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Extended Abstract

Introduction:

Water quality plays a crucial role in sustaining aquatic ecosystems, human health, and socio-economic
development. River ecosystems are particularly vulnerable to anthropogenic pressures such as urbanization,
agricultural runoff, and industrial discharges, which disrupt their physicochemical balance and ecological
integrity. Monitoring key water quality parameters-such as Biological Oxygen Demand (BOD), Chemical
Oxygen Demand (COD), Total Nitrogen (TN), Total Phosphorus (TP), Total Suspended Solids (TSS), and pH-
is essential for assessing the health of river systems. Seasonal variations, especially between dry and wet
periods, can significantly influence pollutant concentrations due to changes in river discharge, dilution, and
runoff intensity. In regions like Kurdistan Province, Iran, where rivers such as Gheshlagh and Gaveroud
converge into the Sirvan River, the combined impacts of municipal effluents and agricultural return flows pose
serious environmental challenges. This study aims to evaluate the spatial and temporal variations of major
physicochemical parameters using the Inverse Distance Weighting (IDW) method within a GIS environment
to identify pollution hotspots and provide insights for sustainable watershed management.

Materials and Methods:

Water samples were collected at six selected stations along the Gheshlagh and Gaveroud tributaries and the
main Sirvan River during two contrasting seasons—summer (low flow) and winter (high flow) of 2024. Station
1, located downstream of Gheshlagh Dam, served as a reference site with minimal anthropogenic influence,
while stations 2-4 were situated upstream and downstream of the Sanandaj wastewater treatment plant to
assess the effects of effluent discharge. Station 5 represented the Gavehroud tributary with relatively low
pollution, and station 6 was located at the Sirvan outlet near Zhaveh Dam. Three replicate samples were
collected per site at a depth of 20-30 cm using pre-cleaned polyethylene bottles, transported on ice at 4°C, and
analyzed according to APHA (2017) and WHO (2017) standards. BOD was determined using the five-day
incubation method at 20°C, COD by the dichromate oxidation method, TN through persulfate digestion
followed by spectrophotometric detection, TP via ammonium molybdate—ascorbic acid reaction, and TSS by
gravimetric filtration through 0.42 um glass-fiber filters. pH was measured in situ using a calibrated WTW
portable meter. Spatial interpolation of the measured parameters was conducted using the IDW technique in
ArcGIS 10.8, with a power parameter of 2, a search radius including 8-12 neighboring points, and a raster cell
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size of 30 m. This method assigns weights inversely proportional to the distance between sampled and
unsampled locations, enabling the continuous prediction across the study area.

Results and Discussions:

The spatial maps derived from the IDW model revealed distinct seasonal trends in water quality. During
summer, BOD exceeded 6 mg/L near stations 2 and 3, indicating the impact of untreated municipal effluents
from the Sanandaj wastewater treatment plant. In contrast, the Gaveroud tributary (station 5) exhibited the
lowest BOD values. COD values surpassed 25 mg/L in summer and increased to over 50 mg/L in winter, likely
due to enhanced surface runoff carrying refractory organic compounds. The lower BOD/COD ratio in winter
confirmed the dominance of non-biodegradable organic matter. The persistently high TN values in both
seasons indicated sustained nutrient loading from domestic sewage and agricultural fertilizers. TP levels in
summer exceeded 3 mg/L at stations 3 and 4—several orders above global thresholds for eutrophication (0.05
mg/L)—and showed a slight decline. This sustained phosphorus enrichment represents a critical eutrophication
risk to downstream reservoirs such as Zhaveh Dam. TSS concentrations reached up to 80 mg/L in summer but
decreased to 20-60 mg/L in winter due to dilution. Elevated suspended solids reduced water transparency and
may impair photosynthetic activity and fish habitats. The pH values remained stable (7.6-8.2) across stations
and seasons, staying within the safe range for aquatic life. Overall, spatial interpolation using IDW effectively
delineated pollution gradients, particularly downstream of the wastewater discharge, confirming the method’s
reliability in riverine water quality assessment.

Conclusion:

This study demonstrated that the Gheshlagh, Gaveroud, and Sirvan River systems are significantly influenced
by municipal wastewater and agricultural runoff, particularly during the dry season. The marked increases in
BOD, COD, TN, and TP in summer indicate intensified organic and nutrient pollution, leading to potential
eutrophication and ecological degradation. Although winter flows partially dilute pollutants, persistent
pollutant loads remain a serious concern. The application of the IDW interpolation method in GIS effectively
visualized spatial pollution patterns and identified critical hotspots, supporting its use as a practical tool for
environmental monitoring and watershed management. To safeguard the ecological integrity of these rivers,
stricter wastewater control measures, improved treatment plant efficiency, and the adoption of sustainable
agricultural practices are urgently recommended.

Keywords: Agricultural runoff, Eutrophication, Inverse Distance Weighting, Physicochemical parameters,
Wastewater treatment plant

Citation: Nasrollahzadeh Saravi, H., Khoshnamvand, M., Rahnama, B., Fazel, A.A., Balouei, M.,
Hajiradkouchak, E., Eskandari. T., 2025. Spatiotemporal analysis of water quality and identification of
pollution hotspots in the Sirvan River basin using the Inverse Distance Weighting (IDW) method. Iranian
Water Research Journal. 19(59). pp: 103-114. https://dx.doi.org/10.22034/IWRJ.2025.15478.2720

Copyright:
© Authors, Published by Iranian Water Research Journal. This is an open-access article distributed
under the CC-BY (license http://creativecommons.org/licenses/by/4.0/ ).



https://dx.doi.org/10.22034/IWRJ.2025.15478.2720
http://creativecommons.org/licenses/by/4.0/

