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Abstract

Urban soil pollution with heavy metals is one of the environmental problems in recent years,
especially in industrial cities. The aim of this study is to evaluate the role of geogenic and
anthropogenic sources in the urban soil pollution in Yazd, Iran. For this purpose, 30 top-soil
(0—10 cm) samples from Yazd within an area of 136.37 Km? and population of nearly 656
thousand are collected, and the concentration of heavy elements is measured. To evaluate
factors affecting the concentration of heavy elements in urban soils and determine their pos-
sible sources, Multivariate statistical analysis, including correlation coefficient, principal
components analysis (PCA) and cluster analysis (CA) are performed. Enrichment Factor
(EF), Geo-accumulation index (lge0), and Modified potential ecological Risk Index (MRI) are
used to assess the level and extension of contamination. Results of this study suggest that
As, Cd, Pb and Zn are affected by anthropogenic source, while the concentrations of Fe,
Mn, Ni, Cr, Co, Cu and Cs have come from mostly natural geologic sources. As, Cd and Pb
are considerably enriched in the area, provided moderately enriched for the elements Mn,
Zn and Cu. However, the other heavy elements show minimal enrichment. Ig4¢, reveal that
Co, Cr, Cs, Cu, Fe, Mn, Zn and Ni with negative values are unpolluted, Pb posed unpolluted
to moderately polluted, and As and Cd represent high polluted. Based on the results of the
ecological risk factor, the heavy metals of Mn, Ni, Cr, Zn and Cu have a low ecological risk
level. More specifically, we find that Pb shows a moderated ecological risk in 39% of the
urban soil in the studied area. As and Cd with respectively 100 and 72% contribution have
considerable and very high ecological risk. According to the results of MRI, the area isin a
very high ecological risk level, and appropriate management practice is essential to reduce
the pollution of heavy elements in this area.
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Introduction

The increasing expansion of cities in size and population, rapid growth of urbanization, and
development of industry and agriculture have caused many environmental impacts all around
the world. Soils are indeed natural purifiers, in addition to supply food. Accordingly, soil pol-
lution is an important environmental hazard that needs to be addressed. Industrial activities
pollute and accumulate heavy metals in soils. This pollution significantly reduces the quality of
the environment and threatens human health [1,2]. Soil contamination with heavy metals is a
global problem and a serious threat to humans, natural ecosystems, water resources and facili-
ties [3,4]. The presence of heavy metals in the human body can cause many problems. The
presence of these metals in small amounts in the body may preserve cells (Fe, Zn, Cu, Cr, etc.).
However, the presence of more than these metals may cause damage to plant and animal
organisms [5].

Heavy metals have two main sources: (1) natural or geogenic, and (2) anthropogenic
sources. Natural sources include the erosion of parent rocks and the entry of these metals into
soils [6]. However, numerous studies have shown that anthropogenic sources are mostly due
to increased industry, traffic and mining in urban areas [7,8]. For example, the highest concen-
tration of Pb in soils is mainly in the vicinity of busy roads [9]. It was shown that the concen-
tration of Pb, Cd and Cu in an old industrial town in northern China exceeded the
background level, and the high concentration of these metals along with Zn and Hg metals
was considered due to human activities [10]. In another study, It was indicated that T1, Hg and
As in sulfide mineral areas were highly enriched due to the scattered mineral activities in soils
under various land uses [11].

One of the common methods for assessing the state of soil pollution to heavy metals is the
use of pollution indicators. Enrichment Factor (EF), Geo-accumulation index (I,,), and Mod-
ified Ecological Risk Index (MRI) are some of the criteria that, considering the concentration
of elements, show the degree of soil pollution in an area [12]. It was used the Ecological Risk
Index and the Pollution Load Index to study heavy metal pollution in Linfen, China [13]. To
assess the human and ecological risk of heavy metals in soils under different land-use types in
an urban environment of Bangladesh, was used several indicators including pollution load
index and potential ecological risk. The soils from all land-use types showed considerable to
very high ecological risks [14]. It was examined the risk assessment of heavy metals in road
dust in the industrial city of Anshan in northeastern China and determined the source of their
formation. Results showed that Zn and Pb elements originated from road traffic, while Cd, Cr,
Fe, Mn, Ni and Sb from industrial activities. The ecological risk index revealed that heavy met-
als in the region had moderate to high pollution potential [15].

