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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.
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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 Mdller'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 (1x10%).
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
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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° 2x10% 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 -
V)
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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 1.7 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 1.2 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 74 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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il oo 28 p) 90 4 polie
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) o 5o goses, 45 ax¢5 b
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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 -0.5 -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. 4. The geochemical distribution of potentially toxic elements 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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