% O O igg% O
Olnl ol Gyl aloo

NE=1eX) VPP limn; 108 by [F 6 louis 114 alr
https://dx.doi.org/10.22034/IWRJ.2025.15478.2720

b ()lg e il309; 49> 50 (Fogll (il pms Gblio (bl § O CokeS’ Siloj— S Julxi
oSz alold b 49,0 g 3l solawl

= e b Sl e Sl paliallaelodn y O3 Figelindigs (ggen {593l 031 Al puai
Y syl o palb § S50l

ouS
g 09 5l a5 Ol eogll 3blis glulid 5 lardisS 5 Sloogas Slaj= e Joloo 5 anlllae Bua b (iagly 0l
VE Y Jlo line) 9 Hliaol Juad g0 0 jglate cpl ar .o ploul yliws S cylwl 4o 89,048 9 @HaE fols o] P slasls g
(COD) olosrs alyzy5uS1 (BOD) (So599 odlgs i (slo 2ol )l g 8 )5 & j900 (619 piges cndiiie olKimn] s 3|
U,u}ix.a alold @Lﬁuj)b U’“"ﬁ) g_i.o.f L» ooty .o Ls)..fo)‘da‘ pH 9 (TSS) JS dl,.a .)‘5.41 ‘(TP) JS ).ﬂ.m.ﬁ ‘(TN) JS 0)54""‘)
sl el )l cale leasl Jad jo 4 ols oylias ls Laial gjlwasss GIS L=s ,o (Inverse Distance Weighting, IDW)
)\b COD 9 BOD w w‘ 4..9[4 u.u.)‘/..ﬁ‘ 6].@‘..» g_;)LoLS :le}d....ﬂ..a.: &5)5 Lv Ja..uj.a LSLBOKW‘ wéuub ).b o):scb k;.)}ﬂ
TN clale piman 09 45325 BB e 5 JT OS5 (oYU b soinolis a5 o salive (5 4 MO dil3-abnl 5,5 ooy
@‘Aﬁ » 6yb J.WL.: 9 A.M.u) @LP ‘sLﬁb&)LbL.m‘ )‘ ).:YLs ):.bLD.A d.‘ u)LolS d.Jl}m Cawd L}-\)l) L_sl.bo&m‘ ).b TP 9
e 555 9 <8l 2alS TSS folie o3l 3a8, 003y 5 (28 (inl8l Jdoas i) o ¢ bilie 4o 0ls oyLai | (Eutrophication)
Sl b 95 ;2 50 PH &l peis wisils 3L oYU s mhaw 58 lizeas TN 5 COD iz ya s 5515585 o0 TSS 3 BOD
o alllas 8,90 3o gl ade> Ol oS oS col )] Slo ls o IS jebas .cls 13 Lnl ale sly Joud o oogama 4o
soten i (Fogll Dl S8 0 0m (e Sl 5 0,00 8 (65,588 (slaclly 5 (58 OIS Al arhas Sl 099 3L
6m Sledb| 9 aslw )li..uT ‘) ‘;Q}ﬂ ‘S’ISdc dbjﬁ‘ WJLAA K L: w‘y Ms)" U‘»’o‘ o IDW w5) )‘ oolauwl \.\.»SGA Lﬂ.:‘

— e el VEF L Sl g S g5l o e gl g e Lol et o cigelidign 2 aog b 00l1al] i rg

4.1.?00 wjg.’.a alols gs’l’ub‘) uwj) )‘ solazwl L: u‘j).a.u) 43[5&9) MP o k;'bfﬂ u’_a‘)Ju d.bLMo u’_:l..,ul.».w 9 «.)" M LE’LQ)
https://dx.doi.org/10.22034/IWRJ.2025.15478.2720 A VE-Y-Y : o (o BNA ol o Lidgi

Ol syl 155051 s 5 Sigel o Dliios (lojls 388 M pole Dl dshe 35 (5by0 (5399551 0aSiRgy s3alsST 09,8 colil <)

Ol el (5509188 s 5 el «Dliid Glojle 58 (e pole Dl dusbo 35 sbyd S35 oSyl (salsST 09,8 ol ¥

Ol sk «s5091S s 5 Bi9el e Dlisiog lajls 1388 (e pole Sk dshe )35 (50 S35 eaSiegly s5ol5ST 05,8 yluolin] Y

Ol o855 5,58 s 5 Shisel e Dlinis plojles )98 (DS psle Dl a3 ol QLT S Slagis 5 e lolid -

obal el w55 glaS s 5 (el bk Glesls 4988 (Ve pole Dlihod ausbe )35 Sl yd S55I5ST 00ty (s3slsST 055 «s TS syl -0
Ol eyl 1550918 s 5 iel i loslo 58S (M pole Sl e )35 (50 S39I5ST 0aSiRsy S35 09,8 555 F

olnl el 53,918 s 5 Shisel cilinios il ¢3S (Vs pole Dliiing dunnsde )35 (50 (SalsST 0uShmgdy «(38lsS T 09, (5250 <Y
m.khoshnamvand@aree0.aC.ir : J ghwwo odiwws g5 *

VECELANY ol ) VECEVNY il o ol



https://dx.doi.org/10.22034/IWRJ.2025.15478.2720
https://dx.doi.org/10.22034/IWRJ.2025.15478.2720
mailto:m.khoshnamvand@areeo.ac.ir

