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Keywords: For this purpose, the total concentration of major and trace elements in 26 topsoil
Ef’ggﬂt;z'i'ém’“c elements, samples was determined using an ICP-MS device. The average concentrations of As,
pollution, Cd, Co, Cr, Cu, Mn, Mo, Ni,Pband Znare 7.9, 0.1, 7.4, 77.5, 59.8, 448.9, 0.8, 31.5,
Shahrood. 35.7 and 104.1 mg/kg, respectively. On the basis of the geochemical indices (i.e.,

enrichment factor, geoaccumulation index, single-factor analysis, nemerow
integrated pollution index, and potential ecological risk index), the studied soils are
polluted with potentially toxic elements, especially As, Pb and Cu, and the most
polluted sites are located in the northern parts of the city. Statistical analyses (cluster
analysis and principle component analysis) indicate that Co and Mn are mainly from
natural sources, while Cr, Mo, Ni, Zn, Cu, As, Cd and Pb are probably from
anthropogenic sources (especially industrial inputs and traffic). The health risk
assessment shows that there is a non-carcinogenic risk of Pb for children through the
ingestion route. The carcinogenic risk of As, Cr and Ni for children through the
ingestion route is higher than the reference value (1x104). In conclusion, the
pollution of the studied soils with As, Pb, Cu, Cr and Ni must be considered as a
concern in the study area.

Introduction

Soil pollution is a major negative outcome
of urbanization development which is mainly
due to the transportation, industrial activities
and waste disposal. Therefore, urban soils are
considered a major sink of various organic and
inorganic pollutants which may affect the
health status of local residents. Even very low
concentrations of soil’s potentially toxic
elements (PTEs) may eventually accumulate
in the human body through exposure routes
such as ingestion, dermal contact and

inhalation; therefore, the high soil content of
such pollutants must be considered a major
threat for human health (Yang et al., 2020;
Wang et al., 2022).
The present study aims to assess the
concentration and health risk of PTEs in urban
soils of Shahrood, a medium-sized city in NE
Iran, and to determine the level of urban soil
pollution using common geochemical indices.
Material and methods

26 urban topsoil samples (0-5 cm depth)

were collected by stainless steel shovel. The
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samples were dried for 72 h at room
temperature and after removing the pebbles,
they were passed through a 2 mm sieve (10
mesh) to measure the physicochemical
properties, and through a 0.063 mm sieve (230
mesh) to determine the content of elements. To
measure the total concentration of major and
trace elements, the soil samples were digested
by a mixture of concentrated acids
(HF+HCI+HCIO4+HNO3) on a sand bath. The
concentrations of the target elements in the
digested samples were measured by an ICP-
MS device. The soil pollution level was
assessed by using geochemical indices (e.g.,
enrichment factor or EF, geo-accumulation
index or lgeo, single-factor pollution index or
Pi, and potential ecological risk index or PERI;
Miller, 1969, Hakanson, 1980; Loska et al.,
1997; Kowalska et al., 2018). The probable
health risks of PTEs were assessed based on
the method provided by the United States
Environmental Protection Agency (USEPA,
1989). In this method, the non-carcinogenic
and carcinogenic risks of the target elements
through three major exposure routes (i.e.,
ingestion, inhalation and dermal contact) were
assessed by calculating the average daily dose
(ADD) for each element.
Results and discussion

The average concentrations of Cd, Co, Fe,
Mn, Mo, and Ni in the soil samples are lower
than their corresponding values in the World
Soil Average (WSA) composition (Kabata-
Pendias, 2011), while the average
concentrations of As, Cr, Cu, Pb and Zn are
higher than the WSA composition. Despite
the non-normal distribution of As, Cd, Cr, Cu,
Fe, Mo, Ni, Pb and Zn, other elements
including Mn, Co, Sc, Ti, Al and Zr follow a
normal distribution, indicating the
anthropogenic source of the first group of the
elements. While the soil samples are not

enriched or slightly enriched (EF < 2) in Co,
Ni, Mn, Fe, Mo, and Cr, they are moderately
enriched in Cd, Cu and Zn (2 < EF <5) and
significantly enriched (5< EF < 20) in As and
Pb. On the basis of Mdiller's classification
(Maller, 1969), the soil samples are not
polluted (Igeo < 0) with Mo, Co, Ni, Mn, Fe, Cr,
Cd, Cu and Zn, non-polluted to moderately
polluted (0<lgeo<1) with Pb, and moderately
polluted (1<lgeo<2) with As. Based on the
classification of the single-factor pollution
index, the soil samples are unpolluted (Pi < 1)
with Cd, Co, Fe, Mn, Mo and Ni, while the
samples are classified as slightly polluted (1 <
Pi < 2) with As, Cr, Pb and Zn, and moderately
polluted (2 < P; < 3) with Cu. The highest P;
values of As, Cr, Cu, Pb and Zn are recorded
in samples collected from high traffic areas.
The values of Potential Ecological Risk Index
(PERI) of Co, Cr, Fe, Mn, Ni and Zn are < 150
(low level of pollution), while the PERI values
of As, Cu, and Pb vary between 150 and 300
(moderate level of pollution). Based on the
PERI values, the potential ecological risk of
Cd in the studied soils is significant (300 <
PERI < 600).

