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Abstract: The rapid urbanization in China has resulted in significant differences between urban and
rural areas. The emergence of urban villages is inevitable in this context, for which complex problems
regarding land use, industrial management and ecological environment have arisen. This study
performed a case study on a typical urban village, by assessing heavy metal pollution and ecological
risk in soil. It detected a total of 80 basic units through portable X-ray fluorescence (XRF) instrument.
A total of 25 high-risk contaminated points were selected, sampled and analyzed in laboratory
as confirmation. The results showed the mean concentrations of Pb, Cu, Zn and Ni in soil were
significantly higher than background values. Pb, Zn and Ni showed obvious pairwise correlation, and
the high-value zones could be attributed to automobile traffic and industrial activities. In addition,
the pollution problem is complicated by a combination of agricultural activities, the absence of clear
division between different functional zones, as well as a general lack of environmental awareness.
All of these lead to increased ecological risk and are a serios threaten to public health.

Keywords: soil pollution; heavy metal; potential ecological risk; urban village; industrial land

1. Introduction

Land use change is an essential part of the earth’s environmental change, and the most
direct manifestation of the impact of human activities on the earth’s surface system [1,2].
China has experienced an extremely rapid urbanization in the past four decades. From
1981 to 2019, China’s urbanization rate increased from 20.16% to 60.60%, with an average
annual increase of 1.06% [3]. During this period, the area of urban construction land in
China soared from 6720.0 km2 to 58,307.7 km2, an increase of 767.67% [4]. The rapid growth
of construction land mainly comes from non-agricultural transformation of agricultural
land [5,6]. One of the most prominent features of urban expansion was a growing number
of industrial lands. The rapid growth of industry had promoted China’s modernization
and urbanization. However, China’s industrial development had been in an extensive
mode in the past, which mainly manifested in low land utilization efficiency and serious
environmental pollution [7]. Therefore, it intensified the contradiction between supply and
demand of urban land, which seriously destroyed the balance of the man–land interrela-
tionship [8–10]. In 2019, China’s industrial and manufacturing land accounted for 19.69%
of the total areas of urban construction land, while the proportion in developed countries
was often less than 10% [11,12]. At present, China is at an important stage of industrial
development and transformation, including industrial structure upgrading, land intensifi-
cation and green sustainable development. In terms of environmental sustainability, the
government has implemented a series of measures, including closing scattered industrial
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factories in downtown and moving industrial sites to suburban areas, to keep ecological
environmentally friendly and urban living environment healthy. In addition, rationally
controlling the scale and layout of industrial land is an important way to improve urban
eco-efficiency [13,14].

Urban soil contamination mainly comes from industrial production and related activi-
ties. The raw materials and compounds of Cd, Cr, Cu, Ni, Pb, Zn, Hg and As are widely
utilized in human daily life and production, as well as the most polluted [15,16]. From 2005
to 2013, China carried out the first national soil survey, in which the over-standard rates of
pollution points of heavily polluted enterprise land, industrial wasteland and industrial
park were 36.3%, 34.9% and 29.4%, respectively [17]. The problem of heavy metal pollution
in soil was very prominent. For single heavy metal element, the over-standard rates of
Cd, Ni, As and Cu reached 7.0%, 4.8%, 2.7% and 2.1%, respectively, which posed a great
threat to human health [18]. Soil is not only the carrier of human activities, but also the
final receptor of various pollution emissions [19]. Previous studies showed that indus-
trial manufacturing and fossil fuel combustion would lead to the concentrations of heavy
metals in urban soil significantly higher than their natural background values [20–22].
Remediation of heavy metal pollution in soil is complicated owning to its persistence,
bio-accumulation and low microbial degradability properties. Its migration and trans-
formation are affected by soil types, heavy metal ions and their occurrence forms [23,24].
Soil pollution of heavy metals endangers human health through oral intake, respiratory
inhalation and skin contact [25,26].

