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yp Due to various activities, heavy metals can be released in the environment and endanger the

health of people in the society. Considering the importance of the subject, the present research
has investigated the contamination of Araghi catchment basin sediments with heavy elements.
For this purpose, 24 sediment samples were collected and the concentration of 11 heavy
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enriched range in the region. Based on this index and the Anthropogenic Percent, the origin of
all the studied elements is in the lithogenic area, which is caused by the weathering and erosion
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EXTENDED ABSTRACT

Introduction

One of the major environmental problems in human societies that endangers the health of people is
pollution with heavy metals. Heavy metals are of great ecological importance due to their high stability in the
environment and accumulation in natural reservoirs and finally entering the food cycle. Although the risk of
soil pollution is not less than other pollutions, but since this pollution is not tangible, less attention has been
paid to it. On the other hand, due to the importance of sediment pollution and its transfer to plants, animals
and humans and its impact on health, as well as the lack of study of sediment pollution in the Eraghi basin,
this watershed was chosen to investigate and evaluate the concentration and pollution of heavy elements.

Methodology

In order to investigate the concentration of heavy elements in the sediments of the Eraghi Esfrain basin,
24 sediment samples were taken from a depth of 10 cm. Then, the concentration of 11 heavy elements from
24 test samples including As, Cd, Co, Cr, Cu, Fe, Mo, Ni, Pb, V and Al was investigated. Also, interpolation
using the IDW method has been used to determine the area of possible contamination. Then, the concentration
of 11 heavy elements from 24 test samples including As, Cd, Co, Cr, Cu, Fe, Mo, Ni, Pb, V and Al was
investigated. Factors such as Enrichment Factor, Anthropogenic Percent, contamination factor, modified
contamination degree, pollution load index, ecological risk index and Modified ecological risk index were used
to measure pollution.

Results and Discussion

The results of calculating the enrichment factor indicate that Molibden, copper and iron elements are
among the elements without enrichment and lead, cadmium, chromium, arsenic, nickel, cobalt and vanadium
elements are slightly enriched in the region. The study is lithogenic. According to the Anthropogenic Percent,
43.21% of cadmium concentration, 29.14% of arsenic and 26.86% of chromium in the sediments of the region
were anthropogenic. The results of the contamination factor (CF) study showed that although all the
investigated elements are in the category of low sediment pollution, but the highest values of the pollution
coefficient are related to the elements of cadmium, chromium and arsenic with the values of 0.58, 0.67 and
0.67 respectively. It is 0.66. The results of calculating the modified contamination degree (MCD) and Pollution
Load index (PLI) showed that the sediment samples in the studied basin do not show any specific pollution.
The results of the soil contamination factor indicate that all the studied elements in the study area are in the
pollution-free class. The results of the risk potential evaluation showed that the ecological risk potential
coefficient was less than 40, which indicates that the risk potential is low. Considering that the average
coefficient of the ecological risk index is equal to 50.38, which according to Hakanson's classification, the
ecological risk status of sediments in the studied area is low in heavy elements. The modified ecological risk
index was also calculated and its value was equal to 114.07. The results of this index as well as Hakanson's
classification indicate that the study area is in the low category in terms of modified ecological risk status.

Conclusion

According to Rey et al.'s (2009) theory, the origin of all the studied elements is in the lithogenic area,
which is caused by the weathering and erosion of the rock units of the area, and the influence of human factors
is less in the studied basin. Sediment pollution zoning maps were prepared based on ecological risk index (RI)
and Modified ecological risk index (MRI) indices, based on which and considering that based on these two
indices, the study area is in the low pollution category. is located, it should be mentioned that the concentration
of heavy metals is low, but the concentration of elements is higher in the east of the basin, which is located in
the Mozdooran Formation. Therefore, according to all the indicators studied in this research, it should be said
that the studied area has low pollution, despite the fact that the heavy elements in the study area are of earth-
born origin, the reason for the transfer of these elements and also the possibility of increasing These elements
should be more controlled by human activities in the field of using chemical fertilizers and insecticides to
prevent harmful environmental effects.

Author Contributions
Conceptualization, M.M.R and Gh.A.F.Gh and H.R.; methodology, M.M.R and H.R.; software, M.M.R

and Gh.A.F.Gh and H.R .; validation, M.M.R and Gh.A.F.Gh.; formal analysis, M.M.R.; investigation, M.M.R
and H.R.; resources, M.M.R and Gh.A.F.Gh.; data curation, M.M.R.; writing—original draft preparation,
M.M.R and Gh.A.F.Gh.; writing—review and editing, M.M.R.; visualization, M.M.R.; supervision, M.M.R.;
project administration, M.M.R and Gh.A.F.Gh.; funding acquisition,. All authors have read and agreed to the
published version of the manuscript



1539 Evaluation of sediment pollution by heavy...

Data Availability Statement
Data available on request from the authors.

Acknowledgements
The authors would like to thank all participants of the present study.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The author declares no conflict of interest.



varr—rerras R o ylow A0 0499 (ol 1 S g OT Lliixd Ao
Homepage: http://ijswr.ut.ac.ir
391 SRS 5 lpondsi 5ol 51 ot b sfins polis &3 Sligusy (39 3
(C ! (law e 53 ( By b9 153 )90 anlllan)
T Uy o |7 s 0IB Y polma¥ld | B ol groine doma

m.motamedirad@cfu.ac.ir :asbbl, .)lpl o))y ¢ LK 3 olSiily Ldlyia 35900 095 ¢ Jgume odiunrgi )
fallah.g@kashanu.ac.ir :4sbL], .yl pl ¢ Ll ¢ Ll olKuisly copunj pole g (rmbs molio 008l ¢, K53,5 5 Ll 2> 09,5 .Y
rezaei _h@iamu.ac.ir :asbll, .l ¢yl 65 (&) e plol (g puuadl oKiisly .Y

oS> Ao e

4

ingi e 14l g3
b ojlul jlas &y 1y dsels o8l oM g aidly lil lasre )0 Al o (b (slogdled 31y i 318
oy S polie 4 B sl asp Sligwy (Sogl pp 4 w0l plag Eaose Cuonl 4 2 g VEYENA 1l fu b
Mo Fe Cu Lr Co L£d As J,cl,.; S paie V) k,Ja_Lc 5 il p gy dged VY jolate py ol VEYIONY 25,55 s,
duoloee (wlol 5 .00,5 eolatwl (Sogll (glayadlis 51 Sogll ioiw glp g (owyp dy90 Al 9V Pb Ni VEYIOIY - b pry g,
(AY 5 ) o 1Y 555n b ) (il ol (1Y) 0 dirmps il 5 (S8 5L
Sl 9y psuedls oy polis 5 (1 5l iS) (SA 3 Gk polis 0y0) 13 (137 ke L) o2l
Moy yadls g et cpl Golwl s 18 ddlais o (SWl (Sab G edga0me ) peidlily o LS (S

Ve 5l Ll & U

9 5d3lgn Sl g oS 039 S5jand dilain ;> aalllandyge yolic den cliie Sfgrgy5l oy b il Jalge i8S bl
Sosll a3 oals (ol cupd o ol ol sl ol sg2g s ailate (St (slassly Sl
ool (Sogl aalls 3150 a5 13 gy (slaigns 33 s (SES e 5 (o1 b s ki o S2Bll oo
S Sy 5 Seiglss Sy G2l ppd Silon )5 )3 Sl gy i 33 5 ool ol I S 3
So598T Sy Cpndg (p3uilS o ssinalils olol & 0l sy WY 900 YAl 5 4 01 Mo w:\%h‘
Al oS oSt ol 4 adlllan 390 aiaie Sl o150l S S 5 e

SNP)

o yasls 5 olewdsss cloodls jl odlitul b uKiw yolie a1 Sbguy (5391 obj)l (VFT) s o Ly 5 fmbinaMe (g BB M hasmo oy gdaine 3Ll
AOYY=VOSY () B0 ol SB y of ol dbxe ophiel e 0 Blhe  ases o0 adlas) S
https://doi.org/10.22059/ijswr.2024.379138.669752
BY NC
By © Lol osily ol L] dunge ¢l
DOI: https://doi.org/10.22059/ijswr.2024.379138.669752



mailto:m.motamedirad@cfu.ac.ir
mailto:fallah.g@kashanu.ac.ir
https://doi.org/10.22059/ijswr.2024.379138.669752
https://doi.org/10.22059/ijswr.2024.379138.669752
https://creativecommons.org/licenses/by-nc/4.0/

10£Y . 03l U opfiw golic & Clgwy (3991 03,0 10,502 g 51, s0iine (i3 — (sole)

-

4AodR0
Camex dg)ist Gl o (933l59) LByuS Atud g9y ol b ciliss ol ol care Slus | Canlame (So9)l 090l
g Sli) it ) e SB o 5l cand eitls Sl 41y g 5 S e (Sogll ol 3 iy U5 Un e gy
Shetle Flas (e ) (St S (Sagl a5 o bl Sl 850 3 ot et 1 g ] i (st & 5 039
plo & 8l5 o (Sl ol gu 039l SB a5 alSin ol 00 Cann slae 3590 10 ol 5,55 Liulidl cael ggudge cpl &S Contd
(Zhang et al, 2007)sjlaiy ylas 4 1) Ll CooMs s e b g paions jobo 4y g 00 Jdiie Cuns jlas (gl

S by lasl org o0 lagarge il a5 sl (6o @olgs dad ) i bawsme M0 o et | (S S Sl
Yalcin et @Mico et, 2006) cowl canbs j3le5 9 Jols )55 b 4 pie o2)lse | (SO SB Sogll Ll adle drlge (g
l3ls b Sogll il o s 1y daxels 33l oM a8 Cowl (gt @olyx ) odes ) lae M ) S5 (al,2007
3 BB g cows I8l JES] Jas g 03gr 03 S jluws S 1S 318 Sogll b3l ol ps cowl 5 LB sl o S
OiBe dsgeme D xeod g b 0 YU (gylasl @ S Sl o) deng (655liS GV gaze g Clilgs bl
sgatedy SIS Sl (S5 jedn (b jobody s )55 5 (o0 (Bldpg Cpanl I lil as 950 Caloi) g b
Tolaw > yolie ol cdale (il 4 e Calisee polie I aods VT i) lol s (65950 0355 Cldgzge (umj slaclsd plox]
pie 9> o Shg S 4 eauYT oyl . (Rajeshkumar and Li, 2018)cul o 005} Cldgzge (¢lp o jlae ;> STjlas
1y 013j oo Slgs oo ¢ alis sloopons YL gobaw )3 () 2leS)n Jeily J 5 () Cdlil bl (i) w3
O9pd (§dAsie (5 les 5 il lusl a3 g e T i SIS (WS (e oSl g (g9l Juled Lagd ey
2 g Nad ced @8 ¢y 4y 3959 3l L pSoww l3le 8ly 45 (Sarkar, 2002)a5S o dbul Jlesiinl 5 pae S5 slaislew
02il9= 9 Bis)lon jop cge Bl ooyl e 03,5 oo aLBLil g 03505 Cgus) Juolie g baglgsiil cMae (g2 plai olacdl,
S5 990 i) e hate Ll Gre g 4SS 4l ¢ oudild Y] (i bt (b s glgil ¢ uas SYMS] las eoasis
.(Absalon and Slesak, 2010; Adibi et al, 2014 YA (,Kan o e Cunly )09 Hlusl s > lgzeinl

& (Febles Gonzélez, 2014)sa> ¢, Sl slacyld b b (clasnl 3 a4 do g b Ll oo w3l clale iol38)
p{rya Oly‘go I) u*i"‘“’ Ql}lé le.«ab @L:.a -3 g w)la_..m 3)19 J\)' Oe) L 9 J\)'Oul &L;,o )‘] .A.u]yL;o u&“ Ql)‘lé ‘_5))‘.».9
ool ol ) glin olgicon |y 8 ol bt i 5 6,5 5 )3 S MK [S3ilgn 5 3555 gy e Saas]
[(Bradl, 2005)cuuily cxuo slacdled 5 (550liS (o )5 yixe yeomad

Cgonl Bl 5 oS lacble 13 )b onj Chgrge p oS (Sigdngd Gl g 3g @S Sy Jdd 4 oS ol
Caonw )] liss) 03108 wlie e a4 pSiw I3l 590 45 sdes SIS €S ol o (WA ) Ka g cpjp ) Sloss aslis
(BlS CeoMs 45 (35 ol el 9 03g) o slins pyS 5 g cpeuadlS (Sl o S I8 5| am el bl g )lub
Gu et al, 2005 : Li et al, 2007: Nasralla, 1984:\YAY ¢, lKan ¢ 3,8 (¢S YA ()| en g Lojl a0 )9 o sl g o3>
03,5 oo ; (sloos VT oy 5Shs 5l (S 4 o5 |y S @l jlé coably ) 11 (Sommers, 1997 :Sharma et al, 2007
15,06 g 039 413,95 o Vb ) e 5l &S it oleoau YT ales I @ljls o) (Kabata-Pendias and Pendias, 2001 )l
2 o2l ol 5l a8 Shlule 5 sl 1) (Slae Sl 3l 5 4l zeos GlalS 5 gl o €8l 50 Qe 05 Bk 3l )b 4
Colps 30 g b (jbre degemme j3 e g ke 0 YL (gylul s @ S I8 i lgv o 1A LALS e ool adlaio
@ s & S aljls 4 Sogl (Loska and Wiechula , 2003)aiius )lygs 5 (o3b; (3lispg Cuedl 5l oI3E 48 > & 3459
B SE 5 Gl lge (o (oliws (I 9 (Sjslan sbcylld Jals (S plend 5 ()8 Clogad p pallee )90
oMo (gl s las «ojp sleel 3 398 oyl I ) laome el 5 g (2lIE 06 4 g9 Jdb 4 Sk 25 e
b polie opl il Hlasl e )0 Wil o alisee slacdled Sl pwSoww I3l (Facchinelli et al, 2001 )35 oo Cgmoro oyl
OYM (g sjls)) Sgi oo S (Sdgll el b claclale

lalase )3 ody ¥l 055 (oly Ll o 55,5 lgieds Slguw, \/9"“ ol SB (il 3 pre sladels 5l (S gy Mg
Gognou and Fisher, )ag) oo jlos 4 s5les (3L e SYb (claoyed (lp Wl o a5 o SLL sy Lol oKl 555 o



