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EXTENDED ABSTRACT

Introduction: Given the growing and alarming trend of land cover changes-primarily driven
by unsustainable Development in agricultural, urban, and industrial sectors-surface water
resources, especially rivers, are increasingly threatened by various pollutants. Among the most
critical of these are heavy and toxic metals, which pose serious risks to human and ecological
health by directly or indirectly entering the food chain. As a vital transboundary water resource
for the northwestern provinces of Iran, the Aras River is exposed to such threats. Accordingly,
this study aims to perform a spatiotemporal analysis of land cover changes and investigate their
relationship with variations in heavy metal concentrations in the Aras River. The primary focus
is on identifying spatial patterns of overlap between land use transformation and chemically
polluted hotspots, as well as evaluating the ecological risk potential of toxic elements entering
the food web.

Material and methods: To analyze land cover change trends from 2001 to 2024, time-series
satellite imagery from the MODIS sensor (MCD12Q1 product) was utilized. Land cover
dynamics were extracted and analyzed for three key years: 2001, 2012, and 2024. Concurrently,
field sampling was conducted at 13 selected stations along the Aras River during two seasonal
intervals (May and August 2024). The collected water samples were acidified and prepared
following standard protocols, and were chemically analyzed using Inductively Coupled Plasma
Optical Emission Spectrometry (ICP-OES). Target metals included lead (Pb), arsenic (As),
nickel (Ni), cadmium (Cd), mercury (Hg), and chromium (Cr), which were evaluated in terms
of concentration, spatial distribution, and compliance with national and international standards
(FAO, WHO, EPA).

Results and discussion: Land cover analysis revealed that rangelands and agricultural lands
experienced the highest rates of change throughout the study period. Chemical analysis of the
water samples in May showed that concentrations of lead, arsenic, and nickel exceeded
international permissible limits in several stations. In August, although lead concentrations
relatively decreased, other elements including arsenic, cadmium, mercury, nickel, and
chromium maintained relatively uniform levels across most stations-often approaching
ecological risk thresholds. While some metal concentrations remained within safe limits for
agricultural irrigation, livestock consumption, and aquatic tissue accumulation, they were
deemed unsuitable for aquatic life. Long-term human exposure through consumption of
contaminated agricultural, livestock, or aquatic products could pose serious toxicological risks
due to bioaccumulation.

Conclusion: The results indicated a significant and meaningful correlation between land use
change and increased concentrations of toxic heavy metals in surface waters. These findings
underscore the urgent need to revise land management policies, enforce stricter controls on the
discharge of untreated effluents, and enhance continuous water quality monitoring systems. By
integrating remote sensing data with laboratory-based environmental assessments, this.
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Table 2- Selected heavy metals in aquatic environments (Yousif et al., 2021)
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Table 3- Concentration levels of heavy metals measured in the Aras River water in May 2024 (ppb)

RS

Heavy Metal
. S . Chr::rjr‘lsium = %)] @QL{ -

Nickel (Ni) (Cr) Mercury (Hg) Arsenic (As) Cadmium (Cd) Lead (Pb) RESN

Station
<15 <10 <10 <10 <15 20 S1
<20 <15 <10 <10 <20 20 S2
<10 <20 <10 15 <10 20 S3
<15 <15 <10 <10 <15 15 S4
<20 <10 <10 15 <10 20 S5
<15 <10 <10 15 <15 10 S6
<15 <10 <10 <10 <15 15 S7
<10 <10 <10 <10 <15 10 S8
<15 <15 <10 <10 <10 15 S9
<10 <10 <10 15 <15 20 S10
<10 <10 <10 <10 <15 15 S11
<10 <10 <10 15 <10 25 S12
<10 <10 <10 15 <15 15 S13
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Table 4- Concentration levels of heavy metals measured in the Aras River water in August 2024 (ppb)

S O3l
: Heavy
Jss 95 0ga> S| oS o Metals
Nickel (Ni) Chromium (Cr) Mercury (Hg) Arsenic (As) Cadmium (Cd) Lead (Pb)
o8]
Station
<10 <10 <10 <10 <10 20 S1
<10 <10 <10 <10 <10 20 S2
<10 <10 <10 <10 <10 20 S3
<10 <10 <10 <10 <10 10 S4
<10 <10 <10 <10 <10 20 S5
<10 <10 <10 <10 <10 <10 S6
<10 <10 <10 <10 <10 10 S7
<10 <10 <10 <10 <10 <10 S8
<10 <10 <10 <10 <10 <10 S9
<10 <10 <10 <10 <10 20 S10
<10 <10 <10 <10 <10 10 S11
<10 <10 <10 <10 <10 30 S12
<10 <10 <10 <10 <10 <10 S13

