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Abstract

Soil is a major component of the biosphere that is exposed to pollutants such as heavy metals. Soil
pollution by heavy metals is an important issue and heavy metals originate from the two main sources
of natural resources and human inputs including mining, various industries, road transport, mineral
and chemical fertilizers for agriculture, sewage sludge, and industrial wastes. Mining and mineral
processing activities are the most important sources of potentially toxic elements entering the
environment and pollute various parts of the environment (including water, soil, air, and vegetation
sources). Along with population growth and industrial development, mining activities for metal
extraction have also expanded and as a result, the environment around the mines has been more and
more affected by metal pollutants.

Kushk Pb-Zn mine has been manually worked since 1940 and mechanized since 1964 and is
located in a condensing and processing plant next to the mine. Mining waste is located on the margin
of the mine deposited and can be spread downstream by wind or water. Because so far few studies
have been conducted on the level and extent of pollution of soil sources around the lead and zinc mine,
so the present study aims to evaluate the concentration of heavy metals (Cd, Mn, Cu, Fe, Pb, and Zn)
and the extent of pollution and their environmental hazards were assessed in the study area.

Sampling was done in November 2018 and 102 soil samples were collected from the Kushk mine
area and its surroundings. Sampling has been done inside and outside the mine up to a radius of about
eight kilometers. The location of the samples was determined by the Latin square method. The Latin
Square Method is an almost modern sampling method that is stratified or layered. Their concentration
was measured using a German model atomic absorption spectrometer (Jena330). After reading the
concentration by the atomic absorption spectrometer, the obtained data were analyzed by Excel and
IBM SPSS Statistic 22 software. Also, to show the spatial distribution of pollution of different
elements considered in the research, the IDW method was used to prepare the maps using Arc GIS
10.3 software. Also, soil pollution was assessed using the pollution factor (CF), enrichment factor
(EF), and land accumulation index (Igeo).

This study evaluated six heavy metals in 102 soil samples (Cd, Mn, Cu, Fe, Pb, and Zn) conducted
in the Kushk Pb-Zn mine in Bafg. The concentration of the studied heavy metals was in the order of
Zn > Pb > Mn > Fe > Cd > Cu and only three elements of cadmium, lead, and zinc were above the
alert threshold. The highest amount of elements was present in the southern part of the mine and near
the mineral tailings and downstream of the road and sometimes on the road and machine traffic. The
results showed the distribution of lead and zinc elements in the margins of the mine, especially in the
margins of mineral tailings and downstream of the road. The reasons for this can be considered as the



2 Journal of Geography and Environmental Planning, Vol 31, No. 1, Ser No. (77) Spring 2020

effect of wind and the existence of seasonal waterways in the transfer of these elements due to human
activities such as mining and transportation to the mentioned points. Lead and zinc are gallons, so the
amount of lead in the soil can indicate the geological origin of the contamination. The concentrations
of copper, iron, and manganese for the soil in the study area were below the warning threshold. The
results of the pollution indices used (except the Nemro index) indicated that the area was either not
polluted or had little pollution. The Nemro index indicated that all elements (except copper) were
severely contaminated. The lead was the highest element in all indicators, which can be said to be due
to the type of parent rock and the geology of the region. On the other hand, the results of multivariate
statistical analysis of heavy metals showed that vehicle and geological activities were the most
important sources of zinc, lead, and cadmium contamination. Iron, copper, and manganese were
mainly controlled by geological sources and parent materials, and manganese concentrations can be
affected by fertilizers and agricultural soils. Due to the fact that the soil of the study area was
contaminated with other heavy metals in addition to lead and zinc, so the need for more research in the
area to evaluate strategic plans for soil resource management is necessary.

Keywords: Environmental Standard, Soil Pollution, Cluster Analysis, Enrichment Factor, Human
Activity.



s (5500l 5 Ll e

= WA Sl ) opled WY L Y Ol

J& VWAQ/E/F s 2 s o WA WY iy
Yo —-Y¢ o

P G g M e i

G Ko S 595 5 oy Odas S galm GBS 5 K Sl S JT oL
ol W e o 5 4w 5 Sl sl el 3l eslanal b

Olpl sy ooy NtEHN ‘@.xl: cl..a Al gdl.al.‘.. 5 S Gble Co e AJJf GFS> (s a7eils ‘“‘J.gz“}@"‘ 1,25
sohrabizahra@stu.yazd.ac.ir
0‘;1‘ Sy ey NtEHN gua-:b c\-ﬁ oAl nu-v\.v\:.' K] S JLL»A o ke 33; J\:..i'.ﬂ; :’ﬁ A)‘}&‘é}‘w Lo
hsodaie@yazd.ac.ir
b'ﬁ' SR dy bli-:d"é gmb cL« IRCEH u‘ij_d K Sis JLLA o g A"; JL_.:JL! seb‘}r:s.’ ‘_;\.F-.\w
hakim@yazd.ac.ir
&‘}1‘ gblfé)' gb\S.ﬁ)‘ bli-:d"é g‘:v.::.b cbﬂ K 6})‘5\4’5 oISl g%’b w.\ﬁq.ﬂ 5‘5; )\:\.:L’..J L S o ab'}dﬁ J“C")
rtaghizadeh@ardakan.ac.ir
b‘ﬁ‘ gb‘S;ﬂ gﬁ)\SA)‘ Am‘; ‘@?tb CL.A K] 65)3\‘:‘5 IRCSA{ 1 u;..a?'.h Lf""'""é" A}Jf )Lpl:..«‘ ‘d‘bh JQU ;b?.\w
mjghaneib@ardakan.ac.ir
s K>

ol coalS) (oK Sls Bl sy G b el e M (Ko SIS L S Sa T
Sy dm SBle el 3 Ol 53 3Bl Ol gd KBS s 5 Odme S @503 VY 3 (S 5 o 5K
satls 5 BF) (Sus w2 (CF) (S5, 01 ke 5laslial L S (S50 b3l momen 03 nd 5V 0
A el (lgeo) (Sl e

OIF 1Y YR 1Y oy el S 55 S35 5 e 5 T enslS sl Sis ls DL ol
s ol 515 Oler 5 o) Bkl a5l G, 5 o (o3l ol 03 5 Sl 0 S kS 0 S La0)/A 510
5 Eiees 5 otk S g5 OF s S 025 by pn o i M iy codBitlons (sl el ol
el Ll glaclas

0355 33 53 0l gy S A3l 31 DL lad g o 5w 5 ol Mg o pitedir (55Lel o 5 5
Sla ST 51 Buas (6 5 o 45 Gl (535 5 o cuaslS (o ol Jald Ul e S g 0 suaih
o 4 el pal 5 5K ol g3 03,8 il o L S5 5 (6,80 Sl 50 Ll slac e 5 s
Ll e b lend gz S 5 65,5lES slacles 5l 26 ot lisoll s wlid K e ) 5 obe

o e el ol 03301 30 Ko SIS ple 4 55 5 o ole posdle ey dilan SISyl g s L
el $5558 S mbe Sy e 538l Slaasl il Sl adles 53 2y

LI O[PSR LN PIC- Py W PP P SN S PRI B K EIM PR W L g PO,

J}}«..A a.l.'w...!‘);'*
Copyright©2017, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and
share it with others as long as they credit it, but they can’t change it in any way or use it commercially.

