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Aquatic ecosystems and surface water resources, including rivers, lakes, and wetlands,
are among the most valuable ecological habitats and are continuously exposed to
pollutants derived from anthropogenic activities. The Hoor Al-Azim Wetland, one of
Iran's most important international wetlands, has experienced increasing
environmental stress in recent years due to the expansion of oil extraction activities,
industrial infrastructure development, and reduced water inflow. Among
environmental pollutants, heavy metals are considered one of the most significant
threats to this ecosystem because of their persistence, toxicity, and high potential for
bioaccumulation. This study aimed to assess the contamination status of surface
sediments in the Hoor Al-Azim Wetland by heavy metals and evaluate sediment
quality using pollution indices and Sediment Quality Guidelines (SQGSs). For this
purpose, twenty-seven surface sediment samples (0-5 cm depth) were collected.
Following sample preparation and acid digestion, the concentrations of Fe, Cu, Zn, Ni,
V, Pb, Cd, and Cr were determined using Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). The results indicated that the concentrations of the analyzed
metals ranged from 0.26 to 106.49 mg kg dry weight. Based on the Muller Geo-
accumulation Index (lgeo) and the Combination Pollution Index (CPI), sediment
contamination was generally classified as low to moderate. Furthermore, comparison
of the measured metal concentrations with Sediment Quality Guidelines (SQGS)
indicated that nickel and chromium exhibited the highest ecological risk potential
among the investigated metals and may adversely affect benthic organisms inhabiting
the wetland. Overall, the findings highlight the need for continuous monitoring and
effective management to protect this valuable wetland ecosystem.
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EXTENDED ABSTRACT

Introduction

Wetlands are highly productive ecosystems that provide essential ecological services but are
increasingly threatened by urbanization, industrialization, agriculture, and population growth, which
increase pollutant inputs into aquatic environments. The Hoor Al-Azim Wetland, the largest permanent
freshwater wetland in southwestern Iran, has undergone significant ecological degradation due to oil
exploration, infrastructure development, drought, upstream dam construction, and reduced water
inflow. Heavy metals are persistent and toxic contaminants that accumulate in sediments, making
sediment quality assessment crucial for environmental monitoring. Therefore, this study investigated
the spatial distribution of selected heavy metals in surface sediments of the Hoor Al-Azim Wetland and
evaluated their contamination status using internationally recognized sediment pollution indices.

Materials and Methods

A total of 27 sampling stations were selected throughout the Hoor Al-Azim Wetland to provide
representative spatial coverage of the study area while considering ecological importance and potential
pollution sources. Surface sediment samples (0-5 cm depth) were collected using standard sediment
sampling procedures.Sediment samples were acid digested and analyzed for concentrations of Fe, Cu,
Zn, Ni, V, Pb, Cd, and Cr using Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Quality
assurance and quality control procedures included the analysis of blank samples and certified reference
materials. Pollution assessment was conducted using several sediment quality assessment approaches,
including comparison with international Sediment Quality Guidelines (SQGSs), the Geoaccumulation
Index (Igeo), and the Combination Pollution Index (CPI). Statistical analyses were performed using
one-way ANOVA to evaluate spatial differences among sampling stations at a significance level of P <
0.05.

Results and Discussion

Heavy metal concentrations showed significant spatial variation among sampling stations (P < 0.05),
with mean values ranging from 0.26 to 106.49 mg kg™ dry weight. Average concentrations of cadmium,
lead, and nickel exceeded their corresponding global sediment and crustal background values,
indicating anthropogenic enrichment. The highest metal concentrations were observed at Stations 2 and
19, located near oil drilling and production facilities, suggesting that petroleum-related activities are the
primary source of contamination. Comparison with Sediment Quality Guidelines identified nickel and
chromium as the metals posing the greatest ecological risk to benthic organisms. The Geoaccumulation
Index classified sediments as unpolluted to moderately polluted (Igeo: —2.81 to 2.11), while the
Combination Pollution Index indicated polluted conditions only at Stations 2, 3, 10, and 19 (CPI > 1),
with the remaining stations classified as unpolluted.

Conclusions

This study assessed heavy metal contamination in the surface sediments of the Hoor Al-Azim Wetland.
The results indicate that oil exploration, drilling activities, industrial wastewater, and related
infrastructure are the main sources of localized contamination. While most sediment showed low
contamination levels, Stations 2 and 19 exhibited elevated concentrations of nickel, vanadium,
chromium, and lead. Pollution indices classified the sediments as unpolluted to moderately polluted,
with nickel and chromium posing the greatest ecological risk to benthic organisms. These findings
highlight the need for continuous environmental monitoring, stricter industrial management, and
effective conservation strategies to protect the ecological integrity of the wetland.

WYY



Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

G:—wu-l} hﬁ?ﬂb 'bsl-c lehb 41?‘0 !anpagi

Yoyleds )Y

FANPAYA

Journal Homepage: www.jess.ir
2645-520X : g ySII gLl 2588-6851 : ol> sLLS

Knowledge Based Company

2 poep2l) (i G131 @) guliall 92 YU Oligusy (S39 Camidg (25
391 (5 (ad L 5l aslii! b (o 9 (59, ¢0523Uly «JSS ¢109,5 e gmodls

Y 2 A . Yy . . . AEXTN .
d\o,bwum ¢ ‘_,'.».g‘..\ll uﬁao)hlho 3 ‘))i" 39,
ul).»l c).e(u.ucP c).Q(.wcP u{lﬁ)b 09..39991& oKl ‘L;“"}.’l:‘.é‘jgg’.l:’.)b P?‘LC oaSsly V¥
Al S eyt o8> ors bt US> any; e 09,5 —F

ul).sl ‘ul).@(“.,w.u) ]a.ou cblas uLo)Lw () E99 g (;’*Jo Ja-\m,‘ wg‘.u :d.‘oLuo)}oI 9 [ Oliuwv) )AD L).:L.w)lf -y

R.Mirza@Kmsu.ac.ir : Jytus odiss Juosl

84S

e OleWb!

