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Mining is a necessary activity for the development of countries, but it imposes
direct and indirect negative impacts on the exploited areas and their surroundings.
Sangan iron mine is one of the largest iron ore deposits in the Middle East, where the
ore is extracted by open pit mining. The present study aims to investigate the soil’s
concentration of heavy metals and to assess the level of soil’s contamination in the
Sangan mining area. For these purposes, 44 samples of the soils (including both
topsoils and subsoils) of the Sangan mining area were collected, and were analyzed
by an ICP-MS device. The obtained data were analyzed by calculating the
geochemical indices and statistical methods. On the basis of descriptive statistics of
the analytical data, Pb with an average content of 138.39 mg/kg and Cd with an
average concentration of 0.19 mg/kg had the highest and lowest concentrations in top
soils, respectively. Moreover, Cr with an average value of 102.19 mg/kg, showed the
highest, and Cd with an average of 0.2 mg/kg showed the lowest concentrations in
subsoils. The average concentrations of As, Cr and Fe in the study area were higher
than their respective values in the World-Soil Average composition. Among the
elements, Pb had very high and severe enrichment in two stations with enrichment
factor values of 149 and 23.85. The results indicated no severe soil pollution and
ecological risk in the study area, except in some sampling sites. The most polluted
soils were collected near the placer extraction units and tailing ponds of Ehya-
Sepahan Company, as well as the waste rock pile of Sanabad Comprehensive
Development Industrial and Mining Company.

Introduction

contamination with heavy metals (Ran et al.,

The issue of soil contamination with heavy
metals is a main problem in industrialized and
urbanized regions which may impose serious
threat to public health of the local residents
and the whole environment worldwide (Xiang
etal., 2021). Mining operation is considered to
be one of the main sources of soil

2021). Metals can be introduced into the soil
through natural processes (e.g., rock
weathering, volcanic eruptions) and human
activities (such as mining, wastewater
discharge, and excessive application of
pesticides and fertilizers in agricultural
practice) (Irshad et al., 2022). The Sangan
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mining area contains numerous ore deposits
and geochemical anomalies, and is one of the
main iron ore belts of Iran (Golmohammadi et
al., 2015). Geologically, the Sangan mine is
located in the Teknar volcanic-intrusive belt.
This magmatic belt with an east-west trend is
located to the north of the Darone fault and
extends to Afghanistan. The mineralization in
this mine is of skarn type and it is included in
the Khaaf-Daroneh volcanic-plutonic belt
(Aganbati, 2004). Soil pollution is probably a
major problem in the study area which is
probably intensified by some specific
climatological conditions including the
prevalence of strong winds. The main purpose
of the present study is to assess the level of soil
contamination in the Sangan mining area with
target heavy metals.
Material and methods

A total of 44 soil samples (23 topsoils of O-
5 c¢cm and 21 sub-soils of 20-25 cm) were
collected using a pre-cleaned plastic shovel.
The samples were air-dried at room-
temperature and then were passed through a 63
pum  stainless  steel The total
concentrations of major and trace elements
were determined using an ICP-MS instrument.
Geochemical indices including enrichment
factor (EF), pollution index (PI), potential
ecological risk index (Er and RI), hazard index
(HI), as well as statistical methods such as
principal component analysis (PCA) and
cluster analysis were applied for data analysis
(Mohiuddin et al., 2011; Chabukdhara and
Nema, 2012; Yang et al., 2011; Mei et al.,
2011; Zheng et al., 2010).
Results and discussion

The results indicate that the average
concentrations of As, Cd and Fe in the study
area are higher than the World-Soil Average
composition (WSA, Kabata-Pendias and
Mukherjee, 2007). Indeed, while there is no

sieve.
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noticeable difference in the concentrations of
Al, Cu and Ni in the study samples and the
WSA composition, the average concentrations
of Cd and Zn in the soil of the study area are
lower than the WSA (Table 1). In general, the
concentration of elements in the soil of the
region follows the decreasing trend of
Al>Fe>Cr>Pb>Zn>Ni>Cu>As>Cd. The
analytical data show that although the
concentrations of Pb and Fe in topsoils are
much higher than their respective values in
subsoils, there is no significant difference in
Al concentration of topsoils compared with
subsoils. The highest concentrations of As
(>100 mg/kg), Cd (0.6 mg/kg), Cu (124
mg/kg), Fe (>10%) and Zn (122 mg/kg) were
detected in the sample taken from the filtration
cake depot of Ehya-Sepahan Company.
Among the studied elements, Pb, As, Cu, Fe
and Cd have the highest variation coefficients.

