 ses slaesls

1 Water Quality Parameters (WQPs) 6 Aesthetics 11 SO42- 16 Water Quality Index (WQI)

2 Dissolved Oxygen (DO) 7 Ca2+ 12 Escherichia coli (E. coli) VY Water Quality Indices (WQIs)
3 Total Suspended Solids (TSS) 8 Na+ 13 WQPs

¢ Electrical Conductivity (EC) 9 Mg2+ 14 Remote Sensing (RS)

5 Total Dissolved Solids (TDS) 10 NO3- 15 Complex
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1 Artificial Neural Network (AAN)
2 Genetic Algorithm (GA)

5 Total Nitrogen (NT)
6 Total Phosphorus (PT)

3 Stepwise 7 Multivariate Adaptive Regression Spline (MARS)

4 Chlorophyll-a (Chl-a) 8 Random forest (RF)

9R2
10 Sea Surface Reflectance (SSR)
11 Fusion of Satellite Images
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1 The Operational Land Imager
2 Path ® Purity degree

3 Row 7 Excellent water
4 The United States Geological Survey (USGS) 8 Good water

5 World Health Organization

12 Absorption
13 Diffusion
14 Scattering

° Poor water
10 Very poor water
! Unsuitable for drinking
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1 Emergent Radiation
2 Top of Atmosphere
3 Digital Numbers

4 Radiance

8 High-Resolution Panchromatic
9 Multispectral

5 Module 10 Normalized Difference Water Index

6 Fast Line of sight Atmospheric Analysis of Spectral Hyper cubes
7 Advanced Spaceborne Thermal Emission and Reflection Radiometer

11 Curve Estimation
12 Exponential

13 Linear

14 Logarithmic

15 Power

16 Step Wise
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Abstract

Sefidroud river is one of the largest and most important sources of surface water in northern Iran. In this research, the
water quality of Sefidroud river during the years 2013-2018 using Landsat 8 satellite images as well as 10 qualitative
chemical and physical parameters including calcium (Ca2+), potassium (Na+), magnesium (Mg2+), chlorine (CI-), sulfate
(SO4-2), bicarbonate (HCO3-), total dissolved substances (TDS), electrical conductivity (EC), total hardness (TH) and
water acidity (pH) were studied in three hydrometric stations. Drinking water quality index (WQI) was calculated and its
relationship with satellite bands and band ratios (28 parameters) was analyzed using univariate and multivariate regression
models. The results of the univariate regression model showed that the WQI index with band 5 and the ratio of band
B4/B3 had a linear and power correlation at a significance level of 1% with coefficient of determination (R2) of 0.55 and
0.51, respectively. The implementation of the stepwise linear multivariate regression model of WQI with all the studied
bands and ratios showed that the three band 5 variables and band ratios B4/B3 and B6/B5 were correlated with WQI, with
an R2 of about 0.80 at a 5% significance level. After preparing the spatial changes map of WQI using multivariate linear
regression model, the results indicated that the water quality in the head branches of Sefidroud, that is, the Qezaluzen and
Shahroud rivers, was lower compared to the lower areas and Manjil dam lake, although the water quality of the Qezeluzen
and Shahroud rivers was lower. Shahrood was weak, but after entering Manjil dam, it became a good water class.
However, the WQI of the water coming out of the dam had gradually increased by passing through the agricultural lands,
residential and industrial areas along the river until it reached the Caspian Sea, and it had weakened water class. In general,
the results of the research showed that the use of Landsat 8 satellite images and multivariable regression model has a high
power for water quality monitoring.

Keywords: Qezaluzen, Remote sensing, Shahroud, Water pollution monitoring.