The human health risk assessment shows
that the Hazard Quotient (HQ) values (non-
carcinogenic risk) of the studied elements for
all exposure routes are higher for child age
group, and the difference between the HQ
values of adults and children is more
significant for the ingestion exposure route.
For all elements and for both age groups, the
importance of exposure routes follows the
order of: Ingestion > Dermal contact >
Inhalation.

The average value of Pb HQ through the
ingestion and dermal contact routes for
children is very close to 1. Moreover, the HQ
values of Pb for children through the ingestion
route are > 1 in 25 % of sampling sites,
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indicating the non-carcinogenic risk of Pb
through ingestion for children. The values of
the hazard index (HI) for children through the
ingestion route in 50% of sampling sites are >
1, indicating that ingestion of soils in the study
area is associated with non-carcinogenic risks
for children.

The highest carcinogenic risk of PTEs is
recorded for the ingestion route, and children
are at much higher risk than adults. The
carcinogenic risk (CR) of As, Cr, and Ni
through the ingestion pathway for children is
higher than the permissible amount (1x104).
For both age groups, the carcinogenic risk of
As, Cr and Ni through inhalation, the
carcinogenic risk of Pb through inhalation and
dermal contact, and the carcinogenic risk of
Cd through ingestion, inhalation and dermal
contact routes are lower than the reference
value of 1x10°. The carcinogenic risk of As,
Cr, and Ni for adults through the dermal
contact route and the carcinogenic risk of Pb
for children through the ingestion route are in
the acceptable range (1x10%-1x10%).
Conclusions

The present study shows that urbanization
plays a pivotal role in enhancing the
concentration of PTEs, especially As, Pb and
Cu in the soils of the study area. Health risk
assessment indicates that for child age group,
there is a carcinogenic risk of As, Cr and Ni,
and a non-carcinogenic risk of Pb through
ingestion. Therefore, it is necessary to induce
environmental management measures to

Kabata-Pendias, A., 2011. Trace elements in soils
and plants. 4rd ed, CRC Press. Boca Raton.,
534 p.

Kowalska, J.B., Mazurek, R., Ggsiorek, M.,
Zaleski, T., 2018. Pollution indices as useful
tools for the comprehensive evaluation of the
degree of soil contamination—A review.
Environmental Geochemistry and Health 40(6),
2395-2420.

Loska, K., Cebula, J., Pelczar, J., Wiechuta, D.,
Kwapulinski, J., 1997. Use of enrichment, and
contamination  factors  together  with
geoaccumulation indexes to evaluate the
content of Cd, Cu, and Ni in the Rybnik water
reservoir in Poland. Water, Air, and Soil
Pollution 93(1), 347-365.

Mdiller, G., 1969. Index of geoaccomulation in
sediments of the Phine River. GeoJournal, 2,
109-118.

USEPA 1989. Risk Assessment Guidance for
Superfund, Vol. I: Human Health Evaluation
Manual. USEPA, Washington DC.

Wang, J., Gao, P., Li, M.Y., Ma, J. Y., Li, J. Y,
Yang, D. L., Cui, L. D., Xiang, P., 2022.
Dermal bioaccessibility and cytotoxicity of
heavy metals in urban soils from a typical
plateau city: Implication for human health.
Science of the Total Environment 155544,

Yang, P., Drohan, P.J., Yang, M., Li, H., 2020.
Spatial variability of heavy metal ecological
risk in urban soils from Linfen, China, Catena
190, 104554,

reduce the adverse impacts of CRediT authorship contribution statement

toxic elements on the health of s
residents in the study area Zahra Shakeri Software, Formal analysis, Investigation
References
Hakanson, L., 1980. An ecological
risk index for aquatic pollution Conceptualization, Methodology, Data curation,
control. A sedimentological | Giti Forghani Tehrani Writing (original draft, review and editing),
approach. Water Research 14(8), Supervision
975-1001. \




YA 1SN S S L YOTA FFAX ol LLs

YO\ amio VFeY pliae 5 il oF o)led &l

gy Al
AT (7] o pwd

033195 (o p ole aloxo

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

GS)'Q"“ S 90 (oW ogﬂlg )..al;.c gs-'wy*’ )"‘" gs?l?.})‘ ) Lo ‘gsh*’“’w) s‘“"""ﬁs)
oL’».o.w ol.'bw‘ ‘égj.bu)

Ye%sé‘)e‘s ‘5-;‘5)5 ",,f “6)“*:" ‘)b}

Ol g eli g mlis gois oBuils () pole 0aSiils wd )| cwlid IS geoeidls N
Ol g mls gl gaie oKLl (yao) pale caSlisls o Luzils Y

oduS> Ao wledb|
S 53 o 0silly jolie adles s g Lite ¢ lameCuny (sorBisss (oo s o055 ol il 5 Bua Ao azsoy U

o83 sy ey ST diged Y8 45 S5 g sl yolie Clile jelate ol am] (sl il 9,0l (50
IS (el 55t 95 WIS wpepdlS oS )T ot JS e (2 Silie B (525030l ICP-MS
el S S e VBN 5 TOY FVID o JA FEAR DUA VIO VIE o1V VIR 5 4 53 5 ooy
Sogll Garls o ale S at Lt eililins) o y2 « FaB 5 0 2) (oloordsl culrd dlna Sl ol s
o329 4 o 03l polie &) S ST (sladisas a5 ams g0 (LS (o5l (SusslsST sl asls 5 55e 4z LS
el g sladigs Jelos 093 o0 oanlin i Jlads sblie 1o (Fogll (o iy g wlodgll (e 5 s eS|
Oselge S polie a I oAbl o oresl 5i5he 5 SILS jolie Jlaiol Lo o ans e ol Lol adlse
leads S 3l (S5 5 saio slocellab el ) Sladl Liis 5l s 5 pradls ST e o 59, S5
@holbpw s Cwslolon ol sas b 5055 ln oy gl 45 s Gl (Sl Sha3 )
g b el O ) 0 bl e 51 ity 5085 sl @l s Busko Sl PS5 SN oSk polie

