& frontiers | Frontiers in

ORIGINAL RESEARCH
published: 29 April 2022
doi: 10.3389/fenvs.2022.893938

OPEN ACCESS

Edited by:
Mohammad Saghir Khan,
Aligarh Muslim University, India

Reviewed by:

Balram Ambade,

National Institute of Technology,
Jamshedpur, India

Yang Lj,

Anhui University of Science and
Technology, China

*Correspondence:
Pengjie Cai
caipengjie@nju.edu.cn

Specialty section:

This article was submitted to
Toxicology, Pollution and the
Environment,

a section of the journal

Frontiers in Environmental Science

Received: 11 March 2022
Accepted: 05 April 2022
Published: 29 April 2022

Citation:

Li'Y, Xu Z, Ren H, Wang D, Wang J,
Wu Z and Cai P (2022) Spatial
Distribution and Source
Apportionment of Heavy Metals in the
Topsoil of Weifang City, East China.
Front. Environ. Sci. 10:893938.

doi: 10.3389/fenvs.2022.893938

Check for
updates

Spatial Distribution and Source
Apportionment of Heavy Metals in the
Topsoil of Weifang City, East China

Yan Li"2, Zhigiang Xu'"?, Hanhan Ren™2, Dong Wang "2, Jian Wang "2, Zhen Wu "2 and
Pengjie Cai®*

"Shandong Provincial No.4 Institute of Geological and Mineral Survey, Weifang, China, 2Key Laboratory of Coastal Geological
Environment Protection of Shandong Bureau of Geology and Mineral Resources, Weifang, China, School of Earth Sciences and
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The distribution of heavy metals in topsoil can have a significant impact on human health. A
total of 1, 556 samples were collected from the topsoil of Weifang, China. Various indices,
including the pollution index (P)), the Nemerow integrated pollution index (Py), and the
potential ecological risk index (R/), were used to analyze the heavy metal pollution levels.
The sources of heavy metals were analyzed using the positive matrix factorization (PMF)
model. The results are as follows: (1) the ecological risk level of Cu, Pb, Zn, Ni, Cr, and As in
the study area is relatively safe, but the ecological risk level of Cd and Hg is relatively high,
leading to an increase in the ecological risk level of heavy metals in the study area and (2)
the PMF results show that there are six main sources of the eight heavy metals. Cr and Ni
come from soil parent material and nonferrous metal industrial activities; As is closely
related to fossil fuel (coal)-related industrial activities; Cu originated from diesel fuel-related
transportation and agricultural machinery activities; Pb is derived from gasoline
transportation activities; Hg is closely related to the application of pesticides in
agricultural production; Cd and Zn originated from organic fertilizers used in agricultural
activities.

Keywords: heavy metals, soil, ecological risk, source, Weifang city

HIGHLIGHTS

e Environmental risk assessment of heavy metals in topsoil was performed.
e Spatial distributions of heavy metals in topsoil were characterized.
e Six main sources of eight heavy metals were determined by the PMF method.

INTRODUCTION

Environmental issues are getting more and more attention with population growth and urban
development (Ambade et al., 2021a,b, ¢, 2022; Kurwadkar et al., 2022; Maharjan et al., 2021). In
particular, heavy metal pollution in soil has attracted extensive attention all over the world
(Lokeshwari and Chandrappa, 2006; Cao et al., 2010; Akbarpour et al, 2021). Heavy metal
pollution in soil has the characteristics of a wide range and long duration (Hu et al., 2018; Chen
et al,, 2021). These pollutants can become enriched in soil and migrate to the human body through
the food chain, posing a potential threat to the natural ecosystem and public health (Burges et al.,
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FIGURE 1 | Location of the study and sampling sites.
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2015; Zhang et al., 2017; Li et al., 2019). Therefore, considering
the hazards of heavy metals, the United States Environmental
Protection Agency (USEPA) lists Cu, Pb, Zn, Ni, Cr, As, Cd, and
Hg as priority pollutants (USEPA, 1986). The means to effectively
evaluate the harm of heavy metals in soil has always been a
research hotspot (Burges et al., 2015; Zhang et al., 2017; Li et al.,
2019).

Determining the distribution pattern and pollution level of
heavy metals in soil is the key to evaluating the potential risk of
these metals (Lin al., 2010; Li et al., 2020). It is important to
provide information about various heavy metal pollution levels in
the soil to guide the formulation of relevant pollution control
policies (Solomon et al., 2016). To assess the risk of heavy metals
in soil, soil pollution sources have attracted the attention of many
researchers (Chen et al., 2021; Yao et al,, 2021). There are many

indicators of heavy metal pollution in soil, including the
enrichment coefficient (Buat-Menard and Chesselet, 1979), the
pollution index (Wei and Yang, 2010), the Nemerow
comprehensive pollution index (Cheng et al, 2007), the
geological accumulation index (Hasan et al, 2013), and the
potential ecological risk index (Sun et al., 2010).