(u“““ﬁ)"_ @J&) V€+Y ol )Ji Q b)Louw ©0 2,90 “’,‘).3“ Jlégui oludsy Yoty

‘uw 3 g oo 63938l S 4y v Jludl slaclad 5l o Ll 3jls 3555 S 5 b job 4 S polie pl 4 )3 .(1997
Mo Sl slacdld ids (Yalcin et al, 2007)35 S 5> K Ol3l8 piin xeod 4 e Cawl (S Sl slacalled
sl (sl oy gl 5 (52 S o idne (SUbEdled (53908 (slacsbuy « sin Sl 55 i1y (a5 i
(AR (o )oS ot (SO g (nio

& e Dlg o N1 (shgm slaadS 4 (0l)8l > puoad @yl 4y b b (Soo5 bl pawedls” (sYU polis sl jo
5 L,,NYLAL&.,T) Cgano slalosinl el dgng el Sllgs g bl jd Cunl (Ko poredlS 33,5 i se (claaldS” ab dgdume
43 (5 ol oy Bl o o YL jallo g 39 055 2l b g Casgy S col Hlg o po)S 08 salie 395 (Lusg ]
Slgs o YU joalie )0 Lol cowl Ll Gl (gl (gy908 00l S (o il pp ool sl s glacdl ) b g 0guiy S 5 08
5 2990 g (£l (55,5 (2l mlio > St 0y 03g) g oane oIl g 4l g 45 4l (I35 el
Setao)] 23,5 o Bymno o S Ule g oS i daiSEHB )3 5 o ke 4 > 03ll558 eaws (g2 5 43 )16 oAiS Sy
38 o208 (B3 Glaglbyw Ll 5 Cavg glbpw T (98 )L (g Slols gl jon cel ©to js )3 cul 0B
Ot oy (S e Colen @l el 4 s bl 5 iz D550 o D)l g ke 53,5 S dgn ST )b
Mo dbu) el b padlio )3 a8 3045 Ll > (S5elan sow C;‘)ﬁ.'}‘l}' Mool el cuwnl (Son pais pl YU zolaw .55l
e 5 wd ol (g Glasl & i) ol 5 ol pis 5 b oo w39 5 oaas daalS 5l cnglSsan slajiis
Sl 55 joy8 sl JodS sla sl Mg slp US6 o5 polie oS (pl g b cdS b on S5 3590 53 1398 (s s
(O 03y U el dlgie gy ol ol polie Jy gy Camgene sl Wlgi e ik ysbo 4y IS cawgie yolie > g
J 4 ol laptunwssl s (bl (LS (Gl lp 1) Shlad SB (Sogll calpls 235 Cangy (B9 9 15 9 b 4 o
2,

ol Jar (s gelg odos EMSUe 31 (S 4 5l ol oo cgus B g S ils 51 50 clay Sagl o el
ol 5 ol ol pmnl Bl oy i bamo (sloosip VT )8 | gy sle g Cujlame cblis ozmen Dl 4 5 .l
02eS bl ce )3 5 e a2 0 ol Bk st o sl oSl 5 o bgy a2 )l Cadgl eagll gblie (4l 4ol Lo
3 8 (539 b, 5 ool g > (Sms sloti 5 e

Sy sbre lise 9 Ve mglkg S 30 Siiwy] a5 650k 4 Conl glaie calisee polie clale jlore e a5 sl S5 LB
5 b Swaule ;o alBw yolic oogume 8,k 3 .(Meade and Emch, 2005) il o Siis (459 50 Y- MO/KG Ll oDl
AN 65l )S Slgwy 53 g o yd YId- FIY lacSwanle ;o poiagd] e a5 (5 9b as .l Egliie a5lu,S Slbgu,
cPPM +/N=Y 5 < /YN e LS 5 PpM V=Y 9 V=VY G oliee ol Syl )3 canl doyd +/F=Y 9 V=Yl 13 g ao )
PPM Y=Y+ g 0=Y+ JS5 10 ppm «/NF—=+/¥ o +/¥=+/A adgo > cPPM Y=Y+ g D=+ o ;3 PPM OV o V+=F+ pg)S 1
.(Kabata-Pendias& Pendias, 2001)cuol ppm V+=¥0 ¢ V+=F+ pg:0llg 15 o pPPM ¥=V+ 5 0=V oy j3 ¢

B 5 ad5e Cuoodl & drgi b (pizmend 5 ity (59)) B larmatinj M | (S plgie 4 Kt polie 4 S Sogll
MR OhRings g e | 5)lun dr g 3)90 4L3IS And sz 3 ( SB lalame 3 G ppl clale (e (e oM
23,5 o0 o)Ll Ligfy (S 4 &S sl 4B)S

9 e jl i g (S99 dibaie by Jless jo (Skrbic et al, 2010) e i 5G4 ,> (Chaoyang et al,2009)
» (Al-Rousan et al, 2016) wxa (8,é g Jolo y950l8 5 Jg slaailidg, odaw Slgw, ,d (Nethaji et al, 2016) « 655
la 3l > oYB > (Kamzati et al, 2019) s RAMSAR oYU > (Rivera et al,2019) (¢ o (sb,d) ade b, Sbgu,
Sl 2050 1 o Plos 2 iz 5 Sighils o e Jlod > Jolo S35 (e Sligw > (Wang et al, 2024) 5 5>
5b o g (MCA)" sz Mol (Sogll s y3 CF)' (59l oy (EF) * Sai s 956 ylas  Sogll (cla sl 5l oslisl b S

1 - Enrichment factor
2 - Contamination factor
3 -Modify Contamination Degree



YOLY .. o3l U opfiw golic & Glgwy (3991 03,0 10,502 g 51, sokine (i3 — (sole)

A0l plosl 1y Sllllas (1g€0)" sl rpue; a3 lis g (PLI) Sl

2 (W) )Ser 5 (cslip; 23,5 0 o)Ll (63)lge 4y &S Cunl dB8)F Cjauo Ao cpl D (g9t Cldlllas 35 ]
338 83908 )5 e Ced )3 (WA ylSo 5 (68L p0 {15 Jloudo il )ysd 5 adlato 55 (WWAY) ) am g (s5mg0 coliile S
9 Sk e Ol OV Slgwy )3 (VWA (Bjopn Gl p3 o)lgds Jlod (ol gy > (Tl
~lud ol 4n3l 53 (WA LS g e cdmg)l (b joed (B i (daw S 9 42 l)d pw Sligw) ) (W)
ol ) ozl b i polic Sogl adlllas & plosS il — gl o s (VF+¥) Ko 5 SHSunlygs (5,0 5 oyl
Cons woalo (Sl ol 45" Sl 51 Lol e b gl 1500 51 a8 S Sogll Jd i s 31 sy Sy (5ol
5 st > ol 30 g laglusl 5 g (lalS @ ol Jlis) g Sl (Sogll cusal s 4 (21 5l .l 0 dog 4 a8
Sogll adlllas pac g o, K80,5 5 Sl Codl 6 2o )3 g (K50, han ddlate lgie &) adge 5B)5 )5 izen
ol 2 a8 Dbl S jolie (Sogl g clle e b)) g (wip Can sl doe il (e aog 3 Sl
S o asls sl eslitl  Sllllas asge 5> hmgdy el pas j 0gMe 4 Cunl nl Gl Jloys3 0 (slofag Cuanl Sl gy
023l 5 (So9l Jk caps wabpdol (Sogl axys ( (Sogll cops « Sfnngynl b oliplud elss woyd ((Sud b 556 il
S235JeST Sy Hlado 310 g 5 0adg Mool Su35leST Sy a3l g (B lbpss) S055ST Sy ol 51 (Kbl 0
5 oolitel ccuils dalss o 3 |y oyt s S ot 45 ol s (Ko 5 i 3l Sogl e gy g polic I S m

G0 g 5

adlllas 3,90 dilaio (Ll i Cuxdgo

gy 4 f 5l ailate cpl 3yl 518 byl 1ol (5ytskS Ve gu alols )5 g il Gl jped Jlad )3 (Bl sl 05>
53,5 o it 35 Gl pped @l 5 S (sl 4 0 e g G g 3Ll slaliung) 4 Cogin gyl @S
FE" el s ye 5 8y OV TY Y™ IOV V¥ 0)" cla Jsb s3gae yo LA/LON claises pipes 5 ¢ ldlyin claise L
POV o o ys o OFVVOAY I OYSVEA (ola Jsb a3505t0 ;3 UTM claises i j 5 Jlod FY° VS V8" JITY" -4
5y550 —cplywl (Jblo)l jeome )0 yieghS Ve Cllue (bl o ¢ Slelllas ddlais 4y pliwwd jolaie 4y .Cuwl ouds #8ls ¥AYO-AY I
Jb 0wl Cazer 425 YFVE 4 jlgle VY5 il Sldlas db s sl oids z8ly Blye (cliwgy (bli)l ol odls Cunly caows jo
G g b g oy Siddas of el (o) ol p adg> bl sl o os Yoo 9 ailale 592 By (ke 8 ol
Sipe kel 259 Ghg)l S el JB Gk jlades (ueing g (rlaw ol 4lS cwl Suidaes oplegd )
e ase ) sl dgrdio 2Pl b Shn £55 ol ) 45 )15 )15 (EVT =39l 195) (B 55l 195 3 s e ads>
9 (40l g Selyg)) p93 9 (mmsd)) 9 reels) ol (g & &8 Sl (y90id ) (655155 Cligus 5 (K dizz oy V) Sl
OF/¥Y)yly93 50 (1o yd VE/VE) sl ((duo 3 VIEY )Mo (o yd +/VY ) gyl 5oz Jolid oS 51 3l (jobs e U pwguls) pow
(doyd MAR) 595 pyle g 130glSS™ ((uo)d YY) SYL (565 (6 p0slKiS” ((doyd AV 1oalSiS™ (o yd +/AN)CiS s (duoyd
dog @l Mdlige (10> IWE)ojly g (o) ANEV)aie Ll (Bl Slgwy (aop /¥ ol Bl Slgw,
5 b ool (2oyd 1) il 5 s casly; o )3 Vo VA w23 g (ol el baliste (doyd MYE) ol el (duoyd SAVY)S) i
) edllaosygo ads (Sl s (303 +FY ) gSans ol (10,3 V)3T, o8 s sla Sz o> ¥IY ) sl o
w9 ¥ degoone A Cuvdd gl jl odlitul b 50 ddes (NDVI) 2LS idgy glas odd Jloy asli .losly jolaid] sg5 4
sl (2L by (6515 (ljee (nyieS & (NDVI) (LS gy ©glis o3 Jlo b digg (1 piair 35 AV=V e e ol o 03 a3 ¥
by gl oS ey padld (F)JSS 5 (LBl 6 )8 (1) S e oulidipe (V) S ecupmba (1) ojloud JS5 imd oo i3
Amd e i 1y Jled ol p sl 3 Bl j5ul ases (NDVI) LS

1 - Pollution Load Index
2- Geoaccumulation Index


https://sid.ir/fa/journal/AdvanceWriter.aspx?str=%D9%86%D8%A7%D8%AF%D8%B1%DB%8C%20%D8%AE%D9%88%D8%B1%D8%A7%D8%B3%DA%AF%D8%A7%D9%86%DB%8C%20%D9%85%D9%87%D8%AF%DB%8C

(onidos — oole) VET olo 31 A 5,lans 00 593 ¢yl pl S o Il oligios V0£€

T
418000

T
4116000

T
4114000

(O, samie) anllae 3590 Adgn (owliond cpo; duidd Y UKW (50,10 saio0)antlhne 590 dd g Curge 1) KW

536000 53000 s4z000 45000 40000
535000 30000 sz 545000 542000
g E e I
= A § & LS g
Y o G o (RN
- 3 2 A i OV [ ez
g- rE | vaee [
g 3 H ‘ oo ) rg
H ¥ o wos H
-

4120000
T
4120000

120000
T
4120000

£ Ho. 1
: P B
£ § . L
w -
i @ i i
s s
o 15 3 6 3 12 0 15 3 6 9 12
536000 539000 542000 545000 SQNOIO 536000 539000 542000 545000 548000

axllbs 350 dSgs (NDVI) LS gy Crgldd suwdJlo yi pad W anli :Y JSWS (5 )1 s auie)andllae 5y90 adgn o1yl (552,15 Y UK
(o695, saie)

oiRg3 el g,
Abg> 039ae pum b il dellio— YT (claogS” Lgin asely ;> Google Earth ,léls 5 5l eslatwl b 3lye 3o ] adgs laol
pLoa ViYDe oo 815005 cladids o (7664 11 1) im addlas 3y90 jusul 05Vl ve) 815005 claaiss Lolwl p Sllas
3 ookl b e e bolad 9 15,5 o (7564 1 NW ) Cans 5 (7464 11 NE ) (3500 (7464 | SE) ldss > sla
el Cap oz 455 il Sng w5 (Sl gl e 3 Spg S 5 135 (58, GIS Jl3lp s
53,5 oolatl ddlaie ViVe o v el e adds )l ddlate awlid o) leMb)

P S polie ChBlE (e (guyp e jobate (p ad pll Sl Sllllae dlsje )3 lag s pdiged pole iaghy 5>
Sl (slanl ] Sligus; a8 bl s cudloy (gytoisilo Vo oo | Gliliag) Gogu) diges YF plihul Ble e Sligu,
cladla e opl )3 ;500 4S5 Al o O CS > e 3 @ly clalame I (closnles Wbl o 3¢5 CandVL dlgo oo g guittunds
B 335 o oty sy slodlle g a3l (I3l a8 pobis S50 lanns] llyd bl 4 o sl glanlpl Sliges) g
BU1 glod 53 joy ¥ e 4y adiges ol po CunBgo Cud g 0)lowi g pb 2 )0 g ddlaie Cliguw) 51 JolS™ (g0 paises jl any Canl S5
duwle 3 el @l b aiad oald joe 2MM jlad L Sl ladiges colod (o Nigai Sid MolS™ B s 00l 1,8 lgan (15 520 53
155 5o oaibantd Slatiges b Ay 3 )5 Jlusl elSitylef] 4 ICP-MS g, 4 (55t il 3061 ool g 025 i L