There have existed obviously regional differences in the process of urbanization in
China. In general, the growth rate of urbanization decreases progressively from east to west
in turn [27]. With the in-depth development of urbanization, urban expansion and urban
renewal have become the two dominant modes of urban land change [28]. It is an important
issue in coordinating urban development and environmental sustainability. A study of
livable cities in China released by the Chinese Academy of Sciences noted that the average
environmental health score of all 40 cities participating in the survey was only 58.24, lower
than 60. Environmental health problem has become the main limitation of construction of
livable cities in China. Furthermore, this study pointed out that the environmental health
problem in Xi’an was serious, which directly affected its livability [29]. Over a long period in
the past, Xi’an’s industrial development had the characteristics of high energy consumption,
heavy pollution and high emission. With the implementation of green sustainable strategy,
people have been focusing on soil health and living environment issues.

Many researchers have conducted qualitative and quantitative studies on heavy metal
pollution in soil, analyzing the spatial distribution rule and assessing the pollution de-
gree [30–32]. However, the city is quite large in relation to its land area. There are a very
limited number of sampling points and their layout lacks exact data support in most studies.
Urban village is a transitional zone between urban and rural areas. There have existed
huge urban–rural differences in aspects of land use and landscape pattern. Furthermore,
there are dense population, poor environment and inadequate infrastructure [33,34]. Many
researchers have pointed out that the urban village issue is the key to urban high-quality
development [35,36]. However, seldom have researchers focused on soil environment
in urban village and the internal relations among land use, industry and heavy metal
concentration in soil. Through developing an integrated approach, this research aimed
at (1) finding out high concentration zones of Cd, Cr, Cu, Ni, Pb, Zn, Hg and As in re-
search areas based on the XRF technique, (2) assessing the pollution and ecological risk,
(3) analyzing its distribution rule and pollution sources, and (4) putting forward some
advices based on health and sustainability. This research may provide an efficient and
reliable method for large-scale urban soil investigation. Its results may offer a scientific
basis for comprehensive environmental management and are of great significance for urban
sustainable development.
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2. Materials and Methods
2.1. Research Area and Detection Points

As one of the nine national central cities, Xi’an is located in the northwest of China.
It is an important industrial base of China, and its main industries include automobile
manufacturing, pharmaceutical manufacturing and electronic equipment manufacturing.
In addition, Xi’an has been experiencing rapid urban sprawl during the last decade. A
large amount of farmland has been transformed into urban construction land. Under the
sharp conflict of urban–rural industry, population and land, many urban villages have
formed as a result. In total, there were 156 urban villages in Xi’an until 2018, most of which
were located in suburban areas [37]. As shown in Figure 1, the industrial land of Xi’an is
mainly distributed in suburban areas as well, especially the western suburbs. Therefore,
the research area is in the western suburbs of Xi’an, which is of obvious urban–rural
dual structure and characteristics. The research area is a typical urban village, locating in
Chang’an district at latitude 34◦13′09′′–34◦13′40′′ N, longitude 108◦48′03′′–108◦48′40′′ E.
The total land area is approximately 0.78 km2. It is dominated by industrial land and
residential land, with a small amount of open space and farmland. The industries in this
urban village mainly involves electronic equipment manufacturing, construction materials
and automobile maintenance.
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Figure 1. Research area and the investigation grid (100 m × 100 m).

Through the recognition of remote sensing (RS) image, it indicated that the research
area was a similar 1000 m × 800 m (L × W) rectangle. According to Technical Guide-
lines for Investigation on Soil Contamination of Land for Construction (HJ 25.1-2019) and
The Technical Specification for Soil Environmental Monitoring (HJ/T 166-2004), the re-
search area was transformed into a 10 × 8 basic grid and each unit was a 100 m × 100 m
rectangle [38,39]. The grid was unified with the geographical coordinates by geographic
information system (GIS) and global positioning system (GPS) technologies (Figure 1).
The geometric center of each rectangle unit was determined as a quick detection point
with X-ray fluorescence (XRF) instrument. Consequently, in total there were 80 quick
detection points.

2.2. Analytic Methods

At present XRF has been widely used to confirm the type and quantity of elements in
substances. Some researchers applied this technology to the detection of heavy metals in
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soil, showing the characteristics of fast, accurate, portable and no damage to samples [40].
The sources causing heavy metal pollution in urban soil are complex. Theoretically, the
more detection points, the more accurate it can reflect the overall soil pollution situation
of the site. Traditional soil sampling and laboratory analysis need to consume a lot of
manpower and material resources. However, XRF has obvious advantages in this aspect,
which can realize large-scale full coverage and efficient investigation of heavy metals in soil.

