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Abstract The current study was conducted to assess

the level of potentially toxic elements (PTEs) con-

tamination (Cu, Pb, Zn, Cr, As, Cd, and Ni) in surface

soils from Arak city. Arak, which is an industrial city,

is a prominent center of chemicals, metal/electric,

manufacturing factories, and other industries. Forty-

three surface soil samples were collected from

0–20 cm after removing the visible surface contam-

ination in the dry season in June 2017. Metal

concentrations were found highly variable, ranging

from 174–3950 mg/kg for Cu, 181–3740 mg/kg for

Pb, 48–186 mg/kg for Zn, 105–1721 mg/kg for Ni,

0.8–0.9 mg/kg for As, 114–1624 mg/kg for Cr, and

3.45–12.36 mg/kg for Cd. The results of geochemical

fraction indicated that the main components of Pb, Cr,

and Zn at most of the sampling sites are Fe–Mn bound/

reducible. Meanwhile, the residual fraction is the

dominant fraction of sequence extraction for Ni, Cu,

and Cd. Higher values of reducible bound for Pb, Cr,

and Zn, as well as a considerable percentage of Ni, Cu,

and Cd, imply that the main source of the studied PTEs

(except As) in the study area is both anthropogenic and

geogenic inputs. The results of principal component

analysis (PCA), correlation analysis, enrichment fac-

tor (EF), enrichment index (EI), and top enrichment

factor (TEF) confirm that Pb, Ni, Cu, Cr, Cd, and Zn

had a similar anthropogenic source which is confirmed

by geochemical fractionation analysis. Carcinogenic

risks (CR) of studied PTEs were estimated to be higher

than the target limit of 1.0E-06, for adults and children

except for Cr with values of 5.91E-04, and 3.81E-04

for children and adults, respectively. Higher CR

values of Cr compared to other PTEs in Arak surface

soil demonstrate that living target populations, includ-

ing children and adults, particularly children, are more

at risk of carcinogenic risks of PTEs. 206Pb/207Pb

ratios of the collected samples indicated that Pb in

Arak surface sample was derived from industrial

inputs and deposition, as well as re-suspension vehicle

exhaust emission from previously leaded gasoline.

The findings concerning the applied end-member

contribution of geogenic and industrial and vehicle

emission represented that the contribution could vary

from 68.0% to 15% (mean: 39.3) for industrial

emission, 65% to 19% for vehicle exhaust (mean:

39), and 46% to 10% (mean: 21.6) for geogenic

sources.
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Introduction

Soil is believed to be a dynamic and non-regenerate

natural resource that is essential for human life and

serves as the most important sink or absorber for toxic

substances such as potential toxic elements (PTEs)

(Ravankhah et al. 2018; Wang et al. 2020). Recently,

PTEs in urban soils have drawn a great deal of

scientific attention since its pollution may have a

direct impact on public health (Fakhri et al. 2017;

Kamunda et al. 2016; Shahsavani et al. 2017). This is

due to the prevalence, large number of people close to

the soil, suspended dust, or direct contact (Nazarpour

et al. 2019; Turnbull et al. 2019).

Certain parameters, including the concentrations of

PTEs in rocks and pedogenic materials, various soil

processes, and human activities, which are known as

anthropogenic inputs, determine the concentration of

PTEs in the soil environment (Sun et al. 2010; Zhang

et al. 2002). That is in view of the fact that PTEs could

be transmitted to people through dust or direct contact.

They also put human health in danger through

different ways, such as polluting surface water and

groundwater (Sun et al. 2010). Generally, soil PTEs

contamination originates with a natural incidence

(weathering of parent materials) and human activities

(PTEs accumulation through greenhouse gas emis-

sions, industrial waste, gasoline, lead disposal, pesti-

cides, chemical fertilizer, atmospheric deposition, coal

combustion residues, etc.) (Wei et al. 2010). PTEs

contamination in agricultural soils not only disrupts

the function of the soil and plant growth, but also

damages human health through food chain contami-

nation. PTEs can accumulate in living systems and

increase their concentration as they pass from low-

level organisms to higher levels of nutrition, known as

biological absorption occurs (Kelepertzis et al. 2016;

Nazarpour et al. 2017).

PTEs accumulate in soils and plants and are known

as an ecological threat to plant physiological systems,

including photosynthesis, gas exchange, and nutrient

uptake, which results in reduced plant growth and dry

matter accumulation (Fakhri et al. 2017; Mohammad

et al. 2018). Animals grazing on such infected plants

and drinking from contaminated waters, as well as

marine animals that grow in waters contaminated with

PTEs, are also significantly affected (Ghanavati et al.

2019a; Nazarpour et al. 2017). These metals can

accumulate in their tissues and milk when lactating.

Once PTEs are deposited in soil, they do not decom-

pose and they accumulate in the ecosystem for an

extended period of time, triggering severe environ-

mental pollutions (Mtunzi et al. 2015).

In environmental researches, there are certain

factors evaluated based on the type of contaminated

metals, the severity of pollution, and the risk of human

health (Jahandari et al. 2020). These factors are

applied to compare, evaluate, and determine the

source of contamination and also manage the effects

of contaminated metals in surface soils. (Karim and

Qureshi 2014) studied the potential ecological risk of

PTEs in the urban soil of Karachi. They indicated that

children compared to adults to non-carcinogenic

health effects of PTEs, especially the risk of non-

carcinogenic risk of Pb to children through ingestion,

require special attention. In another research by

(Oyeleke et al. 2016), the concentration of PTEs was

studied around an abandoned battery company for the

city of Ibadan in Nigeria. They showed that the

average of Pb concentration was higher than the

standard values. The main reasons for this increase are

agricultural activities and the high volume of traffic in

the above-mentioned region.

León-Garcı́a et al. (2018) also investigated Sonora

Rivers and Bacanuchi of Mexico to evaluate mobility,

bioavailability, and pollution of heavy metal using

enrichment factor (EF), potential ecological risk, and

integrated pollution index (IPI). They implied that the

EF and PER of Cu, Cr, Mn, Ni, Pb, and Zn in both

rivers were high, which reveals the extreme pollution

of the studied areas. The PTEs were mainly derived

from mining activities in the upper stream. Besides,

the IPI values were classified as non-contaminated to

moderate contamination levels.