The average values of the enrichment
factor and pollution index showed that Cr,
As and Fe are the most enriched elements
in the topsoils; however, As and Fe are the
most enriched elements in the subsoils. It
worth to mention that even in the case of
elements with less intensity  of
contamination, relatively high enrichment
factor values are observed in some
sampling sites such as placer area of Ehya-
Sepahan Company and the waste rock
piles. However, the ecological risk of most
elements in the study area is low and
except for the three soil samples collected
near the placer area, other sampling sites
are in the low risk class. The results of the
risk assessment revealed that the hazard
quotient value for all target elements
through ingestion, inhalation and dermal
contact is higher in children than in adults.
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However, the value of total hazard index is
less than 1 for all the studied elements
through ingestion, inhalation and dermal
contact, which implies that there is no non-
carcinogenic risks in the study area. Based
on the principal component analysis, the
main reason for the classifying the studied
elements in various components is the role
of some hot spots in increasing the
concentration of elements around the

concentration of Fe was observed in three
samples collected from the south of the
industrial complex, adjacent to the tailing
pond of Ehya-Sepahan and the waste rock
piles of the Sanabad Comprehensive
Development Industrial and Mining
Company. This may also lead to the
placement of these three samples in the
same branch of cluster analysis.

source. For example, the highest
Table 1. Statistical summary of heavy metal concentration in soil samples

Element Average Median Std. Skewness Min Max VC World- Average  Average

Deviation Soil Topsoil  Subsoil

Average

Al (%) 6.00 6.15 1.23 -1.92 113 825 021  7.101 5.51 6.72
As 16,51  13.20 13.33 562  7.50 >100 0.81  7.202 13.17 15.40
(mg/kg)
Cd 0.21 0.20 0.09 189 <01 0.60 0.40 0.352 0.19 0.20
(mg/kg)
Cr 102.30  104.00 17.45 -0.44 47.00 148.00 0.17 70 10430  102.19
(mg/kg)
Cu 3532  32.00 16.15 419 2300 124.00 0.46 23 32.21 34.42
(mg/kg)
Fe (%) 4.50 3.68 1.96 206 289 >10 0.44 3.501 5.04 3.56
Ni 38.72  38.00 9.29 0.96 12.00 75.00 0.24 21 36.39 42.80
(mg/kg)
Pb 85.43  17.00 360.50 6.44 7.00 2451.00 4.22 32 138.39 35.71
(mg/kg)
Zn 81.74  78.00 12.19 1.43 61.00 12200 0.15 90 79.04 83.04
(mg/kg)
Conclusions processing activities which enhance the

In general, considering the mineralized
nature of the study area and the presence
of natural anomalies, the enrichment of
most of the elements in soil of the region
is expected. However the placer mining
can be considered as a probable reason for
negligible difference in the concentration
of target metals in topsoils and subsoils.
On the other hand, despite the natural soil
enrichment of Fe, mining and mineral
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rate of dust production in the study area
may lead to a significant enrichment of
topsoil samples. Moreover, considering
the semi-arid climate of the study area the
transportation of heavy metals through
blowing dusts may escalate the risk of soil
contamination even in distant areas and
can impose negative health risks on the
mine workers and local residents.
Therefore, it is of crucial importance to
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monitor the concentration of pollutants on

a regular basis.

References

Aganbati, Seyyed Ali., 2004. Geology of Iran,
Geological Organization of the country.

Chabukdhara, M., Nema, A.K., 2012. Assessment
of heavy metal contamination in Hindon River
sediments: A chemometric and geochemical
approach, Chemosphere, NO. 87, pp. 945-953.

Golmohammadi, A, Karimpour, M.H.,
Malekzadeh Shafaroudi, A., Mazaheri, S.A.,
2015. Alteration-mineralization, and
radiometric ages of the source pluton at the
Sangan iron skarn deposit, northeastern Iran,
Ore Geologr Review, NO. 65, pp. 545-563.

Irshad M.K., Ibrahim M., Noman A., Shang J.,
Mahmood A., Mubashir M., Khoo K.S., Ng
H.S., Show P.L., 2022. Elucidating the impact
of goethite-modified biochar on arsenic
mobility, bioaccumulation in paddy rice (Oryza
sativa L.) along with soil enzyme activities,
Process Safety and Environmental Protection,
160, pp. 958-967.

Kabata-Pendias, A., & Mukherjee, A.B., 2007.
Trace elements from soil to human. Springer
Science & Business Media.

CRediT authorship contribution statement

Mei, Z., Cogswell, E., Looker, A., Pfeiffer, Ch.,
Cusick, S., Lacher, D., Grummer-Strawn,L.,
2011. Assessment of iron status in US pregnant
women from the National Health and Nutrition
Examination Survey (NHANES), 1999-2006,
Free article, 21430118.

