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Abstract

Heavy metal pollution of soils in industrial zones continues to attract attention because of its potential human health risks. The
present research is an attempt to assess the pollution status of heavy metals including As, Cd, Cr, Ni, and Pb using various indices
like contamination factor (CF), pollution index (Ipor1), and geo-accumulation index (Ige,). In total, 60 surface soil samples were
collected from four area (north, south, east, and west) in Khayyam industrial zone from depths of 10-20 cm. The results indicated
that average metal concentration ranges (in mg/kg) observed in study soils were 8.84, 1.9, 37.66, 15.77, and 57.33 for As, Cd, Cr,
Ni, and Pb, respectively. The concentrations of heavy metals As, Cr, Ni, and Pb with the exception of Cd in soils of southern areas
of'the industrial zone were higher. Cd concentration vary negligibly in sampling sites of north, south, east, and west. Based on the
CF, Ipor1, and Ly, indices, the pollution of soil in regard to concentration of heavy metals was in the following order: Cd > As >
Pb > Ni > Zn. Industrial activities have therefore resulted in elevated concentrations of so in the soil environments in the
Khayyam industrial zone. Based on the results of human health risk assessments, the soil metals pose negligible carcinogenic
and non-carcinogenic risks to the adults and children living in this area. The need for the monitoring of the soil around the

industrial zone, especially for Cd and As, is needed to reduce potential environmental issues.
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Introduction

There has been a great universal concern over the last 3 de-
cades about attributing polluted environmental effects to the
people health [1-3]. The World Health Organization (WHO)
reports that about one fourth of the human diseases are due to
the exposures of environmental pollutants [4]. Soil pollution is
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expressed as a phenomenon defined as the deterioration of
structural and biological characteristics by the soil layers due
to various human activities and natural processes, such as
industrial activities, wind, deforestation, and chemical appli-
cation [5]. Soil is generally regarded as the ultimate sink for
heavy metals released into the environment [6]. Soil pollution
of areas covered by industries is one of the greatest environ-
mental issues whose importance is underestimated in many
countries. Soil pollution is posing major issues to the environ-
ment, organisms, and humans. Iran being one of the economy-
growing countries in Middle East is facing many problems to
control the increasing trend of land pollution. Human activi-
ties undoubtedly create many environmental issues, which
considerably affect the surrounding soil and local groundwa-
ter [7]. For example, soil of highly urbanized industrial areas
and municipalities are vulnerable to a degradation processes
caused by human activities. One of the major environmental
effects of industry is the continuing change in the chemical
quality of ecosystems situated around pollution sources.
Heavy metals due to non-biodegradability and long resistance
properties are among the critical contaminants in environ-
ment. Heavy metals in soil can be adsorbed by plants and enter
into food chain. They also may contaminate surface and
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Fig. 1 The geographical location of study area in Khayyam industrial area in Neyshabur County, Iran

groundwater resources [8, 9]. Continuous release of trace ele-
ments from man-made sources result in the considerable
changes in the bio-geochemical cycle of those elements [10].
Metals also can combine with organic and inorganic matters in
soils and increase the toxicity of the soils [11]. Previous works
reported that exposure to high concentrations of heavy metals
in soils can result in numerous health problems. For example,
long-term exposure to As can result in dermal lesions, skin
cancer, peripheral neuropathy, and peripheral vascular prob-
lems, while long-term ingestion of Cd can have detrimental
effects such as prostatic proliferative lesions, bone fractures,
kidney problem, hypertension lung cancer, and pulmonary
adenocarcinomas. Intake of high concentrations of Pb can
damage the skeletal, circulatory, nervous, enzymatic, endo-
crine, and immune systems in human body [12]. Therefore,
human health risk as a result of exposing soil to heavy metals
should not be ignored. Investigations on the heavy metal level
in soil are mostly emphasized on heavily developed regions
like industrial areas and city accumulations, as well as on the
regions of constant and linear emitters including industrial
plants, waste landfills, and roads. Many investigations have
revealed the heavy metal contamination in the soils of indus-
trial regions [13—15]. Numerous numerical approaches have
been utilized in literature to assess the quality of soil [16]. So it
is of great importance to select a valid and applicable method
to assess soil quality and develop a clear understanding of soil
contamination for decision-making and spatial planning.
Pollution indices are powerful tools for the process, analysis,
and transport of raw environmental data to decision-makers,
managers, health professional, and the public [17, 18]. In the