10.22108/gep.2020.121263.1260



10.22108/GEP.2020.121263.1260
10.22108/GEP.2020.121263.1260

AR Sl o led WY by Y Dl s 55,40l 5 Wi "

dadie

Sl L S Sadl sl s oK lils da 3l olaodo¥T 5 me 53 68 el o Sy ool o3 (S
(GLSOdme Jold Gl (slaasss 5 aiwn (amb oo Ju@;ﬁﬁjlw{wu}u ROV PUTR-| LRRN. CW!
ol g Sadilay 5 BB ol (655l pland 5 Gdae Glas S (Sloslr JE s Jam (il Lo
oL 555wl et o Sdne Bl e G515 5 6 Suams (Jiao et al., 2015: 1; Kumar et al., 2019: 3) &, .
S s e S ) S sl Cide (sla S Sl O e 5 Cd G jlaes 4 o 6530
sasl 528 0ol gl @l dre o dled (mlao bl 5 Camerr L35 L Olojan 008 o0 (A8
5 o slaadbl Iy bay ol ey U 56 a1 iy 5l i Oslas O gal g Jame ey
e llnl Csley ks Oslae Sl sl ge pl Ao 5 dien o 558 ol 5l Gz Ble (g5l (sl Glaclag
Slaou VT ol ol 5l 0l sl (gladasms 53 oly3 OV guams 5 1o (St ol So )l Cmgo Jamecas
.(Kabata pendias & Pendias, 2001: 12) 3 5.5 . 515 pls 5 Ol e &,y 4 (k8

5 S i ot slaody VT 5555 & ey s Ol 1 5 o sais daw s glaaali s sl
Glac s slome bl j3 1sa 5 Sbt ol Llosls 0L b ia g5 51 (6ol sl 0 oeie Cilisen blis 3 [ a
SU S 5 Ol s ol 510l bl OESLa cdlns 1 gmics slacdles ol by sl 631 jly i
.(Khosravi et al., 2018: 10; Skaldina et al., 2018: 574) 535 o b= ol 5 s lew S50 o se 5 318

RCOUSE{ FENCIUNE § *SPRURCIUS- SO V) 1 [RO  I SSPRTCIUUNE S N SR { P COCH 1L S P PO S T
3 3 2 Odna Sl ] il (S b Gasidin Loy | G iS55 5 (S S5 B s L
D Odre (ol S 3 5 ol 5 0 0558 5o WWEY Jlo 5l 5 s S WA JL 51 S S
3L LS 5 Odme bil s L s B 51 Jol sladkilony 5 s slaalbly sl 13 0T (6o5l 5 5 Lals
5 Bl ol 58,8 7 5 Ll S el bl 4 OT L sl b ol 5 5 358 o SUl adlate Lol
S Dl 5 S2S G55 5 e Odan O gol g SB lio (S50 0o 5305 (oS (slaias 055U 4
K oal e (ool S) i s B nd L5 Ba Ll e el o ol OF S5
A el sy Al s gl ey Sl kst 5 (S50 Ol e 5 (555 5 e

B9 Ky
Lsuu:"‘“}}-i ‘C}f k.:_z,a BE u&—ﬂ C)\J_b Q‘J_:,a uﬁt’“ 6‘;{ ‘_5k:>uad,w..i) LSL‘“JA"L:’ )‘ oalaza! Z)Lg)b
4.l.a.>-‘)‘ ‘C,.w\ ol rl}u‘ LSJL:...M_:

Bles S s 1y g 3250 el (TOV) 0L 5 05 5 (Y18) T0ian 5 LS (T LS 5 (g5liS

! Keshavarzi & Kumar
2 Kumar et al.



WY O, Ken 5 03050l s 125 B K55S G55 5w Ohas Ogalm GBS 3 5Kin I ST L,

sosdl SLs lal s 55 oK Dl o L5l o e lgeo 5 BF 63,5 0l (Y419) 0LISGs 5 5leys
Lles T &

ol sl plnil s 5 Gdme laclad 51 56 sla S5 T ke ys ol slatass O5SE iz
4 ge0 12

R et e e O Oyl SaSLE 55 1 ik Syl Sai oo OFAY) 0K 5 aei
Cble Odse o Salob by cl mi Odse o5 5 ol opl Clale &S Wdewy e cpl s 5 L5 S
T 5 o35 0T a8 83 mmn 5 Sl e 5 03501 8 83 5dmn 3 b e immen il o 20 L
3,8 g ol sl

56 sl 5 0l S Vs mlo sle a3 | (Ko 3l (ST OFA) 0K 5 Sl
Shi s Jale demsl So T ar s i 5 abline la e la 5 T W5 S s L St (Sayll d s
o3l S 5 e Sl sl 0L el s S eslizad T(CF) Sa0T Jale 5 Tlgeo) il e (0T doys 5 (EF)
ol Sl 5 b il ) ke jobie sl clale 5 5V 8 (slamama I Sl iy

S SLadkm sy mlaw SUs 3 1y S Sl tlidp g 8 bl sl (WA OLSKes 5 31,0
e ey 5l (6l et sl 5 (ICP) Ul saacinr slawdly awwcih Sl oslinal L Ol,g
53 sl Olpn 3l iy Watisal 53 e 5 e ale S0l 5l OLES s 3 S L3yl R (e I3k
(3ls l 3 e oS 83 pdoen 53 R Gastls romes 35 (WHO)' iler ol Olojla

5 0o3lS (S o (K5 S) s 5 RS e 5 S m s (Y4IA) OLSen 5 g g
(Ol =l =0laey) Sloy aneo S ed 53 (NILZ) 01t (555 5 o o &S00 gl gasS 5o 1) (e
g e e 53 (Ko S 58 S8l el sl TSSOl T oIS s S s

2 S Sl L (S5 S) S 5 G a8 s Shsn 5o (Y0)) Jless 5 (65,5LiS
sl Glacdled 5o a0 o Ldew)y ad ol a5 L5,8 SL5sl 5 s 021 350 Jled (65,5LiS slas>
3 i Il S e s s s g

o b Ol Jamea s Sy 5 ded GbSE 3 K Sl3ls S 0T (Y1) 0K 5 5l sS riman
Som)l 5 aeslS Lsls 0L (Cp) o3l (S M jasls 5 (BF) Sus o Jole (CF) Sogl oy s S
L i lasss ol 3oVl (eslS sls 0L ety Sy o li 5 diteas ol slaod Vi

ol

. Tian et al.

. Enrichment Factor

. Geoaccumulation Index

. Contamination factor

. Risk Index

. World Health Organization
. Keshavarzi et al.