Accordingly, this study aimed to undertake 1) the

investigation of the contamination level of the studied

PTEs, enrichment factor (EF) indices, enrichment

index (EI), and top enrichment factor (TEF), 2) source

apportionment of metal pollution (natural or anthro-

pogenic), utilizing multivariate analysis, assessment

of geochemical fractionation of the studied PTEs, Pb

isotopic ratio as well as an end-member model of

isotopic ratios, 3) the evaluation of human health risk

assessment of PTEs according to carcinogenicity risk

index (RI) and non-cancer index (HI).

123

4940 Environ Geochem Health (2021) 43:4939–4958



Material and methods

Study area

Arak city, the capital of Markazi Province, is located

at 32� 500 40‘‘ N and 48� 200 21’’ E with approximately

443,000 inhabitants in 2016 in the center of Iran. Arak

is an active industrial city, and due to various sources

of diffusion, manufacturing factories, increasing num-

ber of vehicles, and population growth, it has been

suffering from environmental pollution and PTEs for

the past decades. The main manufacturing factories in

this area, as shown in Figs. 1, 2, include Iranian

Aluminum Company, Train Center (TC), HEPCO

industry, Azarab Industries Company (AIC), Arak

Industrial hub, Wagon Pars Company, Navrd Alu-

minum, Rolled Aluminum group, and so forth. Arak

has a population of about 600,000 people and consists

of six metropolitan areas. This city is situated in the

center of Iran, and the total area of it is 98.71 km2, and

its average elevation is 1748 m above the sea level.

The city’s weather is relatively warm and dry and is

cold and humid in winter (Vahedian et al. 2017). The

total precipitation in different years is between 230

and 638 (mean: 341) mm per year. The mean annual

temperature of Arak is 9 �C, and its climate is based on

De Martone and semiarid classification based on

aridity index, semiarid, and cold (Taghizadeh and

Taghizadeh 2019).

Soil sampling and analysis

To study the concentration of PTEs in surface soils of

Arak city, the sampling and measurement were

performed using standard methods provided in pub-

lished literature (Ghanavati and Nazarpour 2018;

Ghanavati et al. 2019b). Sampling locations were

selected based on pollutant inputs (hot spots) and their

proximity to sources of pollutants and industrial spots.

According to the area of the study range, 43 surface

soil samples (from 0–20 com) were collected in Arak

city, which covers the entire urban area (Fig. 1). The

sampling was performed in June 2017. Figure 1 shows

the distribution map of the hot spots of anthropogenic

inputs of PTEs, from which some samples were

collected. Surface soil samples were gathered from

high-traffic areas, city squares, main streets, industrial

and residential areas, sidewalks, asphalted streets, and

places where soil had accumulated for some time.

Approximately 500 g of a composite soil sample was

collected from an area of 2 9 2 m2, air-dried and

passed through a 200 mesh, and stored in plastic bags.

Then, all the collected samples were transferred and

stored in the laboratory until the measurement of the

amount of PTEs was carried out at 4 �C temperature in

the refrigerator.

The collected samples were analyzed in the

Advanced Analysis Laboratory of the University of

Ahvaz. To measure the PTEs, the soil samples were

digested by using nitric acid (HNO3) 65%, hydroflu-

oric acid (HF) 40%, and hydrochloric acid (HCL)

37%. The digested samples were crossed through a

membrane 8 lm filter and washed out utilizing

deionized water. Subsequently, the PTEs, including

Cu, Pb, Zn, As, Ni, Cr, and Cd, were measured

employing the atomic absorption spectroscopy (AAS)

(PG990 Model). We measured the control and dupli-

cate samples with a precision of 4–6%, and reference

materials NIST 2710 with an accuracy of 100 ± 8%

(n = 10), for quality assurance (QA) and quality

control (QC). The duplicate soil samples’ precision

was 4–6% and less than 5%.

Thermo-Finnigan NeptuneTM Series High-Resolu-

tion Multi-Collector measured Pb isotopes of col-

lected samples Inductively coupled plasma mass

spectrometry MC-ICP-MS in Actlabs-Canada.

Álvarez-Iglesias et al. (2012) procedure was used to

determine the isotopic ratios. Precision of isotopic

ratios was: 0.09% for 206Pb/204Pb, 0.05% for
207Pb/204Pb, 0.08% for 208Pb/204Pb, and 0.04% for
208Pb/206Pb.

Enrichment factor (EF) and enrichment index (EI)

The enrichment factor (EF) was determined employ-

ing the measured and background concentration value

of the studied PTEs to evaluate the comparative input

of anthropogenic and geogenic origins of the target

metals (Sutherland 2000). The EF of each toxic metal

(i) can be calculated as follows:

EFi ¼
Ci

Cref

� �
soil

Ci

Cref

� �
UCC

ð1Þ

where Ci and CRef represent the concentrations of

metal i and the reference metal, respectively. Accord-

ing to Chen et al. (2004) and Xu et al. (2012), Fe was
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Fig. 1 Location of sampling point and main industrial zone in Arak
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Fig. 2 Satellite image of industrial hubs in Arak city
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chosen as the reference element. The ratio in the dust

sample is normalized to the background value, which

is the upper continental crustal (UCC) as indicated by

Wedepohl (1995) and McLennan (2001). Based on the

EFs, elemental origins could be divided into seven

categories: elements with EF\ 2 with no enrichment,

2–5 indicated a moderate enrichment, 5–20 with

significant enrichment, EF values with 20–40 with

high to severe enrichment[ 50 extremely severe

enrichments (Yongming et al. 2006).

Enrichment index (EI) was applied to determine the

contamination level of PTEs of topsoils (Eq. 2)

(Křı́bek et al. 2016, 2014), in which the mMe is the

mean concentration value of the analyzed PTEs.

Enrichment index (EI) values higher than 1 for every

defined sample show that the surface soil was severely

affected by anthropogenic inputs.

EI ¼ Pb

mPb

þ Zn

mZn

þ Cu

mCu

þ As

mAs

þ Ni

mNi

þ Cr

mCr

þ Cd

mCd

� �
=7

In order to estimate the percentage of anthro-

pogenic form geogenic sources of PTEs, especially for

the elements with a mixture of sources of geogenic and

anthropogenic, Eq. 3 was applied (Eby 2004).

%Anthro ¼
Mtotal½ �ð Þ � ð Alsample

� � M½ �
Al½ �

� �
reference

� �� �n o

M½ �total

� 100

ð3Þ

where MTotal½ � and M½ �Reference represent the total

concentration (mg/kg) of the target metal in a soil

sample and reference material (UCC), respec-

tively.Alsample and AlReference are the concentration

value of Al in a soil sample and reference material,

respectively.