Mohiuddin, K. M.., Ogawa, Y., Zakir, H., Otomo,
K., Shikazono, M., 2011. Heavy metals
contamination in water and sediments of an
urban river in a developing country,
International Journal of Environmental Science
& Technology, NO. 8, pp. 723-736.

Ran H., Guo Z., Yi L., Xiao X., Zhang L., Hu Z.,
LiC., Zhang Y., 2021. Pollution characteristics
and source identification of soil metal(loid)s at
an abandoned arsenic-containing mine, China,
Journal of Hazardous Materials, 413, Article
125382.

USEPA (US Environmental Protection Agency),
"Supplemental guidance for developing soil
screening levels for superfund sites", OSWER,
(2001) 9355.4-24.

Xiang M., Li Y., Yang J, Lei K., Li Y., Li F.,
Zheng D., Fang X., Cao Y., 2021. Heavy metal
contamination risk assessment and correlation
analysis of heavy metal contents in soil and
crops, Environmental Pollution, 278, Article

116911.

p

. - Formal analysis, Resources
\Melsam Rastegari Mehr YIS,

Investigation, Writing - Original Draft

Methodology, Software
Writing-Review & Editing, Validation

~ Yang, H., Li, H., M. Wu,, Zhang, Zh.,
Li. L., Wan, Sh, 2011. Plant
community responses to nitrogen

Zahra Yaftian L. . e
L . addition and increased precipitation:

’ Conceptualization, Supervision, . R
vy, Project administration, Resources, Data Curation the importance of water availability
- Validation, Funding acquisition and species traits, Wildlife Biology,

NO. 17, pp. 2936-2944.
ins Conceptualization, Supervision, Zheng, N., Liu, J., Wang, Q., Liang
6 Project administration, Resources, Validation, 7 20'10 ,Heal’th lr'sk ass'essr’nent Ol:
. ST TH] . . I
Mehrdad Hadipourdeshal Bunding;acquiiion

heavy metal exposure to street dust in
the zinc smelting district, Northeast of
China, Science of the Total
) Environment, 408, 726-733.




YAM N Sy asIILls YAYA -FFAX gl LLs FPUYP amao NV lis) 5 500 ¥ o leds 4 ol

gy Al
AT (7] o pwd

033195 (o p ole aloxo

Journal homepage https://gnf.khu.ac.ir

Khorsamifournal of arth Sy

T Y-Sy L JESIEN W) RN L SRS REPR YR PR { PSRN SUMCH [T UK SN | IR

T 1006 )y pno o JLEBS 99 50 510 o0 (T (5 ,5Ls Uae oy Laidly 125

Ol easS wsmi)ls oRIS (e psle 2aSLails w60 )8 (olidh (e 09,5 | ol SN
Ol oS eisn3 o olSils (mm pole 00Sils (53115 (gl rne 09,5 ol Y

OlRl @55 o0l olals (f pole ouSiasly (alS pole 095 Loils ¥

Ol @S (03l ol cae psle 0uSiadls (63 )l (calid (e 095 Ll ¥

oS> s S|
S50 Bblie i peitis il 5 peiiiee Sl Ll iceuln 1085 anngs sl 69,0 Sulled Sy oolas gl5el Ao azs U

4 a8 Sl dilioygls 0 ol K polae (5550 5 (S i ol Kiw Gaxe 0,00 a1 BlbI g (gl o a0
O Gameesgaze 10 uKiwljls 4y S Fogll s anlllae oyl plil 1 Bas 05 oo gl Sl by, & 50
653511 5 0aBaNS » (Bes 5 (Prhaw SB) HKn Goxe dihis oSl aiges FF olows ragh cpl jo .ol
oy b ob5l skl o Judos 5 olaeriipo; calpo 5l eolitul L JCP-MS oliws b 526 5) ey S
R eSSk IV GeSileo b peoolS 5 it pThS 05 eV TAF (oSiloo L oo a5 0l i @l (s L]
Gt oS ohS S (oo Vo VIV (nSile Loy S imed il (o gl 1) cle eSS0k
allln 3,50 olie ol 55 e oSS s 1y e oy a8 0SS 5 oS han 1Y iles b sl
Slaz Sile S oS5 o Ll cdale ) i wilais o 48l g g5 « S, jolie cdale Sl aziils
Aol g ol s Sad g Gl YYA g 1F Sad 8 oo b o] 99 50 oy polic o aul
SisleST s g Sogll c pls bl ,o 5 slabii &yeo a oz (Sogll Gan sl as ol olis s ool
Sy abl azss> gl Cllon slaaxly Jold LU cnl (n e S oo8 ags 1) adlaie S gL

el Sl 55108 dangs JSome g Srio S 8 Sluls cuilil e 50 g o lalwls!