AR Sl o led WY by Y Dl s 55,40l 5 Wi A

bl esliad L1y St TS 5 oK Sl s (tasg s (VoY) T0MSes 5 bl S5

bt SLa oy s 3 S bl n AL5 w85 Jome slaS 53 NiXPrO™ Ko 5 X il Jor LB
el Jler imeen Ll cral on s 515 alial d 51 lad sl Gt 53 O 5 e 550 (59, 313 OLES
Sl sy s s S aslie SuC L S Lol 5 arlows |5 (ER 5 CF (EF (geg) ks S5 41

il 03 g 513 kel d 1 e sl L 3 o s s 5 (S, polie &S 55 O 1 Sl glawd

Rt B

a5 Al

35m Dbl G, (g 20 s ISV 5 5 (3L Ol jgd (30 Jlasd (g 205 ISE0 )3 LSS (g5 5 e Ol
YL e YoV s s cadlats il o e () ISK2) ol 01 55 (810" 5 ¥VCLY 5 00°%80" L 008 "™)
3 e AL (gLl 6595 L adlate UL 20k o S0e s Gl 5 S gy Ol cailaio sl 3 mlas
}JEL,\_>-g‘_g.sdl_wol_»wj;ﬁcﬁsJbabcﬁjfﬁcw}w&);\"\/\iij@-ﬁi&@b;ﬂﬁpcﬂég‘w
el s g Jled (L sl g el s B s HO/8Y Y L 4 ed3 sles ST

s sl sl s S SIS oS Sl Sie 5 IS o Sl Sy o) ks 3150 51 S5 55 LIS
05 4SS s gl Sdme sl (K55S LS 55 s ge  Sdee S Dr e S osba ol ok S5 e
S Ay i 5 sl Sdme slse ond 3148l Jdae slge Wilodd sl (65108 gy b Olojan 5 L2351l

«)

(2) k
Ak

®

B HALRZIATS
¥

“'A“‘“ o TS

3 IS Gles (A 5C) tis,ls paged LU cnd 4o (D) 0150 55 SR gh ddhie Cuadge (@) (S gles N S

Ls)bﬁ-ﬁ}u' L2 6L“J'5",

! Mukhopadhyay et al.



14 O, Ken 5 03050l s 125 B K55S G55 5w Ohas Ogalm GBS 3 5Kin I ST L,

AELLST slo 0 5 6l 2 smd s

Sl s 6”1@? O Ogol sy 5 S35 Do Ailate 31 S1 €503 10 Y 5 bl VYAV OLT 3 (513 a0 g
Do i Laasad Jrome 5 il (0 hSA 55 plad B OT 51 ool 5 5 Odme 515 35000 3 (503 40 g
ol o3 Y L s O L (615 e sl 80t S e e S S e Y e
S el Do b Y e SIS s sl e S S S0 laaiis 4 (S gls e (B
S Olos a1y o (sla ite slaesls (3, opl S oslinul aseia & gad 3laad 31 3,8 oo apead 5118
i o o Glo pate (3555 slaesls 5l Balial D50l (S 5 el 4350 ) ot Sl (ladd gas
.(Minasny & McBratney, 2006: 1380) .S slx| it o 51 S by A8 o0 a5 Ob]

A sl (b S (50 8l 0 5 v Goee 5155 bl 0 SSES Y/0 610 sal o
L A ool sl s oy 5505 58 sl (Smadly slaanaS 5 63V 58 sl i Sl oslinal b ()15 e s
ol CBlE o (gl e s S s S (sl sad Aes 25 (68 5l S0 (slaki sl 4 Sl Uil
DTPA 55, Ly Laas sod aslsl 53 s asls e (6 30 oY S Sl 555 5 3800 8T s cnslS
Jils il o i b Slesla il L Ll oble 5 (Lindsay & Norvell, 1978: 422) xa_s g A
(ol ol oK U cbale sl 3 31 . (Ungureanu et al., 2017) i (g ,:So3lul oli el Jena330)
S i e ke pomen 10 Lo IBM SPSS Statistic 22 5 LS| slayl33le i L salcses (glaasls
AIC GIS i3l 5 5l ealina b baais g sl (IDW) sl S sy 2ass o3 kide il obe S50
oy L5 4103
Sl sl asli

(Contamination factor, CF) S5 41 , gSU

e Ol lealy 51 (S eals 3z s S S L Dlgeny SAS 8 A3 e gl sline s i,
1335 o deslons 15 O gt 4 Sl (CF) (Sl 58U L 0l s 55 S5 41

CT - Cheavy metal M)

Cbackground
dobj_g CEU L;:L_{A)J S A uL_>=’;:\ t>-ja i :t.:l.Lod.: L):'”"h,ﬁ}i :..E.]a.w)\ C)b- Lg\mjm c&)‘bf@jw OLA)

] AL 5 g ‘_55.3}51} GNP 4.3;@&

! Hypercube
2. Stratified random sampling
% Inverse Distance Weighting, IDW



AR Sl o led WY by Y Dl s 55,40l 5 Wi \T

(Hakanson, 1980: 984) CF a5l ulul p S (So 4l £ ghaw (ganaz ;5 ) Jpar

Sl st Sal s
Ck> oS Sl
\>CF>r L gze Ss )
y>CF>1 by el

CF>1 35 ke Sl

(Enrichment Factor, EF) Sus 2 456
e pobis 4 S (ST Sy il e Jalse S St la o 3 S 8

()
(@),

sample

EF =

Q)

Background

Lok ol 53 pais slude SAMPIE x o jozie CLlE Crep ol gy B30l 53 uaie Chle Cx clslas ol 3
MalS Lis 45 sl (62t ¢ S s oy et 3 e Sl s 3 paie bl Background
o3l i e olie Lltany T ZF ALFR SC 51 Ygane gl sla a3 il andls alidpe)
(sl ol o3liiul w o eate Glag, oAl 2 5l hass ol s (Abrahim and Parker, 2008: 234) 5,5
s il gladgad 5335 ge S5 5 e Olin U os o3 Ll Blieay (glad 505 ool (sladises 5 e sdle
S s e 5 Ghasiy ddlate olid e ad oelid s b psloee Aiae 53 slite ) & 553 alie OT L
orils s w ol jate fasn ool 5s (il o lal anslos LIV YA (Bl aB) Al 4 (glases b et
A S B s e e Ll Ll 5l

(Taylor, 1964: 1275) EF jasls wlulp S (S i1 7w duaz s ¥ i

EF s Shr s s
EF<y Bl sl s b S04
v>EF>) ICRE RS
o>EF>y b g gle a5
Vo >EF>0 e ghyls T
Yo>EF>. Ly sl i s
0->EF>Yo U5 sl sle