10£0 .. 03l U opufiw guolic & Glgwy (3931 03,0 10,502 g 51, g0kine (i3 — (sole)

ladiges Jlwyl 5l o oBdolojl )3 (gilwodlel pgd als yo g ymmo 13 (gjlwodlel Jgl als yo 205053,5 odlal als yo 93 4> ladiges 45 S
ploul YY¥e g AV S0 XD DA N F lacsdl ) jee L SB canails bl s Ll (651500 ¢ (g5lwodle] clilas slSiulojl 5
ICP-MS (5,5 )54, b (ilss g aal Yoz U1 b, 5l oliandsy lalllae > (glanlpl gy sladiges () g 9 Cépdy
g bajls slulis g oLyl slp & canl o (riwcal o4 (ICP-MS) Sl sudcis slowdly o (Sxwcib .0 odlail
lowodl dadier Sy cigad 3959 Alabo o §1 JSuita Lbgy ol 2515 LS 1 10PPAY > it (Sl & placdalé b lajlsl s
Syl JSize oy il S g oM L Lawdly Sytdie fye S gy 590 o b ool (sl a5 gl ] 0sds >
paie ekl jiagh cpl jd 4 Bas WU paie FY ool )3l bayg sboy KT g jlulis alobs <6 g g0 008 55 505
Ni (y3adge) MO (o] JFe (e ) CU (pgyS )T (LS ) CO (pgwedlS)CU ((Kiiw)] ) As Jolis skl diges V¥ I pSiins
rolis 3,50 )3 0ud (6 Sojlul slbd je Cunl S5 LB CES 15 s 3590 (pgsizadll) Al g (p923U1g)V (o ) P US5)
ol PPM Sjgo 4y (6505101 dalg 5 do > 10 5)luiliwl sy

Sld b 5l Kisu S gy G gy ol wcunl osid o3l IDW 39y 4 obyes 5l Jlessl (Sogll aigy cyuns <l
gl i 4y 505 bl & cul (Sie (0558 cnl 2 & 5 (3,15 S gu)ly) WS (a3 s ool i (IS B & bogye
Luly 9 o Jue auly 2 48 Casl (liig)> oy oS g ke gy ol Gl S5 B )l 3500 bl (] & (g yttn canl
b yolis bl oy sghaie s amdoo Ghalod |y 585 sl (o o9y ol Jl ondadyi 0y Y ool oud gjupaly )bl
Blydl g yuiite 93 puil)lgsS 2 (e (ygu e o pS 33,5 oo o3kl ol adlhe Julod jloges g gy (Stre oy 1 00
SleMbl gy ponds g b yuste oo S LialS jolaie & Lol adlge Juloo g ;) .(Joreskog,1994)asb o sl (sl lino
@ asbl ;> 13,5 odlizwl  SPSS IBM Statistics 27,138le 5 5| Lol (slaadlge Julow 4350 35 g sl g Jloy plss (o )lal
3 s slapasls byl st 4 sl oas asloyy Slille adg )5 (:Kis polis 4 Slguy (Sogl Gl byl 5 2
Ye et ;Blaser et al, 2000)55: 0 odliiwl dilais polic diej clale Jlads jI L 5 cpoj dtwg 0 polie (W Sko b Sha Jub
St s Sla ol 51 Sogll o (ol coles 5wl ond ool Sl Jub 5 G98 (slapadls amlxe ) .(al, 2011
395 em 0yl lsansf ool o asls] > &8 5 o3lital oMol (5005 Sy bl g () 55J5S] Somsy L
anlllae 390 (lomdgij (sl pad LS

(EF) (Sawi & sl

e jlrme onbps adllae ja (6900 i5R Wlord Juols S anb (Sojlgn i1 45 13I8 51 ol Lite b ljlé ples
olizl () 3kl S &) cus yolie (2alS b Gilidl) Gl § S (Soedl L)l cogs (Sidé Lol ol
9 33 sy )l dilaie Slguwy (2B Jole 18U lie Sl g woat VT Lite sl Jglite (sl 51 (S 9 29800
ool I Sagll 3552901 5 Sjgid Lo s i amolio oy cibg) ool () ool 9 3Ly (sdoine VTR0 (e
ol oolol g (L et al2021) b o (dl5ledl )yl Jole 8l s Sl cope ol Sode,leas (Adamo et al, 2005)
o1d Bl Lo paie lgie 4 poriagll pale (imgfy cnl ) domis 383 b e 4 Cund |y polie ke e 49816
oty Sl b S 5 i o S S (WA (olylKen 5 255])5)00 o0 4t Lus 3B laic & paiagl] Ygoms .o
J(Loska et al,1995) 53,5 .o duwlro Y alayly 5o  Sud s oy (Teng & Huang,2002 ;Lu et al, 2003; Bowen,1979)s )l

Cxa (V aba,

Crefl

sample
EF =

x2
CrefZ

Oljee @i gl |y adlo can Chen et al(2007) .l ((yeo) diwsy) Lo Loz (3 (Al) Lo juaie clale Cref2 oy diwg) Lo

background


https://fa.wikipedia.org/wiki/%D8%B7%DB%8C%D9%81%E2%80%8C%D8%B3%D9%86%D8%AC%DB%8C_%D8%AC%D8%B1%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%D8%B7%DB%8C%D9%81%E2%80%8C%D8%B3%D9%86%D8%AC%DB%8C_%D8%AC%D8%B1%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%D8%B7%DB%8C%D9%81%E2%80%8C%D8%B3%D9%86%D8%AC%DB%8C_%D8%AC%D8%B1%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%D9%81%D9%84%D8%B2
https://fa.wikipedia.org/wiki/%D9%86%D8%A7%D9%81%D9%84%D8%B2%D9%87%D8%A7
https://fa.wikipedia.org/wiki/%D8%BA%D9%84%D8%B8%D8%AA
https://fa.wikipedia.org/wiki/%D8%BA%D9%84%D8%B8%D8%AA
https://fa.wikipedia.org/wiki/%D8%BA%D9%84%D8%B8%D8%AA

(u“““ﬁ)"_ @J&) V€+Y ol )Ji Q b)Louw ©0 2,90 ‘G‘).ﬂ Jlégui Oludss Y0£T

00 o) mob s Sus gé 55

(Chen et al,2007) §ai o ;958 ganaib .Y Jouo

colos i.. . 2, K"
e RURRRRNS RURW: - Lo S o S O
A~)'|M A BYD oy YOU Ve o Ve UO oy ALY o YUY e \)‘I)xaf EFL;AJ;U::L)ﬁlé

(AN) S 5929 561 U 315 band! Jolgs oy
olyors pSw SIS ol cogn ola oy b a3 o yhamad] 9,3 4 |y <318 (Anthropogenic) «Ks5e: 5T b ol bus! (clacylad
paie S5l Jelge duoy> (Al-.Khashman and Shawabkeh, 2006).iS o Cgwy S 1y9)0 4 ptmas] ;3 Gleo sla)le b
sl ulod 15 K599 ,5] o s wanl atidly CIBS iges 4 puaie oyl 3959, dopd X ol &Syl dm diged SO ol
5ot o5 ol et 3 3l Jolge 55 i polic 35103 clisn (b ot Sl 5| St G55ty ) e it e

{(Lu etal, 2009)cul y; dasly &y 4

ME—[Ms « (ah) (¥ e

Mt * 100
dged 3 g yo pais Jabhe MIS gy 3y90 digad 3 paie Jade MU (Siga,51) Sljladl Jolse dops AN el ol 5

ol @ yo bame ) @2 yo pais e MTeg po laes 3 puais Jlaie M ¢ (o) 3)90
(mCd) saigMo! (S3g)l a2 3 g (CF) 539l o po
» (Abrahim & Parker, 2008) 5,5 oslazwl (CF) (53¢l copi 5l o5 oo (o (s paie 4 Cams bamo (59l b jobate &
st 39 05 a1 13,5 iy S o9l e 5 i 355 e e 4y o |y polic s glgisn Jole 5l ol
e pgdie odlial adllasdygo e (Su3glsS] s Jrusly alolid Coled 3 g il slmosiy VT & ol lie (539l Cumsy
Cauwd dy digo) digasd ) pais Glod clale & oddcuil p diges ) paie clale 0,8 s 51 Jole opl (WA o)) Ko 5 (Ko
yaie cdale Csampie g (339l oo oximsjlis CF abasly ol 4> (Abrahim & Parker, 2008 ;Adomako et al, 2008).] .
(VaA+) Hakanson clalae wlol p (Sogll co s (gavaids ¥ Jgas sl Slos Jud > i cdale Chackground § (swy 590

An(%) =

Sy o oyl |,
CF = & (W
Chackground
(Hakanson, 1980) 539)1 o po (guialb .Y Joua
Tiloks  TGY o YUY o V51 S CF
Y PRI lawsis omb gy (S e

Iy sz Mol (Sagll an )3 (cai0d, ¥ Jodo (Abrahim 2005):5,5 duwlxe ¥ alail, wlal y oaiz Mol (MCd) Sogll 4y
mCd =- 3Cf /n (F alal,
Lol ‘_;.)9ﬂ oy Cf 9 040 ).Jl.s] )mLL sliss N
(Abrahim & Parker, 2008) sauizYuo! (5390 an 45 (guisnd, ¥ Jou
mCd ‘;"9ﬂ 4,
\/o>mCd oS (ST L Sogl 9

1 - Anthropogenic Percent



YOLEY .. 03l U opfiw golic & Clgwy (3991 o)l 10,502 g 51, sokine (i3 — (sole)

/o< mCd<y oS Sl aey
yY< mCd<¥ lwgis u§>5ﬂ 4
¥< mCd<A Y (Sogll 4oy
A< mCd<\# Y L3 (gl an
V£ mCdsyY YU cady (Sogll anp
y¥<mCd Colig o Sl as

(PLI) (397 b

glasgazmo el (Sagl )l (adls g5 lads 4 SB (Sl s (30a59 9 b)) )3 oo slo ey 500 51 (Sagll b pas s
s Casnidg 5l S S2glT Sy Lole 305 oo dnolino 123350 ljlh ales Ce | oin Silio &0 4 212YT I35 )
yais p CLLE pudi | g 3980 dplre S 33 paie o clald cypo olol p a3ls ol e LS 1) (o) 050 33
@bl g oo osmd i Wil Sop G sae 4 PLE cdale (ST .0] o cuwnd 4 (CF) g yo diges p o] clale 4 Sy
Adomako et al, 2008 1392 « Lo, 5 yidiunld Jams e b5 |, SB 3l o 5l 5L PLE & Jlo 5 ol dine; ltia
(Mapanda et al, 2007 )] o cawd 4 & dasly 5l odlazwl b (Sl )b o ua,) (Mapanda et al, 2007

PLI =3/CF,*CF,*...*CF, (0 ala

(1geo) (Kl (yeoj s Lud
Sligesy )3 S 388 (So9ll liee syl el (2B (0j pa3 sl Sligry (S35 )] @y slobey S gy o
Fodd Slhgw) 3 polis plen clale 4 ol dge albyy) Slgw) )3 3l polie clale @) Cans (bo) cnl 2 29500 )8 &
g3k 05T oloj ol Jl 53,5 (Byme VAR as Bl 1) (K23l (e Jole Jge (1394 ((Slo 5 oljee ) 5000 oot
duolio b Jole cpl (Muller, 1979) 153 Slold Joo sl laicds 5 sadosliinl S Sl8 (goy dalllas (gl 03 yis
Sl el ] 9 om 03lita] ooy 55 et 35 5ol i) (slyr (ph (ainbes ) b slocdle b 3gmge slacdalé
23550 Jolo (VFe v (20 pme g (Sloho )l (V 43 S355) (ymly pe0llo 53 (Sogll a8lb Laomo g (7 59 0) YL jpolio )3 Lo (S

Do o duwlee £ alaly 3

Cpl1.58y,|
[ge’t):](]gz n ") (5’ 4]9)‘)

VO Cops Jolo cpl ) il digej diges 3 paie lon clale BN 5 diged o jaie clale Cn  Silil o) (a3 ls )
oS sl 05,5 ¥ eyl Jole o) (Chen et al, 2007 YR4 LaS5 g p Ko )l (galstd 3l 51 B dign il praoeaas ole
¥ Joi> .(Nikolaidis et al,2010 <Luoping et al, 2007 Habes and Nigem,2006 )l oads sdaib 039l cosdiar b o3gll e ;|
A3 o LS |y (Sudlslope; padls ganail
(Luoping et al, 2007) Suil! oo j (s bl (gawdidb £ Jouo

Igeo Sagdl ud
so il peS Sl g
VB o o baogio b (Sogll g
YUY o bwgis
YBY o 2035 5 Lawgie
YUY o KPRV
BLY o ol o b s
0l yoie Sl

(RI)* (8 Uudogs) Sy 5981 Sumy sl
S g Slgwy (Sagl Sy 2ol pslato 4 V- Jls 3 (il bawgi j gl (RI) (Blidpgs b So5slesT Sy sl
&S 1y (CF) (o9l oy Il (adls ol duslxe (gl (WWAY () Kan g S nluw)ayd,3 ool (pSiw cljlé alowg 4

1 - Ecological Risk index



(u“““ﬁ)"_ @J&) V€+Y ol )Ji Q b)Louw ©0 2,90 ‘G‘).ﬂ Jlégui Oludss YogA

Er aaly cpl )3 .00,5 o duwlws Er jlade (V) alasly 5,k 5l s 35,5 oo duwlre Cowl o 03 (ioled S8 0 &S Y dlaly Loy

(A) ey Gosb 5l e 2lge (9l (ggm 5l oadoloiiay Comns (lipe T1 5 polie J1 Sy o Sujgles] S e
33,5 oo dvlixe (RI) Ky35)oST Smsy bl

ER=TRCF (V alasly
c (A k),
RI = ER
2

Vo bl i 4 pgally g s cpgredls (Sl polis 9 0 Lyl oy g JS e LS polis (T1) Copans
wlowubY9Y‘\”~ ¢

(MRI1) sanigo! (b luiogs Jasd adld

b g S59n) Jolge pib 093 4 Sl o a3l ol douis 1> 09 o odlitwl (S3gll HeS1 5l RI awlxo 3 a8 pl b asgs b
03l 15l e ( JW> e 4 (Yavar Ashayeri and Keshavarzi,2019)sles astie wgw)y 4 S 3l 3959 50 1) ogm)
CnSiw @3ld (Sogll ke wyp jobaie a4 adls ol 3,8 dlaii (Y4)0) o) en o Brady buwg saispzMol blipg sas
23,5 o duwle Vo 5% sladlal) bwg ye3Ls oyl L(Brady etal., 2015; Zhang et al., 2017)s)ls 55,8 ols alads S )