VEY/- AN F bl e
VEYIN ol iy

Soals’ s o3lg

UL SO I LR SN
(6,5 e S

oz 5l ol slaanlp Gk 5l adly doddio
5 Plaasl ghed (S laaxly (Sojlse o il S Ol 4 ssgdl S

(oS gzhgeil sl (Sl glac s Glp o W Ko A i g E e D
5&&&]}1»510@0&&!5‘%}%@@@ ok sl 58 Camjlae 5 eges Ceodls
» (Irshad et al., 2022) g 5,15 S 4 laogS olis (Xiang et al., 2021) col ool o

DOI http://doi.org/10.22034/KJES.2023.9.2.104841

rastegar. m@KNU.ac.ir e s, pie 1 Jgtoms odium gitk
005 S 0 K lls  Sogll sy OF0Y) o e 06, K cp ( JLidd 150 s0lo g 5,51 ) oLzl o oy |y Sliciw!

@ @ @ JEUYE aman ¥ ojled A alx 03,95 () pole dlos L g50, 0kl )5 Ll ¢ Sase
http://doi.org/10.22034/KJES.2023.9.2.104841


http://doi.org/10.22034/KJES.2023.9.2.104841
http://doi.org/10.22034/KJES.2023.9.2.104841

odgaote S o S ol 3l ‘_;oﬂ gye

OhlSen 5 oLdl

0>l e 5w Sl Gl (S cdale ol
ey (Sogll 5l U glas Lo cailate ;o Jloy
2l glre g YL (e JLad il e
adlaie ;o w5 e JRICIRIE] 59,5 (ol i
flnil 51 Lol Gun sl adly Liyl58l anllas 5 50
dibhie S Sogll os ol Limgh ol
RUIW) USSP COWRGH[TL PN L SO Y
L w9y 9 dlgo
& Wl sdguxo

Sl jo B ol Siw yolee dcgesme
Mo (B Cgix (5 gl S Ve e 59, Glul >
Sosloads @dly Sl (S8 coix sreslS e
Ol o L5}[.»6315 oKwls g ol (Y JS2)
Ooxe ool (Karimpour et al., 2007) ¢l ol
5 i oaleeS b Lol e ol Gase o 55 )
39550 Jled 4 90 )0 OF ol Jle g o5 auleo 30
O o Kw axe (Golmohammadi et al., 2015)
5SS o3gai- gliaas] oS 5l ise lexe
B axg 90)90 (Jaxe lge g (wlidipe) Hlate
P2 S Ny, b oSl anpeS ol o)l
a8l dalol Luildl b g oyl J1 3 a5g 0 S Jlos
5004 Gs)lfwl &g 3 oae ol o L5)'1..%;;[5 el
S,8 dig 0 —CBlem Soeigh —G:LM..MT Ao oS 55>
adg &l )15 paux (Aganabati, 2004) 5 .5
g Ol L Bl b e 5 (ol St 0 iluss
ool S 0,0lsS o5 Gadee A 5l o 4V
5 gy albl coly o el cld s

Y

2 o I3l 4 S (Fogll e lie 51 (S
azhis (Ran et al, 2021) sgd oo 43,5 L

Olee 4 6,5 pame Gllos dacldled pl ol

S oanie la JlogiT 5 oy lusls b R oo
Col olpl ol Lol glhan,es
Curdy oy (GOlmohammadi et al., 2015)
ool S e bylyd (rizmen 5 Slgs dilas
dibiie cpl a5 ams se olis Slbl b 5 K
Sl 08 S sl 1y Jlglyd  Jasrecans § O
ot plgien |y (e OMe (n Sege
Leol, ol o a5 cudls S 8,5 13 L,sh
35005 5 (5330 yelii dihte pls 5 O Ll
Ol dbml yo g adlate og SiSded 9 )L
Wb gy ol 5l el 009y SIS 5t Lo oDISE
S8 eb a4 ool sl sla Sodl 3 Ui
! g oantonsl o3V ail Loy oleladl o olulil
Jolis ddlaie cpl o S Sogl Lolalie g
Sluls S 4 mlo 5l Jol> Ok 3ok
S35 2 Sol Goi) ol 5 colo colled 5l Jol>
@ oS GlaS 5 345 Sl il s o 4 S
slge o3y 9 S 55, 2 o Gd Dyge 0 S
Gz dedlls Jlg o Shee S0 SB s, 2