SIS SoolSin; cnpsied)yl 5l ABOYE g aarl ) dbailisg, Joli ¢ o sl glio 5 (ol (Sloptuguss]
S plgiear qabadllygn OYB L)l 518 sljnlul slaclad I L5 slaoan VT (opme 53 polia jobodsy &S Aitn
e acdlon ) dawgs (i glgl Glaedld (b s Jdsa p3l el 3 olpl (ddlow GoVB ¢y e
38 gt jlawse (slmosn YT le 55 ol 0ad dnlge (glosis]3  un jlaxe (sla i b ool (6395 (slagb > ials g
B gl oo Crgure wimawsS| Cnl (Slp B o Fetee 1 o) @oo VL bl g Cuon s)lly Uiy (i
030l b Slygu) CutsS gy 2 9 Sk 3 &y ladlygn QVB (rdans Sligusy (Sagl Cumdy 2yl gy 0l ]
DL+ Bas) (oo gusy iges VY glaio oy 352 (SQBS) igusy S sloJoallygians 5 (Sogll slo sl |l
o pally (JS5 g9y marppnl polie e (gl pan g ladiges (giluodlel I gy A5 spglen (st Bl
by i guls b (65051l (ICP-MS) )l osiscis (slowd oys  Srwcib ol jl oaliul bog,S ¢ pgsedls’
o5 adls wloly 5l )18 Sl 5s £yl 1 p)S Lo VeE/FA L +/VE dgae )3 )y 3y50 l3l8 clale &S
285 )8 bausgio 5 oS oIS 3 ISyt Sligusy (So9)l iy (CPI) (Sagll (8 5 (a3 5 (10€0) Jse (oo
plo b duslio 3 pg)S 5 JS5 oS 3 L (SQGS) Gguy i (cla Jodllygros b cljls clalé dunlio o piman
il OV (Seit) (655 Sldgge p (agllacl Il cunl (Koo g 0390 (SFoST plad Jouily oyt )l cljle
sooyaly slal g 0an YT golio oo J S ¢ st jlaiee yaliws aly g 1 gy ol SloATBl (ggozmo )3 il

&S o 45T Sl a8 ) Sl cblis jolitods cuslio 0 de

1o o
igh oole dlie

VY0¥ A
(8 S5k @b
VY- 0/-0/VF
b )b
\Y-0/-5-¥

Lzl gl
\Foof-5/

i o3l wlS

oelaall 52 Y
S 3l

) @S sl
SNgo (=S5 a3l
¢Sl

ioguy S (glaial,

DOI: 10.22034/jess.2026.589137.2467

LY o olylasl s ol

VY-¥


http://www.jess.ir:Jornal

Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

doddo-)

sl oy ey BB JLEE 3] (slaany b (65)5liS ol 085 5 o (b ytaSe siedi ped dnogi im0 1)
LY L&:u] W,& lJ W 399 )l.}S).) d))sws (=2 c‘_g)k‘w Lgl!bu)’tol.‘! > uw‘)sl L) b.))f >)|5 ng dL&W}fI
L;Lm.\:.i\ﬂ ole Ll oas Wnlayse u;l 2 ohews ‘_sLba.\.Zg.YT 5 lodyins alo 205 g UYL g sl ) dadiliag,
PR 3 (S olgied (s (oS5 g (uw ged Skl (g pdilia 5 (6ylul YU oo Jdd 4 (S I3l il
Ok SpimansS] oy saieidsyl 5 laoYG (LI et al., 2022; Wu et al., 2022) 59 0 45l o] (slalase (slaoss Yl
35 M S35 005 033 ol b 4l ((Sfglgyien 452 el )0 ¢t £95 5] Cblin s 0gMe g g oo igune
Doy (o0l £y i LD dmwg g3y cpl b bl pwlel (i etamwgS] Sloss gyl s g ey sl
o dioid)l (slap g cnl g (Sl slajlid (Al Coarge (olll Clpsi g huanjlacee laalis (Ll (o eyl
50 dlaiel 45 ol 58 &y puamio cotwsST Sl b o o wd o] OYB o 555 mabadllyea VB L(HU et al., 2017) el
(5 Sluwwl dol .(Mirzaei et al., 2010; Fuladavand and Sayyad, 2015) ol oxs &y ol 5 sxile b
s wliol oy (5395 ol Gl (1L )3 3 lagjgutil § JSNT b5 lae dnwgi )b sl s (glaoly (g)li>
ol 0jgyel & W9y o0 sl 4 Gl (a2 Clhses g Shble (piere der Sl (Ken (230 IS g cwsVL
Sl dais Gy o clapiuwS] bl aslge (dlodnd gl ills b1y o g ools )3 18T cou |y wiedd)) wimsS]
b J olS 5 o olay)S e (S il 5l asg BB pilie (Sl lacdls I ol clboanT oyl
Juazo 3lae )3 4 o ol base 4 395 31 s os VT ol 5l slodas isw a0 cdlyd |y olows (claosu VT plo g b iScdl
OleMbl g ouds adls i Gl xess ol (it lgieds Olgw) gy (pl jl Wb oo il Slgay 53 Colos jd g 0l
Wlg5 oo o, 42 SL(LI €t al., 2022; Mao et al., 2022) sad o @) Lo (Sol s 5 il 0,b)d (gdies )l
— a1 oty DH 5 i 58 L 5t Ul it o T (90 I35 Cale imS gl ol 5550 2 (st
s Jasl o wanlyd cpl g bl ) owyiwd Cubld (il g @l suse (gjlodl] e Slg3 o JT odle Jlade 5 ials
aag b (Pan et al,, 2022) aas o il 1) Gladl coodlo 005 Coled 53 5 s Sdgzge Cdb )3 oo o ol3E 0,505 4
Ol e e Sl Sl jlid cod VB (SlatunusST Slgw) 53 eKiw Sl oo Sl Sl Clados (95859, 59 05
(58 b lad dmng (5 pme y> (45,5 115 9 YU (So5leST cla 5, D 4 audaallyon OVB ol 4l (clodg Caon] laos Y
il el i 53 S oo 4255 |y el g ol Ll ol adgs ) Cilises (claodia¥T 399 5 (55gliS b uS
dgutp 4 yol oyl g a8 )3 Cangslae i yaelp Lis] ) 1) LIS BB g 4l cleMbl 6lg o GYU ol Slowy (S3g cunsg
WS SaS a5 pinsST ol bl Coles 53 9 5k dewed 5 o e wblis b gy (ola g S wuouad

G el (g, Y

axdllao 390 B3gx0 @

Jobo 4 Ve g x> YV (ol ji Cumdga )3 3l 5 ol 59l 93 (35 b2y, (slactl 13 5 Gliwjod )8 5> elaallygn VU

a5 b e 5 v (€ Combs

1
i
[Gagea!