The sundries on soil surface were cleaned by a plastic shovel (non-metallic). Heavy
metal concentrations in topsoil were quantified in situ with field portable XRF instrument
(Sci-Aps, 200) set to Geo-Env soil mode. In this soil mode, three beams under different
voltage can detect different elements (Table 1). This research focused on the concentrations
of Cd, Cr, Cu, Ni, Pb, Zn, Hg and As. Therefore, beam 1 and 3 were selected, while beam 2
was skipped. Each measurement was collected for a total of 30 s, which was very quick and
well directed. The calibration verification, determination of instrument precision, accuracy
and limit of detection (LOD) fulfills the requirements of United States Environmental
Protection Agency (EPA) Method 6200 [41].

Table 1. Detectable elements in Geo-Env Soil Mode of SciAps X-200.

Mode Detectable Elements
(Beam 1)

Detectable Elements
(Beam 2)

Detectable Elements
(Beam 3)

Soil Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As,
Se, Sr, Rb, Zr, Mo, W, Tl, Hg, Pb, Bi Mg, Al, Si, P, S Ag, Cd, Sn, Sb, Ba

Through soil analysis with XRF, the concentrations of Cd, Cr, Cu, Ni, Pb, Zn, Hg and
As in soil of each unit were quantified. EPA Method 6200 recommends a minimum 5% of all
samples tested by XRF be confirmed by laboratory analysis. Considering the difference of
pollution degree of each heavy metal element, 5–10% of quick detection results of different
heavy metal were regarded as high-risk contaminated, respectively. Finally, high-risk
contaminated points of above eight heavy metals were integrated. These points would
be confirmed with soil sampling and laboratory analysis. This research focused on urban
topsoil, which is significantly affected by human activities [42]. Three topsoil subsamples,
at a depth of 0–20 cm, were collected at each sampling point and mixed into a final soil
sample. These soil samples were naturally dried and then filtrated through 100-mesh nylon
sieve. Using a total-digestion EPA analytical reference method 3050B [43], soil samples
were digested by HNO3-HCl-HF-H2O2 and HNO3-HCl, respectively. The concentrations
of Cd, Cr, Cu, Ni, Pb, Zn, As were quantitatively analyzed by ICP-MS (Agilent, 7700e).
Concentrations of Hg were quantitatively analyzed by Atomic Fluorescence Spectrometer
(JINSUOKUN, SK-2003AZ). This laboratory analysis adopted national standard materials
for soil composition analysis (GSS-8) for analytic quality control (QC).

2.3. Comprehensive Pollution Index (CPI) Method

Comprehensive pollution index (CPI) method is a multi-factor environmental quality
assessment method highlighting the maximum value. It is one of the important methods to
evaluate pollution in soil, water and sediment [44]. Based on single pollution index (SPI),
CPI can comprehensively reflect the different effects of various heavy metal pollutants on
soil. The CPI is computed as follows:

Pi = Ci/Si (1)

Pc =

√
P2

imax + P2
iave

2
(2)

where Ci is the measured concentrations of a specific heavy metal, Si is the evaluation
criteria of heavy metal pollution. In this research, the criteria mainly use Risk Control
Standard for Soil Contamination of Development Land (GB36600-2018) and Risk Control
Standard for Soil Contamination of Agricultural Land (GB15618-2018) for reference [45,46].



Sustainability 2022, 14, 5030 5 of 19

Pi and Pc represent SPI and CPI, respectively. Pimax is the maximum pollution index of a
specific heavy metal and Piave is the average pollution index of all heavy metal factors. Pc is
classified into five categories that Pc ≤ 0.7 (Level I and clean), 0.7 < Pc ≤ 1 (Level II and low
polluted), 1 < Pc ≤ 2 (Level III and moderately polluted), 2 < Pc ≤ 3 (Level IV and highly
polluted), 3 < Pc (Level V and significantly highly polluted).