The city of Yazd, located in Yazd province and the center of Iran, is along the main highway
connecting north to south. On the other hand, this province is the second producer of green-
house production in the country, and the tile, ceramic and steel industries in this province
have grown a lot in recent years. Due to the industrial situation, greenhouse cultivations and
urban traffic and the predictability of high concentrations of heavy metals in the area’s atmo-
sphere, determining the concentration of heavy elements in the soil of this city seems neces-
sary. Although was evaluated the heavy metals contamination of Zn, Pb, Cr, Cu, Ni, As, Co
and Cd in urban surface soil in Yazd city [4] and was investigated the most important physical,
chemical and mineralogical properties of atmospheric dust deposited and surface soil on Yazd
city [16] but human or natural source of heavy metals has not yet been investigated in this
area. The objectives of this study are to (1) assess the degree of surface soil pollution in the
urban area to heavy metals, (2) estimate the ecological risk of the area by calculating the

PLOS ONE | https://doi.org/10.1371/journal.pone.0260418 November 29, 2021 2/14


https://doi.org/10.1371/journal.pone.0260418

PLOS ONE Geogenic and anthropogenic sources identification and ecological risk assessment of heavy metals in urban soil

Modified potential ecological Risk Index and its spatial distribution, and (3) identify the
human or natural source of heavy metals in this area.

Materials and methods
Study area

This study was conducted in Yazd, the most populous city in center of Yazd province with an
area of 136.37 km? (latitude: 31° 46 to 31° 58  north and longitude: 54° 16 to 54° 26" east)
with altitude of 1216 meters above sea level. The prevailing wind directions are northwest
from spring to summer, southeast from November to February and west from March and
October. The average annual temperature is 19.1°C, the average relative humidity is 31%, and
the total annual rainfall is 60.8 mm. According to the last census in 2016, the population of this
city is 656,474 people. The primary industry in Yazd province is the ceramic, tile and steel
industry. Yazd Industrial Zone and Iran Alloy Steel Company in the west of this town are
located at a distance of about 10 km and 30 km from the city center, respectively, and due to
the prevailing wind direction [17] in the area, high concentrations of heavy metals in the soil
of this region are expected. Due to the use of minerals as a raw material in the preparation of
ceramic and tile, the resulting wastewater contains large amounts of salts, minerals and heavy
metals. Most of the effluent from the process of producing ceramic and tiles is a gypsum-like
liquid that contains large amounts of metals, including the heavy metals Pb, Br, Zr and Fe
[18,19]. Also, the concentrations of Pb, Fe, As and Cd are more affected by steel complexes
[20,21]. Fig 1 shows the position of Yazd city in Iran and surface soil sampling points in Yazd

city.

Urban soil sampling

Top-soil (0-10 cm) samples were collected in the winter of 2019 from 30 locations in the city.
Samples were then dried in room air for 2 days before analysis and next passed through a
200-mesh sieve. The four-acid method (HNO3 + HF + HClO4 + HCI) was used to digest soil
samples and then read by ICP-MS Perkin-elmer model [22,23]. Next, total concentrations of
As, Cd, Co, Cr, Cs, Cu, Fe, Mn, Ni, Pb and Zn were measured.
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Fig 1. The position of Yazd province in Iran and the urban soil sampling points in Yazd city.

https://doi.org/10.1371/journal.pone.0260418.9001
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Statistical and geostatistical analysis