Human health risk assessment

Human health risk assessment of carcinogenic or non-

carcinogenic toxic metals was conducted as a multi-

stage process carried out in two parts based on the US

Environmental Protection Agency (USEPA) (Singh

et al. 2010). The average daily dose value (mg/

kg/day), the risk of exposure to a contaminant by

ingestion, inhalation, and dermal contact were esti-

mated using Eqs. 4, 5 and 6 (Bennett et al. 2001):

ADDing ¼ C � IngR � CF � EF � ED

BW � AT
ð4Þ

ADDinh ¼ C � IngR � CF � EF � ED

PEF � BW � AT
ð5Þ

ADDdermal ¼
C � SA � CF � AF � ABF � EF � ED

BW � AT

ð6Þ

where ADDing, ADDinh, ADDdermal are the average

daily metal intake (mg/kg-day) by ingestion, inhala-

tion, and dermal contact, respectively. C is the

concentrations of metals in the dust (mg/kg); IngR

and InhR are the ingestion rate and inhalation rate of

dust (mg/day and m3/day), respectively; EF represents

the exposure frequency to metals (day/year); ED is the

exposure duration to metals (year); BW is the body-

weight of the person exposed to metals (Kg); AT

demonstrates the averaging time (the period in which

exposure is averaged-days) to any amount of metals on

a daily basis; PEF is the particle emission factor for

metals from dust to air (m3/kg); SA shows the skin

area exposed to metals (cm2); AF presents adherence

factor (mg/cm2-day); and ABF is the dermal absorp-

tion factor (unitless). The details of each parameter

and its values in the risk assessment equations

(Chabukdhara and Nema 2013; Qing et al. 2015;

Wei et al. 2015) are given in Table 1. In the following,

the calculation of the average daily dose value of the

metals via the three routes of ingestion, inhalation, and

dermal contact, hazard quotient (HQ) was calculated

based on reference daily intake (RfDi) using Eq. (7).

HQi ¼
XADDi

Rf Di
ð7Þ

where HQi is the hazard quotient in each intake path,

ADDi shows the average daily dose value of metal

intake by each of the three mentioned routes (mg/

kg/day), and Rf Di is the reference daily intake that

estimates the maximum risk in the human population

exposed daily to heavy metals considering sensitive

groups (adults and children) (Man et al. 2010). The

values of Rf Di were collected from the US Department

of Energy’s Risk Assessment Information System

(RAIS) (Ferreira-Baptista and De Miguel 2005).

There will be no adverse effects on human health

provided that the acceptable average daily intake

(ADDi) is less than the reference daily intake;
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otherwise, if ADDi is higher than Rf Di, it is likely to

have an adverse effect on human health (Kurtz et al.

2001). When the HQ value is B 1, there will not be an

adverse effect, but when HQ[ 1, an adverse effect is

expected on human health (Man et al. 2010). Summing

up the hazard quotient in each intake path (HQi), the

HI can be generated to estimate the risk of all

contaminated metals according to Eq. (8):

HI ¼
X3

i¼1

HQ ð8Þ

Here, the calculated HI for all elements indicates

the severity of undesirable effects in all pathways of

human exposure (Wei et al. 2015). For HI B 1, there

are no apparent adverse health effects of heavy metals,

whereas concerning HI[ 1, there will be hostile

health effects for residential populations (Bennett

et al. 2001). The health risk assessment for carcino-

genic heavy metal exposures for both adults and

children was calculated through each of the three

routes of ingestion, inhalation, and dermal contact

employing Eq. (9).

Carcinogenic risk CRð Þ ¼
X

ADDi � SFi ð9Þ

In the above equation, CR is the cancer risk, and SF

is the carcinogenic slope factor (mg/kg/day). SF

captures the assessed daily contaminant intake during

a lifetime of being exposed to the growing risk of an

individual developing cancer (Hu et al. 2011). In

general, according to the US Environmental Protec-

tion Agency, if the carcinogenic risk (CR) is less than

1 9 106 (the probability of one’s cancer in every one

million people), this risk can be negligible, while if the

CR is more than 1 9 104, it will be harmful and

hazardous to human health. CR between the range of

1 9 10–6 and 1 9 10–4 represents an acceptable risk

which is under control (Wei et al. 2015).

Result and discussion

PTEs concentration

Descriptive statistics of PTEs concentration in the

collected surface soils of Arak city are presented in

Table 2. The range and average value of the studied

PTEs were as follows: Pb 181–3740 mg/kg (mean:T
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947.40), Zn 48–586 mg/kg (mean: 290.50), Cu

174–3950 mg/kg (mean: 2839.77), Ni 105–1721 mg/

kg (mean: 792.87), As 0.08–0.90 mg/kg (mean: 0.17),

Cr 114–1624 mg/kg (mean: 733.67), and Cd

3.45–12.36 mg/kg (mean: 7.68). Our results revealed

that the mean concentration value of all of the studied

PTEs in the study area was higher than the local

baseline, upper continental crust (UCC), world soil,

Canadian, Dutch, and Chinese soil quality guidelines

(Table 3). However, this suggests the anthropogenic

source of PTEs, such as vehicle traffic emission,

industrial inputs, construction, and steel industry

(Babaei et al. 2018; Sadeghdoust et al. 2020).

A Kolmogorov–Smirnov results showed that the

concentration of the studied PTEs had non-normal

distribution behavior (sig[ 0.05) except for As

(sig\ 0.05). Skewness values of the studied PTEs

ranging from 1.54 to 21.36 were higher than zero,

which indicates the non-normal distribution and mean

value of the studied PTEs are higher than median

value. They also imply the existence of highly

contaminated areas and polluted hot spots which

cover the entire study area.

According to the coefficient of variance (CV), the

studied PTEs indicate that the elements with CV

values higher than[ 0.5 include Ni, Cr, Pb, Cu, and

As and Cd with (CV\ 0.5) (Borojerdnia et al. 2020).

Metals with lower CV demonstrate that geogenic

sources of PTEs and inputs of metals in the soil are

limited. In addition, metals with higher CV indicate a

mixture of geogenic and anthropogenic sources

(Ghadimi et al. 2013; Ghanavati et al. 2019b).