Vo8

VFeF lawo 108 (2l 1F o)l V] wdo (4l ! ol pabgs alxe

Cleld b aton T gl g5 g2 2o PH el
Globzme ;0 (s g plord sloanlp p oS ca
(APHA, 2017) s,Is paiins 51 ol
Slyeess do 4315 09, ol cuas 00 S et Jo lge 51 (S
Wil oo (20 bom o0 a8 sl Lad s el Lab
el sl s 5 w8 Ty il Wil e booany VT clale
5 s oo ol |y 55V uolie COD 4 BOD wiile
Sl (g5 oo e2bilyy 5 55k RalEl b Gl o (blie
chle anb Gl @S, 4t )0 5 ballesg) (2o Gl
Ali et al., 2021; Moghimi Nezad ) e Is 1, a1
oo ;5 (et al., 2018; Pakoksung et al., 2025
e 5 2] @l Sape sl (hoad Sl al (o 2
el 65900 LailEog, (2VLoeS b )b
dad 5l 5l paigad ( Jlo 5 Sloj lauogase 4y ax g L
6 sy w0l 5l i s Sl g, Sy bl
S St g Galed 5 (eSS sl S (hg)e
(IDW)' osSae alo B b yg,0 oy, oslazsl anw 5 ol
al 2 Gy ol ol aes cnl o s, Sl 5
Alold 4z yp 5 05 (oo Joo alold (ugSae (23059 J—o
Ol 0 bl s 5150 0,50 abais I (gl paiges alai
Sldlle (Liand Heap, 2014) 0gi o a28,5 a5 15 2eS
ale yoaumn sloig, b awslie ;o IDW as” Slosls yLis
Sl paiges b (oo slaosls 1y (Kriging) Kisw 5
&l g olezel JB sloa i g o)l (6 5Yb Cdo wgazxa
(Sajid et al., 2013) sas
b Sl pge i 5l gl 55 Gl |3 g ailss,
Gy odle wilBag) cul () JSB) 99, 00 jlot 4y dilate
31 O PP P SO PSS - S SO0 P
Sl @i o Slasy 89,9 0)00 (o (slapiu 2w 5]
e 3 6 psleS bl 5 zaiis LS ailbasias
SIS 50 g o Cgine wlBsg; () O CodS slanags
SO L L Bl ol 2 Glpieds 09,098 a3 392 o]
w2l R b Gl Ed, P 2 Slp (e B S
b 2 (hegh el cal Vb Coenl 3525 L ool oo
BOD slo ol b Jad g S0 Ol oy B0
g al30g, 1l asg> 0 pH 3 TSS TP TN .COD
S ool ul b 39,088 5 328 Jolis )] e ,8 sloaslos
sigh cpl o b >l s Sl GIS e 0 IDW i,

doddo
Sl Lol ele 5 Sl lajls op 5o Lo 151 SG O
o O glie sl Gl e (lapissS]
5 orms Ol el o Sl (285 5 opdle daailssg, o394
iz glaaisS (gl die i)l oleoli g ,liS

Smith et al., 2006; ) wisss oo Gy 20 5,55l 5 2LS
395959, &%, (Jl ol L «Moghimi Nezad et al., 2018
slacellad ulidl g Jaio g G0 drug Conex
odds molie cpl &y oo ¥T lgil fyais o)l 4 i (55,9LaS
Sk 5 Ol cdlw sl o e &5 e
Guildford and ) wig, oo Jle—is a4 o] Glagi e wsS]
.(Hecky, 2000; UNESCO, 2020; Saleh et al., 2025
50 oee sl wsST s & bailsoy, Ol cuis
o> 5l glod i (golamil 5 cloiz ol il asly )35 o
sg_)J.__m d)L__m L.S‘J" g_)—l é;L..A )l oolaz ! WLLS u«AALf

3,08 olyer 4 35 1, o g (5),5laS
ol oalor 55552 (slo el ly by T s o o wlazily
Olsiear (BOD) (Sujslses (ool (ieas] o (sloiag
el &y e oS s I olge 51 8 55l S 5 o0
APHA, ) 55,5 oo b 3l Sl 05005 9 Jolome 5]
slge JS Xiks (COD) poleow—is caly> oy5uus1 (2017
Sy oasasslis Wl o COD inl3dl g o 3,155
rimo OloS 5 gmed () 435 b6, ooy
Oymed sladss slaasLs (L and Heap, 2014) o
2 &b cwsal (TP) U5 jad g (TN) S o595
L;Yb ﬁdl.&.n 09,9 (ypoR ‘..\j)lo U:"L'\'c B oM (i
5 Sog=aS Sllyy Gyb sl laailsog, 4 jand g ()5 50
Coled 5o g Sl v 5l o ol ) o G ph DS B
ode TSS o3l .o ls ailsog, slao, LS g yws Liole )3
5 &8 sleoan¥T Jasl ol csboly; coaS zals
,» (Wang et al., 2021) oS o Jpus 55 1, JI

Inverse Distance Weighting '



50T Gl Gble (g1l § O CaieS’ Sloj= (0 Jukoxs

Vv

a9 a8S 18 gl az o B glos L lasy )0 baaiges
(APHA, 2017) s Jizte olStyles]

TSS TP TN .COD BOD (slo el )ly olSislejl o
WHO ; APHA (2017) (slas,laitisl wlul 5 pH
ey BOD g, Solail gy i g,eFejlail (2017)
3 s a2 0 Ve Sul gles 55 055, (senlisSl
bgi Jolone (ST a5 g 28, ey oS (SO0 Ll
paolly Bleg,S 60 g, L COD o el 1o DO olftuss
Slog)S 60 jpaz ,0 ladiged &5 O)jgoindy W3S (s
les b pdle Soby ;0 95U (e )8 Slilgus 5 pnsly
3o g Nl pan Celu g0 Do 4 Gugaades a0 V0
285 plnil Sy ool (9958 b gl i sl
3 oolial b 5 (auiiSapnST) Sy sy g,y 0 IS 5550
A (6,503l (Cintra 1010) anl 8- 5o legidy Sl
4l g a8 )5 )13 gl an Co lail sdiged ) (nl 5o
SrSoilal gl wias hoas ol 4 Gies oluS
o 9 0d mad lly Slilgy b ladiged (S 508
a8 03933 Loyl 4y Syl el 5 pgdgel Dlanddse B yae
UV-Vis jogb A z5e Job 10 Jol> oI K5; cois g
L JS Glee olge laie .ol saumiw (Cintra 1010)
Gt b il | baises ) cune o gl ik
03l 5o gl (0,5 Ss 5 oadin s iy 5l 095 - FY
5 3 039 S alns Culyd ) 5 81,5 sl azy0 V-0
Lo PH GrSoslal oS gaeed aelild 5l am
s plol (WTW 320) b s 2o PH olSzass