Table 1 Classes of CF

CF Category

CF<1 Low contamination
1>CF>3 Moderate contamination
3>CF>6 Considerable

CF>6 Very high

present study, an assessment method for surface soils using
soil heavy metal contamination caused by industrial activities
is developed based on contamination factor (CF), pollution
index (Iporr), and geo-accumulation index (Igeo).

There is no published literature on heavy metal pollution of
the soils around the Khayyam industrial zone in Neyshabur;
therefore, the main aim of this research was to determine the
concentrations of heavy metals including Pb, As, Cd, Cr, and
Ni in soils lying around Khayyam industrial area in
Neyshabur, to evaluate the soil pollution status and to assess
the risk of these elements to the people residing in these areas.
This article provides the estimation of heavy metal soil pollu-
tion by computing various pollution indices, and this study
also contains helpful reference for rational planning and sci-
entific management of industrial activities for pollution con-
trol in relation to human health risk.

Materials and Methods
Overview of Study Area

The Khayyam industrial zone is situated in Neyshabur City in
the east of Iran, in Razavi Khorasan Province. It is an example
of an area occupied by industries and exposed to numerous
pollutants such as heavy metal contamination. Neyshabur has

Table 2 I, classes with respect to soil quality

Class Value Soil quality

0 <0 Practically uncontaminated

1 0-1 Uncontaminated to moderately uncontaminated
2 1-2 Moderately contaminated

3 2-3 Moderately to heavily contaminated

4 34 Heavily contaminated

5 4-5 Heavily to extremely contaminated

6 >5 Extremely contaminated
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Table 3 Exposure factors used in

this study Factor Definition Unit Value Reference
C Heavy metal concentration in soil mg/kg This study
IngR Ingestion rate of soil mg/day 200 100 [21]
EF Exposure frequency Days/year 350 350 [28]
ED Exposure duration Years 6 24 [21]
BW Body weight of exposed individual kg 15 559 [28]
AT Average time Days 365 x ED 365 x ED [20]
InhR Inhalation rate of soil m’/kg 7.6 20 [29]
PEF Particle emission factor m’/kg 136 x10° 136x10° [21]
SA Exposed skin surface area e’ 1600 4350 [28]
AF Skin adherence factor Mg/cm day 0.2 0.7 [30]
ABF Dermal absorption factor Unitless 0.001 0.001 [31]

451,780 persons and is the second most populous city in
Razavi Khorasan Province. Neyshabur is influenced by the
local steppe climate. In Neyshabur, there is little rainfall
throughout the year. Its climate is classified as BSk by the
Koppen-Geiger system. Its average yearly temperature is
12.2 °C with an average annual precipitation of 228 mm.
This cross-sectional descriptive research is conducted in
Khayyam industrial zone of Neyshabur in 2017. The industri-
al zone is located in the 20th kilometer of Neyshabur-
Mashhad road and is one of the largest industrial zones in
Razavi Korasan. It covers an area of 246 ha and has 144 active
industries [19]. The main industries developed in this area
include petrochemical, tire manufacture, plastics industry,
metallurgy, and food industry. The geographical location of
the study area is shown in Fig. 1.