In general, there are no standard guidelines for soil

sampling and geochemical analysis in the urban

environment, especially in Iran. Therefore, a compar-

ison between the average of PTEs concentration in

surface soil and other urban areas in the world could be

more useful rather than defined threshold values and

local baseline. Table 4 presents the mean concentra-

tion value of the studied PTEs associated with other

selected metropolises in the world, local background,

and baseline values in the study area. All of the studied

PTEs are of higher values compared to the world soil

and baseline values (Table 4).

Table 4 presents the mean concentration (in mg/kg)

value of the studied PTEs associated with other

Table 2 Descriptive statistics of studied PTEs concentration (mg/kg)

Descriptive statistics Ni Cr Pb Zn Cu As Cd

Mean 792.87 733.67 979.40 109.30 2839.77 0.17 7.68

Std. deviation 444.79 438.63 809.50 48.53 7424.02 0.14 2.03

Variance 1979.09 1927.54 6559.21 814.15 513.84 0.02 4.13

Skewness 3.48 2.418 21.36 7.34 3.75 4.89 1.54

C.V 0.56 0.59 0.82 0.43 2.61 0.82 0.26

Minimum 105 114 181 48 174 0.08 3.45

Maximum 1721 1624 3740 186 3950 0.90 12.36

Kolmogorov–Smirnov (Sig.(two-tailed)) 0.002 0.000 0.005 0.000 0.001 0.2 0.004

Table 3 Local background

and references guideline

values

Pb Zn Ni Cr Cd Cu As Reference

World soil 14 25 18 42 1.1 14 4.7 (CEPA 2007)

Iranian soil quality guidelines 100 80 50 110 2 100 18 (IDOE 2014)

China soil quality guidelines 100 250 50 200 0.3 100 30 (NEPAC 1995)

Canadian soil quality 87 360 50 87 22 91 12 (CEPA 2007)

Dutch soil quality guidelines 100 140 35 100 0.8 36 29 (VROM 2000)

UCC 15 31 20 35 0.09 29 4.8

Soil geochemical baseline 31 53 26 49 0.32 73 0.17 This study

Arak city 979 290 792 733 7.63 2839 0.17 This study
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selected metropolises in the world, local background,

and baseline values in the study area. All of the studied

PTEs are of higher values compared to the world soil

and baseline values (Table 4). Accordingly, the

concentrations of Ni, Cr, Pb, Zn, Cu, As, and Cd in

Arak soil samples are 33, 10, 36, 1.55, 72, 1.58, and

18.5 times higher than those in world soils, respec-

tively (Kabata-Pendias 2011; Kabata-Pendias and

Pendias 2001), while the levels of these PTEs in

studied samples are 15.8, 10.4, 27, 1.21, 94, 1.58, and

21.9 background value in the world (Du et al. 2013).

The concentrations of Ni, Cr, Pb, Cu, and Cd in Arak

urban soils are 12.98, 9.16, 5.4, 30, and 3.5 times

higher than Isfahan (Iran) urban soils, while the

concentrations of Zn and As are lower than those in

Isfahan (Iran) (Mehr et al. 2017). The concentrations

of Ni, Cr, Pb, and Cu in Arak urban soils are 22.7, 21.8,

3.8, and 12.6 times higher than Tehran (Iran) urban

soils, while the concentrations of Zn and Cd are lower

than those in Tehran (Iran) (Saeedi et al. 2012). The

concentrations (in mg/kg) of Ni (4.2), Cr (1.8), Pb

(7.4), Zn (2.8), Cu (3.2), As (2), and Cd (3.5) are lower

than those in the corresponding recommended values,

while the levels of Cr and Ni in sampled soils are 3.3

and 2.12 times higher than Napoli (Italy), respectively

(Cicchella et al. 2008). The concentrations (in mg/kg)

of Ni (17.6, 13.9), Cr (1.02, 14), Pb (12, 17), Cu (41,

25), and Cd (1.75, 14) are lower than those in the

corresponding recommended values, while the levels

of Zn and As in sampled soils are lower than Ahvaz

(Iran) (Ghanavati et al. 2019a) and Xiangyang (China)

(Das Sharma 2019), respectively. The mean concen-

tration of studied PTEs in Arak surface soil is

estimated to be higher than Ottawa (Canada) (Ras-

mussen et al. 2001), Shiraz (Iran) (Jahandari et al.

2020), and Andhra Pradesh (India) (Das Sharma 2019)

(Table 4).’’

Obtained results indicate that high concentration

values of the studied PTEs are attributed to anthro-

pogenic inputs, for instance, human activities regard-

ing industrial contributions and vehicle emission in the

study area. The main potential sources of PTEs in the

study area include Arak refinery and petrochemical

complex, vehicle emission, and manufacturing facto-

ries. The main manufacturing factories are Iranian

Aluminum Company, Train Center (TC), HEPCO

industry, Azarab Industries Company (AIC), Arak

Industrial hub, Wagon Pars Company, Navrd Alu-

minum, and Rolled Aluminum group (Fig. 2).

Dehghani et al. (2017) reported that concentration

of PTEs in surface soil of Tehran was triggered by

anthropogenic inputs, such as vehicle emission, tire

weathering and braking, and combustion of fossil

fuels. Jien et al. (2011) demonstrated the presence of

PTEs concentration in street dust in downtown areas,

tunnels, parking’s, and residential areas, and that the

higher and lower concentration of PTEs was observed

in the tunnels and residential area, respectively.

Abdel-Latif and Saleh (2012) showed that the most

important source of Pb in street dust is car-fueled

Table 4 Mean concentration of PTEs (mg/kg) in Arak city and cities in the world

City/Country Ni Cr Pb Zn Cu As Cd Reference

Arak 792.87 733.67 979.40 109.30 2839.77 9.5 7.68 This Study

Ottawa/Canada 15 42 33 101 38 1 0.3 (Rasmussen et al. 2001)

Isfahan/Iran 61.65 80.57 179.95 470.36 92.75 16.17 2.17 Mehr et al. (2017)

Shiraz/Iran 106.16 366.16 17.83 56.91 53.66 4.23 0.25 Jahandari et al. (2019)

Napoli/Italy 11.6 15.3 204 223 94 13.4 0.58 (Cicchella et al. 2008)

Tehran/Iran 34.8 33.5 257.4 873.2 225.3 – 10.7 (Saeedi et al. 2012)

Xiangyang/China 45.44 715 80.92 114 69.11 27.13 4.24 (Wu et al. 2018)

Ahvaz/Iran 57 50 59 288 113 11.3 0.52 (Ghanavati et al. 2019a, b)

Andhra Pradesh/India 50.1 126 13.3 97.3 74 6.1 – (Das Sharma 2019)

World soil 24 67 27 70 38.9 6.83 0.41 (Kabata-Pendias 2011;

Kabata-Pendias and

Pendias 2001)

Background values in the world 50 70 35 90 30 6 0.35 (Du et al., 2013)
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additives, and other PTEs such as Cr, Cu, and Zn,

which come from the erosion of alloys used in vehicles

and other materials. Industrial activities might also be

sources of emission of these metals in the urban soil

environment (Al-Khashman 2007; Charlesworth et al.