9 »paedS Joy aud Joy cwp Joy s0 oo,

4o (Shakeri et al., 2019) cwl cu 5 Sdol s
Kheshtabeh et ) -|,Kea § alics a5 glaslas
i D18 5SS wy shaie 4 @@l 2022
LSl cadle 5 ool Siw 6,5 ane 5 256

Loas o ools las cisls plol Glgs yliw ol



e 03gaze S 50 pu S Sl3ls Sogll )y

OhlSen 5 oLdl

sbo huge Gl ol gl cwlidlsa ool
az,0) /Y Joleo ool (S5 0,90 50 yliw g ailale
5o ol il az 0 YV/Y g ool (g0 0 o5 il
o lis ylyd b gl o cdalie ole s
Behjati, ) el Jlo Job j0 was oles olugs
ol Glgs K dilie S jeb 4 (2013
Crore Suz ok Jlo bl i 3 5 009
“Jled cgz yo ol Jle sl ans jo o)l ol >
PV A B e b bogin b Gy
—Cu ook (b oo e 3 g el p yeslS
Selo g yaglS OV (oo )8 Sy b g il slo

.(Hadipourdeshal, 2017) s34 co

0o, Y elss 8o ol 6,mlcS a5 ails 1S
oS 98,555 aoy0 Ve yal anST as 0 £ el
Hadipourdeshal, ) el s ouSTas 0V 5l
62918 9 Sne sloasly ollad 4y ax g3 L (2017
50 @lis 3l slacgomms « Slllas eogaze ;o susie
Glgs oyl o 0,lo s ddlate jo Sogll Lacl
L 555 5 St slgn 5 o lls arldl L
B 5 3 50 sl 5 K25 5 05 (sl bl
oolitlgn o] glrosls ululyy il oo St
bugie wenlond el VYA Jluo yo a5 Glgs
VAIY YAV 5 ATAD alles as 0,98 50 asllles sles

Sledbl yolul o casloass (5,155 o 5 il az o

35°0'0"N
:
<<f>
"

34°50'0"N
L

34°40'0"N
L

34°30'0"N
L

34°2000"N
L

W Lot ofy
Wl o9 ofy

93 G ol
O a8 sler

34°10°0"N
1

m aﬂu ﬁl&)l{ 0 12.5 25

T
60°0'0"E

T
61°0'0"E

i gla Jlagil 5 pns o3game w0yl il IS CaaBpe =) S

Fig. 1. Location of the concentrate factory, the mining area and Sangan anomalies

Yy



odgaote S o S ol 3l ujaﬂ gye

OhlSen 5 oLdl

—dges 0 el dibhie S o S s
6L¢bd~>‘5 rﬁLoJ‘\SO}J Q"‘)"Ls’“""“jb)‘ LS)“>)‘.’
Sllae odgasme ;0 Sg2ge Guae g Saio

WDe>ge 2,lge daxT Ay dzgi L ogd ool jilg

ol allby S dges T sl ggeome o
T S diges YY olass ol 5las” (v )
YOU Ve) hos aigad V) g (o bl O U +)

ol (ol

Wi god a1 joxi 9 (5,1 prdiged
O (Game dibie gl S1E Giagl opl o
—dged WAL (g2 (et 5 (rhaw D)go 3 4
oolaiwl L AYVAA ol iyl jo S 5l s ls
el Baa 085 Ojge (Sl axks
Bl e hesm raw D50 4 (510 paige
358 3ot 5 ( SO91 lie  dilae slocIled

Id s E GOC1T MK GOP2007E 02 M7E GIS0TE 2T IT
?,’ 536537 T4 =
2 - / Ls
\ 4 A
N
/ ™
.
% / SI5839
- KN
\ / .
w + x //
{ £ 34635
2 ~ L1 r
H o 2.} | L2
Ed 81651 N\ = &
sigot9 ”.\:; N ~ g
s, | R :
5 s32583 AT o5y 56 @ = \/
o Sl (5ol aiged sl ) S .\:g.-cﬁ L o
e sl =
o Gy L S e s4gsun
- \ . g
T £ shus3t s o513
el s s & ® sigsar e s o su £
— ol & X / ° K
\ > -.1.:.-.;3 5
Olemsly Jlmi gl =5 s
\
sl | snsn e
]
M
e L e e I s e S | 0051 2 3
2 / -
bl lat s, 4 r I.'s::az'! km
N Iz /
[P wTaE W@eE wE Pt wrrenE

Fig. 2. Location of soil sampling points

Ll Glp A by, Sabgs ol
S S8 cdale
Cewd 45\ abal, 5l a5 (Mohiuddin et al., 2011)