Oyt (g 5lwdlds g2 (wgSre alold (2L (49,0 b9
O (o lanls o5 528 oo g

Slaghy) (i Bgrme 5l (S oS dlold Dby b,
Sl a3 Sl Ghe) crl Bl (oo Lo 3 2bygye
&S paiges slaglse ;o (CONLINUOUS) gy o
oola il GBIl & god bla pold o wl—wly so s
e ol e lalo B ol 1y ey ol wlo 098 oo
Srdam 55U g 03,1 &)l 3 Koy alo B as Sladiges a5
ool 1y iged o 2 43 (55 (ara 55 L IDW sl oy,
ol 2l 039 9 35 o0 S S0 0550 e b T alo 8
gy aalym alols Lulul s 505 039 ke 5 CBlybl Ll alols
5Bl 5SSy dses bl a5 el o) IDW ol
Ad b ais o 5,90 dged bl dy Cond puasd (6 e
Ao Bl e Lo diged alads o a4y 00l 000 Lama 55 o5
b9y S IDW el Boa Jore 5 aiged alal (o ugSine

aileog) ol ot Glejm G el )l i 2
ool IDW o, 51 oalitonl L1, o] cslo a5l s 5 g s
Ol 9659 Sy, s et lay Slesee Il g o0l
05,5 2bj,l ladg (wlide ;0 1) 595055 ALl 0uiiS 53,
51 Sogll Sl bl glea ozl el .ol

g o8 Dgmtte 3.255 (pl (60 5 IS slbas

) 9 dlgo

anllan 590 3l wdg>

g et (St 5o pliws ;S Gl jo 38 allsss,
D9850 e 03937%e 3,15 ¢ IS S S yue 5l oy 9 00 2Bl
Sppse ol dw d g o3l I Blg e wlSog, S Sules 5
s (53,58 53 3,08 (6l 5ol Adg> al ol () S
&L10 pdiges ol |

Jyad 1) Ol S Jab 5 e Dlpds () 0 ol
6)‘.))44.:9.4..: Oliw‘ w ‘(\\°'Y‘ JLM uL\M) 9 UL.M.JL
dy.m.ﬁ Sow WQU.JLJ ) JS‘ OKAM‘ .(\ uLi‘.u) KW ul?b.:‘
a8 5l 50 Sl 6515 51 (n e L a2 e alall plgrea
(LR (:9‘9 u.:)LalS 4.>l.>4.».a.»a.: wéyb S P9 Olia-».»." A
Pgw Oli».m." 05....4 QQM LQUL».».’ 39,9 )‘ g u_:T Courog
2 eokr ofawl wgh T O chas p ol
om S Sl U288 )18 paw oS! syl
@ ez ol 05l bl (GieghS Ve 0g0) ciéluwe b
G5 3ol Sogll b Lo a8 cdly plais 59,045 aslis
Qo (F95 5O e ol ““"LQ‘ SN J“Scs" Lo o..)..‘..;fé%é)
Sy90 asLs MAS)J )l = u—‘ @L@H ms G o ul?:.ul 03‘)
(wd GPS | bolKi! @Lﬁ‘f} Slatee 0,8 13 o
(¥ JS5) D0 i Y+ IA a3 ATCGIS Lo 4o g culils
ST 5510 5 4iged

(Obas)) ot 3 (Ol ol yo glaole y0 ST (g0 paised
5 S Ll Sl o o5 0 alnd VT L
Ol zuls CBo b ol Cudls y diged aw oS! jo 5laiis
GiBu 50 g ol mhaw (60 bl YooY Gee 5l ladigas .l
oz 5l ekl 3550 B )b iad (5 pslaez b Sl
(Sl pdiges 3l g A0 odd Al i 5l g lsl L



VoA

VFeF lawo 108 (2l 1F o)l V] wdo (4l ! ol pabgs alxe

goa—band,8 ol oV L plp aslllas cpl o 250559 olgd
5.. :Jé‘»d\SA_A:) ”100"614-;;4{ ... > é P’
Jsbw o3lail oS 8 L 0,90 40 alien 033lgs ,iSTo

oo S xSk Sl ad eSS Ve i (29
Al Sl 3l ade> ;e 4 lbaids wogase | 71>

05299 3,l50 5l (6 ks ;0 a5 Cuwl 0 )15 5 g ool Sbygy0
Sobas diges blis g o e Ken l § ools a5 oK

Li and Heap, 2014; ) coul caslis ciloads 355 00
Kearney et al., 2023; Goovaerts, 1997: Liu et al.,
BOD la )l oL ol iles sl (2021
» IDW g, 51 pH 4 TSS TP .TIN .COD