AR €|y

1
W

I
B0
o (o6

MWY-0



Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

51350 diges b o5l o
4 o yiaod e (Seielernen blpd ¢ e (ST (665l ale 5l YU Cilizeo gla Sy (o) 5 Sle ol ploxli]

Coonl (78,5 85 )3 b izren oalig) (6359 5 (B Sl Wl mio g b 0an V] gl 4 (S35 5 il ol
ke Glicusdge ol 1 ookl b bolSim] ol oldlyis Glaisw 05035 (o)1 pdiged o] YV Coles p ddlaie S556)58T

B S 5 oy 2)30 GOOGIE EAIN Jljalo 5 5 (dlojlgale yoslas b o 1o cubge como Sl liabl ysliaton; 5 < (GPS)
035 B g g USh 13 ol 1 &) bgyye SleMb g (5135505 (slaolian] SlSe arbse 25

Sld 0 diged (s ) Olasuicn .Y Jouo

oKl pb Bgos S X Y

Golus 43L5 H YYYYYY Y2140+

wlis Hy YVYY YR YOVOYY -

AW Hr VY1004 Yo\ VY.

alilw Hy YYYEFD YO+ SOVA

Lo, plol ool Ha YSOVYD YO+ \YFY

Ol Hs YYY . YE To.)-7F

Slad ohl XS Hv YoAXRS YESEVER
Sled ok ol (s> S HA YOOFAA TV YYA
lebad odl> Ha VOVY ) FEVYQY-
ST ool (sl Hy. VSOYYA YEVOA-Y
Slasstosl> 2 9 ¥y o Hy VSO\YA FFVAYAR
AACRREE Hyy VEEYAY YEAYAY-
Slasslol W a4y Jobus Hyy VE¥ad0 YFAYD-A
VYol Hyy VEETYY YFABAAR
(burnpit cal L) \5 s, Ha VEYOVY YEAAYYY
S (BT =Y Hys Ceara) FEASAYA
C Ao 4y (551 s Hyy YYAFYE FELAFY
i g~V 5,8 HA YEAFYT VEV-FYY
Sl s>~V 5,0 Hya YEAVY - VEV- 00T
Moy Hy-. VEE Py FESAFIA
TR HENCINEAVY Hv VSO¥ S YESYYYS
s> OB YT Hry VEYYYY Y¥oas -V
(lazws )Suis) ailob (385 Hyy VEOO0) YEYA- VY
9> obb 2o Hy¥ YOADSA PREVAYS

0 oyloss dmsgs  Jloss i Hva VEYASO TEFAVYY
0 o150 ol Hys YEVYEA VEOVSEY

SV & JUl iSaj 53999 Hyv YYfvar YESYYVY

VWY-5



Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

load U g 152 digei (pig, @

d)].)).géjyoj Sldos ‘Lﬁ)b)’.“w dl.mol.iuwl O )l o™ WJa;J‘)}m oY uby») 0 u;i.w ul)lﬁ L??)?ﬂ Cumdyg Lf’b))l )9]4«04\)
Sligw) 1 (65,55 diges da ol po 13 g bl (g pdiges oKl VY (g aomme ;0 .0 ploal WA Jlus 50l 55 (odaw Slgu |l
dodiges by | g 2235 Spslanr @y ol Voo alaiie o b Y ogcrg 25 3l odlatl b (e Ble BB+ (Bes) (s
Cudyd Olabad (LS (SLl g b g 005 (gl Ji8 51 4 ((630,08) (Gl e b S8 jl ookl b Glhgu) (odaw 4Y
5 bl gla 5l odlitul b oasSKid (sladiges g Juols coli (59 U wus S o9 50 el YV o 0 3])5 silo a2 00 b
a3 ¥ cslod) oy 3 5 Q> (Al gy 3 alsoss slo U plol olaj U g 2525 0313 s ying S PFlia oy S 5
Olgeds (oS Ol Gla )3yt cud )b 9 YU oy axdaw (K63 UM) Slgasy dildfay (i5w 5l eolitl 50 ¢ )l (31,5 slo
oS I3l clale o jslaie 4 J(Kachoueiyan et al., 2024) cul ouis avog Slgwy (o9l Slallas 45 5 skl o,
3,5 b dn )3 Vo0 (slos b gl p3 caslos YF o dy gy (sladiges danlyd b o3l T ] madts b, 5l coguy (sladiges ;>
P g i p)S re oM Bl Sek g SuiS diges yb 5l 25 ) dgdn e g Bl JolS jsboay bl cogb, U aas Sis
L (75 +) Sl 5 (45%) S gl 51 sl b Untigns <3l gl ssiony 235 5 s oo (ol gyl
oS Ol3ls clale jisw cqa (USEPA, 2007) 1,5 )8 (cdml puan a5l cov celo ¥ oo 4 F1) oo s
o @.wgo.».b 4 e u.sl&.” 0 us).’> d‘.o.w)’b )JLT oKiwd )‘ (FS 4\59«3 (69) 9 U 4r°9:{.313|9 ‘P?)f 4J§v.s 499.:,0.)[5 Oy :UZJ)
3,5 oslizl HP-4500 e (ICP-MS)