S| o LSLQOMYT

(é)sample
X
(ﬁ)baseline
e e (2
: RE

EF = M

) abaly cpl jo

sample

adllas cpl j9) @z ye paie 4 Hl5 590 yais
X

e (X

RE g dges 40 (Wﬂ

)baseline
dse) Lged ;3 @20 paic & A 0)90 yaie
Kabata-) (s> S o cble (Slo)

&l .cwwl (Pendias and Mukherjee, 2007
095 Oy Glgee |y LS ( Sad 28 oo

Ye

S5l g lo diges blas coadge ¥ S

SR Sy glans o S sledigal
o555 oBtalesl 4 (gjlwoslel gz g i8S
Jisie iyt Bl ) pole euSals
Sid 661 sles Ho laaiges olKialej] jo ia
Yo s 3l ooliil b ot et 51 g 5 o0
5 od ol jlegySe PY 51 i, S e
oBisle;l 4 ICP-MS olfiws b ajos Cu
L lages ofiole;l jo wos Jloyl Ljly;
i HF s HNO3 HCI (58 ol ¥ 51 ooliciu
A 3JUT ool s 4 Jgloes g oo
Wosls budoxi' o bould (o) SO SY9



odgaote S o S ol 3l ‘_;oﬂ gye

OhlSen 5 oLdl

W55 oo )13 a5 ol s (Sogll Lasls
A o Hlas S o8 adhaie ;o gog9a> b aS
S Lbpg ogill yhs Ly
Sl Sl S23ldpg st oLl 6l
Potential ) o>lipg osdll >  asli |
Ol gy oml 09 oo oolail (Cological risk
oas &51)| (Hakanson 1980) yguilSle lawgs b

cl = Cci/ci (Y)
El =Tf x C} (¥)
RI =3"_,El )

Cfc, G e ( Sodl asls CIi"]a’.‘ﬁ) ol e
e aigad 5 516 Clale Cf iges s 318 ol
care Thsls pg ogilly St yyo Ef
Sl O3lSle Lt o sl i 51 el
Zn=1 < Cr=2 <) oo puwi alides yolic
5 (Cu=Ni=Pb=5 < As=10 < Cd=30 < Hg=40
Sl sl S5ldps osill Jls asla RI
Y Jgoz yo E: 5 RI gomes, .cusl 318 S
(Mei etal., 2011) ol oo &3l

Table 2. Degrees of potential ecological risk

Chabukdhara ) »,5" gawes, V' Jsaz 7o 4
.(and Nema, 2012

SL lp (Sab e o pe soes; =) Jou
Table 1. Enrichment Factor classification for soil

o3, SIDSE g
2> S (S b sgeeS
2-5 bugle Fabid
5-20 w5 S (Fas s
20-40 obj Gkt Sas
40< oad 6 Tagad

Pl Sogll jaslis
olhls 4 S ‘5%9” a0 byl slp
sl 3.5 (P (;ojﬂ o>l 3l Gle oo S
» e edale 038 e b el (pl S
S 5 aalllan ol 50) e 50 ] il &) digas
Sydse dmbre (Sl gl (Sl
V5l S Segll asls (Yang et al., 2011)
Sl Yog ) G caigad og 00)] o8 Silas
SOl samolis ¥ o9 ¥ o oS Sodl
3 et 5 a2 (Foll Sl 0B Y (s
SO PSSR ST IRV FUNPIE A5V IRNUORY

S g gl b Sl o Y Jpar

oS bsto a5 s sb; 3 Tayas
EL <30 30-60 60-120 120-240 240<
RI <110 110-220 220-440 440<

bl Slasbe 595 oo sslizal (HI) las
Cogy dagme cblis lojles o laibisl s,
a8 plxil (USEPA, 2001) S ol samcie YU

@L?Lu‘ o 09.0..[[.’ }@L.C )‘ s_i.’ gL Lg‘).’ )f‘

(Health Risk ) cuodlw Sy (23
Assessment

3 o ol yolis oSl S (renss sl
S Gld i g Sy i el e A
s 5 (HQ) jhs ceand gyl 1 (Ll 5o



odgaote S o S ol 3l ‘_;oﬂ gye

OhlSen 5 oLdl

2 o2l g pe)S «Seiwyl polie clile Sl
p gl clile Sl (oSl 5 i wilaie
IS5 5 s el e izen ol S5
S Jo s ol Sl eSilo b alie Ly
aibhie S 0 (53, 5 pwools clale .Sl
S84 p3Y il Gl 5Sile ) oS Slalllas
S50 Plas adllass ge polic plod 4 ol
Sl eSilos 5| oo cdale (g1 pdiges oK
jladhic S o olic cdale IS job 4y .a)ls