The determination of heavy metal soil pollution sources is one
of the important components of the comprehensive and effective
evaluation of heavy metal soil pollution (Wu et al., 2018; Heidari
et al., 2021). Generally, sources of heavy metals can be divided as
coming from natural sources or human activities (Jiang et al.,
2017; Wang et al., 2019; Cai et al., 2021a). Many scholars have
adopted a variety of methods to determine heavy metal pollution
sources in soil, such as geographic information systems,
multivariate statistical analysis, positive matrix factorization
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(PMF), and chemical mass balance law (Facchinelli et al., 2001;
Pekey et al., 2004; Cao et al., 2012). Among them, the PMF model
reduces the dimension of multidimensional variables through
correlation matrix and covariance matrix, which is a very effective
method for source analysis of heavy metals (Fang et al., 2021),
and, therefore, the PMF model has been widely used. In recent
years, PMF models have been widely applied to atmospheric
particles, water, soil, and sediments (Rodenburg et al., 2011; Tan
et al., 2016).

Weifang, a regional center city in Shandong Province, is also
an important vegetable growing area in China. Its soil
environmental problems are closely related to urban
development and people’s lives and health. However, there has
been a lack of research on the distribution of heavy metals in the
soil in this city. This study mainly carried out environmental risk
assessment and determination of pollution sources in the soil of
Weifang. The results of this study are expected to provide a useful
reference for the control and management of heavy metal
pollution in the soil of other cities of the world.

MATERIALS AND METHODS

Regional Setting

The study area covers the whole of Weifang (Figure 1), with the
geographic coordinates of 118°10" E -120°01'E and 3532’ N
-37°26' N. The total area is 15,859 km? in August 2020.
Weifang is located in the middle of the Shandong Peninsula
and is adjacent to the Taiyi Mountains in the south, the Linyi and
Rizhao cities in the south, Laizhou Bay in the Bohai Sea in the
north, Qingdao and Yantai in the east, and Dongying and Zibo in
the west. The land chokes the throat of the road from the
hinterland of Shandong to the peninsula, and the Jiaoji
Railway runs from the east to the west of the city. According
to the census of 2020, the total population of Weifang is around
9.394 million. The urbanization of Weifang has also created
numerous environmental problems, including ecosystem
pollution (Hu et al., 2021), groundwater pollution (Gao et al,
2020), and air pollution (Li et al., 2020).

Analytical Methods

Based on the actual soil distribution in Weifang, a total of 1,556
surface samples were collected with a uniform distribution of 1
sample/10 km?. The sampling points were located by GPS
(longitude and latitude), the surface sample collection depth
was 0-20 cm, and the specific sampling distribution is shown
in Figure 1. The data of all the sampling points were also
recorded; the quantity of the original samples was more than
500 g each, and the weight of the processed samples was more
than 250 g each. In the laboratory of the Fourth Geological and
Mineral Exploration Institute of Shandong Province, inductively
coupled plasma mass spectrometry (ICP-MS) was used to
determine the content of heavy metal elements (Cu, Pb, Zn,
Nj, Cr, As, Cd, and Hg) in the soil samples. During the test, GSS-4
and GSS-6 national standard soil samples were used for quality
control throughout the entire process. A repeat sample is a
measurement randomly selected from every five samples, and
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the error value of the analysis results was within £10%. The pH
value of the samples was measured using the potentiometric
method.

Heavy Metal Evaluation Method

Pollution Evaluation Method

In this study, the pollution index (P;), the Nemerow comprehensive
pollution index (Py), and the potential ecological risk index (E ’r and RI)
were used to evaluate the metals in the soil with 8 heavy metal pollution
indexes. The P; is the evaluation of a single heavy metal element (Wei
and Yang, 2010). The Py is a multi-factor environmental index
highlighting the maximum value, which reflects the impact of
overall pollution and maximum concentration of heavy metals on
environmental quality (Cheng et al, 2007). E! and RI are used to
evaluate the degree of heavy metal pollution in soil and its potential
ecological risk (Hakanson, 1980). The specific calculation and
classification of these indexes are shown in Table 1.

PMF Analysis

PMF is a multivariate factor analysis tool, which is used to analyze
different types of environmental pollution sources (Rodenburg
et al.,, 2011; Tan et al., 2016; Guan et al., 2018). The PMF model
decomposes the original matrix X;; (formula 1) into a factor
score matrix (Gi), a factor load matrix (Fg;), and a residual
matrix (E;;).

X,*j = Zi:l(Gik X Fk]) + El] (1)

The 4, j, and k represent the i-th sample, j-th element, and k
represents the k-th source, respectively. Minimizing the objective
function Q can be calculated using Formula 2.

Q-3 %0 (&) @

The PMF can weight each data point and provide an
appropriate uncertainty for each data point. When the consent
of the element is lower than or equal to the detection limit of the
corresponding method (MDL), the uncertainty can be calculated
using formula 3:

Uij = =5/6xMDL 3)

Otherwise, the uncertainty is calculated using formula 4:
U, = (o xc;)" + MDL (4)

The o is the relative standard deviation, c; is the consent of
elements.