(QAIQC)™ i3l yicxias J,i 3 s

CateS el g S dob e opSiaw Gl clale sl g diges puan 540 5l sdelcaosds (slaodly 3> s | Olisebs] jslaioay
Sl g aBiulejl Bgybs o slews dlge ;I 56 Jlaisl gl obj)l sly s 1ya) ladiges LT 5 (gilwodlel Jolyo  golos 5
35 15 cilweslel 5 waan olpe oles cow Lol sladiges b lojen g as dals Gges S U (gm0 pa 40 odlitul 3y
G50l 5l i 39 gy diges 3316 Lol gy 033990 Llg mait a1 48 (5 edlitwl 3yg0 (oliewd (clacdime oled Jolis sals diges
sla Gges jl Jools sl o3l gl 55 s 0,8 5 kil (sla Jglne g anls diges jl odlizwl b ICP—MS ol8aws ¢ Lol (sladiges
3,5 pusnal ol sls aiges j ol cla 0303 g dunlio @ o (sla diges jJUT 5| ol (ola o3y b Lo

Py ColesS Condg SBat L dmlone g mai @

(1960) " Jge (w3 @oas padlus o

crl 29 e odlital b (Byma VYA Lo > o8 (MUIlEN) Jse oleris s (asls Sl clgu) o polie (S3gll lje s (sl
295050 Jlod & ddlate (b g (slainj lie 4 Sl Sliguy )3 pSiaw Sl3lb a5 Gl b)) sl @y slagtg, Sl (S o3
¥ Jsi2) 2.5 oo (sdivalils g dpulms polie culil lje slie g chliseo ail i )5 Sligwy (Sogll dy gy ol ool 2
Pl gl Vel a0l gadla

cn
1.5 Bn

Igeo = log, () (V )

oo olowdei; die; cdale oamslis (BN) g Ggwy digei j0 38 o onds ¢ pSojlil cbile [ Sly (CN) [ Seolsless jasls
3 86 rb Sl Gl pokaiea VB Gy (pa3li ol 53 el sl Glacld 1l ) i blyd b g Sligusy 55 56
(Muller,1969) 39, I & g, )3 polic clale b Cllog 5 lid e sl ( Sjglsnd (Soal

1Van Veen Grab

2 Wet Acid Digestion

3 Quality Assurance / Quality Control
4 Geoaccumulation index

WYY



Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

(CPI) (Sogl (uS 55 pab s @
105 dploe (V) bl 5l oslital b 518 4o gl (CF)? (Sgll cu p s dls po 55 28,8 plosl als yo
. Ci
| —

Cr = L (v abasly)

s ) e by b omb Sligas, 53 36 olan dtge; cale (Cnl) 5 gy digas jo 1 56 00 5ol cale (CT) o o o8
apsloxe (V) daly (oll 1 9 oy 290 SI316 oled (So9)l al s uSibie Jloslisol b (S3gl1 (S 5 4aSLS cpgd al> po 3 ol
1Ad
1

CPI = %2, Cf/m (¥ alaily)
Cawd & alisee s Sagll colps pSSke 5l CPI jlude ((aslis cpl p .ol addllas 390 puSiw @l sluws (Silo M ]y &
5 039l lulpd il V) a8 CPL aslis jolis o (claigSas tamd o ) Sligus) (So9)l Comdy 51 IS o g 5 ] o0
Bliee (o 90 Sligus) > (S 31 236 (Sl sgg exma L V1 585 b sl dlie oS o )3 el Sligus

(Muller,1969 ) Jgo o bowdgi3 (sl GSliws p Sbguy (F3gT Db (Giadids ¥ Jsur

(Class) s (1geo) pslis o9l an >
: S o3gll
\ Vb bugio b Jils Sl
Y YU Luwgo 534l
Y YUY L5 b Lwgie (Sl
¥ YUY 335 (S
d oL ¥ L5l b agas  Soll
” bl ik 23 b (Sl

Lodly wjloy @

chale & baye sbosh ;39 Jloy cuss a5, i plosl SPSSe EXCEl sla)jle 5 51 oolizl b baosls (g,lel gy 550
Clale (5Sike duglio (sl s 2b 25 Bgiprand = By S 90lsS 'y Sy =gl slagygail Sl alisol b Sligus) 53 S 3l
22 og S b dunlis (ly (S5 seil o onizzen 5 )by Luilly oS g3l Sl ead (5l pdiges (slaoliy oy I3l
A5 odlatwl /40 o)y e prdaws

Cou g b -Y

2lie b olyon dalllas 390 (slaolSun] Slhgu )3 Sl ()9 S 5hS 2 )5 (o e (S Il ciale (1 SSlo @ by o ol
ljls cdale (Kb aSld Ui sl cowd 4 gl JANOVA, P < +/+0) cusls 3439 (¢ )blixe cglis walizeo (claolSiu] ,
OsSh S3lE CAIE oy by g iy (0] Mgy 9 Sl Slige) )3 gl Clle (Sl sl e BB pliee 4 SS9 oy cpsedls
D93 5 ¥ ojled sl olSis] s basyo mulasllyon GYU j3 adllas 30 (slaolKiu! clgw) 4o

1 Combination Pollution Index
2 Contamination Factor

VWY -A



Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

0353l 31 055 ao Cuns g oalandlygd YU Oligay 45 o 1308 clilé .Kbe LError! No text of specified style in document. Jgua
(Taylor, 1964) (Mg/Kg) Swid &39

i S Fe(%) Cr Cu Cd Pb Ni v Zn
(Mean) ;,Ske YA 2/ 70 S SRYL SN £ 71 S Y 1 O 7072 £Y/+ )
(SD) 5,z Gl s oy VAY ST LAY YAWYR YEAY ABA YA/BA