Sampling and Analysis

All the samples were taken from local soil, which is not the
subject of any form of protection. The study area was firstly
divided into four areas (North, South, East, and West). In each
area, 5 sites were selected. From each site, 4 soil samples were
taken. The samples of each field were mixed to obtain a rep-
resentative composite sample, weighting up to 1 kg. In total,
20 samples were taken from surface soil (0—20 cm) in the
Khayyam industrial zone around Neyshabur City in January
2019. The sampling sites were randomly distributed to cover
the entire study area. In the beginning, the collected soil sam-
ples were air-dried, crushed using a mortar, and sieved
through a sieve with the mesh size of 2 mm to remove large
debris, stones, sand, and pebbles, and then, they were kept in
plastic bags for further analysis. Then, 1 g ofa dried uniformly
mixed soil was weighed. After that, 5 ml concentrated HNOj3
(65%), 15 ml HCI1 (37%), and 2 ml H,O, were added to each
soil sample, and the suspension was kept in room temperature
for 24 h. The suspension was heated on a heater at 105 °C for
2 h for a complete digestion. The concentrations of Pb, As,

Cd, Cr, and Ni in the different soil samples were determined
with a Varian AA240 Atomic Absorption Spectrometer after
acid digestion. All samples were analyzed in duplicate, and
the average values were read as the concentration value for
each metal.

Soil Pollution Index Methods

Pollution assessment indices are tools employed to assess the
presence and intensity of anthropogenic contaminants in soils.
In order to evaluate the pattern of metal contamination in the
soil of study area, useful pollution indices such as the contam-
ination factor (CF), pollution index (Ipporr), and geo-
accumulation index (Ige,) Were employed to compute heavy
metal concentration in soils.

Contamination Factor

The estimation of soil contamination can also be performed
using contamination factor (CF). CF enables the estimation of
soil contamination, taking into account the concentrations of
heavy metal from the soil. The contamination factor was com-
puted using the formula proposed by Hakanson (1980):

Ch
F=—2 1
CF=¢ (1)

where C, is the concentration of metals from the sampling
sites and C, is the pre-industrial concentration of individual
metal (Table 1).

Pollution Index
To estimate the intensity of metal contamination in the soils

around the Khayyam industrial area, the pollution index was
computed using:

Iporr = logy(Cn/By) (2)
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Table 4 ABS, SF, and Rfd values used in this study [14, 25, 32, 33] Table 6  The results of CF, Ipop1, and Ly, for all sampling stations
Metal ABS SF inh RfD ing RfD inh RfD derm Index As Cd Cr Ni Pb
As 1 3.000E-4 3.00E-04 1.23E-04 CF 491 945 0.37 0.71 1.12
Cd 0.025 6.3 1.00E-03 1.00E-03 1.00E-05 Iporr 0.66 0.98 - 046 -0.17 0.04
Cr 0.013 42 3.00E-03 2.86E-05 6.00E-05 Lyeo 1.00 -0.59 335 345 2.16
Ni 1 0.84 2.00E-02 2.00E-02 5.40E-03

Pb 1 0.42 3.50E-03 3.25E-03 5.25E-04

where C, is the total metal concentration in soils and B,, is the
lithogenous portion of metal. The interpretation of the obtain-
ed results is the same as the Ige,.

Geo-accumulation Index

The (Ige,) provides the estimation of contamination by con-
sidering the measured heavy metal concentrations and the
background concentrations in the soils. It is computed by the
following equation:

may be due to geological structure differences. L4, classes are
summarized in Table 2.

Health Risk Assessment

Health risk estimation of populations for the soils around
was estimated through oral, dermal, and contact pathways.
In this study, the health risk methods of the United States
Environmental Protection Agency (US EPA) was applied
for risk assessment [20, 21]. Local residents were catego-
rized into children and adults. The chronic daily intake
(ADD) in milligrams per kilogram per day values of
heavy metals (As, Cr, Ni, and Pb) through oral, dermal,
and inhalation pathways can be computed using the fol-