The collected data were analyzed using the SPSS package version 16.0 for Windows. Compari-
son of the mean of the studied parameters and the significance of their differences using
Duncan’s test was performed at the 5% level. After determining the initial statistical informa-
tion, the Kolmogorov-Smirnov test was performed to check the normal distribution of the
data. To determine the correlation between the concentration of heavy metals in the soil, Pear-
son correlation coefficient was used and the box diagrams of the studied parameters were plot-
ted. To evaluate the factors influencing the concentration of heavy soil elements and to
determine their possible sources, correlation coefficient analyzes, principal component analy-
sis (PCA) with a varimax rotation and Kaiser Normalization, Cluster Analysis (CA) by Ward’s
method and Euclidean distance and Enrichment Factor with consideration of the concentra-
tion of the studied elements was performed. Spatial distribution maps of the studied parame-
ters were plotted using inverse distance weighting method (IDW) in ArcGIS 10 (Esri,
Redlands, CA, USA).

Pollution level assessment methods

To assess the level of pollution of heavy metals in urban soils, Enrichment Factor (EF), Geo-
accumulation index (Ig,), and Modified potential ecological Risk Index (MRI) in the area
were calculated, as described in what follows.

Enrichment factor (EF). EF is used to determine the degree of contamination of heavy
elements in the environment. This factor is applied to separate elements derived from
human activities and natural processes as well as to evaluate the degree of human activity.
In this normalization technique, the element under study is compared to a reference ele-
ment. The reference element is an element whose concentration in the environment is
slightly variable and is not affected by anthropogenic factors [24]. Elements such as Al, Fe,
Mn, Si, and Ti are used as reference elements [24]. In this study, the element Ti in soil
samples has been used as a reference element. The enrichment factor is calculated for the
elements in the dust using Eq (1):

(Cn/Cref)sumple

EF= ——"—
(Bn/Bref)hackground

(1)

where C,, and C,.¢ are the concentrations of the element in the sample and the reference
element in the study sample, and B, and B, are the concentration of the desired element
and the reference in the background or earth crust, respectively [25]. If EF is close to 1, it
indicates that the elements originated from natural resources and crusts. However, EF
between 1 and 10 expresses the origin of elements from natural resources and to some
extent human resources. EF > 10 indicates elements from unnatural and human resources
[26]. Five classes of contamination are listed in Table 1 based on EF.

Table 1. Potential ecological risk based on mEr and MRI and Enrichment Factor (EF) levels.

Ecological risk/ Pollution level
Low
Moderate
Considerable
High
Very high
https://doi.org/10.1371/journal.pone.0260418.t001

MRI mEr EF
MRI < 150 mEr< 40 EF <2
150< MRI <300 40<mEr<80 2< EF <5
300< MRI <600 80<mEr<160 5< EF <20
600< MRI 160<mEr<320 20< EF <40
- 320< mEr 40< EF

PLOS ONE | https://doi.org/10.1371/journal.pone.0260418 November 29, 2021 4/14


https://doi.org/10.1371/journal.pone.0260418.t001
https://doi.org/10.1371/journal.pone.0260418

PLOS ONE Geogenic and anthropogenic sources identification and ecological risk assessment of heavy metals in urban soil

Geo-accumulation index (Ig,). Igeo, first introduced by [27], has been widely used in the
study of heavy elements and is calculated using the following relationship:

Cn
Igeu = lOgQ |:153n:| (2)

To correct and reduce the maternal effects of soil and natural fluctuations and to determine
very small anthropogenic effects, following [27] the factor 1.5 is used in Eq (2). According to
this index [24,28-30], 7 classes of pollution can be defined: (1) Unpolluted (Ig, < 0), (2)
unpolluted to moderately polluted (0 < I, < 1), (3) moderately polluted (1 < Iy, < 2), (4)
moderately to highly polluted (2 < I, < 3), (5) highly polluted (3 < I, < 4), (6) highly to
very highly polluted (4 < I, < 5), and (7) very highly polluted (Ige, > 5).