ER =TR.EF (A o),
< (Ve dly,
MRI = Z ER
i=1
(MR1)orspdol lispy, s Jale g (RI) (lidpg Sy 4adls g (Er) ldpg Sy Jously (saizeio 0 Joi
2 o sy

Yanetal, {Chenetal 2018 ¢Hkanson,1980) (MRI) g (R1) & Uuipgs Sy (sl g (Er) oaUdog Sy Jowily (guinaib .0 Joua

.(2019
3L s 3L aba Yo Jo18 bawgio s slado
For il i Yeoope VY- Vo il yiaS MRI 4RI
YY) ity VEe-YY- Amrse £o-A- el S Er

e g s
33 S paie bl (1Sle ol 0dd 033 HLES 5 Jada )3 adlllasdjge ol Adgs gy sladiges LT I ol gl
2ol bl iV gt sl Gl Ui 5 28 0l 32 4 adlllasd e polic dan clalé ol oLt Be ool as Sligw,
A3 ol 1y Sl Jod

Jonl 5 (+1AF 0S5k b ) e (+13) 3o b )otedgo polie ol o] 51 (S (S i 55516 abrs | Jol> gl
2 S (Sub 8 palily 5 IS (JSS «Situo)l pg)S poradls oy polic § (Sab e (gl polis 0ye 5 (/25 Sl L
Ol S1bE ooyl polie 4 Cans Mae 5 VB VAY ko b o o Sitan] 5 )8 pgradls’ o (5350 & )l adlaie
Cadigel (Cul adgs b ;0 (YOVIVY wiges o (Y/OU VY sladiges dy bgsye paredls Sud g lime cp i )l g5
Kl polaidl 393 a1y Syl polie oy 5 i 3 (YITIYY 5 (VIEYIYY cladiges 9 poyS polie o5 i (YAY)Y- o (Y/YY)VY
DS VOAY g VIYY 10lie b 55 YY 9V sladiond 5 odadge odlie oy 530S VXY 9 V/OY (Sab be polao LYY o VY sladiges
ol g b ams e ol |y oyl ase Sliswy 3 (Subib )58 A ot sim e Ui 1) e paie (SuBE ol
» Osepd (Hernandez et al,2003) d4i o (a5 315 lasl SV 51 G polde g 015000 ¥ U /0 o (Sai sf jlade (ST s ls
Rey ) ool Si5ssnsyil Lo Sl Vo 51 5oter 5 Sissd Lo Sl 8l Vo 31 508 polie (Sas it 51 5,500 a5 ol

1- Modified ecological risk index



Y0£R . 03l U (pufiw guolic & Olgwy (3991 o)l 10,502 g 51, goiine (i3 — (sole)

sy yolie Lito sl ¥ Jl e s g Vo 5l a8 odbpelone ylio do g3 odbplon] lusloxs o olul ) 2 (et al,2000
23 o i Cuwl 0 o yi IDW gy dy (ol 90 3l eolaiwl b a8 Sud & (gaoding dids .Cawl 1} oy b S55a1d aalllas
(Ohgo50 85lo 3 Jad g Jloud 3 poyS| paic g (4omy95 5 (9050 (il 13 )3 3 Sinwyl g pgaodls polic plio o 5 i
Sligus) > polie (Sas i 5516 gai A S5 9 St 5 p9)S psadls’ (Sud i 558 (sanaig b ¥ 55 & JIS el

And o i 1) (e ol ases

(OB, 5 awio) 9 2] adgn Cligasy 45 i olis ClIE 4l5a0 .1 Joua

Al \% Pb Ni Mo Fe Cu Cr Co Cd As Sample
Yeoon oFf W vy V<A VAeee A oy ) AT AIY M)
INERE ay ) ¥y -fay Y5ees \rd A \§ AN a MY
TR YA ) \n% /Yy Yeors Yy AY i -Ivs /¥ My
OA+-- vy a vy Vs Ya. .. \i2 o1 W -Iv¥ AIY M¥
INERE £ \ i Vs Y¥. .. Yy ¥V Y -Iv¥ A¥ Mb
TYeoo oy ) \i2 IS Weeo Y I \- -IyY vis Ms
Qeven £Y ) Y4 VRS YO .- ¥ oy W AN a MY
Fyeoo £¥ q \rd A YVeoo A A ) AT A¥ MA
Yeoon oy 3 \A V¥ e Y A ) AT AIY Ma
Y. oy 3 Y4 V-5 e 10 5 \e <IyY AIY M) -
YYeoo N A Y. VY Weeo V¥ AY A ALY AIY MYy
TYe.o oy q Y4 -fay e 10 ¥ ) AT AA MY
TYe.o oy q Y4 VA e Y 5 ) <IY¥ A MY
TYe.- ov A ¥ -/a¥ AL YA v ) AN AI§ MY
¥a... A \- ¥y -/av YO - Yo Y W AN a/y MY
¥a... AY 3 \rd VA YSeue ¥ sy W AN & VAV
Y., Ve \- YA VY Yeors Y- o1 Y -Ivs AI§ MY
TVeoo 7 3 ¥y VA YO v Yy q. W -Iv¥ AIY MYA
TYe.o v- \e 2 v/ AR 5 ay Y AL A¥ (VAR
LARER £ q Y. -Ja¥ ARER YA A¥ Y AL A& AR
YV ov A Y4 V¥ VAs e A 7 ) <IY¥ AIY MY
AARIAY \rd \\ A AN IYYY- ) \n’ I <IYA Y/A MYy
Y-Ya0 \n% A Y VR3S YYa5y ) ¥Y 5 <IYA AIY MYY
AT £ Y YA AN YeryYy \§ va q AR WY MY¥

(Turekian& Wedepohl, 1961) ppm cowms p S Juaud 33 o] CBIE (a0 Y Joi>

Al \% Pb Ni Mo Fe Cu Cr Co Cd As mols
Aveee W Y. FA \lle FYy.. A Voo )4 Al W Sl Jed

(OB 3,5 ae) jo ol a9 Sliga; y3 polic (S S 986 A Josa
Al \% Pb Ni Mo Fe Cu Cr Co cd As sl | pais
1 Vs MY VY SAY A8 LAY VA YR DAY Yo EF




(onidos — oole) VET olo 31 A 5,land 00 593 ¢yl pl S o Ul Coligios Y00+

P g L s i §
el 409> 33 paacdls

[PRRPPRTIRORIN | B |
Pl ad5> 53 o35

T
4122000

T
4120000

£ i 3 r§
13 § $
i P .
: :l:Hm 7azea i § ih.qh 358919 _g

Low :0.738478 (] 1 2 4 6 8 Low :1.10363 0 1 2 4 6 8

536000 530000 542000 545000 548000 536000 539000 42000 545000 543000

(B0, 1 amin) 09,5 (5uwi o HoT 1 (giudiqy anidi T JSW (W, s awin) 0900018 (S o€ oS (guigding A .0 JSUd

4124000
f
T
4124000

N AL g kg
e 459> 53 S 5T

4122000
L
T

4122000

4120000
1
T

4120000

4 K
g g
s =+
il k4
g g
s s
P kA
§z g
£ | gition 242486 H
Low :0.923214 0 1 2 4 6 8
——
5”00'0 53”5 5‘200.0 ﬂﬁdﬂ 5‘”0‘0

(555 1 pin) Sl asgn 45 Sy y| (S S8 (g8 guiading awidi Y JSUi

(EF) aadllan 3 550 dilaio Sligwy 8 polis (S & 5516

2.50

2.00 I
1.50 I

1.00 I I I I I 1
0.50

0.00
As Cd Co Cr Cu Fe Mo Ni Pb Y Al

(OB N saie) 320l Adgn Cligws) 35 polic (S fé ,956 Jlage3 A S



100 ... odliu! b (i polis a3 Oligwy (S591 b3y0 1] ) Ko g 31y goeize (o932 — (s0le)

ol sl S502955T cps b N3ladl Jalge a0y dljlul Jolse 1l cow polie 5505 lime ) miee 2515 51 S
o )3 YANY paradls” clale jlas s FY/VY (adlis cpl olwl o .cd)S )8 dpolxe g (awyp 350 ¥ dlaly 5l oolawl b o s
yobie ol 5l 0oy YWY  Ve/AS DFIVA (i) a4 g Canl 039 Sii5g09,5] ablate lguy 13 pg)S duoyd YEIAS ¢ S|
Slllas a5 Sligw, 53 55b polie CBle (3 dljme; Lide & (Sab e (a3l @l b el ol ol Sljme; b S5t
Sllbs asgs 13 1) (AF/YA) 42l g (AV/YF)pgsably oo 3 AATY) S polic |y S5g0d oljan oy )15 Slgsean oy L5 |,
Asg> Olgw) ;3 yolie dlj sl ko yd (Sl gl 4SS g o500 9 35 lusl Jolgs o) A Jado ilosls olaisl 545 o

An e i ]y Sl

(0,5 1) 32l adgn Oliguw; )3 polic Slcpme; 9 i lunil Jolge o3 R Jgar

\% Pb Ni Mo Fe Cu Cr Co Cd As ‘_,»l.w / s
\A74 AVA \Via% \\7al oIy WY YEINS Y[y YV Ya/Ny An
av/vY  AaV/vy AARY AYIYA AY/YA MY VWY YR/AY o8IVA YL/AS lito
315 oybudt Jolgs wo 33 419903
120

o

o

o

o

o

10
8
6
4
2
0
As Cd Co Cr Cu Fe Mo Ni Pb Vv

B Antro M lito

(0,15 1 awi) 32391 49> Wliguwy 13 solic 315l Lo yd 4S8 HIdged 1 JSWS

43,5 )8 ol gy (59 e dilo )3 )50 polis dad sz ym ol (L5 (CF) (Sagll oy gyt 5l ol ol
S5 Bl I5F 5 ISV 0N plis b g 4 St g pg)S pgredlS olie @ bgiye (So9ll oy lie 5t Ll
Jols poyS" paie ol cpiste o (JAVIVY o (/AT [ /APNYT (slodiges 4 bgypo yadld cnl )3 ponedls polie oy iy Conl
Oyt IER g e FAN VY VY polis by 4 55 Y 5V D Y sladiges jd sl ((JAYINY g ((/AF)V . (/A sladigel
0=l Baaal oz > (Sl s gy il Aol s sl (olatilsgs 4y (Sagll oy 58 @ da g b ] Sl e
gy 4dE W 9 WY Y S )38 e pinles 4 1y (asls cpl Jlages Ve IS5 g (5ol cops Ve Jads canl (Sas é
gy S Jolb @l ol w30 (L5 |y GWllae adg> Sligu; 1> St g p9)S ppedls’ polis (Sogll ups )56
@6 9 Jlod 53 pg)S polie (ke Shite el &lie o)l )3 9 ygdje Wile )3 Ader (558 ) peredlS plie (i
45> Gy ) 5 Syl ol e 5 e 9 ol Bl (3] g ol (Sl slais il )3 5eslSIS g 9350 Wil )3 asg>
sl 23 5 ol el (23] g oS00 Ao @l ()8 5 aglSIST 5 (slds cy050 (slailo 5

(V0,5 sain) 32 ol adga Oliguw; )3 polic (Sl cmpd e g
Al V. Pb Ni Mo Fe Cu Cr Co Cd As asld/ pais
TARARERYA S WY /N RV L S SRV ) SRYA - SRV o SRRY 2 SRRV /AR /N S CF




(uwhs)g— ‘:oJ&) A\EX3 1% )Si A b)w ©0 2,90 ‘a'ﬂ' 61&55’-" Oladss YooY

(CF) axllao 8 590 dilio Gliguy 38 polis (F3PIT wu yo 10905

1
0.9
0.8
0.7

0.6
0.5
0.4
0.3
0.2
0.1

0

As Cd Co Cr Cu Fe Mo Ni Pb \Y Al

(O, 1) 32 51l Adga Oligawy 3 polic (Idg)l u 5 yl3905 .0+ USS

124000

4124000
124000
4124000

(FIT o 3956 Gy T g0 596 g
Slae 2095 33 py 5 il 455> 33 pomels

4122000
4122000

|
4122000

4122000

120000
T
4120000
4120000
1
T
4120000

4115000
T
4118000
4118000
N
T
418000

H i E
s N 3 s s
i - ¥ | w@—' E -
g e / ' 3 rs g cder -g
2| vene : i H H
5| o ] 3 | e v 3
" Loe:0ame 0 1 2 4 6 8 Lowomerzn 8
T T v v T T T T T v
536000 539000 542000 545000 545000 536000 539000 542000 545000 548000

(0,55 i) 0955 (391 o pud (guliuding auldi VY USS (505,150 1 amin) 0500018 (5091 g pud (giudis Al LYY IS

4924000
L
T

4124000

ol oy 196 g s
(lalllao 439> 33 S T

4122000
T
4122000

4120000
f

4120000

T
411000

411000

4116000
L
T

416000

414000
»
4114000

o

“Low 0282 0 1 2 4 6 3

T T T T T
536000 539000 542000 545000 548000

(650 i) S (S sy (Gbsaigy @il Y JSCud



100Y ... odliu! b (i polis dy Oligwy (S591 b3y0 1] ) Ko g 31y gureize (2932 — soke)

Asg> D Cgw)y sladiges 2> s (PLI) (339l )b cops g (MCD) osdpMol  Sogll an > jadli e I Jols ol

F (ladiges 4 b osdipMol (Sogll anyd jadls polie 5 e Cal )5 bLs i ed i |y pols (539l axlllass g

oy il ol polie VY Jgas .l (/FFIVY 5 ((/EY)VY ladiges & baye liuo cpyieS 5 +/FF g +/FD Ve Ll YE 5 Y

Iy oaiz Mool (Sagll ax )3 Joges g (539 Jb oy Jloges iy 4 V0 ¢ V¥ JIK3l g osdpMol (5ol an )3 5 I59)] )b oy
a2 o ol

(O, 1) Bl ye 2] adgs Sligms, 43 (MCD) oadp ol (S39 da 3 9 (PLI) (F391 b 0 (w0 5l Jols @l )Y g