2y L8 4z 3,90 Wl S g 95 e S i yolis @ dilaie S (Sogll onal o @ @l

VEY/ ALY rdl o
VEYN Yl

oS’ s o3lg

o o3lly yolie
S s S
9,00l mjo;ﬂ

ole B ((ded slacssn cliie Gl &

dodso

OFge G895 9 (rik St daSiiwY g 9,095 lakas
W3 o adams (pl ;o all ads o Saro sbaoollas
Cachada et al., ) 545 e bS5 auas Sogll 4
lgil Coniiws Lol Joxo (g s Bblie o S .(2012
foritinns 5o dy Wilg3 o0 9 Sl (et 5 T sloonyY]
8 85 Sl lapeed (LSl (ol peditns i 4
IS Olsie 4 e osill polie 3 lals

scodld 5 i ed S sl slbass b

59U g (srxie slrasly collad wiile) (T L e s
Bl b1y syt amlr (Sl 5 b lo
5l S Segll @l., 2003; Morton et al., 2009

Jom sloas] 8 sl il jped dnwsd pie slaoly

DOI http://doi.org/10.22034/KJES.2023.9.2.106461

forghani@shahroodut.ac.ir s o6 o8 1] ghamo odiums i

G S 3 om0l yolic ol o oLl g Lics o daisacns ) (coniigds (VF2 V) .5« Slis 58 5 o ,SLo tallio 9] 4y Sliciw!

QOB

YOU Y aman ¥ ojled A Al 05,195 uo pole aloes oyl e ylions bl c0g 0L

http://doi.org/10.22034/KJES.2023.9.2.106461


https://gnf.khu.ac.ir/article-1-2861-fa.html

S 3 5 5 5L

wlile bl sl opl 5l Bas s )ls 3535 S o
ol e rodle a3 2 g ot Liis (s
Srted GBS )3 o 05l yolic ol et g
Solie cpl JS cdale g nFo5lul 5l eslil b esg ,mls
5 lords’s sl albw (S glaaiges )
i) onl o Sblllae 5iST il o (s ,le] Slowloes
Jle sl el ot alwl Hlez bl pla s olnl o
e b, b (Khan et al., 2016) K 4 o>
S GBS 55y 3 sow 0l yolie oDl
S5 1B By 3 (hol yme a5 isls (LS LSy
Oligizs ol Swgy (wled uaws 9 oy oo VT oyl
Adimalla) ae Gg 5 0s SB (g9, p ol plxl
ailaie o 5055 4 wes e olis 5o (et al., 2020
@ o Syt Sl sk oyre )0 addllae 5
Samani ) l,Ken g oz Slolw .5 )ls 1,8 GYLLS 5
anl> S a5 wels oles (Majd et al., 2007
20dlS g 0y (goms 05l polie 4 ledel slagbls
(Hamzeh et al., 2009) |, 5Kaa ¢ 050> .l 004l1
30 obe)S s S s oy cdale a5 wisls olis
Ol gaio 5 solail slac b w5 S5 S
JFa 5 o7 ol e oxbans S oy ool aiily
9 2 ipreedlS SIS Clale 1 iy o5 aes e (LA
5 Sz ooy (i S b edgazme ;0 (55,
(Ravankhah et al., 2015) ¢l 5,08 bl
Glosl> ail> slSE gy, pond abxl Slidss
St (rhaw SIS 45 amo o0 i Glaes (6 50h 092
SRl 1S 5 @ 53y polie g 009 S35 36
Bapl o5y Sonls 5 S shed o s
aloas S oy 3 Sladad 5 5L (S0,

(Hoseini and Sobhanardakani, 2021)

Ayl Oy50 Ddbd S Gﬂj...c ooyl Pree
Osed Sleogas Jdoay jolie (nl wlas s 18
ol Sl o 4 pae g S0 ol 5,80k
St 4l melszr Cudles (08 0 yemy 955 L g 0l
Adimalla et al., 2020; Anwar et al., ) wjlal
3 oo 05l polie (pyme o 385 15 (2020
L il ol o2)lse wilgige (500 0091 SlaST>
Yang etal., ) sl ol o e LSle cuwdls (55
By e Glaeas Gk 5l SS9 e
3 o placcul g gwg wled cady wiile (5,.5,1,8
S lom Jan 4 D s 5o Wl e oS polie
(Wang et al., 2022) o4 ,0 lusl jo SU las
& 9 Mlos $y950 pE paie S e Jle lp
5 el Sbyhas laoludl codlo 51y 5 oS oo o
doalS ho ay ool gzmen (o2)le 59y Ll Wlgi oo
‘(5)1?5‘)['.’. )O (5;‘5-'1'; ‘g}'ﬁ‘;} Ja.é..u 60‘5.7.5;.“4‘ }.;.A 54.3')
3 95 09 HLES (Rl g (e 05 aras SIS
waﬁﬁ5w‘®yaébww¢)‘9ﬁ)é
Khan et al., 2016; Debnath et al., 2019;)
(Khalid et al., 2019
FogkeS 5l B) S50 Cuag b 0g,alh (i et
OB 1B 5 g @l Cuxdge 4 azgi b g 09 00
Locwlloly gad; a g, dal ol coguin — 0l 108 pann 0
SLbl )s gl 5 (65,5l Glagme) S99 & 4z
B ) ) Fake S ped 6553 (s e 03995
A5 5 0 Al 5 emen cmbio Cudled wg,mls
5 i blog 005 ol Gl g w0g,ald (lorw
oo 09l polic cdale aol3dl Jlaxs! 5 sls Jle