2003). Fossil fuels combustion and lubricants used in

cars are the main sources of Ni in an urban environ-

ment (Wei et al. 2010). The most remarkable source of

As is from parent materials, yet as their accumulation

in urban environments is due to geogenic sources, such

as fossil fuel combustion, iron steel processing indus-

tries, and mineral activity (Brown and Peake 2006).

The Cr is utilized in the manufacture of batteries,

plastics, and building materials (Wei et al. 2010). In

the study area, there was abundant high dense of

residential buildings around the street; so tire and

battery erosion would be a significant source of Cd.

Fuel combustion is a possible source of Cr, but its

anthropogenic origins in the city and the severity of

contamination are determined.

The results of EF mean values of the studied

elements indicate the following order of enrichment:

Cd[ Pb[Ni[Cr[Cu[Zn[As. According to

(Yongming et al. 2006), Cd, Pb, Ni, and Cr, with EF

values higher than 10, were released from anthro-

pogenic emission into surface soil in the study area. Cu

and Zn have EF values between 5 and 10, which is a

significant enrichment, with a mixture of geogenic and

anthropogenic source. As with EF value (2.1) indicates

moderate enrichment and geogenic sources.

Anthropogenic from the geogenic contribution of

the studied elements was calculated, and the findings

indicated the following order of anthropogenic con-

tribution: Cd (89%)[Ni (74%)[ Pb (72%)[Cr

(52%)[Cu (48%)[Zn (39%)[As (11%), which

exhibits that the main source of enrichment is the

anthropogenic sources, including residential and

industrial hubs, like Iran combine manufacturing

company, manufacturing factories, aluminum rolling,

HEPCO industry, vehicle traffic, residential, and

commercial zones in Arak city. To investigate the

amount of anthropogenic contribution of contamina-

tion, EI value was calculated. The results of EI values

demonstrated that EI[ 3 in the sampling locations

(S3A, S4A, S1A, S8, s9, S10, S12, S13, S14, and S19),

which are situated in the heavy industrial hub and

manufacturing companies.

Possible source identification

Table 5 represents the Spearman correlation among

PTEs concentrations in Arak surface soil samples.

Kolmogorov–Smirnov test was used to normalize the

data. Following the normalization, Spearman correla-

tion was applied to investigate the inter-elements

relations among PTEs, finding possible sources and

pathways of PTEs (Babaei et al. 2018; Ghanavati et al.

2019b; Huang et al. 2009). The correlation coefficient

among PTEs indicated that there are two main groups:

The first group, containing Cr, Ni, Pb, and Cu, shows a

significant correlation at p\ 0.01: Ni–Cr (0.96), Ni–

Pb (0.52), Ni–Cu (0.54), Cr–Pb (0.54), Cr–Cu (0.58),

Pb–Cu (0.83), which suggests that the studied PTEs

are originated with common sources. The second

group shows a significant correlation among Cr, Zn,

and Cd at p\ 0.01: Cr–Cd (0.44), Cr–Zn (0.42), Zn–

Cd (0.51), which have a different sources/mixing

compared to the first group with other sources. Arsenic

is also not correlated with other PTEs, which reveals

the existence of various sources for the release of PTEs

in the surface soils of Arak city.

Principal components analysis (PCA) was applied

to recognize the relation among PTEs in urban surface

soil and determine their possible sources (Facchinelli

et al. 2001; Rodrı́guez-Seijo et al. 2015). Kaiser–

Meyer–Olkin index and Bartlett’s test of sphericity

Table 5 Spearman

correlation among PTEs in

the study area

*Correlation at 5% level;

**Correlation at 1% level

Ni Cr Pb Zn Cu As Cd

Ni 1

Cr 0.962** 1

Pb 0.528** 0.514** 1

Zn 0.410* 0.426** 0.308 1

Cu 0.548** 0.586** 0.838** 0.517** 1

As 0.067 0.087 - 0.111 - 0.102 - 0.253 1

Cd 0.462* 0.488** 0.300 0.519** 0.205 0.129 1
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were significant at p\ 0.001 and 0.499, respectively.

This conveyed that the studied PTEs in Arak urban

surface soil were more appropriate for applying PCA

test (Fig. 3). The results PCA with varimax rotation

showed that the three first components accounted for

81.14% of the total variance (Table 6). The PC1

accounted for 38.39% of the total difference, which

was remarkably higher than Ni (0.762), Cr (O.860), Pb

(0.786), and Cu (0.896). PC1 suggests that the studied

PTEs may be derived from anthropogenic sources or a

mixture of geogenic and anthropogenic sources. These

findings are also confirmed by the top enrichment

factor (TEF) introduced by (Facchinelli et al. 2001).

The top enrichment factor (TEF) as an indicator of the

ratio of top concentration and deep soil layer concen-

tration value of these metals was higher than other

metals, which confirms that these metals also have the

same geochemical behavior and origins from same

anthropogenic sources. Higher TEF for each of the

elements indicates a possible anthropogenic source of

metal. In general, TEF value for metals originated with

lactogenic and pedogenic sources is\ 2 (Facchinelli

et al. 2001). The PTEs associated with PC1 have

TEF[ 2, which confirms the anthropogenic sources

of these elements in Arak city.

The second component (PC2) accounted for 28% of

the total variance and included Cd (0.690) and Zn

(0.612) (Table 7). Regarding high EF value of Cd and

Zn as well as higher EF, separation of Cd, and Zn for

other PTEs, PC2 indicated a different geochemical

behavior and mixture of different sources of Cd and Zn

in the surface soil in the study area. With regard to the

corresponding significant coefficient of correlation

between Cd and Zn in the studied soil samples, the

anthropogenic inputs of these elements are applicable.