EF>o. sb3 esldlsge sl




L O, Ken 5 03050l s 125 B K55S G55 5w Ohas Ogalm GBS 3 5Kin I ST L,

(Geoaccumulation Index, 1ge0) cuilil pmw ) asLs

03,5 e 0AVA) ' Sy sty Lastld ol sy e end Sbe SV Ao ys il ey Ll 3l eslind |

G
— | — Y’
'geo = 108 (1.5&) ™

e e By 5 et e S glad gas 53 emie 015 G (3T as U Keslilopss el | geo
ey glacble 3 Jlasl Gl s Sl owle, Blas a4 skhea Vo ol oy o ol = L s
(Muller, 1979: 111) CoalaSbs wlid S Sl 13 0 DUl -l Ysamo oS il
(Muller, 1979: 111) lgeo yasls ulul p S S 31 7 ghaw (gvar 3 ¥ Jgutr

il ey yaxls vf;_,ﬂ i
< o3l &
) oJ)ﬂwSUaJ)ﬂJn;«
\-Y 034l WS
Y-y GJ)T‘#UGJ)}T‘;QS
Y-t o301
£-0 o3 1 T b as T s
>0 aJJﬂT.,\.lJJ

(Nemro Integrated Pollution Index, NIP1) 5 e sl jasls

LS b 5 Al Slae oA pal pes Al a gl g a0 et Ll

(Pi ;wr-): '; (pi m.\x): (f,)

NIPI =

s w8y oS Cl i e S5 T el oSSl Piave 5 500 (Sl et ls NIPE sl ol s

| jaie Sl ol Ol op 2 Pimax 2535 0 g s dilave 53 0ddg Soslbl uwle 51 G a
(Lei etal., 2004: 532) ol i3 filaie 55 eddgSeslbl obie 51K i o zin b

1 Muller



AR Sl o led WY by Y Dl s 55,40l 5 Wi vy

(Lei et al., 2004: 530) 5,05 S J1 molr jasld govar )3 £ s

(NIPD) S51 jaxls Sl s
.~ >NIPI >

V< NIPT <) o3 )1 b s
V< NIPI <y 031 oS

y< NIPI <v Lge S0

NIPI >v ks Ssy)0

(Cluster Analysis, CA) las s+ 5361 5 (Principal Component Analysis, PCA) ol 430 4 4 20
e S pn Dk SAS S b 5 Gl Jalgs (a5 oS ole n BLIT e shieyy
5 e e 5 ol ol s gl S el (PCA) ol e w25 2, Sl odd s
Slm S an Blocins Gl glad 5 o 5 4 s ¢L>.,;l oSleasls ¢ Sl laesls f o s
23S et e BN 5 (a5 S0a0 i e 4l bl ke b s it Sl e s siuaih
o (sl o8 Asols 5 (Ward) 5505 w1 5, 51 sy cnl 53 (04 0740 asls 5 (s)Ledh) o

A ealaad C‘Jg)).b'b rﬂ)}&‘ﬁj}

SRR sl

Bl il el o313 0L 0 Jador 3 Jhasly Ak 3 il jule B 5 ol bl sobel LS
AYY/A =2 /0V Q708 =0V V/A = 2Y Y10 =0 /0 5 5 e (S5 3 o S Al (el S (e il
OV/A 5 £0/8 @/F &) /¥ /YN pslis Kl L 5 p S5LS e, S L VeVA/N STA/Y 5 YAE/Y VYV
55 Zn>Pb>Mn>Fe>Cd > CU 5 5 4 (oS S Clle Sla el s 4y 0 S kS 0 S s

U8 b gl L 4SS S13ls (V) ki al o isls 1S (T T lSes 5 Sl
ol el 35 e el Ll i Sl e S 5l sl 8 s sl oS T s
5340 Ol o s ol S S5 (0 Jsar) sy ol 53 ool izt (5 S il ol
G OV e (555 5 @ 3800 s8¢ mn &S > 55 sl 48 )'l):.qS&JCV)\.,\.E»u;MU)f
5o 2K ealS (s 48 b 3 o Lu)\)gﬁ»@upwiw)@,m@wﬁu{ (sl sl
Ll LSt slac Il 51 Sl o,

! Yongming et al.



" O, Ken 5 03050l s 125 B K55S G55 5w Ohas Ogalm GBS 3 5Kin I ST L,

(MQOIKQY) Lia s dhne S fiw Sl Clile o 5 bl .0 st

p . robte
S o PR el o pee38 .
eolie
YAIYY Y¥/VA “fY -IVf# o[- 8 ofeY S~
IR GTAN YAF/f \YY/AY a/-4 \INg V/aA Sl
BY/AY fe/av oI \fAls -/¥a - IYF ool
RN VAIY YIAP \f\f4 i¥s J\Y wls
IRAZAN OY/VY VFIVA V/0O -IY¥ - IVY 31kl G ol
Y/eY V¥ YAY - I¥Y - I$Y Y/ O ok ey
a/fq ¥/a9 fYN# SNY IV UAY S
Av/f4 YN0 £ A OANA AAIAY SAiS
(MA/KY) slgr o, lbibul pulul p S K S50 chale N Jgus
p . roke
690 < e oo o peeols -
sl
o AD - - 2 <IA ? ol cdlig Olosl s lkeud
.. Y. _ _ VE v Pl sl 5 e
v.. \e- _ _ yeo 5 € il sl
q. A _ - Y- AN dOLe;.- Gl s bawgme jlde
.. v.. _ - sy v/5 Colal S e oS las st
(WHO, 1996: 85) a
(McGrath et al., 1994: 110) b
(El-Bassam and Tietjen, 1977: 255) ¢
(Adriano, 2001: 200) d
(0 AYAY Oyl S 5 OF 8 ( Glasl G aes Ciglas) €

s alie o8 o e 235 I S s o0 o 3t e S0 5 5K e S (S il 5
s SN aems e DU 5 el 55 o ol (S o0 S0 (S 31 a3 g0 DL | Lot g 3 35 50 3L 5
(Chen etal., 2010: 642; Ungureanu et al., 2017: 24) &S » (55 0 Jb ;

oS kS 55 0 S e Y0140 s 5 (Adriano, 20011 200) <70 Olgr e 55 (uealS 5kl ST
Glaas sl 3 paslS Cble 4 JLs 3 (0 YAV Ol ) S Ol s (gl G 3 ams S5 slas) ol
Ay s S slaasi god 53 easlS Slie S 350 0 S S 55 0,8 e VIAA B +/0T (ol s
a3 e Ve 53 eddsl slas Il



AR Sl o led WY by Y Dl s 55,40l 5 Wi \13

S35 3 P A B Dgel g S Sl SIS w55 S 5505 L3 (TIA) OLSes 5 (5t
Jds 1 Sl Jole T . lesy e o S5hS 53 0 S ke OV 1) St eslS (gl e (ks Ol Ol 3
L3S Ol enlS ke 035000 5