2.4. Geo-Accumulation Index (Igeo) Method

Geo-accumulation index (Igeo) method is an important quantitative evaluation method
of heavy metal pollution. It is widely used in the quantitative evaluation of heavy metal
pollution of soil and sediment. This method takes into account the difference of background
values caused by natural geological processes and the influence of heavy metal pollution
caused by human activities [47]. Igeo is an important parameter, which can evaluate the
impact of human activities on soil pollution. The Igeo is computed as follows:[

Cn

1.5× BVn

]
(3)

where Cn is the measured concentration of a specific heavy metal in soil, and BVn is the
geochemical background value of a specific heavy metal in soil. According to the value of
Igeo, pollution grades are classified into seven categories: Igeo < 0 (not polluted), 0 ≤ Igeo < 1
(not polluted to moderately polluted), 1 ≤ Igeo < 2 (moderately polluted), 2 ≤ Igeo< 3
(moderately polluted to heavily polluted), 3 ≤ Igeo < 4 (heavily polluted), 4 ≤ Igeo < 5
(heavily polluted to extremely polluted), and 5 ≤ Igeo (extremely polluted).

2.5. Potential Ecological Risk Index (RI) Method

Potential ecological risk index (RI) method was established by Hakanson for evaluat-
ing heavy metal pollution and ecological risk based on the principles of sedimentology [48].
This method takes toxic effects of different heavy metals on the environment into consider-
ation, associating heavy metal pollution and its ecological effect. RI can comprehensively
reflect the potential ecological risk level of heavy metals on soil environment. The calcula-
tion formula is as follows:

RI =
n

∑
i=1

Ei
r =

n

∑
i=1

Ti
r ×

Ci
s

Ci
n

(4)

where Cs
i is the measured concentrations of a specific heavy metal in soil, Cn

i is the
evaluation criteria. This research used soil background values of Shaanxi province for
criteria reference [49]. Tr

i is the specific biological toxic response factor for a heavy metal
element. Er

i is the potential ecological risk index of single heavy metal. RI is calculated
as the sum of potential ecological risk of all researched heavy metals. Cn

i and Tr
i are

shown in Table 2. With regard to potential ecological risk caused by single heavy metal,
Er

i is classified into five categories: Er
i < 40 (low level), 40 ≤ Er

i < 80 (moderate level),
80 ≤ Er

i < 160 (considerable level), 160 ≤ Er
i < 320 (high level), and 320 ≤ Er

i (significantly
high level). As for overall potential ecological risk, RI is classified into four categories:
RI < 150 (low level), 150 ≤ RI < 300 (moderate level), 300 ≤ RI < 600 (high level), and
600 ≤ RI (significantly high level).

Table 2. The evaluation criteria (Cn
i) and toxic response factor (Tr

i) of heavy metals in soil.

Heavy Metals Cd Cr Cu Ni Pb Zn Hg As

Cn
i (mg·kg−1) 0.76 62.5 21.4 28.8 21.4 69.4 0.063 11.1

Tr
i 30 2 5 5 5 1 40 10

2.6. Methods of Sources Identification

This research analyzed the numerical relation between XRF and corresponding labora-
tory analysis results, especially in high-risk areas. The XRF results of 80 sampling points
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were corrected through regression fit lines. Then, principal component analysis (PCA) and
K-Means Clustering (KMC) analysis were adopted to conduct pollution sources identi-
fication in IBM SPSS Statistics 26. According to previous research [50,51], the principal
components (PCs) were selected when initial contribution rate was larger than 80.00%. In
addition, the pairwise correlation between different heavy metals were analyzed and the
similarity of pollution sources was inferred and identified.

3. Results
3.1. Soil Analyses with XRF

In total, there were 80 quick detection points analyzed by XRF. Cd and Hg were not
detected. It indicated that the concentrations of Cd and Hg in soil did not reach LOD of the
XRF instrument. This research analyzed and visualized the concentrations of heavy metals
by Inverse Distance Weighted (IDW) in Arcgis 10.3 (ESRI). The results intuitively reflected
their spatial distribution and the variation trends (Figure 2). The mean concentrations of Cr,
Cu, Ni, Pb, Zn and As were 53.37 mg·kg−1, 51.27 mg·kg−1, 53.05 mg·kg−1, 69.43 mg·kg−1,
165.91 mg·kg−1 and 10.94 mg·kg−1, respectively. Pb, Cu, Zn and Ni were 3.24, 2.40, 2.39
and 1.84 times as large, respectively, as the background values in Shaanxi province. The
concentrations of Pb at point 2-2 (X-Y) were 512.72 mg·kg−1, exceeding 400 mg·kg−1 (risk
screening values for soil contamination of development land in GB36600-2018). There were
13 points whose concentrations of Pb were larger than 120 mg·kg−1 (risk screening values
for soil contamination of agricultural land in GB15618-2018), accounting for 16.25%. It was
found that large value points were mostly distributed in the south of the research area,
close to the traffic road. The maximum values of Zn were 2114.93 mg·kg−1. Moreover, its
coefficients of variation (CV) and standard deviation (SD) were the largest, reaching 173.71%
and 288.19, respectively. It indicated the spatial distribution of Zn varied greatly and it
was probably affected by land use type, industry and human activity. The concentration of
Zn in eight detection points was more than 250 mg·kg−1 (evaluation criteria), accounting
for 10%.