(Cd) poresls aile ST blie ,o bl GlLl
55 (ND US55 (Cr) pg,S «(HE) o322 (As) S|
3 ezgcpll wlatils 5ol (g polie olKius! 51
olie 0> (S12 §S10 85 83 . Lai) baelSis! 5,
a5 ol ooy ovlin JS5 g Sesw,] reseis B
b il iplsS slacls 4 e
ML adss b polie ol (g5l cwlid o sloasy
alog) az 51 ol by e ade> I plaisn o o>
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Table 5- Average concentrations of each heavy metal in the two sampling months (ppb)

oS S
S5 23 oo S el S ﬁiﬁl};
Nickel (Ni) Chromium (Cr) Mercury (Hg) Arsenic (As) Cadmium (Cd) Lead (Pb) S
Station»
<12.5 <10 <10 <10 <12.5 20 S1
<15 <12.5 <10 <10 <15 20 S2
<10 <15 <10 12.5 <10 20 S3
<12.5 <12.5 <10 <10 <12.5 12.5 S4
<15 <10 <10 12.5 <10 20 S5
<12.5 <10 <10 12.5 <12.5 10 S6
<12.5 <10 <10 <10 <12.5 12.5 S7
<10 <10 <10 <10 <12.5 10 S8
<12.5 <125 <10 <10 <10 12.5 S9
<10 <10 <10 12.5 <12.5 20 S10
<10 <10 <10 <10 <12.5 12.5 S11
<10 <10 <10 12.5 <10 27.5 S12
<10 <10 <10 12.5 <12.5 12.5 S13

oo B 1 Siloo 51 5emml il peay a5 el (11.15 pg/l)
seba ol Jlade (Jiplt ol L)l g 81 Lol
> g Jled GGl laoylB 5l VL > LB
SR Sy 05 5 wotlae Loy Cumdy 10 09,5 4 (So4ll
ooyl alBog, yo pgwalS Jlade (Cd) pgeslS Loyl
G0l g bgyl 5l SYL aS sals 5,155 (11.92 pg/l)
S el ogan g L8l el 51 e Ll weul o
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alzog, o IS0 adale (Ni) S el Lol ailsog,
Gl el sz o8 pled 4y s (1173 pg/l) o)
2 yaie Gl polie ols )18 (65 ml w0 (Jled
ol sl 00 (3,138 stz 15 el g Lol Wiy 3Ty )
Al eyl 09y ws sl Cumdy I (Sl ggo9e

el Sl ol JS5 2 5oyl

(Pb) o yes - 236 0225 55 O (St @ozS 4 4z b
L auolin j0 (20.77 ug/l) )l alsog, ;0 ©pw liee
YL Sl polie @ Cosd Lol wcaul YL (Sl L)
Lol e Il (5185 0 e gz 51 ol atile S0 gline 8
Sl sl w3les Joml rs B jsbar Ll

2 o a (Foull ogas s Cglhs bs Ll
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(PPb) o> 2 0,18 & 50 Sl
Table 6- Comparison of the average concentrations of selected toxic elements in the Aras River with the global average
concentrations of toxic heavy metals in river and lake waters across five continents (ppb) (Zhou et al., 2022)

5 l? - w e B B ,"S’. Q" a
P e S5 K ol Slods 155 ol } : -
o) (South (North (Europe) Lg,!  (Asia) Luw] (Africa) i ,81 (ng/h
(present study on America) America) Heavy
the Aras River) Metals(ug/l)
S|
11.15 0.33 0.33 18.54 178.30 33.46 0
Arsenic (As)
10.96 903.78 542 13.69 383.93 388.77 'a?;
Chromium (Cr)
ools
11.92 63.54 1.12 5.69 17.75 45.04 i
Cadmium (Cd)
10 40.00 1.00 0.15 4.17 528.50 sl
Mercury (Hg)
20.77 332.93 163.28 14.31 92.70 83.82 =
Lead (Pb)
11.73 33.55 10.93 137.47 54.84 131.69 ) S5 )
Nickel (Ni)

i () Cpizmen a3l oFAO/WHO (1.4 mg/L)
Semjlaone bli> Glole slre 0> 1 Somb
(0.150 mg/L) -,L ! 5l cbla> (gl 5 (EPA) sasiasYL|
20 o)l A0y, (ST ay (Sogll i 5l el ey s
500 )18 Callas Conisg
aS sl (0.0109 mg/L)  Joles 505 (Cr) pg,5 cdale
Solels 5 (I mg/L) (55,5La8" jlome 0902 ) oS Lo
EPA il jlade ailiw] jo 385 Hebas g 0041 mg/L)
$Se03 ol oyle 518(0.011 mg/L) oLl 5l cdslas (ol
2 p9yS Lalibl 4565 aS sas e Hloie ailiu] a4
SR P | (53—| Py ) 4 el (\Son x|
L plp aildog, o ouds (5,503l (Cd) powesls cldale

a> 5l YL gl gxe Hebay a5 <l (0.0119 mg/L)

aleogy po oS SlilE (Sogll condsy b5 cuz
ST U e rmatenss sloSa, el 5 o)
b ooad g pSoslail S polie clale (Sl polie
S8 alie oj50 Molliys 5 o e glao st
Gl bosls (pl awslie 51 L5 slad A Jgoo ausd )5
Bl pgas o Oglad Sl e alie plaes
O 5 Al WS o o2l 3 1) lre Sgas 5l ass