L Cmie Ol (Dl slas S (65,508 a5l il ol ol Kae S s oS A5l 5o
oS e YO =0 /0 7 o e dilate S 53 s liie (Maas et al., 2010: 2294) Al axils SHLSG p)
sl o S S 3

el o gla b 51 gy b (S 2 0B) (53,5L5S glacd Slpe Jools JS sbas s S5l
32 Sl a5l e IS 2 B e .(Kabata-pendias and Pendias, 2001: 121; Maas et al., 2010: 2294)
53 3 A0S a3 o Ol o g 3l 932 355 0 03l La ) S0 Olysanl 31 (58 sk 61 2
Yoo as dsadalin e §oUS e S de)0n =00 QLS Sbt 53 e lis ciassy 5 ool pgos 0 5 ol
2 352 50 palis duulis (Chaignon et al., 2003: 1) ol 035 (p SAS 0 S e Ve —0) e olie 51 o ol
s s OLES | eaie ol St ST Jgd 53 01l s ks glaglal 5 Sl

oS e O e o SSla b p S S 2 e S e WYAAY B o/0V ol gy 2 slass ol 580 2ale
Srs SLaS s 53 (PTE) Lo 358l sl min 5 5 (s 3 (T 0L 5 ol p S0
33 aes o S 5kS 5 S e WA =YV/Y o3 g 3 1) 53800 Ol 055018

53 05 ke £4/8Y Sl U p S S 3 0 S e YAL/E B YV (ol s sk pod 3 o il
Sl 281 s O S ailaie S Ol5 e 5 ol 4t 15l glaslin 5 el oS HS
L alas o OYTML’ 335 Sl wonlr s 53y Gdme Slad sy s 4 Odee o g B350 3 O e
sls DL | bt sl aS il o plondl o 55153 ok Sla R 3 Ol 2t ailae bLE L
o smk jlA2e (Khosravi et al., 2018: 14; Santos-Francés et al., 2017: 6; Ungureanu et al., 2017: 24)
5 ol G S s pan oK GladnST (s ibne 3l3n b Bias 5 ol by e (655l 3150 S 5 4 S s
L o3 SLalSs s dags b o3l Oslae o315 Jold e Sl sl ol DLl 3 ST 51se 5 0 g )T
{(Salminen et al., 2005: 525) clacMsl T30 5 o &L

03 S0 Mkl S ol 0 SSkS e S Juo VeVANY 5 VAT 0l e dilate 3 g5 lale
Laad a5l ooy Sl a5 Lol 2 S5hS 0,8 e Yoo 01l 3 5 40 0 i s 2 Ol slasS
0350mms 53 S50 Ol oy i el i ol o3l gy 4 s ddlaie oL jrie Jllia glaska
sl Odme ez ol a4 ru;.m slaabl

WENN 1 Olamis 50 5 @ M5 B el S (555 glsme (:5le (TA) 0L 5 (g5
Hles S (5 xS o3l oSS e S e

! Luetal
2 Potentially Toxic Elements, PTE
%, Mine waste



Yo b')&o.ﬂjdb‘jd'*ﬂ‘ﬁ} 55\,,&.:._,s‘_;”‘,y,..omoyl,:dusu,;aﬁwoi}u_ﬁ;‘,ﬂdgb!

ot 5SS 5 S S S w5 ks 3 Shasn e (YY) N 5 el = e sl
L S o 5 Slame 3,5 1S 0SS 2 0,5 b YO 1) Sb (5, 580 il Jla 6 s Sl
o3| ixis slac e Jolt (55 sl bt 5l Seo3 BLIPH 5 T isb (il (spole S als
.(Salminen etal., 2005: 525) <l 5N g5 Sty 5 Koo J3 5 5 e Slaadbl (5,5 00ne

o3 pees o s(Teng et al., 2013: 91) ol pgo S 1, crlid gl oLl gl S plalis
A el (Y S IDW 555 b s 53 Jhide cilise jolie So )l G ms s

| 0 1
!h-l H "l;-l % . ’
R - R -
e e b
Cl gy | - by
Y " Pr. e 'l
= e
‘,=: | ’!-.. - o
‘-.. il DR
‘- - | P
- i e
= = == = = = = |- i
i ape - - - - - - > > = - -

i
_!
{
|
i
i
1
|
—
1 o !
| R
- ocn
-
I ’.-.-I‘;o("- e - - o - - |

e e e - wle

IDW s, & gy dila Sl s fiw Ol JIKe a5 428 Y IS

! Santos- Francés et al.



AR Sl o led WY by Y Dl s 55,40l 5 Wi A

sl mlb ol an conld S ol o alie S s (55 5 e edlS ol S 055
23 3 0dme o Cand 3 elS e o 2l ¥ S Ll (Lee et al, 2006: 49) ail ot lioll
il (305 Sbe sla a3 (Gme sla bl Jl 03 e CBIE 0 g s Sl SN 3 bl (SO
Ll 3 e 5 eds a5 adlae (305 e 53 5K ctls STy Sl Sl S pal e Rasy
03,55 slowl Sapdl 5 am i 55wkl 51 58 5 al e polis pl gy Lol o3 g iagh il g,5laS
il b Jesd B i 53 sl e il (sl S ol pl e ol (S by o
3l el (Sae 6 035 ey Odre 5 03l LS 53 i p2e 55 el ol sdalie o3l (il 5 Odre 5
‘oljf_;.a)}iﬁ\_w@l_ﬁgl_iw.w\au@)‘,somaﬁﬁ)gMééj)fggp AL bl ey 5 S S
Sl 035 Aolaslar s 5 psloms 5o 50 5 S5 Glaeslr pslme 55 S5 5 o jolie 3L olie
.(Ungureanu et al., 2017: 24)

Sl S35l s e (sl WEF S NIPECF dgo EF jloe 55 sla jastli [iassy cnl s
Gla sl bl Laosls w5 (S55Sr fpzmen tmul ol 3 Ol £ ) glad s 53 45 LA oslinu
(1 US8) ol o o3l OLES (glam 13 gas L3 b3k 51 S (6l sddarslons

Jole dmale oSy s0Ll ol g BT bl s et VT Wi (s (sl Jshie sla 3, 51 S
cuéjgo)'\,u‘ EF Ol oo so U e Jade= a5 LV IYAY O ‘_5.’.:4«4) Sl uf“\""u‘p
ol S L Sl (S5 28 Olpe it S50 Ole 4 sl e S5 S5iSn Spenls S S 4
ol By o e S 5 o S 5 o Sl R (ald

LS 56 aS ol 0T S0l /0 =0/0 S b el eslie (Vo) ' 5 I3 & Jai Ll
Lide oy iliny ¥ =0/ oy (SUd 8 Juls ppolie ol a8 St b sadel 3 e By 3150
Sb o3 5 men 4 (Hernandez et al., 2003: 209) coul 31300l slacIlas 30 Y 51 i i3l 5 3130505
olie 5 b Sisipn U glat s Lo Gleay 1/0 51 28 S b oslie 5 S 0l (Vo0 ) "o,
V dsde 55 54m se slaesls dglin alal ool b o Sauslsn b (lanu g b 3150 Laie ltoay 1/0 51 i

Lo Le Oads jole pla il WS sle &S O ¥ Jgder s eddol gluaib L

! Zhang & Liu
2 Feng et al.