A solazwl ArcGIS lass

alfog @ @

PERY

ailszg,

8318 e o8l

PRI

..l&

\,
0

e "
Lt

T T T T T T
35°10'N 35P12'N B3SC14'N 35°16'N 3RPIR'N 3s|ON

T
35°8'N

“‘"‘-(-S RLH:—',
¥

T
35°%6'N

0 15 3 6

K

T T T T T T T ] T T T T
46°44'E 46°d46'E 46°4E'E 46°50'E d6°52'E d6°S4'E 46°56'E 46°58'E ATO'E 4TRX'E 4T794E 4T%'E

T
354N

610 4505 oKl g (]9 yamw 9 3950915 (LS saaslsog,) axlllae 5590 39y ddgs Carlge —) S



5T Gl bl bl 5 O ke Sloj— (Sl Jukox

1-q

wagoe

*' e

ATOUE ATI0TE ArATE

300N

300N

38°200N

L ooidon

35"100N

N

w E

0arsTs

g

500N ISI00N 35 200N WWCN 35°40

2WEOON

WTUN

» ns 0
@ iy ba HE120D1500
— E s
P P dde  [TT] 21002300
Valwe B 2020
e . 2002700
LB
' 00E &SITE ATOUE STOCE ar0E

axdllao 390 (5,18 paiges GOLLu! g 32 pf Adg> cud Cua (C g o (B (el (098 Joro (A -Y JSi

WOUN  IWON  WWON  WWON  IION

VBTN

WATUE  WSOUE  4POOE  APWO0E  4r200E
X g
¥

3

35°200°N 3TN

15 100N

00N

WOUN

e,
) J‘;,’.,"_",g;\'.he 9_;;'5 "% 2s N
e, EO7
! 2ot | - 14
COxser N2
T 5
. 2534
| B3
HTE BSO0TE TO0E areoe
areoe ar2TE

500N 310N 28200 IWTN 35400N

WSOON

ke 037 W @s W
1@ Sl
— ) edy, eAs
COrdvr BRI
f5es e
- [ LY
WUE 48800 STOUE e

AT2ACE

Ar20E



.

VFof ylimn 108 by [F o los 114wl ol ! O kg adxo

ash ojle oy |y Jslore ST LialS s 4 odgaome
> b (o) SaSTeS Ll 59p g Wl
Saday oS alpd 00,5 sl (S 50 (S5 GhemSTi
SN o hte Sl (G55 B pee 5 loale Sl
ba)od...v‘) 9 ujjlf 43[5&3) B chM...a Sldlas L CDL».» U"‘ MLM
bla canspul ;0 BOD ol58l 663Ul a8 apo o oyl 55
ool lnl et slaailesg; 5o @y 65 S by alss

.(Moghimi Nezad et al., 2018; Bateni et al., 2013)

F 3l G lade aniin b glasl BOD sluwl acis o
Solfisl Cewsiinly e3g9me )3 Zods (i 2 S e
Z i OB il abal Ol 95,5 Jowe (g Vg ¥ oojlas
o] (¥ US8) ol 13,8 IS8 F o lads olSiay] Suo5 b g
525 BB JT LS 5 VU )b 099 eaimoylas Sl 55 e
Gl pris als Jsay a5 col albog) & ()
o) 0 BOD (oYL polie el ools &, (g, oMol

o o ] o i 8.2
=t =t
3| BoD(mg/L) <. coD(mg/L) = pH
0 o0 25 0
6 8.1
@ s @ @ 8.0
n L = 20 wn |
[1p] o [1p]
| 7.9
4
S 8 15 ]
“ 0 i1 7.8
3
- 7 . rlv 7.7
o o o / e ™ 7.6
46.80  46.90  47.00 46.80 46,90  47.00 46.80 46.90  47.00
= 11 =] =]
=t
5 TN (mg/L) 5 TP (mg/L) 35 g Tss(me/l %0
” 10
| | 3
70
o 8 (=] [=]
& o | 25 M
| wn L
© 8 " ° 60
2
7 1 .
& ] ) 1.5 O >0
o 6 o s
40
pu 5 | f 1
[=] o P =1
- — - |
=] a o 0.5 4 30
o - ‘a o '/-‘ﬁ " f/
46.80  46.90  47.00 46.80  46.90  47.00 46.80  46.90  47.00

Ol Juad 30 (4l e 9 09509l (G ras L )J)JT dog> UT o bordi 850 18 Oluoguas Ol s - S0

tlen )95
BOD jluie a5 avo o oyl (F JS8) (Sl aiits o blie po

oals oSl ol Sl mje 5 4l zals lal> Lo o

5 (NS ds Cawd ) ) o] Jolds a2 po (sloolSis|
Sygods BOD ol polie b (05,058 asli) & ol
(F 5V UGN ol bles JladenS g 0 S5, L oloasy,
b ol priins Sl OLé 50 a5 WS o 0l g5050



50T Gl Gble (g1l § O CaieS’ Sloj= (0 Jukoxs

m

Al B (;;) w‘).us 9 00y 7""’5 ULH...\.A) o olKus ‘

el oo Jad ol

)9...@ u){;&lﬁ 44‘}4...0..4:4 wbu.ul; (5")’” aojm) w‘
30 by led, S Sl s ol (el soslin L
o BOD &lpeis asals saizmes (Ma et al., 2025)

[=] =] [=]
w1 BOD(mg/L) 10 = coD(mg/L) 55 S pH
o ] n 8.1
9
' | 50
H s 45 ®
7
6 l 7.9
ﬁ ) ﬁ 40 ﬁ
n w |
[15] 5 o [13]
f | 35 . 7.8
™ 4
S S S
— 11 : o
g '4“ 3 ﬂ 30 g ) ~ .
46.80 46.90  47.00 46.80  46.90  47.00 46.80  46.90  47.00
g . 12 g . 3.5 3 TSS(mEII-]
e TN (mg/L) w TP (mg/L) w0 60
1 . 3 |
2 b a i 50
R w1 — 25
o 10 o 0
f 2 40
s 5 3 j ]
= ")
- o 1.5
8 30
1
= = ™ 3
1 | 1| el
g / k 7 m 'S k o5 0 f 20