Through the risk screening of quick detection, there were 25 points selected as high-
risk contaminated. Based on the identification of RS image and on-site survey, the land
use types in this research mainly included residential land, industrial land and open
space. Additionally, residential land and open space were divided into three clusters,
respectively (Figure 3). A total of 84% of the high-risk contaminated points were located in
industrial areas.
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3.2. Confirmation Laboratory Analyses

In total, 25 high-risk contaminated points were sampled. The mean absolute percent
differences between XRF and laboratory analysis results of Cr, Cu, Ni, Pb, Zn and As were
7.94%, 8.98%, 8.41%, 10.28%, 11.17% and 19.49%, respectively. Generally, the correlation co-
efficients (Pearson’s r) between these two arrays were all greater than 93.26%. Results from
ICP-MS and Atomic Fluorescence Spectrometer corroborated the findings achieved from
XRF quick detection. As shown in Figure 4, satisfying correlations (R2 > 0.9) were observed
between XRF and laboratory analysis concentrations of Cr, Cu, Ni, Pb, and Zn. Among
them, the correlations of Zn and Pb were most significant. In addition, XRF concentrations
were slightly higher than the results from laboratory analysis in general. Especially for As,
the average concentration of laboratory analysis was 10.99% less than that for XRF. Through
linear regression fit, the mathematical relations between the concentrations measured by
XRF and laboratory analysis were established.

The statistics of heavy metal concentrations at 25 sampling points are shown in Table 3.
The mean concentrations in soil of Cd, Cr, Cu, Ni, Pb, Zn, Hg and As were 0.38 mg·kg−1,
63.90 mg·kg−1, 63.81 mg·kg−1, 67.25 mg·kg−1, 116.95 mg·kg−1, 309.98 mg·kg−1, 0.19 mg·kg−1

and 11.30 mg·kg−1, respectively. Except for Cd, the mean concentrations of other seven
heavy metals exceeded the background values of Shaanxi province. In particular, the mean
concentrations of Pb and Zn were 5.47 and 4.47 times larger, respectively, than background
values. It indicated that specific human activities in urban village resulted in the significant
increase in concentrations of Pb and Zn. The CV of Pb and Zn were larger than 100%,
reaching 109.91% and 142.21%. It reflected the concentrations of Pb and Zn in different
sampling points were divergent, and the overall data dispersion was high. By comparison,
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the CV of As was the lowest, which was 46.30%. It showed the numerical variation of As at
different points was relatively small.
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As shown in Figure 5, it was found that all the heavy metal elements analyzed in
this research had obvious outlier, except Ni. The background value of Cd was remarkably
greater than the upper limit of the box plot. It showed that the overall concentration values
of Cd were low, and most values were significantly lower than the background value. The
box’s height of Cr was low. The mean concentrations of Cr, approaching to background
value, were slightly higher than the upper interquartile of the box plot. It indicated that the
numerical distribution was very concentrated, except the outlier, and these values were
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relatively low. Additionally, the skewness of Cr was 3.70, which was the largest. It indicated
the right-skewness distribution of Cr was significant. Meanwhile, only 24% of all sampling
points exceeded background value regarding Cr. This situation reflected the dispersion of
Cr, especially in relatively high-value zone, was obvious. Similarly, the skewness of Zn
was 2.73 (Skew > 0). However, its lower interquartile was greater than background value.
It not only showed most of the Zn values exceeded background value, but also the data
dispersion was significant. The increased concentrations of specific heavy metal elements
in soil were probably affected by regional human activities.
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From the calculation results of SPI, the proportions of Cd, Zn and Cr, whose Pi was
larger than 1, were 44%, 28% and 24%, respectively. The results of CPI are shown in Figure 6.
According to the evaluation criteria in this research, the following results are noted: a total
of 14 samples were clean (Level I), accounting for 56% of the total; four samples were low
polluted (Level II), accounting for 16% of the total; one sample was moderately polluted
(Level III), accounting for 4% of the total; six samples were significantly highly polluted
(Level V), accounting for 24% of the total. It manifested that the difference in CPI between
points was huge. The maximum was 15.45 at point 1, and the minimum was 0.21 at point
19. All the significantly highly polluted points were located in industrial areas, which
showed obvious agglomeration characteristics.