v

O, K0 5 03l ol g 1585

Bl SIS 555 5 0 Odae Dalm SLSE 3 e

Sl ST b5

e 85 gl e s polis V Jys

S35 - P e e2l8 e el
“IYY Niis oY “IYY ¥ias Sl EF
olF VIvE YA/AD Y14 YYIYY Sl
.15 V/va -2 -8V VO Sl
~YIYY ~\/¥fY —#154 —¥/+) —Y/0 sl lgeo
Y/a) \fAdd ¥/aA VY)Y f/as Sl
YN —-Iff Y —\/§- NN ool
-/¥4 NNy o) -/+4 S\Y JERES CF
VXY VO/FA YY/£a YIFY ££120 Sl
-10¥ V/04 VYO -10F V/oF oSl
yEY/AY YA+IYA AVIV VA Wi NIPI
&
v

Enrichment factor (Ef)

Geoaccumalation index (1)

T
Cu Mn

In



AR Sl o led WY by Y Dl s 55,40l 5 Wi YA

Contamination factor (CF)

o -
-
it .
. o N i —-—
Y
1 1 T L4 L
d L) Cw Mu In

S 5 e 313 OLES Gastls pl Sty (55 <K S e S edlS S L5 gep Ol Lo e
2L o 1 ol il Al sl b o (55 5 o oS DI L S (Sl e O
el 03 01 SalS aiate St das o OLES T Jsdr L (V i) lgeo

SLst 3 (@ 3 S5 e o =S5 08l (i 5l Sl )y 3 (IFAY) OLSen 5 (63 ol
Sl edalcmsany s dles 5 118 Sl Cood sl (Sl & Wiy 4t () & Ol S5 0 i (3518
31 0L (V ) (S0l gl L OF dglin 5 (V pdor) Sbt 3 3 9 0 S Sl 6l CF S5 1 Jule
S o S lage Syl 83 000 53 e s 5K (edlS 5 oS (ST 83pdme 53 e 5 (555 D5

Slie pelial ol s sV Jsds s (NIPD) (ST jasle ulul p oK ol5ls Ss 0T L)
Las (S5l (55 5 5 aedlS jolie b Jsdor b amlin 5 5500 (Sl malr el Sk s30e
slasolis u,:i._,.q lske sl vf:_,ﬂ ck.w L5 S Ools (Y+1Y) \o“)lmj DEYEVIRg o:}ﬂ oS e g Ll
(Luetal,, 2012: 71) col Sb 3 80 S5 ol e 0355030050 5 ks (556 Sl s e

as o &) G lame 3 35 50 (Sla s 5 56 b 5L 1 S St Sl s olis ey,
‘,;<3—~.~'° oS Sl eslial U ey ddl s St . Kw Sl o Lal s, (Dragovi et al., 2008: 493)
[oalS e (Solobine e (a0 gy (Sead g pd polie a5 bl ) 0 (A Jsl) O
ot ol sl Sl s 55 S0 /o 5 S0 [ ot v [ o (S5 @S e o [ 003
dms o DL (558 s 5 Jlsbine sl Sion (A5 sdalicn (F= =+ /01) 580 5 (65 (ot (oo (St
ilazs S aaim o 0Ll slac Il 51 Bies 5 e Jols alin b 51 3l

! Mmolawa et al.



¥4 O, Ken 5 03050l s 125 B K55S G55 5w Ohas Ogalm GBS 3 5Kin I ST L,

oK DS LIS (gl 5 O gy et ot Flo A g

Zn Pb Mn Fe Cu Cd
) Cd
\ <IN FF Cu
\ JEYATE < JYAEH Fe
\ VPO NARAT ofee¥ Mn
| ol e ¥ JEYAT NiZ8 o VY Pb
\ IVEATE —efeN. S JVEQTE ANV -/aq. % Zn

RGO A (PN cla.w): M

el lsliae o/0) Cl"”ﬁ s ™

Slde A eslizel PCA g, 5101 mie plalid 5 e ddlate 5> Sl (S 1 0l 2t b3l sl
S35 O3l il (piman thilmbie Jolo Lo 5 435 (sl Laesls sy 8350 VY Ll KMO (g5l
3)ls 54 L;,\suﬂwuww)@\au Jﬁ‘u_ﬁuuu,zjs,mdaowsgﬁ)uwm,p
.(Miller and Miller, 2005: 50 ; Moller et al., 2005: 67)

el oll s as el ol (Varimax Rotation) .Sl by itz 51 ol slead 3o 03150 g 12
Shacass Ve e sl 5SS e a5 1y il ls oS Sl 5l Ao ys AV 0E Ul ddlge 55 & s
U a0l a8 W 8 13 0,8 03 5 en el (S5 5 S o a5 L eilils IS s
Khosravi et al., 2018: ) ol Sl glaw sai 53 rba K 50 L S5 51 30 ad e sl slacJla
.(14; Ungureanu et al., 2017: 28

Sl w5 rlain 8 5l ke ol (Son wnsls 5 005 L5 5 0l YV 0 5 5, 5T
S sl S sl Blal ool 51 81 o 5,8 ) 3

PCA s S o o 55 1) bl 1S 51 deso s TINOY 0 5 o Al s S Jald s s
RGO P - P | s A COC T GO Y E R P S

b o Al 53 oK DI PCA LuSleyyly i 5586 4 Jyu

Y \

R -[aYY Zn
N -1a8¥ Cd
VY RRIA Cu
AR - JAY'S Pb

< JAQA AR Mn

- [FEY -[£YA Fe
\IYF \¥id 055 ldie
Y\/) oY /e bl Aoy

! Ungureanu et al.



AR Sl o led WY by Y Dl s 55,40l 5 Wi v

Component Plot in Rotated Space

1.07 P
5]
Fa
(=]
0.5
o Cu
E DI IJ?I
il
! Zn
@ oo
g
L¥]
-0.57
1.0
T T T T
=1.0 =05 o.0 o= 1.0

Componant 1

PCA Fo) bl piie paie £ S5

L 0T 5 cal (PCA) ool il fo s o el ilen (CA) (glad st o 5 a5 5 sel sy b

035 63,5 33 5 S35 3 2 w3l (e Sl LY et st Lo 5w Il e S s (0 JK2) S e 4T
b lesoll 5 S Sl Sa T 51 ke (55 5 e Loges las § 513 el 5 5K sla sl
a0l 5 S5t mbe 5l ke ol (Sl 5 5K (YT Y40 (sl 5 (LaD) s ST 5 )
53 528 aile 6 obe clale asls L5158 (Ve o) ol Kas 5 o) (Khosravi et al., 2018: 16) & &, 5l 3

.Johnson, 1998: 254) coul (s sle 310 31 Sl iy aie cul 5 a2l g bslne ois g oo laSE

1.0 4

Distance

0.5

0.0 — . ' ‘
Cd In Cu Phb Fe Mn
Variables

Euclidean dol s Ward Jdlasl g, 5l eslizal b glad g5 fdowi 9 4500 .0 S

! Lueetal.