Cogy Sk alsy Voo o0 Y W/o Vo Yo v

s o clale (,Silo ¥IVY Voo S Iy V4 A W 0

Fe>Ni>Cr> >Zn> V> CU>Pb>V : sl Cowsy @0 opl d O Sliguw, 33 i Wl3l0 el Jlg

S Sl 5 paie ) YL Slglyd g e gy s sl 59 b walaallyen GYB Sliguy 1 b bl & cas pal YL cdale
5 Cons Sl locadled 51 b Sl oains L Log ) cligus 55 ol o) s Clale gy ljl sl 85l (slaspusTy 4518 kus
Li et al., 2022; Reimann and de ) coul sad (b yme (smb) Siisd baas Lico b gyt lgicts cllas I (6)bons
5 LYl bl 53 sndalbul cla iah ol b pols adllas j3 pSiw ol cdale xjer 658 ool p 09dle (Caritat, 2005
polis 48 Jloyd s o lis Sligw) o |y clald i Yoame 3Kie 5 ] polic 45 (glassSay ) casllae T (sbapiugussS]
e bl (Ol 455 (o glb cilo ) dnwg dlos I Sl slacld 15l cov Taes S 5 ooy papedls’ aiike
Kachoueiyan et al., 2024; Alloway, 2013; Kabata-Pendias, ) 1,15 1,3 ()5l (slacbly, cuiced 5 35 9
lils clale VL Gl padaddliga GYB VAT oyl sln olKiu] a0 godge ol Silo 48,5 g sla ;12011
5 JUisl alg) bgkad (53051 gl i usle) et cliliaasly o)lis mlio oYU 55 505 e Y] jal ) & et (K
by p95Sg paidbly (IS l3ld s S0l S clils le 13 g b o] (pl (S0 j3 dmiue sl Coluy; dawss
Cs Canivo b L yo slacllad 13 ,Sily Wl o malaallyon CYB Sligw 15 polic ol cdale il wagy oYL s cbedale
Ol arY gono g K95 o gmixe 15 slaodygl b Sy g (s li> S S b S 3 2990 (el polic  puably g JS5 15 asly
35 pasSnl pogMe (Pereiraetal., 2018) 1,5 o 5,5 ooliul 3,90 o slalae )3 &5 slo o9l olerdsi; slaoby,
Sy 4y drgi bl Gl ol (slabame & ixiio (slacluy 3959 5 (ixto i Glalo b (glis slacld ST 5 Ll e
8 ool 5l g0 0 g drwgi Jolds palaallyon OYE Gligw, 4y Gl 5959 Jlein] mlie 1y yiere «g)yld pdiges sloolKiw!
bayglis 335 i JUin! bolas o gylis (sl JS 5 bsilows 525 )yl s (slovols LS 5 g ylis llos o 83131 5 olyolly
Hashemizad et al.,2025; ) cool QYU 4 mio § (s 0 (sl g ablyy 3955 ¢ oss VT (con Canitiasd o6 b 9 odbo
@ &S s bl plo  ondplbxl Gldllas zols b o awyp 390 olKiw! > Limoh cpl loal (Mirza et al., 2014
ol @ls (¥ Jgiz) cosl ol dunlio cilaidly (Sid )y p)5 2 p)S e o ) 5w Cljls clale 5 CLS 5 (o)
sadpbul Gldllas (gl 005 45,135 039050 43 pgdlly g po,S IS 0594 ¢ oy 3y90 CpSiw i3l Cale aSaly Lis duslie oyl
Zare 5 (Y+18) o Ken g NEYStani buwg cwpa sble cpl aSols j15 Il OV 15 5 )l mds Gy Jlad § Jloud
" Slguy S slainly slad Juibul b xS ol clalé duslie.sg 48,5 )5 asdllas 3,90 (YY) ol e sKhOShghbal
oS 55 oat V1l (36 a5 Il g0 Jleinl g (Sl comsg adgl b)) sl g, gl 51 So(SQGS)
5 St Gbgzge (gl ogall clylas b5l Sl walizes L;Lm_\;g.\” sly d)L.w]);bLo,a 005 el b ot )l g_s"T
(MacDonald et al., 2000 15" o wal,8 |, s bLs )| 13 Shgw, b maians pé b paiins jobds 4Ty 15l plo

! Sediment Quality Guidelines (SQGs)
ARARA



Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

(MO/KQ) ke 5 oyl 53 Ol plo b andlas oyl oo O3l CBLE dnglio F Jois

adlaie Cd Pb Ni \ Cu Zn Cr &b
OPIML (38 e NA #IYY YYIvY NA Yoy NA Yo/AY Saiful islam et al (2018)
WS el Y Ivs VF1A \WEY YY/5v VY 20/+A wi.a | Zare Khosheghbal etal.
(2018)
Alplcoyod g5 sl ddlato /ey v/a¥ ARRVAYN NA Y+ /aA ARVAR NA Zarezadeh et al.(2017)
oozl o Jleds /A Y¥/Y - WY/ NA YY/Y- #Ylo- A Pejman et al.( 2016)
o bzl Jlas - IAY A AF/A NA Y/ of/A- VoV Neystani et al. (2016)
oo bl AL Yo IAY NA NA YYIAS £V A NA Bastami et al. (2015)
ol (I3 oY -I¥0 YY/AY SAIYY WA/RY OF/0A V- /AY AAIYY Zare Kh?;%efsh)bal etal
ol lSols Y & VFIY NA NA VF/A \tZhs NA Hosseini. (2011)
oo lbzds o Jlod NA Al AR NA Y Y NA Karbasi et al. (2005)
—+/-Q -Y/\ —¥-/A
a8 ey lils SEYYIMINEY /A AAY=V/YY NA De Mora et al.( 2004)
ey \ Vo
AL -¥/o
Slylole g bgmls Iy «[52-0/AA Y-Ve). Yol < [S¥-Y0A NA \WV/E-YY De Mora et al.( 2004)
el — M pvoa v N ey O “hVA De M 1.( 2004
oo best ¥ Y/EY % YIvs e Mora et al.(2004)
A8 5 il gds NARTYIN v-y.y W-VFE NA ¥-va Y-y NA Kucuksezgin. (2001)
Ol epoaaall o Y Iy YE/¥Y V-#/¥a FYIvS yYo/¥a ) v-jo5 Sl adlas

*N.A : Not Detected

Spge gy CadsS Mollinn slaJedllygind 5 o jlsbial 51 (S5 b oadig pSojlal S Clilé clale @ bgyje bt @ Jgioy
o Jodllygiod wiie YL )3 (NOAAY)  Lug oniddl) Cgwy cutS slanly Jols duslio ol ol 48,5 )5 auslio
23b o (K0 0] Canslame cblis lojlw) USEPA Luwgs ouis puss claylze 4 (ISQGS) T15LISISQGS