46.80  46.90 47.00 46.80  46.90

47.00 46.80 46.90  47.00

by Juad 35 319 s 9 39035 (GRS (AL 3 T Adgo T (o laods o8 513 Slo guas: Sl i —F S

s>l lgicas BOD/ICOD s aigds oo ailg, o)l
A ool 5550 pdverizcan JI dlse mte e sl
;> BOD/COD s a5 ol lis 3z ol gl 0,5 o
uL...S).» (e aS Lo Q.;.l LEIPR YY) QL’;.....\.;U )‘| )"U""l’ Ql;t.....o)‘
Aguilar-Torrejon et ) ol jis Juad cpl o Jlal I
5 oex > Maetal. (2025) Lug adss .l 2023
10 COD a5 4lasS a el oo sdmlie wlin 39,

8l Gl 0072 slaclls, 35,5 Jeloas )b (slo Jd

Sy sl 2 05 e YO 5 G 0 COD iy (bl o
39,5 oaiasylis 5 0,00 BOD ol s b oYU (Sion a5
YWy ol ol b oF JS8) el JT slooan¥T YL L
5ot YL polie 4y 2> COD aciy i jo o U]
3 OBl (F S8 <8l Gl Gl )8 e O
i Sl lly, 05,5a8 3959 5l 250 Yozt o1 Laslys
oS el gy iz Bt 5 laly JT bS5l o8
S losd g b GlauiSe; (555leS w5l b



Ny

VFoF ylmo 108 by [F o louds 110 sl ol ol OT b admo

A S ke 00 5l S Vgens baazlys o olié
35 oo o (Vollenweider, 1976) ool sais 3,155
cily pals il 5o S Le VIO L /0 4 TP jyolie az 51
slaslubial 51 5V plp paiz lizes Ll (F JS2)
s s Sl o b gl ol aglie .ol Slox
el Gl Camsg SO TP 5l mhass (ol a5 aes oo oyl
Slay 9555 51 (3L TP (VL polie 525 59 j00ily ailog) )
(Batenietal., 2013) coul oo (5,155 o6 o 9 55,98
ailesls 5Las 55 abs,l sbailiog, s, sadplul Olalllas
e 1y ol lpiarsST Wlgi o YU TP olie oS
(Guildford and Hecky, 2000) sas 1,8 olaé, s
saponlis ols a5 ad oYU olie (plply
el (e IS 4 (5598 5L 9 (Sl om Ll b
J5 Gl Slge cdale il jo a5 ols plis s Griores
Ao dgam b 5l adg> Cawdmb slaisu 4o (TSS)
YL lade opl (V) JS8) sl adly (ol381 i)y 0,5 e
S s0 Bos 4 5 Sk (halS 5 ol 0508 nliHl ez g
5 4l ol il GllS g LSl wsid s )0 oS
shlrd oz S e JB LS cod adyl Wy 45
e 9 Bple 6l caslio oSy ; (2ol oz ge ilgT oo
S Jia | LT s (slaain T8 > 5005 (55 8
w8l as” canl ools lis o HLdSS o wlie Sldlas
olyz 4 el 5 (ot 535 (205 L (capiians alayl, TSS
.(Bilotta and Brazier, 2008) s,ls 3!
P B YT EXPREIRN [RVNS (obms; ;o TSS polie
Sl b anglie jo L2als ol (F US5) oyl 15 2
Fr 3 pbaes Ll sl 0l (b s3le@s,; Jdoa
Jsb aS w eamlie oYU polie cessnml LU
Sy slagt )b Sl s S le B g (v oy,
oo, Henley etal. (2000) axlllas jo polie guls .ol
a8l Gl Bl baileog) (9w 5L il slaJad )3 a5 oud
Al oo palS Daay Of cdlas

3 addlls 0y50 ol Abg> A ob las Lol iagh
e Flced Gloyw g 05,008 (DS sladilsog,
B3 6oyaes slaclly, 9 s oMol aial slaclay
Sall sy oo mgl 4 bl j0 et el cpl g Al
g Mol Slaial caws b ;0 COD 4 BOD clale

ey MY B VIF cojl po bl ,o PH sabcd polis
SLAN B VIV godgaze ;o liwse) ;0 PH polie e
(F o ¥ IS codl lli & Card Slaiz i 5 wilo
5o slp ol cuasS slas lasbinl gosgames o asls oy
2 PH s L3 (WHO, 2017) o,ls 13 bl ols
W39 15 658 AL e 392 onmrplis Lo Jsb
ot GBS Gl 3,5 51 56 &l 51 aslys a5 o
Jolss Laam o PH g lul iz 0S8 Jows |y (55,0laS 5
—seel s i 9 5l g A5 (g0 ST Al (lerd
b aiS oo g mSslz il Jbobs plnl Gl Wi a5 sk
Wl oo PH Sz Slyess > a5 s a5 b ol o
Coms oS Slls Plovil ale ol slaos] g 5
Jle jeboy asl S 56 sdke slge iz Cobls § Sligal
g b Gl Slogal oo A 51 YL PH Lalys
(APHA, 2017) 55 o s o0 5 5 5o 4 wlsi_oo