) O, Ken 5 03050l s 125 B K55S G55 5w Ohas Ogalm GBS 3 5Kin I ST L,

& S 4o

St (S Sl a5 ks OLES e dd Dbl P (glgime 511 o site (Sten 5 £ 55 5l lash
ol ey S Sl Sl bl LS S s 1y Sl Sl Sl b et Lo 5 a5 SIS
Dl Blaal 5l 2t 555 5 e padlS e e Jadh 5 3 e SoaslS Sl Sl < <5 S
e 33 08 el Cawn ol 5 Jdee Slaalbl oy s Odes s S 53 ol e cp i Ls g
o5 3ay Odeme Bl 3 (S5 5 o ol s 5 830l s 31,5 LIl 3 g s VT paile 335 5 osl
b slaaal )T s pm s 55 53l Ll Ol 0T Y5 .ol 035 o3l Gl 55 5 Sdee slaalbl > o
S ol 35 0dinl bl a4 Ly Lo 5 6,5 00me dhax 3l Sl glacdles 51 36 ole ol JUsl s
Clale s o 0L 1y (Sa T s e Lo Sbe 55 g Sl plis sl 0390 IS #3551 535 5
gl Blul 5l S gagy Ak s S gl 53K 5 ol (e

ST L syl (ST adlae S 55 nl SOl (500 o ls 1) sdoslizal (S5 01 (la el b
e boals s 5o il ks (S5 T (e 52 ol plad S 5l SISOl s et lE 3l a8
e ailate ooy 5 650l S s W ol S 5 e e

d by e glac e sls 0L S0 S oS 5 6 kieinr (SOlel o 5 a0 1 ol S g
ple L Biee 580 5 s pal s gy @oaslS 5 535 (S350T b (g (L e 5 4k ol
Ll (s35LaS slappes 5 LassS 51 Sle ol (S 38 CBle 5 Wpd oo J 28 (555l 3lge 5 b e
el nlaly oo 0201 55 i SISL ple 5 5 e polis osdle Shasy dilaie S Sl 4 4 g

.M\LSJJFSB-GK;»@L:ML;;J@\J slaasl 5 &Qj)(é(ﬁ@):ﬁiﬁéuuiﬁj}é

sl

S Sl e Gasts 53 Sia Al emblitn 5l il oS 5 (0F80) (i (sl e (L2l
YA TN led Vb yss (e sdame 5 Olisl delllad (Olowiy s bl GLaS - 165 40 dnlllas

s GBS ;5 (IVAT) a3 (555 adble piie plio Lo dame (S olo ) dsho (62 b0l s
il e Uoes Ol (55 10 S5u (55,5135 S 3 (0w 835 e (S5 paT) e
OF =810 ke ) 5y cJas

ks Hlodame (b o e el Obdes il Cams  Glal 2 Gallae (] are (Sl
Lt gLyl 0k S 2V mbo jsbme sla S 5 K SIS S T4 o5l caninily
e g ke el g ale Deldad i lasme 5 oDl Ao (S T B 50 5 538

A\ =Vo c\ Z)LQ-\; ‘\' ;)j.) ‘d‘):’.‘



WA Slg ) oled WY ols YV Sl (a5 54el p 5 Wl R *y

6“&55)3&—.‘}&3&&)1 ‘;M‘;L'F(\VQY) ;J.M.:P c@?}ﬂ)ﬁ: )L:.L.G...u\ = ‘Lf\j:‘.*:’ M.o.?v_; ‘da.:.é...::
\\ —\ gY ;JLQ-\.:LY ;J_j.b LLSL?-Q:Z}::‘J\AM‘L‘»:{J&WC}JMJ‘)L'

e 5 5 S5 i 53 SV 5 Gkae Gl B ) (VAT 3l dae (BL a6
b e g T (655 Ul (33l ~ KB 55 (55 5 o Dikae 15590 Alllas 10l 5 S
bl 5 K bl gl s, (O oKl (sl L tlaialy sl «_gls50bL il S

Sl Sl p g 8 bl Gas s g5, (YA 0l s Bl g (SIS0 Ol 03152 1531 potoes
3 el allad (g sl e 5 Dl e O (5 SOk g e S Ko
SEY 28Y4 8 55lad O a5 Oyl dems Codlig ale o

11 0T glabeaal, 5 St mlie CoksS slas; bl OFAV) (Sl 5 T 55 Ll iy Jame i slas
o2

G55 Sl 5l 5 ol SIS Sl pas oy (ITAE) (Sgadame i e 0315 0 Ol yo o550
V5553 Olials olSiils (Ol (galaBl pulidios ol halos atin o Olial (Gl S8 O g
A

Abrahim, G.M., Parker, R., (2008). Assessment of heavy metal enrichment factors and the degree
of contamination in marine sediments from Tamaki Estuary, Auckland, New Zealand,
Environmental Monitoring and Assessment, Vol 136 (1- 3): 227— 238.

Adriano, D., (2001). Trace Elements in the Terrestrial Environment, Biochemistry, Bioavailability and
Risks of Metals (2nd editio), New York: Springer-Verlag, 867 p.

Chaignon, V., Sanchez-Neira, I., Herrmann, P., Jaillard, B., Hinsinger, P., (2003). Copper
bioavailability and extractability as related to chemical properties of contaminated soils from
a vine-growing area, Environmental Pollution, Vol 123 (2): 229- 238.

Chen, X., Xia, X., Zhao, Y., Zhang, P., (2010). Heavy metal concentrations in roadside soils and
correlation with urban traffic in Beijing, China, Journal of Hazardous Materials, Vol 181 (1-
3): 640- 646.

Dragovi¢, S., Mihailovié¢, N., Gaji¢, B., (2008). Heavy metals in soils: distribution, relationship with
soil characteristics and radionuclides and multivariate assessment of contamination sources,
Chemosphere, Vol 72 (3): 491 495.

El-Bassam, N., Tietjen, C., (1977). Municipal sludge as organic fertilizer with special reference to
the heavy metals constituents, Soil Organic Matter Studies, Vol 2: 253— 258.

Feng, H., Han, X., Zhang, W., Yu, L., (2004). A preliminary study of heavy metal contamination in
Yangtze River intertidal zone due to urbanization, Marine Pollution Bulletin, Vol 49 (11- 12):
910- 915.

Hakanson, L., (1980). An ecological risk index for aquatic pollution control, A sedimentological
approach, Water Research, Vol 14 (8): 975- 1001.

Hernandez, L., Probst, A., Luc Probst, J., Ulrich, E., (2003). Heavy metal distribution in some
French forest soils: evidence for atmospheric contamination, Science of the Total Environment,
Vol 312 (1- 3): 195- 219.

Jiao, X, Teng, Y., Zhan, Y., Wu, J., Lin, X., (2015). Soil heavy metal pollution and risk assessment
in Shenyang industrial district, Northeast China, PLoS ONE, Vol 10 (5): 1- 9.

Johnson, D., (1998). Applied Multivariate Methods for Data Analysis, Duxbury Press, Pacific
Grove, California, USA., 567 p.