Modified potential ecological risk index (MRI). MRI of heavy metals has recently been
used in soil and dust pollution studies, especially in arid regions [31-33]. Ecological risks from
heavy metals contamination were quantified and assessed using the potential ecological risk
factor (mEr) and the modified potential ecological risk index (MRI) is calculated using the fol-

lowing equations:

mEr, = T. X EF, (3)

MRI =)"" mEr, (4)

in which mEr is the potential ecological risk factor of each element, MRI is the modified poten-
tial ecological risk, Tr is the toxicity factor for a substance, the amount for Cd, As, Cu, Pb, Ni,
Cr, Mn and Zn is 30, 10, 5, 5, 5, 2, 1 and 1 respectively [34]. Modified potential ecological risk
is classified according to mEr; and MRI value as a Table 1 [35].

Results and discussion
Heavy metal concentrations

The mean concentrations of heavy elements As, Pb, Zn, Cu, Cd, Ni, Cr, Co, Mn, Fe and Cs in
surface urban soil samples were 5.86, 34.5, 83.94, 23.50, 0.27, 23.44, 32.61, 4.86, 407.67, 16207
and 2.97 mg/kg, respectively. According to Table 2, the concentrations of As, Cd, Pb and Zn in
the studied area are higher than the crust values [25] indicating the possible anthropogenic ori-
gin of these elements in urban soil. However, the concentration of other elements include Co,
Cr, Cs, Cu, Fe, Mn and Ni are lower than that of the earth’s crust, which could confirm that

Table 2. Descriptive statistics of heavy metal concentrations in urban soils of Yazd city, crust values [23] and Iran standard value [37] (mg-kg'l).

Range Minimum Maximum Mean SD CV% Crust Value Standard Value
As 4.50 3.90 8.40 5.86 1.10 18.77 1.5 18
Cd 0.20 0.20 0.40 0.27 0.055 20.37 0.098 2
Co 4.50 3.10 7.60 4.86 1.14 23.46 17 40
Cr 34.00 21.00 55.00 32.61 8.34 25.57 83 110
Cs 2.10 2.10 4.20 2.97 0.53 17.85 4.6 -
Cu 17.00 16.00 33.00 23.50 4.80 20.43 25 100
Fe 9937.00 12295.00 22232.00 16207 2696.56 16.64 35000 -
Mn 214.00 334.00 548.00 407.67 53.23 13.06 600 -
Ni 22.00 14.00 36.00 23.44 6.37 27.18 44 50
Pb 14.00 27.00 41.00 34.50 4.47 12.96 17 50
Zn 48.00 69.00 117.00 83.94 13.60 16.20 71 200

https://doi.org/10.1371/journal.pone.0260418.t002
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Fig 2. Box-Plot of the heavy metal concentrations in urban soil. (To display all the elements in an axis, the values of
Fe and Mn are divided into 1000 and 10, respectively).

https://doi.org/10.1371/journal.pone.0260418.9002

these elements may be of natural origin [29]. The highest value of As, Pb, Zn, Cu, Cd, Nj, Cr,
Co, Mn, Fe and Cs were respectively 8.4, 41, 117, 33, 0.4, 36, 55, 7.6, 548, 22232 and 4.2 mg/kg.
The coefficient of variation (CV) of all heavy metals measured was less than 50%, which indi-
cates the low variability of these metals in the urban soil. It has been reported that the CV val-
ues of heavy metals from natural sources are relatively low, While CV of heavy metals has high
values due to anthropogenic sources [36]. Box-Plot of the heavy metal concentrations in urban
soil has been illustrate in Fig 2.

Multivariate statistical analysis

To evaluate the factors influencing the concentration of heavy metals and determine their pos-
sible source, correlation coefficient analyzes, principal component analysis (PCA) [7-24] and
cluster analysis (CA) [38,39] were performed by considering the concentration of elements in
urban surface soil. The results of correlation analysis presented in Table 3 show that significant
positive or negative correlations were found at 1% or 5% level between elements.