S 3 5 5 5L

oSk g Sl (JBlas polie o owlidlgn slacsls
a3 VFIY 5 VeV Cop a aldls &)l as o
sy MIVIF @l S )b lawgo o ol 5 ool
3,90 ddlate o(l) oy les (S oo dnwlxe bl

2l e (174.8) Sz slga g ol (gl)ls anlllas

asdlao 0 yg0 dibiie slgn g of

shol Caz OFe e Jlo pulidle LT 4 4z b
8y i § (B0 Jlodh g (Jlols 09,0l LI oL

bl s () US8) ol 4l s e YV oad 155 ol

wind speed

>21
17.21
11_16

7.10

4.6
[ JIK]

west

East

!

Fig. 1. Shahrood rose wind showing the prevalent wind directions

«Sliads X3l ;i»....‘" dawle o ;1,....: ‘_gl.mb.”y' Jelis
GLQ&QT 9 Lgl.?::ﬁb A.:)LM: 6‘4“"[" 3 @)Lo Lglm&mi
@ owtn Ak o Y wiile Gleog U Vs
Olemded 3y adle 3l (63550 Glnl 095 4 ilate
(@Yl 30,8 Wjle) 1eoles' 5 Sawanle 0 s

(¥ USs) ol 48 518 o T ol (s,

AL ol slacez 5 09,alh oL ) JSs
axdllao 8 g0 adlaino bl cyo )
25 6AA1SS Olr slaaiigs 5) p 098l
IR 65 olrle B8 sl Sl g5 50 5
Ol s idu gwlidpaey oBaus 5l cal 43§
Ol 50 g cenlionds @dly (Byd 5l (g5 yo ol
339y 651 b upels p glosiw I LS JIgs

R abl> jo owlid ey slaggeis (p 5550 0l



A GBS S

Legend
Stream
roads
River

Quaternary
Young terraces and alluvial deposits
are "

| Qtf |Aluvial fans
Old terraces and gravel marl

Cretaceous

- Limestone and marle

Jurassic
JI  Cherty limestone
- Calcareous sandstone and limestone

Fig. 2. The geological map of the study area

38 Sl VY Soe a4 Wdvaigos ol Cows a0 (5,18 paiges
oy Ko 49,5 )15 5l g g 0l S 35U sles
e sl il sy (e V) Y MM S
Glp (G YY) o/o2Y MM S5l g S oloands
Codgo ¥ JSS 50 250l ools jgue ICP-MS islejl

Ll 00 oa)ﬂ Gl paigel ool u_alia

0 05 1 2 3 <

gy 9 olge
G (O CM Gos) s Pl S diges YF
S5 wo Vsl by sy el ose
B el piged oSy 5o (¥ US2) w5 pslaex
Slom g o Sllsp @8 Ve e Sgu> ()59 4 diged 23>
o] ;2 50 S aiged S badigad s 32 50,5 Lol



S 3 5 5 5L

Ll 4 S S0 ASudx < MO0
~

Legend S W ér €
2 S14 S12 4 .
¥ Roads . 518
“|  City district S16 ¢

y s1? S23
. . S18 . .

© sampling sites o S22
- . SIS
3 S11 ¥ §
-~ . -

.sw .526
. % Su :
- 28 -
3 b4 .S. 3
S20
L
S8
L
s i sS4 -
S
. L ~ S6
o
. S3
g o 2 $7 5
7 3 7
- —r I 4
e P e e V-~ ™™ T

Fig 3. Location of soil sampling station

HF+HCI+ ) Lde oul b byl bug laaiges
Gl 5 wad pis b plem s,  (HCIOA+HNO3
~dged a3l ol sl Jsloe 10 (Fi2 g (Shel yolie
S o3lail L3l 5 oRiole s ICP-MS olXws lawgs
Syl polie Glp oKiws (gile, 8T 0> ok
raie @SS p e S dee NN pudse g peeslS
095 LS polie @S el 5 )5 (s /0 il
yolie @ SolS pp S eV 6959 @ (S5 e
plid paie @ SokS )5 dee O @i 2 5 550
Ve ool s peinesll olie 5 o) TolS 5 S e ) -
shdmosls oo (o3l slp Canl p,56lS” 50 05 (e
Sz 5hesds (2bjyl sl g st sladisges 5 @2 e olse
00yl Sy g diged o 0 yale e gpSejlul b