* O, Ken 5 03050l s 125 B K55S G55 5w Ohas Ogalm GBS 3 5Kin I ST L,

Kabata-pendias, A., Pendias, H., (2001). Trace Elements in Soils and Plants, 403 p.

Keshavarzi, A., Kumar, V., (2019). Spatial distribution and potential ecological risk assessment of
heavy metals in agricultural soils of Northeastern Iran, Geology, Ecology, and Landscapes, Vol
29 (5): 544— 560.

Khosravi, V., Doulati Ardejani, F., Yousefi, S., Aryafar, A., (2018). Monitoring soil lead and zinc
contents via combination of spectroscopy with extreme learning machine and other data
mining methods, Geoderma, Vol 318: 29— 41.

Khosravi, Y., Ali, A., Abadol Hossein, P., (2018). Assessment of spatial distribution pattern of
heavy metals surrounding a lead and zinc production plant in Zanjan Province, Iran,
Geoderma Regional, Vol 12: 10— 17.

Kumar, V., Sharma, A., Kaur, P., Singh Sidhu, G.P., Bali, A.S., Bhardwaj, R., Cerda. A., (2019).
Pollution assessment of heavy metals in soils of India and ecological risk assessment: A state-
of-the-art, Chemosphere, Vol 216: 449- 462.

Lee, C.S.L., Li, X., Shi, W., Cheung, S.C.N., Thornton, I., (2006). Metal contamination in urban,
suburban, and country park soils of Hong Kong: A study based on GIS and multivariate
statistics, Sci Total Environ, 356: 45— 61.

Lei, Y., Zhang, B., Zhang, S., (2004). Heavy metal elements pollution evaluation on the ecological
environment of the Sanjiang Plain based on GIS, Chinese Journal of Soil Science, Vol 35 (5):
529-532.

Lindsay, W.L., Norvell, W.A., (1978). Development of a DTPA Soil Test for Zinc, Iron,
Manganese, and Copper, Soil Science Society of America Journal, Vol 42 (3): 421 428.

Lu, A., Wang, J., Qin, X., Wang, K., Han, P., Zhang, S., (2012). Multivariate and geostatistical
analyses of the spatial distribution and origin of heavy metals in the agricultural soils in
Shunyi, Beijing, China, Science of the Total Environment, Vol 425: 66-74.

Lu, S.G., Bai, S.Q., Xue, Q.F., (2007). Magnetic properties as indicators of heavy metals pollution
in urban topsoils: a case study from the city of Luoyang, China, Geophysical Journal
International, Vol 171: 568- 580.

Lu, Y., Jia, C., Zhang, G., Zhao, Y., Wilson, M.A., (2016). Spatial distribution and source of
potential toxic elements (PTEs) in urban soils of Guangzhou, China, Environmental Earth
Sciences, Vol 75 (4): 1- 15.

Maas, S., Schei, R., Benslama, M., Crini, N., Lucot, E., Brahmia, Z., Giraudoux, P., (2010). Spatial
distribution of heavy metal concentrations in urban, suburban and agricultural soils in a
Mediterranean city of Algeria, Environmental Pollution, Vol 158: 2294— 2301.

McGrath, S.P., Chang, A.C., Page, A.L., Witter, E., (1994). Land application of sewage sludge:
Scientific perspectives of heavy metal loading limits in Europe and the United States,
Environ.Rev, Vol 2 (1): 108- 118.

Miller, J., Miller, J., (2005). Statistics and chemometrics for analytical chemistry, Harlow, England:
Pearson Education Limited.

Minasny, B., McBratney, A.B., (2006). A conditioned Latin hypercube method for sampling in the
presence of ancillary information, Computers and Geosciences, Vol 32 (9): 1378— 1388.

Mmolawa, K., Likuku, A., Gaboutloeloe, G., (2011). Assessment of heavy metal pollution in soils
along major roadside areas in Botswana, African Journal of Environmental Science and
Technology, Vol 5 (3): 186— 196.

Moller, A., Mdller, H., Abdullah, A., Abdelgawad, G., Utermann, J., (2005). Urban soil pollution in
Damascus, Syria: concentrations and patterns of heavy metals in the soils of the Damascus
Ghouta, Geoderma, Vol 124 (1-2): 63— 71.

Mukhopadhyay, S., Chakraborty, S., Bhadoria, P.B.S., Li, B., Weindorf, D.C., (2020). Assessment of
heavy metal and soil organic carbon by portable X-ray fl uorescence spectrometry and
NixPro ™ sensor in land fi Il soils of India, Geoderma Regional, Vol 20: e00249.

Muller, G., (1979). Index of geoaccumulation in sediments of the Rhine River, Geo Journal, Vol 2:
108-118.

Salminen, R., Batista, M., Bidovec, M., Demetriades, A., DeVivo, B., DeVos, W., Duris, M., Tarvainen,



WA Slg ) oled WY ols YV Sl (a5 54el p 5 Wl R vt

T., (2005). FOREGS Geochemical Atlas of Europe, Part 1: Background Information,
Geochemical Atlas of Europe Part 2 Interpretation of Geochemical Maps, Additional Tables,
EuroGeoSurveys, 525 p.

Santos-Francés, F., Martinez-Grafia, A., Zarza, C.A., Sanchez, A.G., Rojo, P.A., (2017). Spatial
distribution of heavy metals and the environmental quality of soil in the Northern Plateau of
Spain by geostatistical methods, International Journal of Environmental Research and Public
Health, Vol 14 (6): 1- 20.

Skaldina, O., Peréniemi, S., Sorvari, J., (2018). Ants and their nests as indicators for industrial heavy
metal contamination, Environmental Pollution, Vol 240: 574—581.

Tang, R., Ma, K., Zhang, Y., Mao, Q., (2013). The spatial characteristics and pollution levels of
metals in urban street dust of Beijing, China, Appl Geochemistry, 35: 88— 98.

Taylor, S., (1964). Abundance of chemical elements in the continental crust: a new table,
Geochimica et Cosmochimica Acta, Vol 28 (8): 1273— 1285.

Tian, K., Huang, B., Xing, Z., Hu, W., (2017). Geochemical baseline establishment and ecological
risk evaluation of heavy metals in greenhouse soils from Dongtai, China, Ecological Indicators,
Vol 72: 510- 520.

Ungureanu, T., lancu, G.O., Pintilei, M., Chicos, M.M., (2017). Spatial distribution and geochemistry of
heavy metals in soils: A case study from the NE area of Vaslui county, Romania, Journal of
Geochemical Exploration, Vol 176: 20— 32.

Who., (1996). The World Health report, 137 p.

Yongming, H., Peixuan, D., Junji, C., Posmentier, E.S., (2006). Multivariate analysis of heavy metal
contamination in urban dusts of Xi’an, Central China, Science of the Total Environment, vol
355 (1- 3): 176 186.

Zhang, J., Liu, L.C., (2002). Riverine composition and estuarine geochemistry of particulate
metals in China-weathering features, anthropogenic impact and chemical fluxes, Estuarine,
Coastal and Shelf Science, Vol 54 (6): 1051- 1070.