dzo) ¥ ool oK) s pal 5o bl ;0 TN clale
ORIBl S )8 (e V) B (NS ailsaias Ol 29
ol Sl BB s (6,5 51 samalis a5 dly
£S5 o VY BV ongaze ;0 TN polie oyl yo (¥ JS&)
Obtne; 53 Vb mhaw cnl yluly (F o) il (BL ] 5
alsog, 20 Sldl 5l il gileEd, oS wes o lis
6999 9 3,98 slally, 5l (LA 039 5 (Vb )b Wl e
095 a0y, 5 2oN iz S Gl 1) (S AL
Jyad 55 5 JS 5o o] o a5 Sl oad (5155 5 ol
Moghimi Nezad et al., ) wlo o 3L YU lzen iy
$9, Saadi et al. (2025) lawg ,50 anllas 4o (2018
Sl el (559,00 ,b a5l eols ylis ( JKos GUiers axl o
el Ol CeaS (6l az (s Jad pled o (55,5laS
5 s oss Cupde o cul o Sy beail ()l
@l o)l ol CoiS J2uS 50 gals i el glacley
aS Col oads 3,55 5o Cao etal. 2025) Lhuwg slaliw
5 Gar @y (s ol 5 Sl o LB T o
ols )18 5 cod (25 B jebar ], aud

5 ¥ sleolinl o (TP) JS jaud clile (il Juad o
Gl (7 JS2) colionem; 2 S be V5l e &0 F
558 &)l o] sl (2laé s eday amw il o clale
JS e 5l mhaw op! (uzen (Vollenweider, 1976)
Cwdiml o )3 (2l n Vb L JlaS casasplis
Lyl )'L{:T Sy J5 s stew] polie .l (ogls aw)



5T Gl bl (lulied 5 OF kS Sloj— Sl Juloxs

Ny

Jlie ‘_;LQA..’;..S.S o :rn)LQ.? 0 9
@liwbj J.>\).a 'ol.?d‘ e JY] 0l g
lie il 5 Gialng el oo

S Jgeol

e 1l el g sl s 1, BT Jpel (S st

Bl oo T aes 9l 5 )90 £5090 (nl 5 Wlosges ol

&lw

1- Aguilar-Torrejon, J.A., Balderas-Hernandez, P., Roa-

Morales, G., Barrera-Diaz, C.E., Rodriguez-Torres, I.
and Torres-Blancas, T., 2023. Relationship,
importance, and development of analytical
techniques: COD, BOD, and TOC in water—An
overview through time. SN Applied Sciences, 5, 118.
https://doi.org/10.1007/s42452-023-05318-7

Ali, S.Y., Sunar, S., Saha, P., Mukherjee, P., Saha, S.
and Dutta, S., 2021. Drinking water quality
assessment of river Ganga in West Bengal, India
through integrated statistical and GIS techniques.
Water Science and Technology, 84(10-11), pp.2997-
3017. https://doi.org/10.2166/wst.2021.293

APHA, 2017. Standard Methods for the Examination
of Water and Wastewater (23rd ed.). American Public
Health Association, Washington, DC. 1545p.

Bateni, F., Fakheran, S. and Soffianian, A., 2013.
Assessment of land cover changes and water quality
changes in the Zayandehroud River Basin between
1997-2008.  Environmental ~ Monitoring  and
Assessment, 185, pp.10511-10519.
https://doi.org/10.1007/s10661-013-3348-3

Bilotta, G.S. and Brazier, R.E., 2008. Understanding
the influence of suspended solids on water quality
and aquatic biota. Water Research, 42(12), pp.2849—
2861. https://doi.org/10.1016/j.watres.2008.03.018
Cao, M., Gao, W., Zhang, Y. and Guo, F., 2025.
Riverine nitrogen and phosphorus output in an arid
watershed: combined effects of anthropogenic
nutrient inputs, land use, and hydrology.
Environmental ~ Systems  Research, 14, 8.
https://doi.org/10.1186/s40068-025-00399-2
Goovaerts, P., 1997. Geostatistics for Natural
Resources Evaluation. Oxford University Press. 120p.
https://doi.org/10.1093/0s0/9780195115383.001.000
1

Guildford, S.J. and Hecky, R.E., 2000. Total nitrogen,
total phosphorus, and nutrient limitation in lakes and
oceans: Is there a common relationship? Limnology
and Oceanography, 45(6), pp.1213-1223.
https://doi.org/10.4319/10.2000.45.6.1213

Henley, W.F., Patterson, M.A., Neves, R.J. and
Lemly, A.D., 2000. Effects of sedimentation and
turbidity on lotic food webs: A concise review for
natural resource managers. Reviews in Fisheries

oS el g ldep sl Gad g 595 YL ol
Sibed) Sl az ST gl yo ol plad | (aomecon s
S bl s o S8 O cedeS pad SoSes 4 by
ile oo (Sl gaz g plzmes Hll sloasYl
yois Gl 3 el &0t Wil oo Bedod (pl slaasdly
Sl Gl Gble luld (o of gl colS
Slaads> 10 2o pae CHBlae sancaglsl f(Hotspots)
Gk 3l eadady sleaca gl colawl  (glalsog,
cbli> ol glp b (68 0aonas Il IDW Joe
Cyeme 5y D)5 5 shilaie Of GBS b ey b

wosz Gl ol wilgy ol elul 5 B wsd e
2l 68 sl 5 NSl ahal sp slagb
Sboe G5 (ol gl (izren OS5 (g leaine ) 55)0leS
CodS Dl o e axwg gly (grnlie sole
Slnsss slag b Sl (2l 5 0anT corddl slagy Lo 5

il e ol 35588 i Gblie b g (g 49> )

PG g o

Olws S sladhaie OF &8 15 Cole> g (6K 5l GBS
aloros (6,18 paiged w5 (Sl OMagead (F 2 0355 @0l 50
Soolfinle)] Lt S 5| eizmen S o oy
plxl o ber Cuz 3 by Gl ey
o el (ploond sla 5Ll