TEF values of Cd and Zn are higher than 2, which

reveals an anthropogenic input into soils mainly from

steel manufacturing companies, wear of vehicle tires,

corrosion of metals, burning of garbage, and industrial

gases (Ghanavati and Nazarpour 2018; Kong et al.

2011). The component (PC3), with 14.92% of the total

variance, had a positive loading only for As metal

revealing the origin from a different source of other

metals such as geogenic origins (Amiri et al. 2016).

Chemical speciation of the studied PTEs

To investigate the bioavailability, possible source, and

mobility of PTEs the geochemical fractionation is

applicable (Bird et al. 2005). For this purpose, some of

the seven species fractionations include water-soluble,

acid-soluble/exchangeable, carbonate bound, humic

acid bound, Fe–Mn oxide bound (reducible), organic

matter bound, and residual fractions (Gope et al. 2017;

Khan et al. 2014). The main partitions of Pb are Fe–

Mn oxide bound (mean: 63.7%), residual (mean:

14.5%), organic matter bound (mean: 7%), carbonate

bound (mean: 8.6%), and humic acid bound (mean:

4.2%). Our results indicated that the highest percent-

age of fractions belonged to a reducible bound and

residual fraction. A higher rate with reducible bound is

associated with the high tendency of Pb to absorb on

clay minerals (Pavlović et al. 2018). The association of

Fig. 3 The principal component analysis loading plot for PTEs

Table 6 Principal component analysis (PCA) for studied PTEs

Rotated component matrix

Component PC1 PC2 PC3

Ni 0.762 0.481 0.072

Cr 0.860 0.354 - 0.106

Pb 0.786 0.387 - 0.133

Zn 0.522 0.612 0.102

Cu 0.896 - 0.053 - 0.029

As 0.057 0.047 0.963

Cd 0.489 0.690 0.267

% of Variance 38.39 27.83 14.92

Cumulative % 38.39 66.22 81.14
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Pb with reducible bound causes more abortion of other

PTEs in soil, particularly in pH[ 7, as was the case

with the soil samples of the studied area (Marwa et al.

2012; Tawiah 2018). The obtained results concerning

a moderate to high concentration level and mobility of

Pb also exhibited that Pb could be able to remobilize

and be a potential threat to the environment (Pavlović

et al. 2018). Pavlović et al. (2018) suggested an

association of Pb with the reducible fraction in the

Serbian industrial cities’ surface soil samples. Our

findings are also confirmed by other published previ-

ous literature, such as Forghani et al. 2015 and Ramos

et al. 1994.

The main partitions of Cu are residual (mean: 31%),

organic matter bound (mean: 27%), Fe–Mn bound/

reducible (mean: 24%), acid-soluble/exchangeable

(mean: 4.5%). The high value of organic matter bound

fraction is attributed to the tendency of Cu to sulfide

the compounds in soil, and also to the stable condition

of organic complexes of Cu(II) which has a high

affinity with organic matter bounds (Feizi et al. 2019;

Pavlović et al. 2018; Wang et al. 2020).

The main partitions of Ni are Fe–Mn bound/

reducible (mean: 48.2%), residual (mean: 31.2%),

organic matter bound (mean: 11%), acid-soluble/

exchangeable (mean: 6.2%). Soil geochemical char-

acteristics, including soil salinity, pH, together with

redox conditions, could release Ni into Fe–Mn oxide

bounds, and this bound could be regarded as a threat

for the ecosystem (Jain et al. 2007). The results of

chemical fractionation of all of the soil samples

indicate that the highest percentage of fractions

belonged to reducible bound and residual fraction,

which suggested that Ni sources are a mixture of

geogenic and anthropogenic inputs (Ghrefat et al.

2012).

The main partitions of Cr are Fe–Mn bound/

reducible (mean: 62.6%), residual (mean: 19.2%),

acid-soluble/exchangeable (mean: 11.8%). The col-

lected samples in the studied area, which is an area

with fairly high industrial activities or high-traffic

area, implied a higher fraction of Fe–Mn bound, which

suggests that Cr originates from anthropogenic inputs

into this area. Meanwhile, the samples from the newly

developed areas and lower traffic zones indicate a

higher percent of residual fraction, which confirms

both of geogenic and anthropogenic source of Cr in the

collected samples (Pavlović et al. 2018).
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The main partitions of As are residual (mean:

75.7%), Fe–Mn bound/reducible (mean: 11.2%),

organic matter bound (mean: 6%), carbonate bound

(mean: 4.5%). In the following, the limit of detection

for the exchangeable portion indicates that As has a

stable condition under anthropogenic alter induced

situation with lower mobility, which is in agreement

with previously published literature (Ghrefat et al.

2012; Osakwe 2013; Pavlović et al. 2018). Lower

concentrations of As in the collected samples are a

distinct class of PCA, and a higher fraction of residual

for As confirms the geogenic source of As in the

studied area.

The main partitions of Zn are Fe–Mn bound/

reducible (mean: 48.3%), residual bound/reducible

(mean: 22.6%), acid-soluble/exchangeable (mean:

16%). The higher percentage of the reducible and

residual fractions of Zn indicates that certain portions

of Zn are available for plants and biota uptakes, which

causes higher bioavailability as well as potential

ecosystem risk in the surface soil (Jain et al. 2007;

Li et al. 2001).

The main partitions of Cd fractions are as follows:

residual fraction (mean: 32%), humic acid bound

(24.3%), carbonate bound (18%), soluble/exchange-

able (11.5%), organic matter bound (5.4%), Fe–Mn

bound/reducible (mean: 4.3%). The findings indicated

that acid-soluble/exchangeable, carbonate bound,

humic acid bound are attributed to more than 50% of

the total Cd in the soil samples, which confirms that Cd

bioavailability is affected by Alkaline pH (López

Arias and Grau Corbı́ 2005).

Human health risks and carcinogenic risk (CR)

of PTEs

The evaluation of human health risk caused by PTEs in

a city through dermal contact, inhalation, and inges-

tion routes was implemented for both children and

adults. The slope parameters and reference dose values

of PTEs are presented in Table 1. Human health risk

and cancer risk factors, including carcinogenic and

non-carcinogenic, the hazard quotient (HQ), the

hazard index (HI), and cancer risk (CR) for both

children and adults were determined and are presented

in Table 7. According to HQ value, the order of the

exposure routes for PTEs in Arak surface soil was as

follows: Ingestion[ Inhalation[Dermal. Accord-

ing to US EPA (1996), HQ\ 1 indicates no adverse

of non-carcinogenic risk of the studied PTEs, and

HQ[ 1 signifies contrary health of PTEs (USEPA

1997). The results of HQ of all the studied PTEs

were\ 1 confirming no non-carcinogenic risk for

both target populations. This finding is in accordance

with the results of the literature (Egorova and

Ananikov 2017; Wei et al. 2015; Wu et al. 2018).