(SQGS) wawy CuiS s (sloialyb axllland g0 SOV y3 OIS CLLE dulis D Jois

i sloial) 1ISQG US NOAA USEPA guidlines
S5 .
oelasll g2 -
(SQG) TEL | PEL |ERL| ERM | Notpolluted | Moderately polluted AEELY
il polluted
powadls’ -Iy5 -I5A VY| WY a/5 NA NA >
oy Y/¥F Yoy WY | v YY- <f. fo5e >5.
e AAR YAV VoA Y'Y Yv. <y. ARER >0
&9y YN WYY VY V0. £ <q. QY. >Y..
I AR AR VoA ¥Y/A AR oy <y. Ye=0e >0
p923Ulg YVIvS NA NA | NA NA NA NA NA
poyS v-lo8 vy \E- AN YV <Y Yo-Y0 >V
TEL= Threshold effect level ERM= Effects range median
PEL= Probable effect level NOAA-= National Oceanic and Atmospheric Administration
ERL= Effects rang low USEPA guidelines

P Ssr s o pepedlSenye lils clale 4Bl L Sligw) CutS Glaod)gied b oad s pSojlul (S il clald anlie
5 yieS &S an) ERMy (15,03 15 59l golgn o ps Vo jl j2aS a5 can) ERL plie I a8 (o)l paiges (slmolSims]  coled
1) TEL wlial e 5 50ymly cpiomad 5 oyl 5 5 msildl e lajbo Lo 005l (35,05 )5 Safolons aalss dumys B
odgdma > ljls cplcdale 485 )15 5 U Slgwy cutsS Joallygiuwd 13 (3900 1ol )bj Sl crge a5 gas) PEL 4 (aileu
rolie ol pols Lalps )3 5 03 Sl s (58 Shogge 2 ,bils Sl S Jleinl & cal o Sl wiliad polia 1 5ol

! National Oceanic and Atmospheric Administration (NOAA)
2 Canadian interim marine sediment quality (ISQG)
VYN




Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

e 53 lilygn VB (Soigdss] i) Sl ol b 0 e Sl bidlygh YV g caodbe g B 25
St i g oa Y1)l (I3l carge Statily 3 Wlg o VUl ] Ad 3 Jlpes sloe g g ixkio slaclld (933050,
piesnsgS] oyl cblis gl She G pte sladpaly gl g eVl lie S8 (il sladslyy )yl copenlil 29 Sligus
CosS (g3l oo plas 31 WoolSiu] 5 (6 lous ,> S0 38 clale aSals L5 ol ¢ bl )3 sy oo S5 &) (590 Mo}
€989 YL Jlainl oximd)lis ggud90 oyl .ol yiin PEL g TEL 13U Gguy iS5 lisknl o (ERM g ERL) 1 ol Cgun,
ol paie () a5 ) Sl 208 b (39 1S (EPA) gy S o) slojline ol 1 5 0392 (st ogllasls i
Sl 5By Jlaisl ool 05 18 PEL o 518 Jo 3 28y 1 TEL s 5l nolSs] 5oy > p3 S8 e izpand
dgde (olod 1 OYB Sligu) 53 JSo clald aSoly (L aulie gl (pioman 3)5 (21l bawgie gdaw > paie (pl j (8L ()
b 51,5 (TEL g PEL) ol slajlne cpiren o (ERM g ERL) sustio oYUl Gouy cuiS sl liilil )3 (odlgiin
ol K e 8y o 335 5391 glas 3 G (5,55 50k Cmiy ol USEPA Lo sl sla siistile ol
USEPA (unaibs Jodlygiuws b sallae g Lolol cply .ol iy 51 TEL aluolis I s o ¢ pSo3lul polio cpg,S'316 3590 5
023l Sligu) o il (Sogll Gl s Sz Bigd o )] bawgie (Sagll e39axe )3 pg 316y (Sl L 5l VB Sliges
Cawds YV B=Y/AY (o )y 350 (sl oK) I3l 33 Jao sl aleld b olitwl wd 55 YAVA Jlo 43 a8 Jas sliawdief
L madlyon VB ) [asls ol 5] Lol b eiomed (¥ US5) 39 GYB Sligus, )3 bawsgio B 039l yué g ,Sily a5 o]
36 awgio Sgl U oxgll e (359l pdans syl b o) jl By > USG5 18 4y (Sogll a5l eudaalljgn OYB lga,y 48 ol
Cpiomoad A 3b; U bawgzo [ Sooll (chly VA g Ve (ol o] )3 35 oy b g 039 bawgia (S3gll gyl oKl 95 55 poresls
oS53 0 adlllas S I35yl &) Coms paiallign GV )3 adllasd g (cloolSiy] 4S5ls Ui Ladls oyl j Jolbs gl
A8k o pillygn GV 205 s 2005 Lol Sl ) (S (liosd 5 58 lal B 5,8 o )5 ool it (g s
olSus] Sl (B3 3 pgrodlS’y JS5 I3lh ol5 b gt (Sogll welaallyon VB )3 o sinej ez (Sl )y 5l ool sy il
33 g0 a9y Slgw, 3l odd )55 zls b imgh ol csloanl ol L 1y b GYE 5 uSiw Sl plo odgll e pdaw ¢ s
bl S5k 5 a9 i 31 iaS LnolSiee] el > (1GO) byl ypns a3l ol 3 alnn 51 >l gl 6 5 Lol
0390l ) o U yio 039350 )3 1GO yoolio ipg S5 oo wiilo yolis (B (sl (rizmad ol (g1 )90 Slosi 3 039l

(Birch and Taylor, 2000) cul oais 355 (bwgio (59 b

Geoaccumulation Index (lgeo)
3.00

2.00

1.00

0.00

-1.00

-2.00

-3.00

-4.00
ECr mCu mCd =Ni mV mZn

kil 92 YU Slga, 13 g0 (lominij pas b s .Y JSUS

ARAAN



Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

@ bogye gols .ab edlil (CPI) S5gl oS5 (adls | nSiw aljls 4 pabaallyon OYB Slgw,y (539l S Cundy s Cags
SV Y Ve A olasd slaolSiu] (slittulty pakaallygn VB g, 6531 ol (¥ USE) webadlygn VG 539l a5 asli
ol aS0dg 5l b paw gl (Ken VB sblie 3L 50 wnlys] g0 039l (Sily aSeriinn G5l YL (o polie oyl