0l oolaiwl s o lasbin! Gl

RSD = (S/ Xm) x100 M

SL- o paiges soolSin] Cuadyae -V 54

S5 S9) 2 S plendin (S5 sl Sy

b S e Sl S et
s Sy oninee (Kelm et al., 2009) s,138
Gyl ol cenl aecin ; Olllas jo a5 S>
SolS Jols sl g by S o JTesle PH Juls
5l s, 5l esliil b S pH sl (CEC)
USEPA ) sumie VLI sy e cbsla> ylosle
oole ,lade «(Test Method, 1998, Method 9045
b laaigai 53 J oS Jlake s nSojlal Gk 51 JI
pigelyd Jolme daws Ggeml i g, 5l eoliil
22,0 5 «Chopin and Alloway, 2007) olalge
G by ol sladelne bwg ladiges loS
A eens (ROCCO et al. 2016) a8y (ygul o5
Sl oy elel p ladiges (o5 Jobs o b
USEPA, ) sosio OYL! s 5 dame cbila> ylosle

«‘5:;.4.» 09l yolie clale s gl o s (1998



S 3 5 5 5L

S8 b ooy opl il ain) Jlaie jo b
a0 yaie S clile ) serge oamb Slleg
Silo e obles 1 slyeladl Sl 51 256 Swl &l ppss
3 oolawl b (Shomali and khodaverdilo, 2012)
Single Factor Pollution ) LilecSs Sogll a3l
(oo 038l yolie 4 S Sogll wus (Index, P

«(Lietal., 2011) o4 o b3,

Cn
Pi = a )

pae cbale By g S dges jo yate cdale €y
S PPN {ESK TN ) B EOVS SO
wasls 5l eolanwl b el (Kabata-Pendias, 2011
prd Az )Ly (ol pals (e S5 ool
(Nemerow Integrated Pollution Index, NIPI)
(Kowalska et al., 2018) o 4wl

NIPI = /M ®

510> 0 Py 9 Py jlsie lawgio giye Pigye
oL ol 5l eoliial b ol oliusl o 4o Py jlaie
Al 6,0 paiges sloolKius! (Sogll S, o)lss o
Dgad dunlie K0S L,

Potential ) osally  So390sST Has asls
a>,0 b, sl (Ecological Risk Index, PERI
oslitl S 53 o o3l ol (SujelsS] s
:(Hakanson, 1980) s4.
PERI = Y™, EL *)

Ef =T} x C} V)
ST ae a ogdll SujelsST s Ef

2 Sl e S5 a3l Cf 5 (Sl Soom
‘35)5 A 69)9I~imLu.®—‘)mL&T-; )‘..\.E.c w‘ra...c

S (o 3yllinl Glsul RSD walal, cpl o
Gl lade ol baosls uSilee XM 5 Ls 3l
Vo sl S aslllan 590 jolic (gl (oond S It
Lol gllae aools cds plply wal Caws 4 ds)o
A4 51 i leaigad jo ol bl wojs Sk
Aol oo doyo
S (Fogll wad b))

L (Enrichment Factor, EF) Sos ¢ oo o
Loska et al ) sgi oo dwloes 5 abasly 5l oolazel
(1997

(%)Sample

EF = M

N5 aigas )5 5130 )50 paie CllEM adal; cnl o
WAlS iy pats ol oS by jaie il
S8 S5 0ls Jloi g bl 95 a5 ol (5 e
Lo 3,15 olyeyladl Jalge 15 co g ails Lasee jo
Sl iS5 aiasl] polic Vgers 29d al
3y50 00 jlomigy yate plsie & S 5 ol il
, (Bourennane etal., 2010) & .5 | ,8 oolazu!
g oMby yate oliie 4 pateel] asllas ()l
ole )lsie 4 (BOweN, 1979) . Sile atwgy oS 5
Syge Sladiges ;5 15 (285 )15 oolaial 990 atee)
A4y ol o i G paie (nl @)s casllhe
Sl lae jo Sl ol sy g ol Jloys

(S e o Slils (Sogll 5 clale b5l sl
(Geoaccumulation Index, lgeo) coislil ye ) o po
(Mller, 1969) ot arwle p; alal, 5l eolawl b

o =082 (155)

By 5 S igas o axllhas 5,50 yaie clile Cp

(eSSl gy oS ) adlllas 890 paic i) Hlade

Sl b b, JBlas a4y el VIO o Cans



S 3 5 5 5L

B85S (5l) (swsy iz o po ABS 5 () (g8
STADD aciloe 5l o b go (/0 0V YLS )5 g
2 s o pd (g eled g Blaiiial ey s 4w
yaie ;o sl (Hazard Quotient, HQ) l5: b
aelCansy o akly 5l dbse Glajes

(Yakamercan et al., 2021)

__ ADD;

HO =250,

QR

 ailjs, (Reference Dose) x> o ;50 RfD;
9 Sl 63518 oyme 30 Soyn Guyb Sl yaie
O J992) 25bise 595 2 p55kS 2 o5 e T 925
g Cdw e Sl Jleixl pae [ Slas HQ<L
ol e site Ol Jlexsl Siles HQ>1
¢se ;I (Soltani-Gerdefaramarzi et al., 2021)
S e ls el Sy o il jole HQ ol
o0 cws 4 (Hazard Index, HI)