Lyeo = log, [%] (3)  lowing equations [2, 22-24]:
. n
In the above equation, C,, is the measured metal concentra- ~ ADDing = C x IngR x EF X ED x 1076 (4)
tion, and B, is background concentrations of that metal ob- BW AT
tained from the control site. A value of 1.5 is used to minimize ADDinh = C x InhR x EF x ED (5)
the effect variations in the background concentrations which PEF x BW x AT
Table 5 The average
concentrations of heavy metals in Zone Unit As Cd Cr Ni Pb
samples collected from soils in
the Khayyam industrial zone West Min mgkg 7426 150 2437 4055 1355
(mg/kg) Max mgkg 1027 196 2838 4346  19.29
Mean mgkg  8.57 1.74 2684 42.36 16.47
East Min mgkg  7.90 1.53 2390 35.07 12.52
Max mgkg 1211 2.8 3950  59.55  17.98
Mean mgkg  9.19 1.81 31.73 47.17 14.12
South Min mgkg 631 1.81  33.18 52.38 12.00
Max mgkg 2524 230 102.60 16031 1831
Mean mgkg 12.06 198 52.14 81.33 15.73
North Min mgkg  7.86 1.74  29.88 42.24 15.55
Max mgkg 1045 227 4501 67.23 17.54
Mean mgkg  8.78 1.99  39.07 57.41 16.48
Total Min mgkg 6.31 1.50  23.90 35.07 12.00
Max mgkg 252 230 102.60 16031 19.29
Mean mgkg 837 1.92 3419 52.89 15.58
Standard and background values ~ Dutch guideline mgkg 55 12 380 210 530
G.L.C. mgkg 30 - 100 20 200
guidelines
US EPA mgkg 5 0.06 100 40 10
Earth crust mgkg 1.8 0.3 90 80 12
Shale mgkg - 03 90 68 20
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Table 7  Results of ADD and HQ values for children and adults in the study area

Group Metal ADDing ADDinh ADDderm HQing HQinh HQderm

Children AS 1.07014E-04 2.99009E-09 2.99638E-07 3.56712E-02 9.96696E-06 2.436E-03
Cd 2.45479E-05 6.85898E-10 6.87342E-08 2.4548E-02 6.85898E-07 6.873E-03
Cr 4.37132E-04 1.2214E-08 1.22397E-06 1.45711E02 4.270603E-04 2.04E-02
Ni 6.76219E-04 1.88944E-08 1.89341E-06 3.3811E-02 9.17202E-07 3.51E-03
Pb 1.99196E-04 5.56578E-09 5.5775E-07 5.691E-03 1.58119E-06 1.062E-03

Adults AS 1.14658E-05 1.68614E-09 4.57484E-08 3.8219E-02 5.62047E-06 3.72E-04
Cd 2.63014E-06 3.86785E-10 1.04942E-08 2.63E-03 3.86785E-07 1.049E-03
Cr 4.68356E-05 6.88759E-09 1.86874E-07 1.5612E-02 2.40825E-04 3.115E-03
Ni 7.24521E-05 1.06547E-08 2.89084E-07 3.623E--03 5.17219E-07 5.35E-05
Pb 2.13425E-05 3.1386E-09 8.51564E-08 6.1E-04 8.91647E-07 1.62E-04

SA x AF x ABF x EF x ED
BW x AT

ADDdermal = C x

10°¢ (6)

where IngR and InhR are the ingestion and inhalation rates,
respectively; EF and ED represent exposure frequency (365
days/year) and exposure duration (6 and 30 years, respective-
ly); SA is exposed skin area; ABF is absorption factor; BW is
body weight; and AT is average timing.

The parameters used for the calculation of ADD values of
heavy metals through oral, dermal, and contact pathways are
given in Table 3.