] S 6 4 dilate Cpl Slgwy (1392 039l 1uE s i

CPI

50 -
45 -
40 -

%3 35 -

2, 3.0 -

E’ 25 -

Fy

Yy 20 -

=

U L5+
10 s g - - - L e e e e e e
0.5 -
0.0

FEEXESLIITIIEIESEETI LRI PP

il 90 OB Sligusy )3 (39l (oS )5 paS LS gl ¥ S5
6 85 4o —F

B s Cans Al Gl sbaolKi] ) il )l aier 1 L puladlyen CYE Sligu) 55 i lils clal duglie
i gl ol ()l g sbrolKinl 3 clale oy YL Cawl 005 ()13 diges sl ol polos &) Camd 65V polie (gl Ll
GbLssT 5 6)lis mlio YU 5 503 51 50 Yiainl oSl 53 ol 5 clale () YU el 05 oalin (V5 ¥ o)lod (slaolSiny)
1S5 g1 o olStu] () (S0 )3 stao (gla Clusj dmangs g Jlal A bkt (B3] 5 gl 385 pole dmgs g b) s
odimd L olStuw] 93 (ol 0 ofugr addllas 350 (sl oKl )3 g g £, paudlly (S5 lils (sYL clale &Sog oyl angs LB
318 oVl wlio (o fotee Al (oo S I3 4 QYB Sligusy (Sogll )3 inio (slo Gl 455 5 185 (sl 09y SV b
3 85y9liS'y (e oS A (sl Ol Al (cord iy 9 (8 @l b gl dlenjl Ll glie Jols edaallygn VU )
lo s & dlorjl (b @lio (izmen 5 63k g Olo b BB e g giitend Sl ol Clay (olig) 9 b sl
o] (SelssT slaoly 5 i jlh 4y VB Sliguy (Sogll Cumdy byl @l 25 )3l (Slailing) (taloyd 5 (5 yhual
)3 bogie (S35 0xgl e (dlodgizes 15 ggeme )3 melaallysn VB Sligus; oS3l Lt (1080) Jse landsis (asls bl
Sl olis (Sgll sloasls 5l oolizul b )l S5edsST il o @lilh 4 CYB Sliguy (o8] Candy e b)) gl 250
Sl &y o Sliguy bawgio (ST b odgll e cumg gyl (10€0) Jgo obord s (adls (olsly mebaallygn Vb g,
SrolSin] slituldy pubaallygn GYE Slgu,y 4305 3L wabaallysn VB (CPI) (S3gl oS 5 jadls 4 bgye gols gy i
b e gy (Kon CYB sblie 5L 55 wulyl] 135 038l JS0ly aeriind S5 5l YL gyl s> 45 ¥a Y Ve R o)leds
I3l 6 Soilnl 5l Lol 2ol duslis wules ol (pSiw I3 4 adbate (ol Slgw) o9 03501 it oaimd LS 45 6dgy K ]
gaw 3 Grajlaze lad Judly jlai 5l pg)Sy IS lils 4ol (i g CudS ladodlygins b VB Slgu, 3 (65
2 25 B oolasl Il wlgi e g 83,5 Sl GV pimwsST Cuodes gl |y D5 oyt pais 53 ol 5 5 g5V
g jlamo S o pllas oo il Sty Slolidl (gl 095 52 gl ool el plly ALl 2l Sty ol 0294 (ol Shoggo

A8 o 25T gl 53 atina iy Jlac!

VWYY



Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

&b
Alloway, B.J. (2013). Heavy Metals in Soils: Trace Metals and Metalloids in Soils and Their
Bioavailability (3rd ed.). Dordrecht: Springer Netherlands.
Bastami, K.D., Afkhami, M., Mohammadizadeh, M., Ehsanpour, M., Chambari, S., Aghaei, S.,
Esmaeilzadeh, M., Neyestani, M.R., Lagzaee, F., & Baniamam, M. (2015). Bioaccumulation
and ecological risk assessment of heavy metals in the sediments and mullet Liza klunzingeri in
the northern part of the Persian Gulf. Marine Pollution Bulletin, *94*(1-2), 329-334.
Birch, G.F., Taylor, S.E (2002). Assessment of possible sediment toxicity of contaminated
sediments in Port Jackson, Sydney, Australia. Hydrobiologia 472: 19-27.
De Mora, S., Fowler, S.\W., Wyse, E., & Azemard, S. (2004). Distribution of heavy metals in
marine bivalves, fish and coastal sediments in the Gulf and Gulf of Oman. Marine Pollution
Bulletin, *49*(5-6), 410-424.
Fuladavand, S., & Sayyad, G.A. (2015). The impact of Karkheh dam construction on reducing
the extent of wetlands of Hoor-Alazim. Journal of Water Resources and Ocean Science, *4*(2),
33-38.
Hakanson, L. (1980). An ecological risk index for aquatic pollution control: A sedimentological
approach. Water Research, *14*(8), 975-1001.
Han, D., Cheng, J., Hu, X., et al. (2017). Spatial distribution, risk assessment and source
identification of heavy metals in sediments of the Yangtze River Estuary, China. Marine
Pollution Bulletin, 115(1-2), 141-148.
Hashemizad, S.A., Charcgi, A., & Hosseni, F. (2025). The distribution pattern of heavy metals
in the sediments of HurolAzim lagoon located in the west of Khuzestan. Advanced Applied
Geology, *14*, 957-975.
Hosseini Alhashemi, A., Karbasi, A.R., & Kiabi, B. (2011). Accumulation and bioaccessibility
of trace elements in wetland sediments. African Journal of Biotechnology, *10*, 1625-1636.
Hu, S., Niu, Z., Chen, Y., Li, L., & Zhang, H. (2017). Global wetlands: Potential distribution,
wetland loss, and status. Science of the Total Environment, *586*, 319-327.
Kabata-Pendias, A. (2011). Trace Elements in Soils and Plants (4th ed.). Boca Raton, FL: CRC
Press.
Kachoueiyan, F., Karbassi, A., Nasrabadi, T., Rashidiyan, M., & De-la-Torre, G.E. (2024).
Speciation characteristics, ecological risk assessment, and source apportionment of heavy
metals in the surface sediments of the Gomishan Wetland. Marine Pollution Bulletin, *198%*,
115835.
Karbasi, A.R., Nabi-Bidhendi, G.R., & Bayati, I. (2005). Environmental geochemistry of heavy
metal in a sediment core off Bushehr, Persian Gulf, Iran. Journal of Environment Health
Science Engineering, *2*, 255-260.
Kucuksezgin, F. (2001). Distribution of heavy metals in the surficial sediments of Izmir Bay
(Turkey). Toxicological and Environmental Chemistry, 80, 203-207.
Li, C., Wang, H., Liao, X., Xiao, R., Liu, K., Bai, J., Li, B., & He, Q. (2022). Heavy metal
pollution in coastal wetlands: A systematic review of studies globally over the past three
decades. Journal of Hazardous Materials, *424*, 127312.
Long, E.R., MacDonald, D.D., Smith, S.L., & Calder, F.D. (1995). Incidence of adverse
biological effects within ranges of chemical concentrations in marine and estuarine sediments.
Environmental Management, *19*, 81-97.
MacDonald, D.D., Ingersoll, C.G., & Berger, T.A. (2000). Development and evaluation of
consensus-based sediment quality guidelines for freshwater ecosystem. Archives of
Environmental Contamination and Toxicology, *39*, 20-31.
Mao, C., Du, S., Zhang, G., Wang, Y., & Rao, W. (2022). Spatial distribution and ecological
risk assessment of heavy metals in the sediment of a tropical mangrove wetland on Hainan
Island, China. Water, *14*(22), 3785.
Mirza, R., Mohammady, 1., Faghiri, E., Abedi, A., Fakhri, A., Azimi, M.A., & Zahed, M.A.
(2014). Source identification of polycyclic aromatic hydrocarbons (PAHS) in sediment samples