The statistical results of Igeo are shown in Figure 7. The mean Igeo values were arranged
in the order of Pb(1.09) > Cu(0.78) > Zn(0.77) > Hg(0.76) > Ni(0.48) > As(−0.68) > Cr(−0.73) >
Cd(−1.89). A large majority of Igeo(Cd), Igeo(Cr) and Igeo(As) were not polluted, accounting
for 96%, 88% and 88%, respectively (Figure 8). For Igeo(Cd) and Igeo(As) in particular, the
values were all lower than 1. These heavy metals concentrations were relatively low, which
were close to natural background values. However, Cu, Pb, Zn and Hg exhibited signs
of heavy pollution. In total, 28% of all sampling points were above moderate pollution
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regarding Igeo(Pb). Igeo(Pb) at point 4 reached 3.89 among them. The maximum Igeo(Zn)
existed at point 1, which was 4.20 (heavily polluted to extremely polluted). Furthermore,
the Igeo values of Pb and Zn fluctuated clearly. It indicated that the concentrations of Pb
and Zn were high in general, and several samples were seriously contaminated.
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RI values were calculated at all 25 sampling points. The potential ecological risk index
of single heavy metal was calculated. From the view of biological toxicity assessment,
the results showed the overall potential ecological risks were low except for Hg and
Pb. The average values of Er(Hg) were 120.30, which was wholly at considerable level.
The maximum values of Er(Hg) were 373.97 at point 1, reaching significantly high level.
Although the average values of Er(Pb) were 27.33, less than 40 (low level), 24% of total
samples exceeded 40 with its maximum Er(Pb) 111.02 at point 4. It showed that there were
considerable ecological risks in the specific region. The results of SPI and Igeo reflected the
concentrations of Zn were high. However, since Tr of Zn was 1, the Er(Zn) was only 4.46. It
had no potential risks to the ecological environment.

The results of RI were shown in Figure 9. Generally, nine samples were at low risk
level, accounting for 36%. In total, 14 samples were at moderate risk level, accounting for
56%. Point 1 and point 9 were at high risk level, which were 557.05 and 366.76, respectively.
The large values of Er(Hg) was the main factor causing high ecological risk. From the
perspective of spatial distribution and land use, the ecological risk of industrial land was
dramatically higher than that of residential land. The RI at point 8, 15 and 19 were located
in residential areas, which were 146.83, 83.59 and 102.01, respectively. They were all less
than 150 and at low risk level. In addition, point 7 was sampled at open space. Its RI value
was 217.04, which was at moderate risk level.

3.3. Source Identification

According to Table 4, Pb-Ni and Pb-Zn showed highly significant positive correla-
tion at p < 0.01 level, the correlation coefficients reaching 0.557 and 0.417, respectively.
Ni-Zn showed significant positive correlation at p < 0.05, whose correlation coefficient
was 0.254. Therefore, there were notable pairwise correlation among Pb, Zn and Ni, in-
dicating these probably resulted from similar pollution sources. Based on KMC results
(Table 5), 80 sampling points were classified into four clusters. Cluster 1 included 73 sam-
ples, which was the largest and accounted for 91.25% in total. It showed that the heavy
metal concentrations in most research areas were in a stable and normal condition. In
general, these samples were all lower than the criteria of risk control. Clusters 2 and 3
indicated the variation of Pb, Zn and Ni were notably similar and accordant. In addition, it
was consistent with the results of Pearson correlation analysis.
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Table 4. Pearson correlation coefficients among heavy metal concentrations in soil.