In this study, the non-carcinogenic (HQ and HI) and carci-
nogenic (RI) risks are calculated [25]. HQ is expressed as the
ratio of ADD to reference dose (Rfd) (mg/kg day) of each
metal for each pathway [20]. An HQ value lower than 1 indi-
cates no adverse health effects, while HQ more than 1 indi-
cates that detrimental health effects are likely to occur [26].
The hazard index (HI) is equal to the sum of all expected non-
carcinogenic risks (HQs) through oral, dermal, and inhalation
pathways and is employed to compute the total potential non-
carcinogenic risks of different contaminants through 3 expo-
sure routes mentioned above. An HI below 1 shows that there
is no significant risk of non-carcinogenic effects. If HI is

above 1, then a non-carcinogenic effect is likely to occur. HI
and RI values were determined using following equations
[27]:

. _ADIi
HI = YHQI = T (7)
Risk (RI) = YADIi x SFi (8)

where SF is the corresponding slope factor in milligrams per
kilogram per day. The SF value is a toxicity value that numer-
ically shows the relationship between received dose and re-
sponse. A RI < 1078, RI>10* and 10°®>RI> 10 * indicates
low, high, and acceptable cancer risk by the US EPA, respec-
tively [2, 25] (Table 4).

Results

Heavy Metal Concentrations in the Studied Soil
Samples

Soil plays an important role in ecological stability but its
quality with regard to the contents of heavy metals may

Table 8 Results of HI and RI

values for children and adults in Metal HI Interpretation RI Interpretation
the study area
Children As 0.359158 Negligible risk
Cd 0.031422 Negligible risk 4.32116E-09 Negligible cancer risk
Cr 0.166537 Negligible risk 5.12988E-07 Negligible cancer risk
Ni 0.034163 Negligible risk 1.58713E-08 Negligible cancer risk
Pb 0.006755 Negligible risk 2.33763E-09 Negligible cancer risk
Adults As 0.038597 Negligible risk
Cd 0.00368 Negligible risk 2.43674E-09 Negligible cancer risk
Cr 0.018967 Negligible risk 2.89279E-07 Negligible cancer risk
Ni 0.003677 Negligible risk 8.94996E-09 Negligible cancer risk
Pb 0.000773 Negligible risk 1.31821E-09 Negligible cancer risk

@ Springer



348

Mohammadi et al.

Table 9 Comparison of heavy

metal concentrations measured in Country Measurement technique Pb Ni Cr Cd As Reference
this study with those reported in
other studies in mg/kg China P-AES 45.1 335 69.9 0.27 - [38]

Nigeria ICP-MS 19.32 20.09 76.44 - - [39]

India AAS 43.46 2.78 1.7 0.2 - [40]

China ICP-AE 70.10 - 65.10 0.54 17.56 [33]

Iran AAS 8.37 52.89 34.19 1.92 8.37 Present study
be compromised by many anthropogenic activities. The Discussion

concentrations of heavy metals in soils of the Khayyam
industrial zone near Neyshabur, Iran, are given in Table 5.
The results showed that the concentrations of heavy
metals including As, Cr, Ni, and Pb except Cd were high
in the south of the industrial area. But the values of Cd
did not vary.

Pollution Assessment of Heavy Metals in Soil of Study
Area

The results of calculated contamination factor (CF), pollution
index (Iporr), and geo-accumulation index (Ige,) for heavy
metal concentration in soil are given in Table 6.

MVSP software was applied to investigate the relationships
among heavy metals. Figure 5 shows the relationships be-
tween heavy metals in the soil of the study area.

Health Risks of Local Inhabitants by Contaminated
Soils

There is a growing public concern about the potential accu-
mulation of heavy metals in soil, owing to rapid industrial
development in many areas of world. The results of ADD,
HQ, HI, and RI values for children and adults in the study
area are given in Tables 7 and 8.