VT HY



Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

from the northern part of the Persian Gulf, Iran. Environmental Monitoring and
Assessment, *186*, 7387-7398.

Mirzaei, R., Conroy, J., & Yoxon, P. (2010). Otters in the Hawr al Azim wetland, Iran. Hystrix,
the Italian Journal of Mammalogy, *21*(1), 83-88.

Miller, G. (1969). Index of geoaccumulation in the sediments of the Rhine River.
GeoJournal, *2*, 108-118.

Neyestani, M.R., Bastami, K.D., Esmaeilzadeh, M., Shemirani, F., Khazaali, A,
Molamohyeddin, N., Afkhami, M., Nourbakhsh, S., Dehghani, M., Aghaei, S., & Firouzbakht,
M. (2016). Geochemical speciation and ecological risk assessment of selected metals in the
surface sediments of the northern Persian Gulf. Marine Pollution Bulletin, *109*, 603-611.
Pan, F., Xiao, K., Guo, Z., & Li, H. (2022). Effects of fiddler crab bioturbation on the
geochemical migration and bioavailability of heavy metals in coastal wetlands. Journal of
Hazardous Materials, *437*, 129380.

Pejman, A., Bidhendi, G.N., Ardestani, M., Saeedi, M., & Baghvand, A. (2015). A new index
for assessing heavy metals contamination in sediments: A case study. Ecological
Indicators, *58*, 365-373.

Pereira, T.L., Wallner-Kersanach, M., Costa, L.F., Costa, D.P., & Baisch, P.R.M. (2018).
Nickel, vanadium, and lead as indicators of sediment contamination of marina, refinery, and
shipyard areas. Environmental Science and Pollution Research, 25, 1719-1730.

Perin, G., Fabris, R., Manente, S., Wagener, A.R., Hamacher, C. and Scotto, S (1997). A five
years study on the heavy metal pollution of Guanabara bay sediments (Rio De Janeiro, Brazil)
and evaluation of the metal bioavailability by means of geochemical speciation. Water
Research 31: 3017-3028.

Ramsar Convention Secretariat. (2024). The List of Wetlands of International Importance.
Gland, Switzerland: Ramsar Convention on Wetlands.

Reimann, C., & de Caritat, P. (2005). Distinguishing between natural and anthropogenic
sources for elements in the environment: Regional geochemical surveys versus enrichment
factors. Science of the Total Environment, *337*(1-3), 91-107.

Saiful Islam, M., Belal, H.M., Abdul, M., & Sarker, M.D. (2018). Assessment of heavy metal
pollution, distribution and source apportionment in the sediment from Feni River estuary,
Bangladesh. Chemosphere, *202*, 25-35.

Taylor, S.R., 1964. Abundance of chemical elements in the continental crust: A new table. Ge-
U.S. Environmental Protection Agency (USEPA). (2007). Method 3051A: Microwave Assisted
Acid Digestion of Sediments, Sludges, Soils, and Oils. Washington, DC: USEPA.

Wu, J.,, Rong, S., Wang, M., Lu, R, & Liu, J. (2022). Environmental quality and ecological
risk assessment of heavy metals in the Zhuhai Coast, China. Frontiers in Marine Science, *9*,
898423.

Zare Khosheghbal, M., & Esmaeizadeh, M. (2018). Evaluating of heavy metal pollution in
Amir-Kalayeh wetland using geochemical and statistical analyses. Water Science and
Technology, *76*, 1276-1286.

Zare Khosheghbal, M., Charkhabi, A.H., Sharifi, F., & Ghazban, F. (2013). An investigation
of sediment pollution in the Anzali wetland. Polish Journal of Environmental Studies, *22%*,
277-282.

Zarezadeh, R., Rezaee, P., Lak, R., Masoodi, M., & Ghorbani, M. (2017). Distribution and
accumulation of heavy metals in sediments of the northern part of mangrove in Hara Biosphere
Reserve, Qeshm Island (Persian Gulf). Soil and Water Research, *12*, 86-95.

AR AN