el Lo,

Al>Fe>Cr>Pb>Zn>Ni>Cu>As>Cd

aS olo lis 55 Hes g e S sladiges
oy Clale s oS o el 5 oy
wlie Lo,is clil piegdl a5 > o W)l
— e ol Shus Sl ol plo g atils
>100) S, jolie cdale o iy .ouas
124) e «0.6 MQ/KY) wmesls «(mg/kg
» 122 mglkg) 5, 5 (>10%) ol «mglkg
Ol 1 S5 5990 Joe jlons ails y aiged
clale as osalin lalls! &S 8 4 by e
alozr | ;00 iged iz o 2l aoys 00 I YL
«(S5) Glabow Ll amiss> Glbl o S
drgi (Gdae g (Sabo IS D peize g
& ar5 o5 0 (5pSeslal 5 bl 513
ol grmbo ool (5553 5 dibate Saxe Coale
S34 aigai ,o (148 M/KY) pg,S clale aiing
o5l (Blali-Glss ssl> gimm s S15)
Fr S pare oploly glacdale 5 ub S
5 (e e 3,0) S22 wiile S0 sladiged

A

~ b8 b3 paie logd S5l xS HQ e
O slecas o)l og gem S 5l g
39>y Jliz! caimolis HQ  (6lp Gl
Eyome (HI) s (asls ool s Jolsy
b ggeme (gme 4 gl HQ O polis
Py 33 s des G ybo Sl polie ol e 8
g2 ) 5l S Sl el jlade il 6258
FJB 3 w3 cei LS 1) ol pue Slas gy
g Ol 51 Jlaial oaimoylis V5l s polae oS
(Zheng et al., 2010) cew! codls
Sl Julxi

5 hol slaadlse Ll 5l aslllas ool o
SPSS-19 133l a5 5l oolicl b (glasigs Llos
Jedo e 0l oolawllaosls sl ol
, yolie ol olaws a5 caul ol Lol adlse
315 alS aanl pite Sl slas 4 g oo
slasgs 56T e (Moore et al., 2005)
(Hierarchical Cluster Analysis) _l,e alulo
O WS (oo wyp 1) ladiged (pn alols
Abgs Sy AT Wgd o (Gal0d, (Rg,S ;0 blE
b ogdige 5155 anld nl 5 amsce S5 |,
Cwd s Aol 5 S 18 dldgs G o blas den
Pl gam 90 ook Sy e 1) oo
(Chabukdhara et al., ols ;lis al,5g,080
2012)
S 50 s Wlpld Sogll

5 SB slaaises 4 mls s bl aodls
P TSP P N RN WO

as MJGA UL““" G’Lu Cawloas 00)51 Y Jﬂ“\>



odgaote S o S ol 3l ‘_;oﬂ gye

OhlSen 5 oLdl

Cldises jo 1) ool oo pden Oy
5 o8l iome o Soinyl G151 g g 0l i
rolie plo @ a1 (gt s pueols
g Ol ujyo elel poaies e plas
& 28 am Gl Moz Ol rizees
Jlerré @598 Sllllas osgazms )3 cpolis ol

A ‘;L”ﬂ shls &)le ay g ails

a5 osmlie 5o (Slub-Gles esl> Jles) S32
Gy gaie cale o mins S22 o )led diges
Jolee ol sl ol lis 5.5 1, (2451 mg/kg)
Olalliml oS50 gty ol cuiley e
sl 50398 MY/KY) &y YL ke o)ls 13
3load atile y S bes g xaw slo diges
ol Lol 8,8 2l 5 caSTazr jolxe
asdllass ygo yolie ylos 510 oanlive 55 (524)

Sk Lch::LSyo.i 59 ,.‘.i....»/ g.:\)b clale LS)LO—‘ asds> -Y de?
Table 3. Statistical summary of heavy metal concentration in soil samples

Element  Average Median Std. Skewness Min Max VC  World-Soil Average Average
Deviation Average Topsoil Subsoil

Al (%) 6 6.1 1.2 -19 11 82 0.2 7.1 55 6.7
As

165 132 133 5.6 7.5 >100 0.8 7.2 13.2 15.4
(mg/kg)
Cd 0.2 0.2 0.1 19 <01 06 04 0.3 0.2 0.2
(mglkg)
cr 102.3 104 17.4 -0.4 47 148 0.2 70 104.3 102.2
(mglkg)
Cu

35.3 32 16.1 4.2 23 124 05 23 322 34.4
(mg/kg)
Fe (%) 45 3.7 2 21 29 >10 04 35 51 3.6
Ni

38.7 38 9.3 1 12 75 0.2 21 36.4 42.8
(mg/kg)
Pb 85.4 17 360.5 6.4 7 2451 4.2 32 138.4 35.7
(mg/kg)
Zn 81.7 78 12.2 1.4 61 122 0.1 90 79.1 83.1
(mglkg)
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Table 4. Average values of HQ and HI for topsoil samples