Cheng et al. (2018) and Huang et al. (2020) reported

that ingestion is the main way of exposure for both

children and adults, which is related to the suspension

of soil particles and exposure of residents and hand-to-

mouth contact.

Higher HI values, rather than threshold safe value

limit (HI[ 1), were observed for Cu, Pb, Cr, and Ni,

suggesting non-carcinogenic risks of the studied PTEs

for both target populations. Regarding the target

populations, the non-carcinogenic risks in children

were at an upper limit compared to adults, which

indicated that children were relatively more at risk,

especially by Ni, Cu, Pb, and Cr in Arak surface soil

(Table 7).

Having studied PTEs in a kindergarten in Yerevan

indicated that the HI value of children is higher than

the acceptable threshold and adults (Tepanosyan et al.

2017). Zhaoyong et al. (2018) investigated the health

risk of PTEs in the green land of China, and they

suggested that ingestion, inhalation, and dermal con-

tact are the main causes of non-carcinogenic risk of

PTEs. Diami et al. (2016) indicated that higher values

of HI for children makes them more sensitive to the

non-carcinogenic risk of PTEs.

Carcinogenic risk (CR) from Cu, Cr, Ni, and Pb

exposure was evaluated via the ingestion exposure

pathways. The CR values were 6.26E-06 (Ni), 5.91E-

04 (Cr), 3.90E-06 (Pb), 2.80E-09 (As), and 14.57E-07

(Cd) for children, and 4.49E-06 (Ni), 3.81E-04 (Cr),

3.23E-06 (Pb), 3.73E-10 (As), and 6.10E-08 (Cd) for

adults (Table 7).

Carcinogenic risks (CR) of the studied PTEs were

more significant than the limit value 1.0E-04, for

adults and children, except for Cr with values of

5.91E-04, and 3.81E-04 for children and adults,

respectively. Higher CR values of Cr rather than other

PTEs in the surface soil of Arak showed that the target

population, including children and adults, particularly

children, are more at risk of carcinogenic risks of

PTEs. Nazarpour et al. (2019) indicated the higher

carcinogenic risk of PTEs in children rather than

adults in Ahvaz surface soil. Similar studies have also
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confirmed the same results (Adimalla et al. 2019;

Ghanavati et al. 2019b; Ihedioha et al. 2017; Tongo

et al. 2017; Wongsasuluk et al. 2014).

Isotopic ratios

There are four isotopes for lead including 204Pb, 206Pb,
207Pb, and 208Pb. Pb isotopes, except 204Pb, are from

radioactive decay of 238U, 235U, and 232Th. Their

frequency is different depending on different sources.

Various anthropogenic sources and ore minerals are of

different isotopic characteristics (Cheng and Hu

2010). Pb isotopic ratios do not change through

industrial or environmental/anthropogenic process,

and their ore ratios are constant. Therefore, isotopic

ratios are more functional for source identification and

pathway of Pb in pollution studies (Han et al. 2015).

Soil pollution source identification using Pb isotopes is

based on the theory that believes natural materials

(unpolluted soils and rocks) and pollutions containing

Pb from anthropogenic sources have different isotopic

characteristics (Nazarpour et al. 2019). Lead ores

(mostly Galen (PbSO4)) have higher Pb/Th and Pb/U

ration in comparison with other ores, and their isotopic

ratios are constant during ages (Hansmann and Köppel

2000). Accordingly, lead ore minerals have a specific

isotopic composition which is independent of age with

low 206Pb/204Pb values (Doe and Delevaux 1972). On

the contrary, Pb in unpolluted soils is the result of the

weathering of bedrocks from which the isotopic

composition of Pb has evolved and reflective U/Pb

and Th/Pb in parent materials.

Isotopic ratios of Pb for 13 collected surface soil

samples are presented in Table 8. These data indicate

that samples from the industrial areas have isotopic

compositions distinct from other samples. Generally,

polluted soil samples have lower 206Pb/204Pb,
207Pb/204Pb, 208Pb/204Pb, and higher 208Pb/206Pb

ratios, which is in agreement with calculated ratios

in the collected samples (Table 8 and Fig. 4). Isotopic

ratios of Pb in unpolluted soils in the studied area (such

as S6A, S13A, and S12A) are more radiogenic, and

their values are similar to the average of continental

crust (206Pb/207Pb = 1.20) (Galušková et al. 2014).

Therefore, these samples could be taken into consid-

eration as natural soils with more geogenic isotopic

ratios rather than anthropogenic sources. On the other

hand, lower 206Pb/204Pb rates of samples around

industrial areas (including S1A, S2A, S3A, and S4A)

indicate the anthropogenic source of Pb in the surface

soils (Komárek et al. 2008). Other Pb isotopic

compositions are compatible with a mixture of

anthropogenic and geogenic sources.

The plot of 208Pb/206Pb and 208Pb/206Pb sheds light

to a nonlinear relation among the studied sampling

sites, which is a result of a distinct Pb isotope

characteristics in the studied area. Additionally,

Table 8 Percent of each possible sources of Pb in the surface soil samples of Arak city

Sample N.O pH Pb Cd 204Pb 206Pb 207Pb 208Pb F1 (%) F2(%) F3 (%)

Industrial Area S1A 8.1 2485 6.31 1.52 3.441 5.3408 8.974 26 52 22

S2A 8.5 1965 7.81 1.58 3.225 3.6406 8.854 21 46 33

S3A 7.98 2765 6.04 1.86 2.851 7.7401 6.369 21 58 21

S4A 8.7 3584 9.98 1.54 2.552 4.2488 7.171 13 68 19

Agriculture soils ? park S6A 8.4 674 2.26 0.64 5.756 4.5902 5.442 36 19 45

S13A 8.2 594 3.97 0.52 3.554 3.3286 5.518 46 22 32

High-traffic area S9A 8.7 3698 3.28 1.92 3.652 3.7426 8.635 16 19 65

S8A 9.2 651 2.09 1.24 4.652 4.6409 9.994 14 38 48

S11A 8.4 985 3.64 0.95 3.752 3.2402 8.859 10 47 43

S12A 8.3 2154 2.91 1.62 4.352 3.1409 8.425 16 31 53

Residential S10A 7.94 365 1.87 0.59 3.752 3.5801 5.964 15 49 36

S14A 8.5 854 1.97 0.61 3.652 3.3205 6.429 32 29 39

S7A 8.8 654 0.85 0.81 3.752 4.2008 4.706 16 33 51
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Fig. 4 shows that samples related to industrial areas