HI = Y HQ; o)

poe 5L HISL ol asdllas 3,50 yolic slass i
Silas HIPL 5 codls e ol 55, Jloas!
ol il cdle p ae Sl e L
p9yS «Seiy] (IARC) by i Molliyes
holbyw ol @ 1) IS g meesls (S8l 28)
09,5) JLeil il plgie a1y @y 5 (Y 099)
sl (JARC, 2016) el 03,5 3,20 (VB
ooled g Bl @l slo e G5k Sl Gl 590
JLS)m 9 Jlos > 09,5 99 sl paie v (pl (g
Yakamercan et ) o acwle 5 by, 5l solaxwl b
«@l., 2021

CR = Y ADD; x SF; ")

TCR = Y3CR QA9

p.:.m)lfs \’ M)—I‘& u)..»quL.SsJS.usu..m‘Y
(Hakanson, 1980) cc.l Y-

(Health Risk Assessment) Jwdlw ;s U 3
)l byy bl 2 o 05lly polie Siodls o

oo YL Cs jlasee cbilas lojlu lawgy cal
S iy, onlye b oL, (USEPA, 1989) S .l
il ey yons a5l 20l e 8 g D50
399 .la.wﬁ.uo )L.\.{Lo 4......4[.790 )‘ oolazwl l) ‘5.....45.' u«JLAJ 9
- 4sl>e (Average Daily Dose, ADD) ail;g,

«Soltani-Gerdefaramarzi et al., 2021) 54
_ CXRingXCFXEFXED

ADDing = BWXAT W
_ CXRippXEFXED
ADDinp = PEFXBWXAT @
CXSAXCFXSLXABSXEFXED
ADDaeym = BW xAT O

Ring «(p,S9kS" » 5 (heo) digas o paie cale €

VLS )5 5 D055 ln o SokS o5 (o) &l £
2 eSS b caye CRLOV e g Ve s
EF .07 (555 5 VLS )5 lp oS e
8388 sl eJlo 2 59)) x5 13 Lo o Syl
S5 )8 P 5 050 Jsb BED (YPO (LS 5
BW (VY 57 i 5 s VLS )50 5 01068 (610 e JLw)
@ VLS )5 9 G09S sl S skS) e 0)9 Lawgte
O35S ln 9)) Lawgte (lay AT B0/ 910 s 3
S yio) Gliczwl &5 Rinn ((YPOXED (YLS )5 s
PEF (VLS5 5 05058 @l Yo s VIF )
5 OYLS )5 Gl 9y 2 oS 70) 0,8 JS S
1 Cowgy b Colis SA (VFFx) - Ssss
OS5 5 1055 sl eaSe o L) Sl (5 5me
ke (Satz oo SL B g VA s

9 OYLS )5 Glp eSh yio il g p )5 o) Cnyy



S 3 5 5 5L

5 oolil b aslllas ol jo o lel slo llos o ayios
Slol ailge Judow 235 alxil SPSS 26 138le 5
Liels L (Principle Component Analysis, PCA)
e @by olas ol o a5 plaesls acgaze ola
Glooslss 5 lacwall w)ls 92y Sue L L.
ol 5 g (Mishraet al., 2017) aao o lis | lassls
) 995 oo oolii] _gomw 09l yolic Lide s 6l
1o Ysoss ilacd 5 )15 a8, LS o oS (5 polee
;LT (Kifbek et al., 2010) awsb o sy Lics
Cel 65kl g, o 5 (Cluster Analysis) (glasgs
ia0g,S loarigss Cals ol 1) boaiges oS
abs 0 Ske 4 (El Yaouti, 2009) oS o
S gl G o5 3,05 o0 113 ba e ) slacgases
Al s sleadss 4 gl juaie by Colid

(Hasana et al., 2018) sl ails o459 glas

Cancer) lyoloymw o CR &Yolee ol 5o
<ol s (Slope Factor) o 556 SF (Risk
&l alitee yewse 4w 5l yaie o (Cancer Risk
s Jlaae ST cal swe s g glaal
=5 (TCR) S I3l s o 5 (CR) 30l s
L ezl ool plas sasas oylas il VxV 7
0l 3 ke ol Gl s a3 925 e
Sy Joos bl d eogame [Kilis VxV T 5l 58
Adimalla) coul Slb s (S)lse 55 Jizl 5 oLl
(etal., 2020

Lools s bol Judoxs
O SaSe b yobie bLSlogos (o) 0 jolaie 4
2 30kl g gk Jalge 3B rizman 5 sl Lo
e 2z (5Ll (sla by, 3l o (sos 098l yolic 55 53
s osliil (ladgs 5IUT 5 Lol alge 5u0UT Jult)

oo 098l yolie oMl oz b5l sl (SF) et 9556 § (RMD) x> 5o 590 (slayial b -V Jgo
Table 1. The Reference Dose (RfD) and Slope Factor (SF) values for health risk assessment of potentially toxic

elements
As Cd Co Cr Cu Fe Mn Mo Ni Pb Zn
RfD (mg kg day™?)
Ingestion 3x10*  1x10°  2x102  3x10° 4x10% 7x107 1.4x10' 5x10°  2x10? 5x10*  3x10?
Inhalation 1x10*  1x10° 57x10° 8x10® 4x102 7x10' 5x10° 4x10%? 2x102  3.52x10°% 3x10?
Dermal Contact 3x10*  1x10° 1.6x102 3x10% 1.2x10% 7x10% 1.4x10? 5x10° 2x102 5.25x10* 6x10°
SF (mg kg™ day™)
Ingestion 15 15 5x10% - 17 0.0085 -
Inhalation 15.1 6.1 4.2 - - - 9x10? 0.0085 -
Dermal Contact  3.66  3.8x10* - 2 - - - 4.25 0.0085 -