Cd had the least significant correlation with other heavy metals indicating its different ori-
gin in urban soil compared to other elements, and the most significant correlation were

Table 3. Pearson correlation coefficient matrix for heavy metal concentrations in the urban soil samples.

As Cd Co Cr Cs Cu Fe Mn Ni Pb
Cd -0.072
Co 0.854** -0.260
Cr 0.869** -0.290 0.961**
Cs 0.803** -0.237 0.864"* 0.924**
Cu 0.641** 0.022 0.264 0.319 0.307
Fe 0.841** -0.197 0.960** 0.924** 0.818** 0.219
Mn 0.899** -0.005 0.920** 0.894** 0.791** 0.368 0.911**
Ni 0.889** -0.374 0.943** 0.947** 0.906** 0.363 0.919** 0.876"*
Pb -0.343 0.527* -0.630** -0.514* -0.357 0.187 -0.659** -0.471* -0.604**
Zn 0.098 0.558* -0.268 -0.124 -0.164 0.454 -0.195 -0.014 -0.230 0.597**

**and * correlation is significant at the 0.01 and 0.05 level.

https://doi.org/10.1371/journal.pone.0260418.t003
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observed As and cobalt metals with a large number of elements. Numerous studies have
shown that there is a significant correlation between heavy metals with similar source [13,40—
42]. It was suggested that the enrichment of heavy metals, such as Cu, Pb and Zn in urban
areas confirms the anthropogenic source of these elements [43]. Results of correlation analysis
in this study also identify the anthropogenic source for some metals in the studied area. In
many studies, traffic is considered to be the source of heavy metals, such as Pb and Zn [44-47].
In this study, we also found that only Zn had a strong correlation with Pb in 1% statistically.

Results of cluster analysis, used to group variables of the same source [13-48], are presented in
the dandrogram of Fig 3. In the cluster analysis diagram, the distance between the clusters indi-
cates the degree of relationship between the variables. For example, the low distances show a
strong relationship and the high distances indicate a weak relationship between variables. Accord-
ing to the results of cluster analysis, Fe, Mn, As and Cs were placed in a strong cluster and it is sug-
gested a similar source for these elements. The second cluster includes Co, Ni, and Cr, which can
be considered the source of industrial activity for this cluster [13-39] and the third group includes
the elements of Cd, Zn, Cu and Pb in one cluster, and due to the greater distance than the other
two groups in the dendrogram, the relationship of this cluster is relatively weak. It was introduced
that the source of vehicle traffic, steel production and fossil fuels for Cu and Pb heavy metals [49].

Results of the principle component analysis after the rotation of the varimax on the data of
the concentration of heavy elements in the studied urban soil are presented in Table 4. Two
major components were identified with eigenvalues greater than 1 explaining 83.26% of the
total variance. Accordingly, 61.11% of system variance was found in PC1, indicated strong
(>0.8) positive loading for As, Cr, Co, Cs, Fe, Mn and Ni. PC1 can be better described as a nat-
ural origin (natural geochemical processes) and proposing that these metals are from geo-
chemical weathering of the parent rock material.

PC2 with a variance of 22.15%, showed strong (>0.7) positive loading for Cd, Cu, Pb and Zn.
Since the load factor indicates the relationship between the variables and each factor, it can be
concluded that the elements As, Cr, Co, Cs, Fe, Mn and Ni have a possible similar source and the
heavy metals Cd, Cu, Pb and Zn originate from a alike and different source (anthropogenic
sources) from the first group and enter the urban soil. It has been reported that high levels of Pb
in urban soils were related with vehicle exhaust emissions from the use of lead gasoline [46]. In
addition, the compounds of Zn have been widely used as antioxidants and as a detergent and dis-
persant of lubricating oils [50]. Therefore, the wear and tear of tires has significantly contributed
to the zinc content in urban soils. Copper is used in vehicle braking systems and in car radiators,
as a results the destruction of mechanical parts of vehicles over time led to the accumulation of
Cu and Zn in urban soils [51]. Therefore, in addition to industrial activities, vehicle emissions can
also play a significant role in the accumulation of heavy metals in Yazd’s urban soils.
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Fig 3. Dendrograms of cluster analysis for heavy metals from Yazd city.
https://doi.org/10.1371/journal.pone.0260418.g003
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Table 4. Rotated component matrix for the PCA loadings of heavy metals in urban soil of Yazd city.