OB W g @8l oL
il g 5 gz owdlie ol wigan allie ol 4o

el B o g5 Ao A0l 550

Losld ay o yiwd
ot 5 b aslSo 3,k 5l imghs ol 0 oud ool laosls

85 aalgz 8 Las] o ot

OB S g o5 Lo

oesi onl el o By Sl Gl g ege
il 325 O ypon

ik 9 wodls adsl Ll dosls (5591aez 15l o o5
Ao yie

Alae 15,55 150 oty g5

lie (e (il 5 ools (5 slanz pom ooty


https://doi.org/10.2166/wst.2021.293
https://doi.org/10.1016/j.watres.2008.03.018
https://doi.org/10.1093/oso/9780195115383.001.0001
https://doi.org/10.1093/oso/9780195115383.001.0001
https://doi.org/10.4319/lo.2000.45.6.1213

Ny

¥,

¥ obowo) /0% olo 1F o)l 1] ol 4l ! of o9 alomo

20-

21-

22-

23-

UNESCO, 2020. The United Nations World Water
Development Report 2020: Water and Climate
Change. UNESCO Publishing. 219p.

Vollenweider, R.A., 1976. Advances in defining
critical loading levels for phosphorus in lake
eutrophication. Memorie dell’Istituto Italiano di
Idrobiologia, 33, pp.53-83.

Wang, Y., Liu, D., Xiao, W., Zhou, P., Tian, C,,
Zhang, C., et al., 2021. Coastal eutrophication in
China: Trend, sources, and ecological effects.
Harmful Algae, 107, 102058.
https://doi.org/10.1016/j.hal.2021.102058

WHO, 2017. Guidelines for Drinking-water Quality
(4th ed.). World Health Organization. 541p.

10-

11-

12-

13-

14-

15

16-

17-

18-

19-

Science, 8(2), pp.125-139.
https://doi.org/10.1080/10641260091129198
Kearney, K.M., Harley, J.B. and Nichols, J.A., 2023.
Inverse distance weighting to rapidly generate large
simulation datasets. Journal of Biomechanics, 158,
111764.
https://doi.org/10.1016/].jbiomech.2023.111764

Li, J. and Heap, A.D., 2014. Spatial interpolation
methods applied in the environmental sciences: A
review. Environmental Modelling & Software, 53,
pp.173-189.
https://doi.org/10.1016/j.envsoft.2013.12.008

Liu, Z.N., Yu, X.Y., Jia, L.F., Wang, Y.S., Song, Y.C.
and Meng, H.D., 2021. The influence of distance
weight on the inverse distance weighted method for
ore-grade estimation. Scientific Reports, 11, 2689.
https://doi.org/10.1038/s41598-021-82227-y

Ma, C., Sun, W., Yang, Z., Wang, J. and Zhou, L.,
2025. Spatiotemporal variations in land use impacts
on river water quality in a mountain-to-plain
transitional basin in arid region of northern China.
Journal of Contaminant Hydrology, 271, 104542.
https://doi.org/10.1016/j.jconhyd.2025.104542
Moghimi Nezad, S., Ebrahimi, K. and Kerachian, R.,
2018. Investigation of seasonal self-purification
variations of Karun River, Iran. Amirkabir Journal of
Civil Engineering, 49(4), pp.621-634.
10.22060/CEEJ.2016.866

Pakoksung, K., Inseeyong, N., Chawaloesphonsiya,
N., Punyapalakul, P., Chaiwiwatworakul, P., Xu, M.
and Chuenchum, P., 2025. Seasonal dynamics of
water quality in response to land use changes in the
Chi and Mun River Basins, Thailand. Scientific
Reports, 15(1), 7101.
https://doi.org/10.1038/s41598-025-91820-4

Saadi, H., Diongue, D.M.L., Ogilvie, A., Martin, D.,
Tall, O., Bellanger, J., et al., 2025. Seasonal
variations and drivers of water quality in semi-arid
freshwater lakes: Multivariate spatial analysis in
Lake Guiers, Senegal. Journal of Hydrology:
Regional Studies, 61, 102695.
https://doi.org/10.1016/j.ejrh.2025.102695

Sajid, A.H., Rudra, R.P. and Parkin, G., 2013.
Systematic evaluation of Kriging and inverse
distance weighting methods for spatial analysis of
soil bulk density. Canadian Biosystems Engineering,
55(1), pp.1-13. 10.7451/CBE.2013.55.1

Saleh, M., Salehi, M., Khanaki, S., Ebrahimian, H.,
Liaghat, A., Mousavi, S.M., et al., 2025. Effects of
treated wastewater irrigation on soil properties,
nutrient uptakes, and crop yields of agronomic crops
under different crop rotations. Agricultural Water
Management, 316, 109585.

https://doi.org/10.1016/j.agwat.2025.109585

Smith, V.H., Joye, S.B. and Howarth, R.W., 2006.
Eutrophication of freshwater and coastal ecosystems.
Limnology and Oceanography, 51, pp.351-355.
https://doi.org/10.4319/10.2006.51.1 part 2.0351



https://doi.org/10.1080/10641260091129198
https://doi.org/10.1016/j.jbiomech.2023.111764
https://doi.org/10.1016/j.envsoft.2013.12.008
https://doi.org/10.1016/j.jconhyd.2025.104542
https://doi.org/10.22060/ceej.2016.866
https://doi.org/10.1016/j.ejrh.2025.102695
https://doi.org/10.7451/CBE.2013.55.1
https://doi.org/10.1016/j.agwat.2025.109585
https://doi.org/10.4319/lo.2006.51.1_part_2.0351
https://doi.org/10.1016/j.hal.2021.102058