AR



S 3 5 5 5L

WS oy Qo0 (Ao, OVY (k) wo 0 AD L
b s pH L SB gladises o Slo,S oYL laie
(CEC) 5555 Jobs cud b o)ls cisllas sl LIS
Sl SB (ploordim (S b sla Sis (n et 3 S
O ey e uendS (97 (s polis S a8
(T ool e L CEC jlaie 5,008 o pib 53K 4
e WS (o et SB Lld s e, PH
2llg s giiy CEC Gl &5 LSl
Sparks, ) wils comws 09dlls polic (6,lagSs ;8 (6 i
(Metson, 1956)  yguie o0, wlal » (1995
-¥0) Lawgia CEC 03, o boes dilaie S glodiges
IR TR PR WL
3 I oole o5 baws oo 5 LB G 25 pH &
o esle s PH iolidl 15 ol am g L dadiges
3 5 S glaassls’ Laie byl (e (lal38l el
as o wlgs S CEC poldl cel ass

(Hankanson and Jansson, 1983)

\Y

Srdiged (olwai—( o plgS (o)
S
Sloaigel obord-(Su5d Sl SRy ¥ ooz 5o
Cod b 5 Ly 8wy o JToole e PH Lol S5
slaises PH el suls &il)l (CEC) Sssls Jols
el psie (VIO e Slo) ANV BV 5 sl 550 S
SYLI (65,5laS &yl o ailiw] games, wlel
SL lawiges PH (USDA, 1999) IS, ol susia
Ll B (FIFVIY) o5 esgamme y 5g,0li (5,4
5 S 25 alls GLPH o ol aie (VIA-Y/F) ol
Sl uSdeeS g adly ol Slils i (6 s Pl
S o s wibs gex SB ol b
- a5 g o3lans jolie S g 6y Ml
Gl LB PH o aims o 85 gl 05T Lo
(Hooda, 2010; Kabata-Pendias, 2011) ab e
cdlllas 8,50 adlaio S L PH @ 4> b opl ol
sl o5 g 5 5,5 oS T polie S o5 Yoo
Jusl s S JT soke 5,5 5 azgi 5,50 b s
R (gne Slge Pl g ST DS aesd  alerdisn
o alllae 550 S sladiges ,o JTole e 5,0
Sl i (doy VYV Ske) doys YV LY
SlemSLiaS ( Sagn TS 5 b (o o5l polic
SIS 50 (oots GRS B g o3l JuSis by
WS oo Ll S o il S 1alS g polis gazd
o S Lol ¢l 5l S oly,s (Bradl, 2005)
055 i by el Sidaeg 5 Sis bl
ooV b 2iSTy o PH o ilsil oS azyopl
JUS! 51 Sl 4 Jolools LS 5 oSS sl p
Ouhadi et al.,) aS o S5 S o ooVl

YOI e S slaaiges pendlS Sy S ol5e (2011



S 3 5 5 5L

el Sliiee; polie g ocdLS 5w polis @y
ol 035 Jlo i Sl 4 0235 125 5 o] ol
@9 & alid i G peiedl] jate gje
ogilly yolie liasdiss gussf F UKD 50 el Jloyi
el 0l ools lis axdllas 340 dilaio S 0 6;..»
S| polie clale (Sl ¥ Joo> 4 axg b
Sl anlllan 3550 Sladiges )3 59, 5 @ (e py)S
Sl LS oSl oS 3 o yolie ol cdile |
S sbaiges ploi o ST clald 5 conl (WSA)
ol b azgi b ol i o luilnl pl b anglis o
5 anlllas 5,50 S ladigas yo yolis ol clale (yoss
(6t 3l LSl coodls 3 ooy ¥T (3l sgms 31
5590 b comw 098l polic 4 84,0l 40 S Sl
S99 sw&%)]o5)5 GL.A)‘ 0)5)‘)34}5.:
Kabata-Pendias and ) ¢l lassS ;1 solaxw! S

Mukherjee, 2007; McCauley et al., 2009;
CS g 3yl 508 9w 5l (Taghipour etal., 2013

(S| polie 99,9 55 Serw¥ (tales b g i Lol
Ol B et Gble S 4y e 5 o w59,
(Yang et al., 2002; Chirenje et al., 2003)
P95 polic 399 ;5 1rgy09% 53l (sla i Sl
Kabata-) cool 5o b lasme 4 g9y 9 oy
Pendias and Mukherjee, 2007; Ajmone-
YL cbale -l (Marsan and Biasioli, 2010
Dl o odd bl Gladigad y0 o ogill yolic
Gbline ;o a8l g juw slalad jo 555 0,15 51 Lob
4 e (bl (639)9 45 el Jlad o 0y ) 055
S (Soghl God b3
Lite (sl Glp Olise S8 cuyps )
Adamoetal., ) 5,5 solatwl Fogll of; Ll § (b

\Y

SAh S plerd- So5d loyelly -V Jguxr

Table 2. Physico-chemical parameters of the
Shahrood Urban soils

Sampling pH OM  Carbonate CEC
station (%) (%) (meg/1009)