Sample PLI MCD Sample PLI MCD Sample PLI MCD
My [0 -l Ma AN < 10Y My -lov RINN
MY I8N IV My AN -/¥a MYA oI5 I8N
My -15¥ <150 MYy AN «/0) IVARY -[0F < [OA
M¥ < /oA < /6% MYY QALY <foe My - -Jay <Jof
Ma -foy -lo¥ My <I¥A /¥a MY <I¥A [
M5 /Y5 <I¥A My¥ -/¥a < /o) MYy <IYA /¥y
My -lo5 lay MYo .5 I8\ MYy AR - I¥¥
MA -Jo¥ -loF \VAYd I8N 15y MY¥ <[5 - I5¥

(PLI) ditaio Sligw; 38 o dmlno FOPIT 3b v 36 yliw0

0.6
0.5
0.4
0.3
0.2
0.1

O — [e)] N N < N O N 0 o

(32}
523 $ggdgzggggggd
g > £ U

< n W N
= S =
(OB %) sasia) j2 pal a9 Gligmsy 13 (ST 5Ly po o903 .
0.8
o
N

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

S 2
= 2

(oW, s amie) 32 9T Ad g gy 13 jolic iz Mol (39T da )3 15505 .Y 0 S

M10 I
M19 I
M23 I

M24 I

M22 I

(MCD) ovis gl (Fag8T a5 40

S D O N 0 OO0 4 N MO S N O N

=2 =222222 2 2

0.9

M1 ——
M3 ———
M21 ——

oS ol o I a8 polis eyl SWllas dilaie ,> adlaedjge polis soled a5 sl iyl 5 ol (S2l o) Lasls mbs



(u.wahs,.v— @J&) V€+Y ol )Si Q D)Lo.n.:v ©0 8,93 ¢yl ) Jl&’yi Oldsy Y00

0351 P35 5 Syl cpgredlS &y bguyo yuolho o e paLE ol ol 355 oo )3 (So9ll g dblo 5 Jpax ell
g (FoIEARIY (=< [EYVIVY (ladiges 4 basye posedls” pdlie 5 i Casl =V/¥e g VWA =+ /AF L ol iy & &S
9 (—/EYANA cladiges 4 bgsye 55 p9)S )3 9 (FVAYND g (—+IVANY slodiges & Sty polio cp 5 i —+/FAF)VY
(YY) £ wges 5392 (-VIVA) oyl g (—VAP) G o(=V/A%) yadge polic d bgspe pdlie op5aS (3yb 5l .ol (—+/VYE)IA
oolabl o 4y 1) ol jate plis o ieS (FYOY)YY Ligas g o pais jualie (505 (FVIVOIVY igad cpguodls jalio (oS
s aad o s 1) dalllaed jge dalais (0 Cgw) ladiged Cublil yeej laged V& S g cudlil fpej polie VY Jods Lidb
Gosiils 3 asg 5y 5 55 St 950 Wil 3 ddg> 5pd ) poredls e lie (S ke W U shdig
5 YA AV JBl el Gilo 5 (a8 slaijlo > adgs @6 5 Jlod )3 g3 pate clale on Bt 5 100lSS 5 (905

AR

(OB, tame) e ad9n 13 Cowy sBAIg0d Caildl (pao; el pdlie i VY Jouo

Al \% Pb Ni Mo Fe Cu Cr Co cd As il s
VY NEE T FA Y VR YR VAR VY. WYY =AY VDA Igeo

390 4ikio 33 gy S Aiged Culil oy ALY

(1geo )asdliae
0.00
As Cd Co Cr Cu Fe Mo Ni V Al
-0.50
-1.00
-1.50
-2.00
-2.50
(OB W, 1 awin) T Wlae adgn Cligwy 33 (Sdlil oy Jole Hfaged 3T IS5
H s oo g |3 i A s it |
lalie 453> 33 paaesls’ e 4553 33 ST
i P :
£ 1§ L
.
i i , E
1 P !
4 ¥ N
iz | s E
o | - . . .F

(L8510 2 ato) Sovtan 1 (Sl (30 sy (GoNksiey 4uiii IA JSS (50510 2 2k0) 05000 (il (05 sy (GuNksigey il )Y JSuS



1000 ... 53likus! b s puolis d Sligawy (53991 i) 1yl Ko 5 3y gaine (g3 — sole)

% A ey AL gy L4 §
e 405> 33 oy 5
§ §
H H
H H
N
\\'eé'F
I ! §
3 'Kngn
Low . -2.01747 0 1 & 4 6 8
530000 539000 s2000 s4s000 540000

(OB, qto) 09,5 (Sl (o j s pd (Sl A3 VA JSS

5 oy oSS g cm s LS (popodlS i)l polic So3elgS] Somry uilly oy A i ol golis
adgs Su3sS] Sy sl o BT §1 Lol ol ol sl Sy Jsmslty o301 o8 5ok 48 039 ¥+ ) j5a8 paglly
Sny Candg guslSla (canails wlol p oS osel Cawnds B /YA plp 598 o i pSSlo Sl & a5 b el oy Blye o]

(Ve JSS el o5 (S polic 4 dallland g dilaio Slguy So59)gS]

(6,155 o) aslland g0 allate gy (Gl 0w 2l S 5glsST Sy a3 LS Y Jgir
RI Er V. Er Pb Er Ni Er Mo Er Cu Er Cr Er Co Er Cd Er As ‘)AALM& / s
O/YA < [AA YIvY YIvE £l-¥ YINY VYO YAy YO/NY 150 Mean

(RI)SS 598651 Swn 5 gl

750

600

450

300

150

N O >~ o0 O O = N M < 1N W s 0 O O 1N N <

I N M <
™ o e o AN N NN
==2=222=2=22=25555555s5s5s5s5ssss+¢s

U5 3 81 ygoma) dxlllaod yg0 diia 3 (yefius 38 (RT )y 5o)sST Sonty b lid agod Yo JSud
(OB 0, sqwie) (RIGaSLS 3lio 153908 yome 9 (5,1 preiged

S ool ol )8 Jols VWY Ll OT Oliee 9 dobro i ol Mol S5eleST Sy adli Vealaly 4 asgi b
2 3 oxbpMol So5lsS] Shn) Cumsg jlas I Sl asge oS canl ol | (S guilSle sabaib raen 5 pasld ol
JoS adds I YL 51 aS 039 VAD/VA 5 VAY/DY polie (glys iy as YY o VY sladiged Canl S5 LB ardl 5,8 0 )8 oS ddls



(uwhs)g— @J&) V€+Y ol )Si Q b)Low':v ©0 8,93 ¢yl ) 5&55’4‘ Oldss Yool

VW Jgds Slodls olais] 5g5 4 YA/ES g FMEAL ol 00 o ¥ sladiges |y (adls cpl e o 50S 5 48,5 41,8 (VO 51 5k
) aallan)ge dilaio Clgw) sl oadg Mol S5elsST Sy (aSls loged YV S 5 ordp Mol SujglgS Seany adlis polie
So3PsS1 Sy 5 (RID)S3els8) Sy (slogaslis polul p Slgwy (Sl ity sloasds colyg o v olis
5 oS (Sogll dibs > Sllas adgs 55 sl 4 ol ool 45 ol & dngi b g o el 2 4 15 45 (MRI)onie Sl
ST Sy iaaig 44 VY S5 canl Wb ]y cdale o jiin paljBl adg> 38 )3 pdlie (e oS 2505 g b 0,5 o0

w3 e s 1y 0ol (Sy35lsST S (sizaigg 428 VY JSS

(525,155 i) anlllan yg0 dilaio Cilignoy (512 OWSZ Yool S 55081 Samsy aS LS V€ Jogi
MRI Er_V Er_Pb Er_Ni Er_Mo Er_Cu Er_Cr Er_Co Er_Cd Er_As ‘_,»Lw / R
WE/-y YIY LA AN WYIEA ¥/0A v FI¥s av/&y VO Mean

(MRI)ouis Mot 1568551 S 5 o

= =222 2

bl o8 3 881 ygom0) anllland g diliio )3 (pufiaw ©1315 (MRI)oadz Yol SajglsST Samnsy a8 Ld 13905 .TY JSU5
(O, 1) (MRIGaA LS y3lie s53908 j9m0 9 (5,13 piges

536000 539000 542000 545000 548000
L L L 1 1

o ot K jalaST Sy RS s 4
& i a5 59 R r§
s s St Sy L g e [
RTINS

g L L
4 L 3
H i s
§ E -g
i L !

3 5 N

536000 539000 542000 545000 5“00.0 536000 538000 542000 545000 548000

(olf..\.v‘,lfd e.m)o.\wcylml SU5955T Sy (gludigy aids TY S (‘;,lfdé)lfd M)Q”l,ﬂ Sy (ldigy awids T S



Y00V ... 03l U opfiw golic & Olgwy (53931 o)l 10,502 g 51, s0kine (i3 — (sole)

p3230ly +IAPF)ILS 5 ynl ((+JAYA) 32l g posisogll ((+/AVA) LS L o (sl puais 313 LS (ygms g 5 5l ol ol

5 p52Uly (V)0 g poaslly (- IVAN) o 5 psadbly o+ IVA)pgeadls’ 5 g IV o 5 pssisegll /AFT) IS5

5 IS8 (-ITR)EIS 5 UKy polie o (b 51l 03,57 135 458 (Stuar ((IVFAJCILS g posipegl] o (/VFA)ILS

rolie S e Uit 1 oLt o Stunan ool 3))3 3529 (Sturad 355 (15VF ) o 5 U5 9 (+/5FA)p230ly 5 posizogll (+/V-V) ]

M908 YF S Gimen g (Slllae asgs > ooliulyyge polic chale flie G (Siaren cups p2lie 10 Joio ol (595
e s |y ol dilge Lubos

(OB, s aio) T llae adgn 13 03iwld 90 molic CHUE (im0 (m (Smmod o o 300 V0 Joua

As
Cd 1 As
Co 1 ARV Cd
Cr 1 —[Be¥ <IYYA Co
Cu 1 <[00 —/\Y. ALY Cr
Fe 1 IV +/AVA —/¥YVY HAral Cu
Mo 1 <[A¥Y <I¥EN N4 — /Y-y < /YVY Fe
Ni 1 NARA AR IyoY <Y Aatd AR Mo
Pb 1 <IYAY <IVeY [5VF NN AR —</\Y +/¥AY Ni
\% 1 AR <IYNY —-/y¥a —/¥YY AN —<[0AY +/va¥ </¥YY Pb
Al \ —-/yay < [A¥Y <IYAY < IVV¥ < IYAN <I¥¥Y +IYEA -85 An% \%
1 < [5AA EAME <[5V <IYVA < [AYA < /AR AN +IY¥A ALY /Y00 Al

o 5310 ged bl Casdge

Component Matrix?

Component

-0
o e . 1 2
- " Co 943
a
Fe 936
0
Cu R=lvi=]
™ Yo, v .880
| . 2" b N 862
é o
-
S o Al 842
* & 57T
o 1 cd -.300 851
Fhk -.395 819
As 412 779
o Mo G657
R 05 0.3 cs ] Extraction Method: Principal
Component 1 Component Analysis.

a. 2 components
extracted.

(089,55 1 aie) TWlae adge 53 b (5,10 pdiged bUE Curdgo g (iiw polis ol allgo Jalodi jloges .Y E JSS



(u“““ﬁ)"_ @J&) V€+Y ol )Ji Q b)w ©0 2,90 “’,‘).3“ Jlégui Oludss YooA

S 5 4o
LSt 15 i 3l il b 5l Gl s 5 55 sl ysiS1h o oen g odezm S 13 3Sis Sl 1y bl
bttt LTS 5 ol il s lgly 00t oyuess ] (sl 5 S St clisee (slad iyl syl dlgo
Wekle 5 (Jlhe asg )3 cuilyy diged Cgwy VY (i Gl 4 Slgw) (b))l g clale e (2b))] g9090 ol 4 25
{JS5) Ni 2dg0 MO (ool JFe o o ) CU (pg)S )OI (S ) CO ((ppools)CU (Sisl) AS Jols (ySts puais
dop ( Sabt )58 plai b adls Sl (Sagl Ghoxts (cly €8S 15 )y 3590 (posiadll) Al g (2361) V' (o pos)PD
Sy a3 (Sl o) pa3ls (S5l 3l pd ordpMol (Sogl 4y ((Sogll capd «Sjpugyil b il elgs
OF SMpendl ol g (S8 (adlh duslre (ulul 05 elitul sadp Mol SjgleS] Sy (aSls g SUjsS]
S ) SUB e g polis 0505 )3 (37 Silo b )opml o (+/AY S0le b ) o o(+/3) (S0 b ) pise polis (V2-Y)
b g bl 8 dilaie > (Sl (Sud b 039axe 5 pesdlly 5 CILS (S St pg)S eppodls ey polis 5 ()
3y ol gl Lite Silo Ve )yt 5 Sojsnd Uit ;S0 0k Ve 5l 28 polie (Sabae S1(V-+9) olylSen 5 s,
Sjond dilaio )3 adllaedyge polic don Lite 11 sl odal sty Vo 5l yiaS adllaedyge polie (gly Sai sé Lasls & bl
o sl S dallland g0 adge 53 sl Jalge 13U g odel 3525 4 dllate (S slasly Gl b g (S23lsm S 2 oS 029,
Gl ao)d (it pa3ls il Golel S5 8 dulre g oy 3590 Siifsng Sl e b il Jelse sy jasls
il (g Al Lide & (SaB i (a3l @l Al 1 ggdge ol & 0dg dljimes b Sifgtd Sliguw adlllandyge polic
ol by L 1y Sladllas ases jd Slgw) 45 398 polis