Fig. 2 The graph of mean values "

The results of heavy metal concentrations in the study area are
given in Table 1. The mean values of As, Cd, Cr, Ni, and Pb
were 8.37, 1.92, 34.19, 52.89, and 15.58 mg/kg, respectively.
The highest concentration of As, Cr, and Ni was observed in
the south. For Pb, the lowest amount was measured in the east
because there was no transport road in the east. The concen-
tration of Pb did not vary significantly in other areas. To eval-
uate the status of soil pollution with heavy metals due to hu-
man activities, the concentrations should be compared with
the soil composition of the geology and background levels
of metals in unaffected areas by human activities [32, 34].
Because the geology and soil composition of earth vary in
different regions and areas. There is no a separate standard
for evaluation of the degree of soil contamination in Iran;
therefore, the standards of other countries were used. In this
study, the concentrations of heavy metals As, Cd, and Pb were
higher than their mean concentrations in earth crust [35]. But
As and Pb were above the US EPA standards. The mean
values of heavy metal concentrations in this work are com-
pared with the results obtained in other areas of Iran. The
results showed that the concentrations of metals in the
Khayyam industrial area were higher than those other related
studies in Iran. The concentrations of Cd, Cr, Ni, and As are
higher than those reported in Kerman and Qaemshahr [36,
37]. But concentrations of Cr, Pb, and As in Qaemshahr and
Shahroud were higher than in the present study [37]. The high

CF in the study area
10

CF
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Fig. 3 The graph of mean values

of Iporr in the study area

Ipoll
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concentrations of metals in this study are due to long-term
industrial activities in the area. Some studies in other countries
are summarized in Table 9.

For the evaluation of soil contamination to heavy metals,
CF, Ipor1, and I, indices were employed. Based in the Fig.
2, the CF values were considerable for As, high for Cd, mod-
erate for Pb, and low for Cd and Ni. The soils were moderately
contaminated for As and moderately-to-heavily contaminated
for Cd considering the Iy.,. This index was in practically un-
contaminated category for other metals (Figs. 3 and 4).

According to the Ipoy 1, the Cd and As contamination was
heavy. For As, it was in moderately-to-heavily contaminated
category. The index indicated unpolluted-to-moderately un-
polluted region for Pb (Fig. 3). According to the study of
relations between heavy metals, the dendrogram (Fig. 5)
showed no relations between Cr and Ni and other studied
metals. However, Cr and Ni showed a positive relation indi-
cating these metals have a similar resource. Moreover, the
positive relation was observed for Cd, As, and Pb.
Furthermore, according to the outcomes of human health risk
valuations, the soil metals pose insignificant carcinogenic and
non-carcinogenic risks to the adults and children living in this

Fig. 4 The graph of mean values

ENort mSouth mEast = West

region. The higher levels of the risks were observed in the
children. It is likely that the differences of the physiology,
developmental stages, and behavior of children contributed
to these higher assessed exposure values. There are different
routes that a chemical can enter the human body from the
environment; specifically, it may be ingested, inhaled, and
absorbed via the skin. In our study, the importance of the three
different exposure pathways for the metals decreased in the
following order: ingestion > skin contact > inhalation. These
results are consistent with the results of previous works [31,
41, 42].

Nwankwoala et al. studied contamination indices and
heavy metal concentrations in soils of Okpoko, Southeastern
Nigeria. PLI and Iy, showed that the soils are heavily polluted
from the activities at the fuel filling and service stations in the
area [43]. Kabir et al. investigated the status of trace metal
pollution in soils affected by industrial activities. The results
of their study indicated that soils were polluted most signifi-
cantly by metals such as Pb, Zn, Cu, and Cd. In most cases,
metal concentrations in the sampled areas were found to ex-
ceed the standard levels regulated by many nations. The I,
calculated to evaluate the enhancement of metal levels in soil

of Iyeo in the study area

Igeo

-1

-3

As

T

Cd

I'i

E North ®=South = East = West
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Fig. 5 Dendrogram of cluster analysis among heavy metals in soil