S oo L) (5 350 1B
(0.0111 L plp alssg, ol 4o (As) S| cale
0ul patS e gaz 1 ol Sl a5 el mg/L)
(0.2 G (0.1 mg/L) ol ul ,0 als g (55,08 8 las sl

Gk lale céb jo jlbxe jlade yooren g mg/L)
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23,18 (6,88 g e pladl a4y LS
Ll (0.0207 mg/)  Jolas ails-0g, 10 (Pb) w e clale
(I olnl @hysles 5o slre sga 51 Jomly lade (p)
il o0 (0.1 mg/L) 1 (0.05mg/L) .l g pls mg/L)
cbla> gl g EPA jlxe oz 3l 5 o ol cuid sgas Ll
ol Jlotis| s jo .l (0.0025 mg/L) oLl )
e 0y Bayb 5l oy JW 5 6] ladisS 4,
Loply 5o (ND) JSG5 cdale ogh o (0b3)l Vb sl
slre dga 3l yml Sl 4 0gs (0.0117 mg/L)
&l EPA 5 luliul 5 (5.5 mg/L) L FAO (g;,qlas
a0y, H0 S late opl 51l (0.052 mg/L) byl

400 4138 el 0dgaze o )l

5 042 (0.00025 mg/L) \b 3l sl EPA o, laibew! jle
Sl 55 FAO (0.01 mg/L) (55,5LiS jlxe 0> 5l o>
Sy Sy S Kl Jlade (pl ol 00,5 jolns
4 e Dl 5o Wil oo g 035 Sl Cdl sl

53,5 I3k 0y 3 s et
(0.01 Ly plys 00 ooy (slodigod o (He) oger clalé
3 lliwl aS ouls el Jl> o Jlade cplail o mg/L)
Cawl (0.00077 mg/L) L5 EPA b oLyl 5l cbla>
(0.0005 mg/L) 35 FAO mlo ;o jlxe Jade Sl
Slade ol eepl b sl sabans 5 las 13(0.01 mg/L) b
Sl sl > 51 13 5 el Byms sl Jas jn 50

0922 YU () 2o Conols 4 az g b g ool L 3]
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Table 7- Comparison of the average concentrations of selected heavy metals in the Aras River with values from some international
and Iranian standards (units in mg/l)) Rezaei et al., 2022; Ayers and Westcot, 1985; FAO/WHO, 2016; Radkhah et al., 2022;

Drechsel et al., 2023)
sol jlre as> Sle Jlade iSTas ol e cdale iSlos s Ol e 0> CodS o st A lio
&l s ololo sbaoyluilinl )bl sl oolitals,ge  gels apell sl b glac]  slas it
Fol G byl bl i Sk SogleS o sl oelo kel sl O B3l
EPA obesls (WHO) FAO (1992) GRYAPA ol loslo) (55,0kaS (mg/)
(present (2024), (2022) s oliS & Laules 9 Maximum s Heavy
P (Surface S209%2 9 )29)'9% Ol Een sl Metal
study on the " i FAO)) US-EPA(2004) allowable Standard
Aras River) Wta e(ri qlziaflty N Sex Maximum concentration in (¥as c andards
stan ?r I'Er obale <l o permissible surface water for Surface water ompa/rllson
aquatic lie . concentration in livestock and quality standard (mg/h
tect Maximum
protection S water used for oultry drinkin for agricultural
(EPA, 2024 &  allowable limit in ) ed tor poultry drinking Hor gt
26 2 fish tissue (WHO agricultural irrigation (Iran National irrigation (Iran
) & FAO) FAO (1992)and US-  Standard No. DOE, 2016)
EPA (2004) 12968)
S|
0.0111 0.150 1.4 0.1 0.2 0.1 Arsenic
(As)
3
0.0109 0.011 1 0.1 1 0.1 Chromium
(Cn)
paodlS
0.0119 0.00025 0.05 0.01 0.05 0.01 Cadmium
(Cd)
o9
0.01 0.00077 0.0005 0.01 0.01 - Mercury
(Hg)
0.05)-(pls 0.1)
0.0207 0.0025 0.5 5 oo 1 e
0.1 (livestock) - Lead (Pb)
0.05 (poultry)
0.0117 0.052 0.05-5.5 0.2 1 0.2 ) S5 )
Nickel (Ni)
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Syl

S3,9US Sy 43 pgew g 395 B ras slagSl Mol Y
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G5 glp paas Gyl slacesgame Jloel ¥
Ladils0g, 0 (6 b g S S sboly i

Ele Copse Glp Gipls b, Sen cosis -F
Cszlr 0 ohsd e slaysas Lol St
ol (s dJaaee Slaales

P s (e e S e 4z, LSG slacunliw (905 -0
Sy S5ST sla b))

Sl Sl
eyl Sl e @il jslareay arez )l () pgls 5l by
3l e sl ge (19,08 dloras (ole sliSal,
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