1 8.0 1.3 39.5 154
2 1.7 11 315 16.6
3 7.1 1.6 315 17.2
4 7.7 14 35.0 -
5 7.6 11 34.5 14.6
6 8.1 0.8 28.2 18.2
7 80 06 84.0 -
8 76 04 70.0 6.0
9 76 09 85.0 -
10 70 06 255 -
11 7.2 17 53.0 -
12 8.0 16 80.5 -
13 7.5 1.0 38.5 -
14 7.5 2.1 28.5 -
15 7.2 0.7 48.0 215
16 7.5 12 44.0 -
17 7.5 1.8 56.5 -
18 72 08 66.5 -
19 7.8 0.7 72.5 -
20 7.6 0.3 76.5 -
21 7.5 17 56.5 -
22 72 09 83.5 16.3
23 7.4 0.6 54.0 151
24 7.4 2.0 35.0 154
25 7.2 13 315 -
26 7.1 1.3 46.5 -
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As (12.4) > Pb (6.2) > Zn (3.4) > Cu (2.8) > Cd
(2.7) > Cr (1.9) > Mo (1.4) > Fe (1.2) > Mn (1.0)
> Ni (0.9) > Co (0.9)

«Sutherland, 2000) od 5lo (a0, 4 a>g¢5 b

G (S5 LS jolie @ cad S sladiges
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Table 3. Descriptive statistics of the elements concentration in the urban soils of shahrood

Element Min. Max. Mean C.V. Kurtosis Skewness Mean World

Crust!  Soil
Average?

Al 25290 34045 35684 0.1 0.4 -0.3 82000 40000

As 4.6 53.1 7.9 1.2 24.7 49 1.5 6.83

Cd 0.1 0.5 0.1 0.7 16 3.9 0.11 0.41

Co 6.3 8.8 7.4 0.1 -05 -0.03 20 11.3

Cr 46 311 775 0.6 21.8 45 100 59.5

Cu 26 167 59.8 0.7 0.8 1.4 50 38.9

Fe 17868 29749 21444 0.1 5.6 1.6 41000 50000

Mn 390 545 448.9 0.1 0.5 1.1 950 488

Mo 0.1 6 0.8 1.4 12.2 3.1 1.5 1.1

Ni 27 70 315 0.3 20.7 4.3 80 29

Pb 15 138 35.7 0.9 4.3 2.1 14 27

Sc 4.9 8.4 6.9 0.1 0.7 -0.5 16 11.7

Ti 2258 3414 2949 0.1 0.4 -0.8 6000 7038

Zn 27 278 104.1 0.6 2.2 1.8 75 70

Zr 59 89 76.2 0.1 -0.7 -0.3 190 267

1 Bowen (1979)
2 Kabata-Pendias (2011)
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Fig. 5. The average values of potentially toxic elements enrichment factors in the urban soils of Shahrood
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Table 4. The average values of Hazard Quotient (HQ) and Hazard Index (HI) of potentially toxic elements in
urban soils of Shahrood

HQ HI
As Cd Co Cr Cu Fe Mn Mo Ni Pb Zn

Ingestion

Children 3.4E-01 1.2E-03 4.8E-03 3.3E-01 2.5E-02 3.3E-02 4.1E-02 2.1E-03 2.0E-02 9.2E-01 4.4E-03 1.3E+00

Adults 3.7E-02 1.2E-04 5.1E-04 3.5E-02 2.1E-02 3.5E-03 4.4E-03 2.3E-04 2.2E-03 9.8E-02 4.8E-04 1.6E-01
Inhalation

Children 8.0E-06 9.0E-07 1.3E-04 9.7E-04 1.9E-07 3.1E-06 9.0E-04 2.1E-09 1.6E-07 1.0E-06 3.5E-08 2.0E-03

Adults 45E-06 5.1E-07 7.4E-05 5.5E-04 1.1E-07 1.7E-06 5.1E-04 1.2E-09 8.9E-08 5.7E-07 2.0E-08 1.1E-03
Dermal Contact

Children 9.5E-04 3.2E-04 5.9E-06 9.3E-04 2.3E-04 9.6E-04 1.2E-04 6.0E-06 5.7E-05 2.4E-03 6.2E-05 4.2E-03

Adults 1.5E-04 49E-05 2.6E-06 1.4E-04 35E-05 1.5E-04 1.8E-05 9.1E-08 8.6E-06 3.7E-04 9.5E-06 6.4E-04
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Table 5. Average values of Cancer Risk (CR) and Total Cancer Risk (TCR) of the carcinogenic elements in the

urban soils of Shahrood

CR TCR
As Cd Cr Ni Pb

Ingestion

Children 1.5E-04 4.4E-07 5.0E-04 6.9E-04 3.9E-06 1.3E-03

Adults 1.6E-05 4.7E-08 5.3E-05 7.3E-05 4.2E-07 1.4E-04
Inhalation

Children 2.9E-09 5.7E-11 3.3E-08 2.8E-09 3.04-11 3.8E-08

Adults 1.75E-09 3.2E-11 1.8E-08 1.6E-09 1.7E-11 2.2E-08
Dermal contact

Children 4.3E-06 1.2E-09 5.6E-06 4.8E-06 1.1E-08 1.5E-05

Adults 6.6E-07 1.9E-10 8.5E-07 7.3E-07 1.7E-09 2.2E-06
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Fig. 9. Cluster analysis dendrogram of the major and trace elements in the urban soils of Shahrood
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