As Cd Cr Cu Ni Pb Zn
Oral 3.E-04 1.E-03 3.E-03 4.E-02 2.E-02 4.E-03 3.E-01
RfD Dermal 1.E-04 1.E-05 6.E-04 1.E-02 5.E-03 5.E-04 6.E-02
Inhal. 2.E-05 1.E-03 1.E-04 4.E-02 5.E-05 4.E-03 3.E-01

Ingestion pathway
Mean 6.E-01 2.E-03 4.E-01 1.E-02 2.E-02 5.E-01 3.E-03
HQ (Children) Min 3.E-01 1.E-03 2.E-01 7.E-03 8.E-03 3.E-02 3.E-03
Max 1.E+00 4.E-03 6.E-01 3.E-02 4.E-02 9.E+00 5.E-03
Mean 6.E-02 3.E-04 5.E-02 1.E-03 2.E-03 5.E-02 4.E-04
HQ (Adults) Min 3.E-02 1.E-04 2.E-02 8.E-04 8.E-04 3.E-03 3.E-04
Max 1.E-01 4.E-04 7.E-02 3.E-03 4.E-03 1.E+00 5.E-04

Dermal pathway
Mean 4.E-03 7.E-04 6.E-03 1.E-04 2.E-04 9.E-03 5.E-05
HQ (Children)  Min 2.E-03 3.E-04 3.E-03 7.E-05 8.E-05 5.E-04 4.E-05
Max 7.E-03 1.E-03 9.E-03 2.E-04 4.E-04 2.E-01 6.E-05
Mean 6.E-04 1.E-04 1.E-03 1.E-05 4.E-05 1.E-03 7.E-06
HQ (Adults) Min 3.E-04 4.E-05 4.E-04 1.E-05 1.E-05 7.E-05 6.E-06
Max 1.E-03 2.E-04 1.E-03 4.E-05 6.E-05 3.E-02 1.E-05

Inhalation pathway
Mean 3.E-04 7.E-08 4.E-04 3.E-07 3.E-04 1.E-05 9.E-08
HQ (Children) Min 2.E-04 3.E-08 2.E-04 2.E-07 9.E-05 7.E-07 8.E-08
Max 5.E-04 1.E-07 5.E-04 7.E-07 4.E-04 3.E-04 1.E-07
Mean 1.E-04 3.E-08 1.E-04 1.E-07 9.E-05 5.E-06 3.E-08
HQ (Adults) Min 6.E-05 1.E-08 6.E-05 7.E-08 3.E-05 3.E-07 3.E-08
Max 2.E-04 4.E-08 2.E-04 3.E-07 1.E-04 9.E-05 5.E-08

HI

Mean 6.E-01 3.E-03 5.E-01 1.E-02 2.E-02 5.E-01 3.E-03
Children Min 3.E-01 1.E-03 2.E-01 7.E-03 8.E-03 3.E-02 3.E-03
Max 1.E+00 5.E-03 6.E-01 3.E-02 4.E-02 9.E+00 5.E-03
Mean 6.E-02 4.E-04 5.E-02 1.E-03 3.E-03 6.E-02 4.E-04
Adults Min 3.E-02 1.E-04 2.E-02 8.E-04 9.E-04 3.E-03 3.E-04
Max 1.E-01 6.E-04 7.E-02 3.E-03 4.E-03 1.E+00 5.E-04
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Table 5. Results of principal component analysis

with Varimax rotation of elements in top soils

Component
1 2 3 4
Al 0.073 -0.333 -0.914 -0.087
As 0.782  0.146 0.091 0.007
Cd 0324 0.174 -0.2 -0.486
Cr 0175 -0.186  -0.725 0.267
Cu 0.821  0.005 0.007 0.073
Fe  0.326 0.417 0.703 0.177
Ni -0.254 0.72 -0.525 -0.103
Pb  0.007 0 -0.144 0.957
Zn 049 -0.086 0.781 -0.082
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Table 6. Results of principal component analysis
with Varimax rotation of elements in subsoils

Component
1 2 3 4

Al 0.842 0.198 0.166 -0.039
As 0.583 -0.022 0.578 0.31

Cd -0.115 0.193 0.523 -0.086
Cr 0.055 0.335 -0.837 0.047
Cu 0.747 0.012 -0.002 -0.102
Fe 0.385 0.401 0.156 0.361
Ni 0.752 0.286 -0.39 0.174
Pb 0.109 -0.066 -0.017 0.888
Zn 0.307 0.849 0.084 -0.064
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