(including S1A, S2A, S3A, and S4A) have higher

isotopic ratios than other land uses in the studied area

and vehicle leaded exhaust. Higher isotopic ratios of

industrial samples are indirectly related to active

companies such as Iranian Aluminum Company,

Azarab Industries Company, and Arak industrial

hub, as indicated in Fig. 2. Agriculture and park

samples (S13A and S6A) showed two distinct isotopic

ratios. S13A, with a higher Pb content and isotopic

ratios, is located in the agriculture area, which is

located adjacent to active industrial sites. The samples

from a residential area with high-traffic volume (S8A,

S9A, S11A, and S12A) are scattered adjacent to

leaded vehicle exhaust and Mississippi ore isotopic

ratio, which clearly indicates the role of traffic on

pollution of Arak. Sample A9A with a higher value

than other residential samples is located in the

intersection of the main square and the ring road of

Arak city with high-traffic volume.

In order to distinct different sources (geogenic and

anthropogenic) of Pb, different equations and formula

were suggested. The primary strategy of most studies

is binary models that evaluate the contribution of end-

members (for example, geogenic Pb vs. leaded

gasoline) (Nazarpour et al. 2019). Three end-member

contribution models could be applied to define the

percent part of geogenic sources (F1), industrial

emission (F2), and vehicle traffic (F3) employing Pb

concentration and isotopic ratios (Huang et al. 2020;

Yu et al. 2016).

F1 þ F2 þ F3 ¼ 1

ðF1 � R1Þ þ ðF2 � R2Þ þ ðF3 � R3Þ ¼ Rsoil

F1=C1ð Þ þ F2=C2ð Þ þ F3=C3ð Þ ¼ 1=Csoil

Herein, F1, F2, and F3 are the contribution of

geogenic, industrial input, and vehicle emission in

soil, respectively. R1 represents 206Pb/207Pb in

geogenic sources (1.2252), and R2, R2, and Rsoil are
206Pb/207Pb of industrial sources (1.1427–1.1567), and

vehicle exhaust (1.097) and soil samples (Yu et al.,

2016), respectively. C1, C2, C3, and Csoil are the

concentration of Pb in background soil, industrial

(6681 mg/kg), vehicle exhaust (2379 mg/kg), and soil

sample concentration, respectively (Rodrı́guez-Seijo

et al. 2015).

The calculated contributions of Pb sources, includ-

ing geogenic, industrial, and vehicle exhausts, are

presented in Table 8. The result indicated that

regarding land use sampling site, the F as a factor of

contribution varies from 68.0% to 15% (mean: 39.3)

for industrial emission, 65% to 19% for vehicle

exhaust (mean: 39), and 46% to 10% (mean: 21.6)

for geogenic sources. In the studied area, there are

Fig. 4 Plots of 208Pb/206Pb versus 206Pb/207Pb in the Arak urban soil and the known sources
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several manufacturing companies as well as high-

traffic volume, which make the main sources of Pb

pollution as a mixture of industrial and traffic

emission.

Conclusions and remarks

The results of the current study indicated that the mean

concentrations of all of the PTEs, with the exception of

As, have higher mean values compared to the world

soil and baseline values in the study area. The surface

soil of Arak city, in terms of As and Zn metals, showed

high EF values for Cd, Pb, Ni and Cr, and significant to

moderate values for Cr, Zn, and As with an anthro-

pogenic contribution order as follows: Cd (89%)[Ni

(74%)[ Pb (72%)[Cr (52%)[Cu (48%)[Zn

(39%)[As (11%). This implies that the main source

of enrichment of PTEs in the study area is the

anthropogenic sources. In the samples, EI[ 3 values

were observed to be approximately higher in traffic

and manufacturing companies spots. Based on the

correlation coefficients and principal component

analysis (PCA), there is a similar relation between

PTEs such as Pb, Cr, Cd, Ni, Cu, and Zn in terms of

sources of contamination. The main sources of PTEs,

except for As, were mainly the industrial hubs and

manufacturing industries located in the studied area.

The results of geochemical fraction indicated that the

main partitions of Pb, Cr, and Zn at most of the

sampling sites are Fe–Mn bound/reducible, while the

residual fraction is the dominant fraction of sequence

extraction for Ni, Cu, and Cd. Higher values of

reducible bound for Pb, Cr, and Zn, as well as a

considerable percentage of Ni, Cu, and Cd, demon-

strated that the main source of the studied PTEs

(except As) in the studied area is both anthropogenic

and geogenic inputs. Health risk of the studied PTEs

revealed the following order of exposure: inhala-

tion[ ingestion[ dermal contact. The findings

regarding HQ of all of the studied PTEs were lower

than 1, confirming that there is no non-carcinogenic

risk for children and adults. The value of HI for Cu, Pb,

Ni, and Cr was HI[ 1, which suggests the non-

carcinogenic risk for both children and adults. Car-

cinogenic risks (CR) of the studied PTEs were higher

than the acceptable threshold of 1.0E-06, for adults

and children, except for Cr with values of 5.91E-04,

and 3.81E-04 for children and adults, respectively.

Higher CR values of Cr rather than other PTEs in the

surface soil of Arak exhibited that the target popula-

tion, including children and adults, especially chil-

dren, could be more affected by carcinogenic risks of

PTEs. 206Pb/207Pb ratios of the collected samples

indicated that Pb in Arak surface sample derived from

industrial and deposition as well as re-suspension

vehicle exhaust emission from previously leaded

gasoline. Our findings concerning the applied end-

member contribution of geogenic, industrial, and

vehicle emission indicated that the contribution could

be different ranging from 68.0% to 15% (mean: 39.3)

for industrial emission, 65–19% for vehicle exhaust

(mean: 39), and 46–10 (mean: 21.6) for geogenic

sources.
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