Lol 423,5° J1 )8 ol gy (So9)1 ko alilo 1> ) 3y90 polis dad 3l (Lt (CF) (Sogll s )yt jl ol @l
5 Ohgdse Wil 5 255 5 pgredlS (lie (it Blie St 5 p9)S cpgredlS polis ay byye (39l Gyt ol it
e | Jolbs gols sl (Sad e (adld el Cax 3 g8 (59 cups oyl dlols mls cwl 485 sl bl
ol (9l adllad g0 adgn 1> gy sladigai ol oLt (PLI) (539 )L s 9 (MCD) oMol (Sogll 423 a3ls
5l S polie (glls lllae dilate > adllasdyge yolic ola 45 sl ol S sk LSS mej ole gl timd s ol |y
445 039, p9)S 5 Sius] epopedls’ 4y bguye ydlie (st aSLS (ul bl g2 S o J18 (S9Nl g Al > & csl Jho
Jrasiby o 31> L dliols 2ol 05,8 duslre 55 S5 e0sST Sy Jumly o pud Canl =V e g =VNVA =+ /A bl o s
s S Sl o 035 ¥l 1208 peaally g o (SIS (g e p9)S (IS epgpodls (Sl ol S3eleST S
39 cupd ke el Candy BF ) ol bt oll 2 (Blye o pl b S5odsST Sy pad i jlade ol Sy Jouily
oS S polie 4y aallland o dilais Sligu) Su5sS] Sy Cumdg GguilSle (gandib olul 2 45 odol Cassy 04/YA pl
iz 5 asls ol 5l Lol gl 13,8 uols WY b s o] hise g drsboea 3 oMol 030058 Sy sl -
P 2xSe )8 oS b 5 ondpdlol Sjges] Sy Cundy il Gl adgs & cusl o] 5l (S (il sundil
45 (MRI)oas Mol S3elss1 S 5 (R So390581 Sy slopadlis Golol 1 Sligy (Sogll csiaing sloadis ol
3905 Ol il @S o )8 o5 (Sog il > Gl s 55 (als 93l bl 2 & il g bg o] ol 4
B Ohgdse Bile > &8 Cuwsl S A §pb 3 g2se polie Chale Glie (g 039 o8 (pSiw Sl olie clale e oS
Y s lacKal 5l s Lld 5l osls jolaidl 393 4 1) (1o,d OY/FY)ases Colus (i a5 o930 355l ol 48,5
Ghld a5 K95 0 013 K5y S ygo b gy claSal ol SYL cla iy 3 il ord LSS Cpigy sS4y slodgs b
Bl 03,8 gy (21> (325 Bres SlagSun b o) M (g Lo Sy 53 sy o0 Yty &S Wid (3l ] oY e

035 oy sl ol s ] a8 Wilools olatsl a8 & ) joolie it Sitia)l g p9)S 5 poredls & ol 4 a2 L
Srealld :old bz 4 yaie (nl 39)5 slooly sl clale I sl sl (b b 3 (S jsboay poradlS’ S g e
ot GBS g 5 Sine 5515 393 15Le) (s yity slacled  cllidg, Jan g Linluyd ((S3lon «SlSly sile) anbo
Lo o aalllandjgo dge )3 oS ol (536 (pplan o iSaj Bosko 31 ol @lie 200 JUiS) 55 g (o pted sloally opligm
ool g Al dgg gyl poye b 5o dlee Slalllas dbgs 3 00y Lasuidd SSend (i sla adls wlwl p ) pais oyl



1004 ... 03l U opufiw golic & Glgwy (53991 03,0 10,502 g 51, g0kine (i3 — (sole)

alox 5l lygrge 5l oyl 55 Sl 4 paie ol ol 4l JESI Slow, 1> (lalng, Jon g isboyd ( Sdjlgn )b I paie
S ol g 039 (oS 0lSud 58 g (Sl s arlS (59) 1 g ST Gl poredls il oo o gt 5 (S
Sl oleS polie 1> b jbaw pg)S sl ()90t pais So QLS Gl 58 pe)S debee 4B)S a3 3 il Jele
9 Ol lp 8 ol o ()l (b pg)S Lol sl Medgw (ghae Sy (gl g aplasl ) JgyialS g A3 pudgulie
Clale 50 sl 00 251 31 p)S5hS 50 £ )5 oo OF oz puolys 53 (o oS o (o Jglte (5o sl (o g
Clle e ol o casl S5 LB cal p)SelS 53 S e ¥ o903 (STl ysbo & cingm) 9 (23] sl 5> Skl
2 paie oyl Sile €S g e 10 Canl SiS 559 5 ¥eMPIKG sl (oM sl slme s g VomMOIKG SIS 55 Sl
039055 Dbl adge )3 (S5l b I clodas JSiite joib g ol lasl 2oDlo 5 S 3 4l Slre dn I S jgin Slalllae s>
o]

ol e cusl il (59l (ol adllandge dilais o5 S L Giagh ol 3 adlledyge slaasls ples 4 drgi L
S o0 plodl Adgs Colus 1 aoyd VEIEY 13 (65,9liS cpwiman it 3l Lie (sl lillas ddhaio 1 S polic oS
(55 S Ay ) Aol L polie o) Gl oISl iz 5y ) J65) olSal 4 225 L5 Jl b s
ol Jos 4 (655l sty bamo 50 Sl g 51 B cudls Slits @8 poans 5 (aliesd (s03gS ) oolitsl aiej 5

"3l 392y B Mg o g8l 2l WS g™

&b

Szt paredls Mj i lime LialS ks g gl S (VTAY) Aome (63500 § RIS (S fou 0 <5 ppdae g3la ¢ 0ol
EYA=EYX (VWY coliiiile,S” | S pole olKitily uiing sy ole dolinlo wlisle)S y> oAb xje5

Sleadli jl oolaiwl b ylaon liwl odaw SB S Gl3ls Sy ‘_539.” oy (VAP )azmo ¢ Saudl gy ‘dslj)g Syl ¢y iy
FAVA (WA SE g O pgle o nab polio g (55)5liS 5555 5 pole dloo o 5341

u\)ls L;bﬁﬂ u_‘a.om Lau.u)) u.sb))] (\YRQ)M c)_\§| 9 )9y ‘6,5)&, f.)yu.wo ‘L;oMml ‘u.u.o ‘L.: uz..uy foduxw “_5.))4»|9> ‘Lo).).wé s)L_'>)9.s
YWY (bl olKiily | lus] pole uingsy dlxo) oo (gisy doliys g Ldlan .o\ lote Hloaw GBI SlLbl o S K
NO-AY ‘( (F’Y’ U.»L.»)

Cgi e o aald gl (g9)— Oy g0 (dne ddlato S ) S lH5 (o9l SbjH L (WAY)US b 0 )luw g dtal ¢80 )3T ¢5liag clojl y
AFVO (7Y olo) OWR ety (02) 5 (olicd o os9l 5 Jlsml (laglio e

G ) Il g Sl (5,55 b 39yt i joed 55 e I3l dlug 4y Ol g S (Sogll mlio oy (MWAN A S (2o (sl5)

IS5 5 oy quodls’ polic (S0glT fouily (suypr (VWAD ):23)8 ccsbols 5 fug s )5 £ ciind (obold £y e 00)8 finj el
55-68 ¢ (Y)Y 090 (£l wkige dlzxe (S b)) b ylime ool olisle S b olKaslsl cawd oyl o S5y

SB o S Glils S5eleST Sy i) L(WWAY) s (S g Lo jiias 03l walae wldypoya0 (6 50w o (s poMe ¢ SIS il
RARELT (5’) VY :w[,l.eg é}ﬂo .Ol§>)| UL.M:).@(«» 5 ul..ol é)l.u.o Osﬁ‘)ﬁ u_‘xla.w

Aol yuw (o (ydme 03930 S > (S polic @j5 adllae g (Jawoe Connj )8y (o) (WWAY) e (ol g Lojtame ()8 atuld
YV A L;’L‘J D)Lo.«:') ‘(\A)A 0)5.) sd.‘Lto u.w.J.«.Q.a 44).«/4 ‘uLo)f

bae (olid oo o 1M 5y 53 29k w29y Slgusy (obendss (Sogl i)l (VFr2) s iddpae g g (e (Slsho
NOANFR (YENY G Lo (glo ying sy (OAS 53a5) (sanws

Cplin OYB oo Sl ) (S Glls clale ) (W) Jgw) (35050 donl Sloj g dllzg, (oljpme dll coms ¢ (S e
AFANVEY C(VFY ¢ wlid Lo dlxo

olidsguy 5 )5 di loniing o S9N Slopad L jl oslil b lise A5 Sligusy )3 (3w 31 (S3g b)) (VWAR)yg 3 ¢ o013


https://agrieng.scu.ac.ir/?_action=article&au=29467&_au=%D8%B2%DB%8C%D9%86%D8%A8++%D8%B2%DB%8C%D9%86+%D8%A7%D9%84%D8%AF%DB%8C%D9%86%DB%8C
https://agrieng.scu.ac.ir/?_action=article&au=29466&_au=%D9%85%D9%87%DB%8C%D9%86++%DA%A9%D8%B1%D9%85%DB%8C
https://agrieng.scu.ac.ir/?_action=article&au=39454&_au=%D8%A7%DA%A9%D8%B1%D9%85++%D9%81%D8%A7%D8%B7%D9%85%DB%8C+%D9%82%D9%85%D8%B4%D9%87
https://agrieng.scu.ac.ir/?_action=article&au=25141&_au=%D9%BE%D8%B1%D9%88%DB%8C%D8%B2++%D8%B4%DA%A9%D8%A7%D8%B1%DB%8C
https://agrieng.scu.ac.ir/?_action=article&au=39455&_au=%D9%81%D8%B1%D8%AF%DB%8C%D9%86++%D8%AD%D8%A7%D9%85%D8%AF%DB%8C
https://agrieng.scu.ac.ir/article_12604_c9013d3579c79bfc4915ec960c9f2b79.pdf
https://agrieng.scu.ac.ir/article_12604_c9013d3579c79bfc4915ec960c9f2b79.pdf
https://agrieng.scu.ac.ir/article_12604_c9013d3579c79bfc4915ec960c9f2b79.pdf
https://agrieng.scu.ac.ir/article_12604_c9013d3579c79bfc4915ec960c9f2b79.pdf
https://agrieng.scu.ac.ir/issue_1445_1484.html
https://ijme.iranjournals.ir/?_action=article&au=4645&_au=%D9%85%D8%AD%D9%85%D8%AF%D8%B1%D8%B6%D8%A7++%D8%B4%D8%A7%DB%8C%D8%B3%D8%AA%D9%87+%D9%81%D8%B1
https://ijme.iranjournals.ir/?_action=article&au=4187&_au=%D8%B9%D9%84%DB%8C++%D8%B1%D8%B6%D8%A7%DB%8C%DB%8C
https://ijme.iranjournals.ir/issue_826_827.html

(u.w.és).!— @J&) V€+Y ol )Ji Q b)w ©0 2,90 ‘&b.:‘ Jlégui Oldsd Yot

DTV A by oyl (VYA

o sl 1) US55 o w05y oml (o jtE (Sl lade (ioms (W )papo csogane 5 plafl Ol (Sepd fme 08 (6 5uS
AW o b0 (948 5 pole (slgpd gy dlmo gy (i o 04 CuiS (o 9 S

ol o SB s S Sl are Canj g lords) 2byl (V) pob cuaiie (Sl g dll > ool (e gl S
FEXO ANNY e pple ()5 lacunss

Nasturtium ) aese cile il olS 5 Slgw) o oS Slis (Sogl b Som (WA5) spre hio ol 5 sa (godize
AVYNDY (V)0 clacxo cuiligs wligo g gwb jLis 41534, (MiCrophyllum

ol Gl U asp 63,90 adllas) Sligus) (Sius polie (Sogll g Clale i Juloo (V) ol g ol g daore ) (goino
MN=OV: (V) ¥ iliads solio oLl colellon o

hbbio 5 Lt GlShme )3 o ol apdls Slgw) ) (S polie (S0jsS1 Sy (2bj)l (WWAR) dms (LSS 5 a4 po pySeo
AV=FY XY ol o Laxe

anl ] Sligus; ams Canj (Sl ) (WAVILS ) c03l5 (s g (o e S minn sy a0l (o y00 e 500t 00 e S5m0
NRNNIYY (VI ([l olio 5 ppliS 1505 5 pole) ST 5 o pgle (S5 Jlad) 0,081y )5 ablate )3 (Ko yolie 4y 4

gy 3 O 318 (S3glT ()l (1¥AR)acbld (S (28 5 (dgi lfiglaillales f L (o318 s (b1 taablb 3k s 5e
IVNIYY (VWYY B 5 o pgle 4 i 539 cla (a3l 5l oolisnl b dneg)l biw s By i oo bSB g asb,d yiun

2 oo SI3lE 1 (S 4 3l Sliguy § SB (Sgll g (WADsaome 0, Silez 5 e dozo (Lo £5000 530 Hy5i0 6 Bl o
NYVITR (N Sl (Lol olio 5 £ipsliS 5538 5 pole) SB 5 pple dppuii 0,8 e e

gy odly wldg) Slhguy 13 (59) 9 @y 5SS 55Kk s e spgaedlS) (pSiw Sl clale ) (WAT) (e (Koo g (550 (o5 0

ol e B3 53 (S l3lh 4 S (Sogll oty digg S Jelss (VY] Sk cgoze g 0 pmll ¢ Sl tsage ¢ Bl 500
AVV=NPO (VIVVioy9easel oo 5 £ipghiss 158 5 pole) SB 5 o pslel i el o

0235 ool b o polie (BLS poy Jlad g Cosams 2502 (VWA 03l g 5 dsiio sl £503 g9iye sy 08 (S5
XFFe (YR 0y93 bl puoli gy pale dppiti S 5ay sl 1> o il Jlod (ol Sligus, 3 () sl

REFERENCES

Abrahim, G.M.S. and Parker, R.J.(2008). Assessment of heavy metal enrichment factors and the degree of
contamination in marine sediments from Tamaki Estuary, Auckland, New Zealand, Environ Monit Assess
136, p. 227-238. https://doi.org/10.1007/s10661-007-9678-2

Abrahim, G.M.S.(2005). Holocene sediments of Tamaki Estuary, Characterisation and impact of recent human
activity on an urban estuary in in Auckland, New Zealand. Abrahim, Ghada M. S.. Identifier:
http://hdl.handle.net/2292/1419. Issue Date: 2005. Reference: Thesis (PhD--Geology)-University of
Auckland.

Absalon, D., Slesak, B.( 2010). The effects of changes in cadmium and lead air pollution on cancer incidence
in  children. Science of the Total Environment 408, 4420-4428. https://doi.org/
10.1016/j.scitotenv.2010.06.030

Adamo, P., Arenzo, M., Imperato, M., Naimo, D., Nardi, G. and Stanzione, D.( 2005). Distribution and
partition of heavy metal in surface and sub-surface sediments of Naplescity Por, Chemosphere, v. 61, p.
800-809. https://doi.org/ 10.1016/j.chemosphere.2005.04.001

Adibi, H., Mazhari, M., Bidoki, S. K., Mahmoodi, M.(2014). The effect of washing and soaking on decreasing
heavy metals (Pb, Cd and As) in the rice distributed in Kermanshah in 2011. Journal of Kermanshah
University of Medical Sciences 17, 628-636. https://brieflands.com/articles/jkums-74332.pdf.(in Persian).