revealed that the level of metal contamination in most inves-
tigation fields was important, particularly for Pb and Cd [44].
Parizanganeh et al. assessed heavy metal (Pb, Zn, and Cd)
pollution in surficial soils surrounding zinc industrial complex
in Zanjan, Iran. The major sources for the heavy metal con-
tamination in studied area were most possibly emissions from
zinc factory. Pb, Zn, and Cd concentrations up to 63, 3066,
18.5 mg/kg were determined in most sampling areas [45].
Mohamed et al. used pollution indices for evaluation of heavy
metals in soil close to phosphate fertilizer plant, Assiut in
Egypt. Results of soil analysis indicated that the area has been
considerably affected by the heavy metals as follows: Cd, Cu,
Pb, and Zn, and their average concentrations were 0.3, 57.0,
94.7, and 80.7 mg/kg, respectively. The heavy metal concen-
trations were higher than the levels in soil background (0.013
mg/kg for Cd, 9.62 mg/kg for Cu, 5.17 mg/kg for Pb, and
11.56 mg/kg for Zn) obtained from an unaffected area far from
industrial activities and also were above the international stan-
dards for soil pollution suggested by the WHO. The estimated
results of contamination indices (Igco, EF, and Ipor 1) showed
that the studied area lies under the class of high pollution.
Generally, the study area was highly affected by emissions
from the fertilizer plant [46]. Sun et al. investigated the levels,
sources, and spatial distribution of heavy metals (Zn, Pb, Cd,
Hg, and Cu) in soils from a typical coal industrial city of
Tangshan, China. The concentrations of metals were below
the guideline values. However, accumulation of Zn, Pb, Cd,
Hg, and Cu in the surface soils, and Zn, Cu, Cd, and Hg in the
sub-surface soils, was observed compared with their back-
ground values. The Iy, and CF reported that most of collected
soil samples were slightly-to-moderately polluted by some
metals such as Hg and Cd. Industrial activities, wastewater
irrigation and use of agrochemicals, and vehicle emission
were the possible man-made sources of heavy metals [47].
Wau et al. assessed the heavy metal (Cr, Cu, Zn, As, Cd, Ni,
and Pb (pollution and human health risks in urban soils around
an electronics manufacturing facility in China. The total con-
centrations of the 7 metals (3 metals) was in the range of
3738.86-5173.25 mg/kg, and the concentrations were highest

@ Springer

in the commercial area followed (in decreasing order) by the
roadside, farmland, and residential areas. The HI values for
children and adults were in the following order: Cr > As > Pb
> Cd > Cu > Ni > Zn. The carcinogenic risks of two metals,
namely, Cr and As, for children and adults were above 1074,
and children were exposed to higher health risks [42].

Conclusions

Soil heavy metal pollution has become a serious problem to
human health and environment in many regions of the world.
Industries are one of the anthropogenic activities that have
contributed to increased concentrations of many heavy metals
which eventually find their way into surrounding environ-
ments and soil. In this research, heavy metal concentrations
in soils of the Khayyam industrial zone were measured and
heavy metal soil pollution indices and also health risk assess-
ment were investigated. The CF values were considerable for
As, high for Cd, moderate for Pb, and low for Cd and Ni. The
soils were moderately contaminated for As and moderately-
to-heavily contaminated for Cd considering the I,,.
According to the Ipo 1, the Cd and As were heavy. For As,
it was in moderately-to-heavily contaminated category. The
index showed uncontaminated-to-moderately uncontaminated
area for Pb. In this study, the concentrations of heavy metals
As, Cd, and Pb were higher than their mean concentrations in
the earth crust and As and Pb were above the US EPA stan-
dards, implying the accumulation of these elements in soils.
These results indicated that industrial activities probably have
a considerable effect on the heavy metal accumulation and
distribution in soils in the study zone, calling for the attention
and actions of the prevention and minimization of heavy metal
contamination in soils of the Khayyam industrial zone. In
addition, based on the results of human health risk assess-
ments, the soil metals pose negligible carcinogenic and non-
carcinogenic risks to the adults and children living in the study
area. This study presents useful information regarding soil
heavy metal contamination in an industrial area for the iden-
tification of the major contamination sources and also pro-
vides the risk assessment of heavy metal contamination to
the inhabitants.
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