Heavy Metals Cr Cu Ni Pb Zn As

Cr 1
Cu 0.097 1
Ni 0.102 0.148 1
Pb 0.160 0.132 0.557 ** 1
Zn 0.047 0.104 0.254 * 0.417 ** 1
As 0.196 0.171 −0.008 −0.047 0.033 1

** Correlation is highly significant at p < 0.01 (two-tailed); * Correlation is significant at p < 0.05 (two-tailed);
number of samples (n = 80).

Table 5. KMC of heavy metal concentrations at 80 sampling points.

Heavy
Metal

Cluster

1 2 3 4

Cr 51.19 57.18 45.23 57.43
Cu 47.49 43.67 67.00 68.68
Ni 49.25 85.45 92.04 56.97
Pb 47.10 359.23 335.82 91.79
Zn 108.09 1953.93 200.18 1095.01
As 9.73 8.85 8.96 11.65

Cluster Quantity 73 1 4 2

Based on Pearson correlation analysis, this research conducted PCA and results were
shown in Tables 6 and 7. The Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy
was 0.598 (KMO > 0.5), and the significance of Bartlett’s test of sphericity was 0.000
(Sig. < 0.001). This research extracted four PCs, whose initial eigenvalues were larger than
0.8. These four PCs cumulative contribution rates were over 80.00%, reaching 81.67%. The
contribution rates of PC1 were 32.29%. PC1 showed high positive loadings in Ni, Pb and
Zn, reaching 0.763, 0.838 and 0.640, respectively. Combined with correlation analysis, it
was confirmed that Ni, Pb and Zn originated from similar pollution sources. These heavy
metal materials are widely used in petroleum, automobile, printing and food processing
industries. Therefore, this result was in line with the industrial characteristics of the research
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areas. The contribution rates of PC2 were 20.80%, and it showed high positive loadings in
Cr and As. The research areas were located in the suburbs of the city, and agricultural and
industrial activities were particularly active. Pesticides, industrial sewage and dust contain
these metallic elements, leading to the accumulation of heavy metal concentrations in soil.

Table 6. PCA and total variance explained of heavy metal concentrations.

Component
Initial Eigenvalues Extracted Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 1.938 32.293 32.293 1.938 32.293 32.293
2 1.248 20.801 53.094 1.248 20.801 53.094
3 0.908 15.129 68.223 0.908 15.129 68.223
4 0.807 13.443 81.667 0.807 13.443 81.667
5 0.701 11.688 93.355
6 0.399 6.645 100.000

Table 7. Initial factor loading matrix of heavy metal concentrations. (PCs loadings > 0.5 are shown
in bold).

Heavy Metals
Component

1 2 3 4

Cr 0.318 0.554 −0.655 −0.224
Cu 0.362 0.464 0.673 −0.368
Ni 0.763 −0.184 −0.032 −0.253
Pb 0.838 −0.223 −0.103 −0.046
Zn 0.640 −0.159 0.110 0.611
As 0.107 0.786 0.050 0.426

4. Discussion
4.1. Method of Investigation

Previous studies have pointed out the advantages of the XRF technique that is non-
destructive, more efficient and low cost, compared with conventional sampling and
laboratory-based measurement [52,53]. This research adopted methods combined XRF
quick detection with confirmation laboratory analysis. It greatly reduced the amount of
sampling points and improved efficiency, while ensuring the accuracy of detection results.
It proved the advantages and worth of the XRF technique in soil environment investigation.
Additionally, this research proposed to carry out laboratory-based analysis for high-value
zones. The regression fit lines were used for numerical correction. This method can increase
the accuracy and reliability of results. In this study, the results from XRF and laboratory
analysis coincided. The mean absolute percent differences in between were less than 12%,
except As, reaching 19.49%. Radu et al. researched the heavy metal concentrations at
silver mines and showed an excellent correlation between portable XRF instruments and
laboratory-based methods [54]. Moreover, the study found that concentrations measured
by laboratory analysis were commonly lower than XRF’s results. Meanwhile, this was
consistent with the results of Caporale et al. [55], who pointed out the main cause is the
incomplete chemical dissolution in the laboratory. Generally, the XRF technique can be
used as a replacement for conventional laboratory-based method when the calibration is
adequate [56].