Adomako, D., Nyarko, B., Dampare, B., Serfor-Armah, Y., Osae, S., Fianko, J. and Akaho, H.( 2008).
Determination of toxic elements in (waters and sediments from River Subin in the) Ashanti Region of
Ghana, Environmental Monitoring Assessment 141, p. 165- 175. https://doi.org/ 10.1007/s10661-007-
9885-x

Ali Beigi, H., Mirzai, R ., Zamani A., & Mahmoodi, R.(2017). Checking density of heavy metals in surface
sediment of Choghakhor lagoon, career43, No.1,Pp.149-161.


http://ensani.ir/fa/article/author/159669
http://ensani.ir/fa/article/author/113173
http://ensani.ir/fa/article/journal-number/49655/%D8%AC%D8%BA%D8%B1%D8%A7%D9%81%DB%8C%D8%A7-%D9%88-%D9%85%D8%AE%D8%A7%D8%B7%D8%B1%D8%A7%D8%AA-%D9%85%D8%AD%DB%8C%D8%B7%DB%8C-%D8%A8%D9%87%D8%A7%D8%B1-1399-%D8%B4%D9%85%D8%A7%D8%B1%D9%87-33
http://ensani.ir/fa/article/journal-number/49655/%D8%AC%D8%BA%D8%B1%D8%A7%D9%81%DB%8C%D8%A7-%D9%88-%D9%85%D8%AE%D8%A7%D8%B7%D8%B1%D8%A7%D8%AA-%D9%85%D8%AD%DB%8C%D8%B7%DB%8C-%D8%A8%D9%87%D8%A7%D8%B1-1399-%D8%B4%D9%85%D8%A7%D8%B1%D9%87-33
https://sid.ir/fa/journal/AdvanceWriter.aspx?str=%D9%86%D8%A7%D8%AF%D8%B1%DB%8C%20%D8%AE%D9%88%D8%B1%D8%A7%D8%B3%DA%AF%D8%A7%D9%86%DB%8C%20%D9%85%D9%87%D8%AF%DB%8C
https://sid.ir/fa/journal/AdvanceWriter.aspx?str=%20%D8%A2%D8%B0%D8%B1%D8%A8%DB%8C%DA%AF%20%D8%B7%D8%A7%D9%87%D8%B1%D9%87
https://sid.ir/fa/journal/AdvanceWriter.aspx?str=%20%D9%85%D8%AD%D9%85%D8%AF%DB%8C%20%D8%AC%D9%87%D8%A7%D9%86%DA%AF%D8%B1%D8%AF
https://www.sid.ir/journal/34/fa
https://www.sid.ir/journal/issue/281068/fa
http://jae.hormozgan.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D9%86%D9%88%D8%B1%D9%88%D8%B2%DB%8C+%D9%81%D8%B1%D8%AF
http://jae.hormozgan.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D9%85%D8%B1%D8%AA%D8%B6%D9%88%DB%8C
http://jae.hormozgan.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D8%A7%D8%B3%D8%AF
http://jae.hormozgan.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%D8%B3%D9%86+%D8%B2%D8%A7%D8%AF%D9%87
http://jae.hormozgan.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%D8%B3%D9%86+%D8%B2%D8%A7%D8%AF%D9%87
http://jae.hormozgan.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%D8%B3%D9%86+%D8%B2%D8%A7%D8%AF%D9%87
https://doi.org/10.1016/j.scitotenv.2010.06.030
https://doi.org/10.1016/j.chemosphere.2005.04.001
http://dx.doi.org/10.1007/s10661-007-9885-x
http://dx.doi.org/10.1007/s10661-007-9885-x

10T . 03lil U i guolis & Clguy (3931 03,0 10,802 g 51y soiine (i3 — (sole)

https://doi.org/ 10.22059/JES.2017.62185.(in Persian).

Al-Khashman, O. & Shawabkeh, R. A.(2006), "Metals distribution in soils around the cement factory in
southern Jordan", Environmental Pollution, Vol. 140 (3): 387-394.
https://doi.org/10.1016/j.envpol.2005.08.023

Alloway, B.J. (1990). Heavy Metals in Soil. John Wiley & Sons, INC., New York.

Al-Rousan, S., Al-Taani, A. and Rashdan, M.(2016). Effects of pollution on the geochemical properties of
marine sediments across the fringing reef of Agaba, Red Sea, Marine Pollution Bulletin, In Press, p. 1-9.
https://doi.org/10.1016/j.marpolbul.2016.05.038

Barzin, M., Kheirabadi, H., & Afyuni, M. (2015). An investigation into pollution of selected heavy metals of
surface soils in hamadan province using pollution index. water and soil science (journal of science and
technology of agriculture and natural resources), 19(72), 69-79. https://doi.org/
10.18869/acadpub.jstnar.19.72.7.(in persian).

Blaser P., Zimmermann S., Luster J., Shotyk W.(2000). Critical examination of trace element enrichments and
depletions in soils, As, Cr, Cu, Ni, Pb and Zn, in Swiss forest soils, Sci. Total Environ. 249 , 257-280.
https://doi.org/10.1016/S0048-9697(99)00522-7

Bowen, H.J.M.(1979). Environmental Chemistry of the Elements, Academic Press, New York, 1979.

Bradl, H. B.(2005) Heavy elements in environment, Elsevier Ltd, VVol, 62, pp 83.

Brady, J.P., Ayoko, G.A., Martens, W.N., Goonetilleke, A.(2015). Development of a hybrid pollution index
for heavy metals in marine and estuarine sediments. Environmental Monitoring and Assessment 187, 306.
https://doi.org/10.1007/s10661-015-4563-x. Epub 2015 Apr 30.

Chaoyang W., Cheng W. and Linsheng Y. (2009). Characterizing spatial distribution and sources of heavy
metals in the soils from mining-smelting activities in Shuikoushan, Hunan Province, China. Journal of
Environmental Sciences, 21:1230-1236. https://doi.org/10.1016/S1001-0742(08)62409-2

Chen, C., Kao, C., Chen, F. and Dong, D.(2007). Distribution and accumulation of heavy metals in the
sediments of Kaohsiung Harbor, Taiwan, Chemosphere, v. 66, p. 1431-1440.
https://doi.org/10.1016/j.chemosphere.2006.09.030

Dahrazma, B., Azarpaykan, A & Sayyarreh, A.(2014). Evaluation of heavy metals pollution in abandoned lead
area soil, Rooy Ai Ghale Si, south east of Takab, engineering geology and environment, year 24th, No0.94,
Pp.129-138. https://www.sid.ir/paper/32613/fa#downloadbottom.( in Persian).

Facchinelli, A., Sacchi, E., Mallen, L. (2001). Multivariate statistical and GIS-based approach to identify heavy
metal sources in soils. Environ. Pollut., 114(3): 313-324. https://doi.org/10.1016/S0269-7491(00)00243-
8

Febles Gonzalez, J. M. AmaralSobrinho, N. Pérez Lbépez, Y. Zoffoli,J.H. LimaMagalhdes, M.O.
Guedes,N.(2014). Relation among the processes of erosion-sedimentation-pollution insoils from the
Distrito Pecuario “Alturas de Nazareno”, Cuba, Cuban Journal of Agricultural Science, Volume 48,
Number 2,.PP.173-179. URL.: http://cjascience.com/index.php/CJAS/article/view/478/445

Geravand, M., Ghasemi, H & Hafezi Moghaddas, N.(2012). Geochemical and environmental evaluation of
heavy metals in soils from Gorgan’s schist rocks, journal of earth sciences, 22(86), Pp.35-46
https://doi.org/10.22071/gsj.2012.54055.( in Persian).

Ghadimi, F.(2020).Evaluation of heavy metals pollution in sediments of Mighan lagoon using pollution
indexes, stratigraphy and sedimentology research ,in 36th year, consecutive No.8, first number, Pp.19-
37 . https://doi.org/ 10.22108/JSSR.2019.119776.1124.( in Persian).

Gognou C, Fisher NS. (1997). The bioavailability of sediment bound Cd, Co, and Ag to the mussel Mytilus
edulis. Canadian Journal of Fisheries and Aquatic Sciences, 54(1):147-56. https://doi.org/10.1139/f96-
256.

Gu, J.G,, Lin, Q.Q., Hu, R, Zhuge, Y.P., and Zhou, Q.X.(2005). Translation behavior of heavy metals in soil-
plant system - a case study of Qingchengzi Pb-Zn mine in Liaoning province. Journal of Agro-
Environment Science, 4, 634-637.

Habes, G. & Nigem, Y.(2006). Assessing Mn, Fe, Cu, Zn, and Cd pollution in bottom sediments of Wadi Al-
Arab Dam, Jordan. Chemosphere ,65, 2114-2121. https://doi.org/10.1016/j.chemosphere.2006.06.043

Hakanson, L.(1980). An ecological risk index for aquatic pollution control, a sedimentological approach,
Water Research, v. 14, p. 975-1001. https://doi.org/10.1016/0043-1354(80)90143-8

Hernandez, L., Probst, A. and Probst, J.L.(2003). Heavy metal distribution in some French forest soil, evidence
for atmospheric  contamination, Science of the Total Environment, 312:195-219.
https://doi.org/10.1016/S0048-9697(03)00223-7


https://doi.org/10.22059/jes.2017.62185
https://doi.org/10.1016/j.envpol.2005.08.023
https://doi.org/10.1016/j.marpolbul.2016.05.038
http://dx.doi.org/10.18869/acadpub.jstnar.19.72.7
https://doi.org/10.1016/S0048-9697(99)00522-7
https://doi.org/10.1016/S1001-0742(08)62409-2
https://doi.org/10.1016/j.chemosphere.2006.09.030
https://doi.org/10.1016/S0269-7491(00)00243-8
https://doi.org/10.1016/S0269-7491(00)00243-8
http://cjascience.com/index.php/CJAS/article/view/478/445
https://doi.org/10.22071/gsj.2012.54055
https://doi.org/10.22108/jssr.2019.119776.1124
https://doi.org/10.1139/f96-256
https://doi.org/10.1139/f96-256
https://doi.org/10.1016/j.chemosphere.2006.06.043
https://doi.org/10.1016/0043-1354(80)90143-8
https://doi.org/10.1016/S0048-9697(03)00223-7

(u.whs).!— @J&) V€+Y ol )Ji Q b)Lo.w ©0 2,90 ‘&b.:‘ Jlégui Oludss Yoy

Joresi&og,k. (1994). On the Estimation of Polychoric Correlations and their Asymptotic Covariance Matrix.
GPsychometrika. Vol.59(3). Pp. 381-389 Davis, J.C., 1986. https://doi.org/10.1007/BF02296131.
Kabata-Pendias, A. and H. Pendias. (2001). Trace elements in soils and plants: CRC Press, Boca Raton, 413

p.
Kabirifard, H., Sheikhinejad, E & Masumi, M.(2012).Assessment of the amount of heavy metals pollution

{iron, zinc, lead and nickel} in surface waters, cultivated soil and veggie in Pishva City, marine science

and technology research magazine, Pp.1-12. https://sanad.iau.ir/fa/Article/y - sovs\?Full Text=FullText in

Persian).

Kamzati LLJ. Kaonga CC. Mapoma HWT. Thulu FG. Abdel-dayem SM. Anifowose AJ. Chidya RCG.
Chitete-Mawenda U. and Sakugawa H. (2019). Heavy metals in water, sediment, fish and associated risks
from an endorheic lake located in Southern Africa, International Journal of Environmental Science and
Technology,  First  Online: https://link.springer.com/article/10.1007/s137  62-019-02464-7.
https://doi.org/10.1007/s13762-019-02464-7

Li, M.S., Luo, Y.P. and Su, Z.Y.(2007). Heavy metal concentrations in soils and plant accumulation in a
restored manganese mine land in Guangxi, South China, Environmental Pollution, v. 147, p. 168-175.
https://doi.org/10.1016/j.envpol.2006.08.006

Li, Y.; Zhou, H.; Gao, B. & Xu, D. 2021. Improved enrichment factor model for correcting and predicting the
evaluation of heavy metals in sediments. Science of The Total Environment, 755(1): 142437.
https://doi.org/10.1016/j.scitotenv.2020.142437

Loska, K. and D. Wiechula. (2003). Application of principal component analysis for the estimation of source
heavy metal contamination in surface sediments from Rybnik Reservoir. Chemosphere 51: 723-733.
https://doi.org/10.1016/S0045-6535(03)00187-5

Loska, K., Chebual, J., Pleczar, J., Wiechla, D. and Kwapulinski, J. (1997). Use of environment and
contamination factors togheder withgeoaccmulation indexes to elevate the content of Cd, Cu and Ni in
the Rybink water reservoir in Poland” Water, Air and Soil pollution, v. 93, p. 347-365.
https://doi.org/10.1007/BF02404766

Lu, X., Wang, L., Lei, K., Huang, J. & Zhai, Y.(2009). Contamination assessment of copper, lead, zinc,
manganese and nickel in street dust of Baoji, NW China, Journal of Hazardous Material, VVol. 161 (2-3),
pp: 1058- 1562. https://doi.org/10.1016/j.jhazmat.2008.04.052

Lu, Y., Z. Gong, and G. Zhang. (2003). The Chemical Speciation of Heavy Metals of Urban Soil in NanJing:
Envir. Chem, 22: 132-138. https://doi.org/10.1016/S0016-7061(03)00079-X

Mapanda, F., Mangwayana, E.N., Nyamangara, J., Giller, K.E. (2007). Uptake of heavy metals by vegetables
irrigated using wastewater and the subsequent trisks in Harare, Zimbabw. Physics and Chemistry of the
Earth, 32: 1399-1405. https://doi.org/10.1016/j.pce.2007.07.046

Meade MS, Emch M.(2005). Medical geography. New York, NY: Guilford Press

Mehri Yari, F., Pirkharati, H., Farhadi, K., SultanAlinejad, N., & Naghsafkan, F.(2020). Evaluation of heavy
metals pollution in sediment of the bed lake and surface soils of eastern part of Urumia City using
pollution indexes, journal of soil and water sciences, 24(1), Pp.121-132. https://doi.org/
10.47176/jwss.24.1.40561.( in Persian).

Miller, N., Miller,C.(2000), Statistics and chemometrics for analytical chemistry, Pearson Education,
Englewood Cliffs, New Jersey, pp. 288.