Component

Elements 1 2
As 0.960 0.173
Cd -0.168 0.699
Co 0.950 -0.249
Cr 0.961 -0.148
Cs 0.895 -0.109
Cu 0.488 0.595
Fe 0.932 -0.225
Mn 0.946 0.021
Ni 0.958 -0.228
Pb -0.473 0.744
Zn -0.029 0.901
Initial eigenvalue 6.913 2.246
% of total variance 61.109 22.152
% of cumulative variance 61.109 83.26

Values in bold refer to factor loadings > 0.5.

https://doi.org/10.1371/journal.pone.0260418.1004

Evaluation of heavy metal pollution

Fig 4 shows the values of the EF for heavy metals in urban soil in the studied area. Among the
heavy metals investigated, Fe (1.13 to 1.75 with a mean of 1.43), Ni (1.31 to 1.92 with a mean of
1.63), Cr (0.96 to 1.48 with a mean of 19), Co (0.70 to 0.6 with a mean of 0.87) and Cs (0.25 to
0.39 with a mean of 0.30) were set at class 1 (EF < 2) and present low pollution. Mn (1.71 to
2.65 with a mean of 2.09), Zn (2.52 to 5.65 with a mean of 3.33) and Cu (1.87 to 4.65 with a
mean of 2.90) were placed in class 2 (2<EF<5) and have been enriched moderately. As (9.48
to 15.32 with a mean of 11.85), Pb (3.31 to 11.22 with a mean of 6.47) and Cd (5.20 to 14.95
with a mean of 9.12) are also included in the level 3(5<EF<20) and polluted considerably.
Generally, the ranking of EF levels of the metals in urban soil was as follows: As > Cd >

Pb > Zn > Cu > Mn > Fe > Ni > Cr > Co > Cs.

High

Considerable

4 4 Moderate i a

— Low
.

Fe Mn Ni Cr Co As Pb Cd Zn Cu Cs
Fig 4. Box-plots of EF for heavy metals in the urban soil samples of Yazd.

https://doi.org/10.1371/journal.pone.0260418.9004
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Fig 5. Box-plots of I, for heavy metals in the urban soil samples of Yazd.
https://doi.org/10.1371/journal.pone.0260418.9005

Fig 5 shows the values of the I, of heavy elements in urban soil. The I, of 11 elements in
urban soil samples varied from -3 to 2, respectively. The lowest and highest were obtained for
Co and As. Since the average Geo-accumulation index (I4,) was greater than one, a contami-
nation was detected by metals in the study area. The elements Co, Cr, Cs, Cu, Fe, Mn, and Ni
with a maximum I,., < 0 have unpolluted. As (0.79 to 1.99 with a mean of 1.44) and Cd (0.44
to 1.44 and a mean of 1.03) were classified as moderately polluted. The Pb element (0.08 to
0.68 and with a mean 0.46) was found in the second class and was unpolluted to moderately
pollute. Zn element with a minimum and maximum value of the I, 0.63 and 0.13 respec-
tively, and with a mean of 0.4 is placed in the unpolluted class, although its maximum value
was observed to be more than 1 and it can be considered as a border element. As can be seen
from Table 2, the value specified in the earth’s crust for Zn metal is considered to be 71, and its
average value in this study was 83.94.