4.2. Multi-Sources of Pollution

In this research, the measured values of Pb, Cu, Zn and Ni were significantly higher
than the regional background values. The high-value zones of Pb, Zn and Ni were dis-
tributed around the south traffic road. Previous study showed these existed large ecological
and health risk in suburb areas, and traffic emission is the main pollution source [57].
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Through on-site survey, there were many garages, metal recycling and processing factories
on both sides of the road. The traffic flow was large, particularly the trucks (Figure 10).
Walraven et al. found that Pb pollution in roadside soils was mainly derived from gaso-
line, which was generally polluted at 0–15 cm depth [58]. There was a building materials
production and logistics base in the southwest of research area. The maximum values of
Igeo(Pb) and Igeo(Zn) were found in this area. This was consistent with the results of Jeong
et al., which found that non-exhaust traffic emissions, e.g., particles from brake pads and
tires, contain heavy metal elements. They were demonstrated to be important pollution
sources causing the increase in concentrations of Pb and Zn [59]. Zn is one of the essential
elements for human body, animals, and plant growth. However, excessive concentrations
of Zn will hinder the growth of animals and plants, reducing biological diversity [60,61].
The result from this research indicated the concentration of Zn were relatively high, and
yet Er(Zn) was low. This was principally because the biological toxicity of Zn is low. Tr

i of
Zn is only 1, which is the lowest numerically among above eight heavy metals.
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The concentrations of Cd, Cr, Cu, Hg and As in soil had been proved to be related
to industrial activities, which was consistent with the results of Wang et al. [62]. Hu et al.
showed that industrial activities have significant correlation with heavy metal pollution [63].
In this research, 84% of the high-risk points were located in industrial areas. The sampling
points located in residential areas were all at low risk level. The average SPI and Igeo
of Hg were only 0.38 and 0.76, respectively; however, the heavy metal element Hg has
strong bioaccumulation. It can cause great harm to the whole ecosystem and has great
chemical toxicity. Therefore, Er(Hg) was generally the highest among eight heavy metals.
A mixed use of farmland and construction land is a significant feature of urban village
located in suburban areas (Figure 11). Industrial land will increase heavy metal pollution
risk of surrounding agricultural land [64]. The chemical raw materials, chemical reaction
equipment, industrial dust and waste gas are potential pollution resources, resulting in
the increase in heavy metals concentrations in soil. In general, industrial sources and
traffic sources are the main factors leading to the increase in heavy metal concentrations in
soil. However, as the opinion of Huang et al., agricultural land pollution and agricultural
pollutions source should be brought to the attention at peri-urban area [65].
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4.3. Sustainability of Urban Village

In China, small-scale enterprises such as equipment manufacturing, materials process-
ing and printing are common in urban village. The production equipment and technical
process are relatively primitive in urban village [66]. It probably causes direct harm to
the ecological environment. Urban village basically involved industrial land, residential
land and open space in this research. Different land types were mixed and intertwined.
Through on-site survey, it was found that the workers’ dormitory was close to the industrial
plant, and the restaurant was adjacent to the garage. This chaotic layout posed a great
threat to the ecological environment and human health. There were many uses for open
space, including stacking sundries, dumping domestic waste and planting crops, which
represented potential pollution risk. In China, urban village is the inevitable product of
urbanization [67]. However, with the improvement of urban environment and high-quality
industrial transformation, the living environment of urban villages have continuously
improved. According to the list published by the Xi’an government from 2017 to 2019,
many enterprises in urban villages had been urged to rectify or forced to close regarding
environmental pollution issue. Therefore, strict zoning system should be implemented in
urban village, which can reduce pollution risk to the environment.

5. Conclusions

In this research, the method combining in situ XRF detection and laboratory-based
analysis was proposed. It turned out to be reliable and cost efficient. The measured concen-
trations of Pb and Zn were significantly higher than background values. Industrial land was
at high risk for heavy metal pollution. There existed obvious pairwise correlation among
Pb, Zn and Ni, and these heavy metal accumulations originated from similar automobile
traffic and industries activities. Industrial sources and traffic sources were regarded as
main factors causing heavy metal accumulation in soil. In addition, agricultural sources,
e.g., chemical fertilizers and pesticides, increased the risk of pollution in urban village. In
recent years, soil safety has been paid close attention. This research provided a fast, efficient
and accurate method for urban large-scale investigation of the soil environment.

In China, urban village is an important part of the city. This research explored the rela-
tion among land, industry and heavy metal pollution. The result was of great significance
to environmental governance as well as urban planning.
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