MirBagheri,S., Naderi, M., Salehi, M.H., & Jahangard, M.(2019). Checking soil pollution and wind sediments
to some of heavy metals in Shahr-Kord plain, Journal of water and soil sciences (agricultural sciences
and technology and natural resources) 23(1). https://doi.org/ 10.47176/jwss.23.3.39021 (in Persian).

Mirzaei, M., Solgi, e. (2014). Evaluation of heavy metals concentration (cadmium, copper, manganese),
Research in environmental health,1(4): 251-265. https://doi.org/10.22038/jreh.2016.6584. (in Persian).

Mokaram, M & Negahban, S.(2020). Evaluation of ecological heavy elements risk in roadside sediments in
GIS environment, geography and environmental hazards, No.33, Pp.17-43.
https://doi.org/ 10.22067/GEOQ.V9I1.85784.( in Persian).

Mortazavi, S and Hatami Manesh, M. (2018). Determination of Heavy Metals Pollution Load Index in
Sediments and Aquatic Plant (Nasturtium microphyllum) in Bashar River, Yasuj, Journal of
Environmental Health Engineering, Winter, 5(2) 172-157. https://doi.org/ 10.29252/jehe.5.2.157 (in
Persian).

Motamedi Rad, M., Bahrami.Sh. (2022). Analyzing the rate of concentration and pollution of heavy metals of


https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fdoi.org%2F10.1007%252FBF02296131;h=repec:spr:psycho:v:59:y:1994:i:3:p:381-389
https://link.springer.com/article/10.1007/s137%2062-019-02464-7
http://dx.doi.org/10.1007/s13762-019-02464-7
https://doi.org/10.1016/j.envpol.2006.08.006
https://doi.org/10.1016/j.scitotenv.2020.142437
https://doi.org/10.1016/S0045-6535(03)00187-5
https://doi.org/10.1016/j.jhazmat.2008.04.052
https://doi.org/10.1016/S0016-7061(03)00079-X
https://doi.org/10.1016/j.pce.2007.07.046
http://dx.doi.org/10.47176/jwss.24.1.40561
http://dx.doi.org/10.47176/jwss.23.3.39021
https://doi.org/10.22038/jreh.2016.6584
https://doi.org/10.22067/geo.v9i1.85784
https://jehe.abzums.ac.ir/article-1-476-en.pdf
https://jehe.abzums.ac.ir/article-1-476-en.pdf
http://dx.doi.org/10.29252/jehe.5.2.157

1OY .. 03l U opfiw guolic 4 Clguy (3991 03,0 10,502 g 51y goiine (i3 — (sole)

sediments (case study: Gelian catchment in North Khorasan province). Journal of Geographical Studies
of Mountainous Areas, 3(10), 57 -81.( in Persian).

Muller, G.(1979). Schwermetalle in den sedimenten des Rheins Veranderungenseit 1971, Umschau,
79(24):778-783..

Musavi, S.P., Mokhtari, M.A. A., Khosravi, Y. Rafiee, A., & Hosseinzadeh, R.(2018). Checking
environmental water way sediments pollution due to heavy metals in Zarshooran-Aghdarreh ( North of
Takab). Water and soil sciences (Agricultural Science and Technology and Natural Resources), 22(2),
Pp.127-141. https://doi.org/ 10.29252/jstnar.22.2.127.( in Persian).

Naderi Khorasgani M. Azarbeig T. Mohammadi j. (2023). Assessment of Effective Factors on Soil Pollution
by Heavy Metals in a Part of Sirjan Plain, Kerman Province, Iran, Journal: Journal of Water and Soil
Science ,27(3), Page(s): 165-177. https://doi.org/ 10.47176/jwss.27.3.32201.( in Persian).

Nasralla, M.M.(1984). Lead in Jaddah urban dust, Environment Pollution Series B, Chemical and Physical, v.
8(2), p. 133-141. https://doi.org/10.1016/0143-148X(84)90023-5

Nethaji, S., Kalaivanan, R., Viswam, A. and Jayaprakash, M.(2016). Geochemical assessment of heavy metals
pollution in surface sediments of Vellar and Coleroon estuaries, southeast coast of India, Marine Pollution
Bulletin, In Press, p. 1-11. https://doi.org/10.1016/j.marpolbul.2016.11.045

Nikolaidis, Ch., Zafiriadis, I., Mathioudakis, V. and Constantinidis, Th.(2010). Heavy metal pollution
Associated with an abandoned Lead-Zinc mine in the Kirki Region, NE Greece, Bulletin of environmental
contamination and toxicology, 85(3): 307-312. https://doi.org/10.1007/s00128-010-0079-9

NorouziFard, P., Mortazavi, S., Asad, S., & HasanZadeh, N.(2017). Estimation of toxicity and ecological
danger of toxic elements using biological indexes in coastal sediments in the north of the Persian Gulf
inHormozganProvince, Journal of Aquatic Ecology ,volume9,NO.2,Pp.46-
60.https://doi.org/20.1001.1.23222751.1398.9.2.5.6 (in Persian).

PoorKhabaz, H.R., Javanmardi, S., Yousefnia, H., Asalemi, M., Macroni, S & Aghdar, H.(2016). Enviromental
evaluation of heavy metals in the soils pollution around Behbahan cement factory, geography and
environmental planning, 27(3), consecutive 63, Pp.87-105. https://doi.org/.( in Persian).

Rajeshkumar S, Li X. Bioaccumulation of heavy metals in fish species from the Meiliang Bay, Taihu Lake,
China. Toxicol. 5: 288-295. https://doi.org/ 10.22108/GEP.2017.97971.( in persian).

Rastmanesh, F., Hasna, Z., Zarasvandi, A.(2019). Enrichment, origin, and health risks of heavy metals in rice
farms, case study: Ahwaz and Bavi counties. Advanced Applied Geology 9, 75-84.
https://doi.org/ 10.22055/AAG.2019.28395.1935.( in Persian).

Razzazi Borujeni, Kh.(2009). Checking resources of soil and water pollution by heavy metals in Hashtrood
city with attitude for Arsenic and its environmental effects, Masters thesis, faculty of basic sciences,
Tehran Teaching University, Pp 292.( in Persian).

Rey, R., Fierros, D., Barral, M.(2009), Normalization strategies for river bed sediments: a graphical approach.
Microchemical Journal ,91(2), 253-265. https://doi.org/10.1016/j.microc.2008.12.004

Rivera C. Quiroga Ed. Meza V. and Pastene M. (2019). Evaluation of water quality and heavy metal
concentrations in the Ramsar Wetland El Yali (Central Chile, 33°45'S), Marine Pollution Bulletin1(45):
499-507. https://doi.org/10.1016/j.marpolbul.2019.06.054

Salavati, M., Yousefi Mesradashti, Z. (2021). Evaluation of Geochemical Pollution From The Perspective of
Environmental Geology In Pole- Rud Stream Sediment -East Of Guilan. Environmental Research,
12(24):149-158.Dor: 20.1001.1.20089597.1400.12.24.12.4 (in Persian).

Sarkar, B.(2002). Heavy metals in environment. Marcel Dekker, New York.

Sharma, R.K., Agrawal, M. and Marshall, F.(2007). Heavy metal contamination of soil and vegetables in
suburban areas of Varanasi, India, Ecotoxicology and Environmental Safety, v. 66, p. 258-266.
https://doi.org/10.1016/j.ecoenv.2005.11.007.

Shayestefar, M.R., & Rezai, A.(2013). The study of environmental behavior and the investigation of heavy
metals distribution in the soils of the Sarcheshmeh copper mine area of Kerman, engineering of mine
magazine(8)18, Pp.13-21. Dor: 20.1001.1.17357616.1392.8.18.2.3.( in Persian).

Sheng-Gao, L.U., Shi-Qiang, B.A., & Li-Xia, F.U. (2008). Magnetic properties as indicators of Cu and Zn
contamination in soils. Pedosphere. 1;18(4):479-85. https://doi.org/10.1016/S1002-0160(08)60038-7.

Siahati Ardakani, Gh. R.,mirsanjari, M.M., Azimzadeh, H.R & Salagi, E.(2016) Evaluation of ecological
heavy metals risk in surface soil around the main industries in Ardakan city, Tolooe Behdasht,
17(6(Mosalsal72), Pp. 95-110. https://doi.org/ 10.18502/thj.v17i6.501.( in Persian).


http://dx.doi.org/10.29252/jstnar.22.2.127
https://sid.ir/en/journal/AdvanceWriter.aspx?str=Naderi%20Khorasgani%20M
https://sid.ir/en/journal/AdvanceWriter.aspx?str=%20Azarbeig%20T
https://sid.ir/en/journal/AdvanceWriter.aspx?str=%20Mohammadi%20j
https://www.sid.ir/journal/34/en
https://www.sid.ir/journal/34/en
https://www.sid.ir/journal/issue/281068/en
http://dx.doi.org/10.47176/jwss.27.3.32201
https://doi.org/10.1016/0143-148X(84)90023-5
https://doi.org/10.1016/j.marpolbul.2016.11.045
http://dorl.net/dor/20.1001.1.23222751.1398.9.2.5.6
https://doi.org/10.22108/gep.2017.97971
https://doi.org/10.22055/aag.2019.28395.1935
https://doi.org/10.1016/j.microc.2008.12.004
https://doi.org/10.1016/j.marpolbul.2019.06.054
https://dorl.net/dor/20.1001.1.20089597.1400.12.24.12.4
https://doi.org/10.1016/j.ecoenv.2005.11.007
https://dorl.net/dor/20.1001.1.17357616.1392.8.18.2.3
https://doi.org/10.1016/S1002-0160(08)60038-7
http://dx.doi.org/10.18502/tbj.v17i6.501

(u.whs).!— @J&) V€+Y ol )Ji Q b)Lo.w ©0 2,90 ‘&b.:‘ Jlégui Oludsy YoTL

Skrbic, B. and Mladenovic, N. (2010). Chemometric interpretation of heavy metal patterns in soils worldwide,
chemosphere, v. 80, p. 1360-1369. https://doi.org/10.1016/j.chemosphere.2010.06.010

Sommers, L.E. (1977). Chemical composition of sewage sludge and analysis their potential use
as fertilizer, Journal of Environmental Quality, V. 6, p. 225-231.
https://doi.org/10.2134/jeq1977.00472425000600020026X.

Teng, Y., Huang, and J. Lon. (2002). Studies on soil enzymatic activities in areas contaminated by tailings
from Pb, Zn, and Ag mine. China Environ Sci, 22: 551-555

Turekian, K. K., and Wedepohl, K. H. (1961). Distribution of the elements in some major units of the earth’s
crust, Bulletin of Geological Society of America. 72 ,175-92. https://doi.org/10.1130/0016-
7606(1961)72[175:DOTEIS]2.0.CO;2

Wang, Q .,Wang H,. Gu ,X., Bao, K .,Yang, P., Yu, X., Zhang,j., Mao, F., Zhang,J., Wang,J.(2024). Heavy
metal pollution in the nearshore surface sediments north of the Shandong Peninsula and the Western Miao
Islands, China, Regional Studies in Marine Science, Volume 73,July 2024, 103448.
https://doi.org/10.1016/j.rsma.2024.103448

Yalcin, M.G., Battaloglu, R., and llhan, S. (2007). Heavy metal sources in Sultan Marsh and its neighborhood,
Kayseri, Turkey. Environmental Geology, 53(2): 399-415. https://doi.org/10.1007/s00254-007-0655-4

Yan, F.,Qian, ., Chen, Y., Zhao, L., Xiao. X. (v-14). Stochastic potential ecological risk model for heavy metal

contamination in  sediment., Ecological Indicators,Volume 102, Pages  246-251.
https://doi.org/10.1016/j.ecolind.2019.02.040.

Yavar Ashayeri, N., Keshavarzi, B. (2019). Geochemical characteristics, partitioning, quantitative source
apportionment, and ecological and health risk of heavy metals in sediments and water: A case study in
Shadegan Wetland, Iran. Marine Pollution Bulletin 149, 110495.
https://doi.org/10.1016/j.marpolbul.2019.110495

Ye C, Li S., Zhang Y., Zhang Q. (2011). Assessing soil heavy metal pollution in the water-level-fluctuation
zone of the Three Gorges Reservoir, China, Journal Hazard. 191, 366-372.
https://doi.org/10.1016/j.jhazmat.2011.04.090.

Zein Al Dini, Z., Karami, M., Fatemi Ghomshe, A., Shekari, P. & Hamedi, F.(2016). Checking Cadmium
elements pollution potential, lead and Nickel in the downstream soil of Kermanshah waste accumulation
due to pollution evaluation criterion, agricultural engineering (scientific Journal of agriculture), volume
93, No.2, Pp. 55-68.https://doi.org/10.22055/agen.2017.12604.( in Persian).

Zhang Q, Shi XZ, Huang B, Yu DS, Wang HJ and Sinclair FL.(2007). Surface water quality of factory based
and vegetable based peri-urban areas in the Yangtze River Delta region, China ,Catena 69: 57-64.
https://doi.org/10.1016/j.catena.2006.04.012

Zhang, H., Jiang, Y., Ding, M., Xie, Z.(2017). Level, source identification, and risk analysis of heavy metal in
surface sediments from river-lake ecosystems in the Poyang Lake, China. Environmental Science and
Pollution Research ,24, 21902-21916. https://doi.org/10.1007/s11356-017-9855-y


https://doi.org/10.1016/j.chemosphere.2010.06.010
https://doi.org/10.2134/jeq1977.00472425000600020026x
https://doi.org/10.1130/0016-7606(1961)72%5b175:DOTEIS%5d2.0.CO;2
https://doi.org/10.1130/0016-7606(1961)72%5b175:DOTEIS%5d2.0.CO;2
https://www.sciencedirect.com/journal/regional-studies-in-marine-science
https://www.sciencedirect.com/journal/regional-studies-in-marine-science/vol/73/suppl/C
https://doi.org/10.1016/j.rsma.2024.103448
http://dx.doi.org/10.1007/s00254-007-0655-4
https://doi.org/10.1016/j.ecolind.2019.02.040
https://doi.org/10.1016/j.marpolbul.2019.110495
https://doi.org/10.1016/j.jhazmat.2011.04.090
https://doi.org/10.22055/agen.2017.12604
https://doi.org/10.1016/j.catena.2006.04.012
https://link.springer.com/article/10.1007/s11356-017-9855-y