Evaluation of ecological risk index

The box diagram of the ecological risk factor (mEr) and the modified ecological risk index
(MRI) of heavy metals in the urban soil samples of the studied area is shown in Fig 6. Based on
the obtained results, the elements of Mn (from 1.71 to 2.65 with a mean of 2.12), Ni (6.65 to
6.61 with a mean of 0.87), Cr (1.93 to 2.96 with a mean of 2.6), Zn (2.52 to 5.65 with a mean of
3.79) and Cu (93.33 to 24.24 with a mean of 14.81) determined values less than 40 and are
located in the first class or in other words these heavy metal are at low ecological risk level. Pb
with a range of 17.67 to 56.08 with a mean of 33.03, on the second level, showed moderated
ecological risk. As (94.81 to 153.25 and with a mean 120.77) is located in the range of 80 to 160
and therefore has considerable ecological risk, and Cd with mEr > 320 (155.91 to 437.83 and
the mean of 274.10) represent very high ecological risk. In general, the ranking of mEr levels of
the metals in urban soil was as follows: Cd > As > Pb > Cu > Ni > Zn > Cr > Mn.

The MRI value of heavy metals in the studied urban soil of Yazd ranged from 314.58 to
654.98, which indicates very high ecological risk. According to Fig 7, 100% of the studied area
is low in ecological risk for heavy metals of Mn, Ni, Cr, Zn and Cu and have considerable level
for As. In the case of Pb, 61% and 39% of the area had low and moderated ecological risk,
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Fig 6. Box-plots of mEr and MRI for heavy metals in the urban soil samples of Yazd.
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respectively. Cd ecological risk assessment also showed that 72% and 28% of the studied area
were in the high and very high risk class.

The spatial distribution of the Modified potential ecological risk index (MRI) in urban soil
of Yazd city has been shown in Fig 8. According to the results, the highest values of MRI were
found in the southern and western parts of the city. These areas have a large concentration of
population and high traffic.

Conclusion

Heavy metals in urban area soils can have both geogenic and anthropogenic sources due to
industry, industrial effluents, chemical fertilizers [42,52,53]. In this study the concentration of
all elements was lower than the standard level of Iranian soil resources (Table 2). Although
according to the results, 100% of the studied area is low in ecological risk for heavy metals of
Mn, Ni, Cr, Zn and Cu and have considerable level for As. In the case of Pb, 61% and 39% of
the area had low and moderated ecological risk, respectively. Cd ecological risk assessment
also indicated that 72% and 28% of the studied area were in the high and very high risk class.
The results of Pearson correlation analysis, PCA and CA, as well as the results of the I,
showed that the source of heavy metals in the urban soil of the study area can be divided into 3
main categories. The elements Cd, Cu, Pb, and Zn originated from anthropogenic sources
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Fig 7. The potential ecological risk factor (mEr) characteristics of heavy metals in the urban soils of Yazd.
https://doi.org/10.1371/journal.pone.0260418.g007
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including off-road vehicular traffic and industrial activity such as tile, ceramic and steel indus-
tries, as the value of these elements was greater than it of the earth’s crust, and the Igeo > 1
(Table 1 and Fig 5). On the other hand, Cd had only a significant correlation with Pb and Zn.
However, As was an element that has a significant correlation with other elements and was in
the same group with other elements according to PCA and CA. It was about 4 times greater
than that in the earth’s crust (Table 2) and does not appear to be in the same group as the
other elements. Based on the results of this study, it seems that a separate source of anthropo-
genic is proposed for this element such as fertilization and the use of fossil fuels in steel pro-
duction due to the proximity of the Alloy Steel Company to the Yazd city center. On the other
hand, according to the results of [54], the major sources of arsenic contamination in are gold
and copper mines and Urmia-Dokhtar volcanic formation, which contain various heavy and
toxic metals. Most of Iran’s mines, including Yazd, are located on this formation, and the use
of old mining methods and equipment has increased the intensity of pollution. In addition,
the use of pesticides, insecticides and other agricultural inputs has led to arsenic entering these
resources. Other elements, including Fe, Mn, Cr, Co, Cs and Nij, are also in the third group,
which according to the Ig, < 0 and have a natural and geogenic origin. The results of the PCA
and CA also confirm these result.
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