Data Processing and Methods

Microsoft Excel 2016 and SPSS 22.0 were used for the statistical
compilation and analysis of the pollution index, the ecological risk
index, and the correlation and principal component of the heavy
metals in the soil; ArcGIS 10.2 was used to analyze and map the
distribution of soil sampling points and the spatial distribution of
heavy metals. The EPA PMF5.0 software was used to quantitatively
identify the source of metals in this study.
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TABLE 1 | The classification of indexes.

Heavy Metals in Soil

Index Procedures of calculation Classification Description References
P Pi = Ci/Si <07 safe Wei and Yang,
P, is the environmental quality index of element i in the soil, C; is the measured content of element i, and 0.7-1 warning (2010)
S; is the evaluation reference value of element i threshold
1-2 slightly pollution
2-3 moderate
pollution
>3 severe pollution
Pn Py = [FatPhen <07 safe Chen et al., 2007
- 2
Prmax is the maximum value of the soil heavy metal pollution index, and Ppean is the average value of the 0.7-1 warning
soil heavy metal pollution index threshold
1-2 slightly pollution
2-3 moderate
pollution
>3 severe pollution
El Cj =CL/C}, El =T}/C] <30 Low risk Hakanson, (1980)
C} is the heavy metal i pollution index; C, is the actual value of heavy metal i; C, is the standard value of 30-60 Medium risk
heavy metal i; £/ is the potential ecological risk index of heavy metals; T/ is the toxicity index 60-120 High risk
>120 Extreme risk
R Rl =Y7.El <60 Low risk Hakanson, (1980)
Rl is the comprehensive potential ecological risk index 60-120 Medium risk
120-240 High risk
>240 Extreme risk

Note: The reference values of Cu, Pb, Zn, Ni, Cr, As, Cd, and Hg are 100 mg/kg, 170 mg/kg, 300 mg/kg, 190 mg/kg, 250 mg/kg, 25 mg/kg, 0.6 mg/kg and 3.4 mg/kg, respectively, taken

from the soil environmental quality standard (GB15618-2018).

TABLE 2 | Statistical results of soil heavy metal concentrations in the study area.

Element Cu Pb Zn
Min 0.3 ihl 13.3
Max 149.5 245.3 4271.2
Mean 22.71 26.39 76.29
Standard deviation 12.31 1217 114.11
Coefficient of variation 0.542 0.461 1.495
Skewness 3.731 9.82 32.269
Kurtosis 26.5 145.85 1177.09
The reference value of GB 15618-2018 100 170 300
Background value of Shandong Province 223 245 60.9

RESULTS AND DISCUSSION

Descriptive Statistics of the Concentrations

of Major Elements and REEs

The descriptive statistical results of eight heavy metals in the
surface soil of Weifang are shown in Table 2. The average pH
value is 7.85, indicating that the soil is alkaline. The mean content
(ng/g) of Cu, Pb, Zn, Ni, Cr, As, Cd, and Hg are 22.71, 26.39,
76.29, 28.54, 82.37, 9.81, 0.09, and 0.03, respectively. The average
values of the eight heavy metal elements are higher than their
background values in the soil in Shandong Province, and there is
a certain degree of heavy metal accumulation, but none exceeds
the sorting and screening value of GB15618-2018. The coefficient
of variation is the standardization of the dispersion of the
probability distribution. The coefficient of variation can be

Ni Cr As Cd Hg Ph

8.1 30.1 2.41 0.04 0 4
227.7 4132 21.65 4.05 1.6 9.85
28.54 82.37 9.81 0.09 0.03 7.85
15.04 30.41 2.56 0.1 0.06 0.88
0.527 0.369 0.261 1.107 1.678 0.113
5.006 3.54 0.446 32.115 15.485 —1.447
40.92 19.87 0.85 1168.58 358.68 2.23
190 250 25 0.6 3.4
24.4 64.3 8.9 0.07 0.016

divided into three levels: low (CV < 0.16), medium (0.16 <
CV < 0.36), and high (CV > 0.36) (Wilding, 1985). The
coefficient of variation of As is 0.261, and the degree of
variation is medium; the coefficients of variation of Cu, Pb,
Zn, Ni, Cr, and Cd were 0.542, 0.461, 1.495, 0.527, 0.369,
1.107, and 1.678, respectively. Overall, the heavy metals in the
soil of the study area showed greater variability and greater spatial
dispersion, and the concentration of heavy metals in the soil in
the study area is likely to be affected by human activities.

Spatial Distribution of Heavy Metals

The results of the spatial interpolation of heavy metals using the
ordinary Kriging method are shown in Figure 2. The pH value in
the north of Weifang (Qingzhou, Shouguang, Hanting, Kuiwen,
Fangzi District, and Weicheng District) and some areas of

Frontiers in Environmental Science | www.frontiersin.org

April 2022 | Volume 10 | Article 893938


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Lietal

Heavy Metals in Soil

FIGURE 2 | Spatial distrioution of Cu (A), Pb (B), Zn (C), Ni (D), Cr (E), As (F), Cd (G), Hg (H), and pH (I) of surface soil in Weifang.

TABLE 3 | Percentages of sites at different pollution levels and potential ecological risks.

Element

Cu
Pb
Zn

Cr
As
Cd
Hg

Pollution
index

Lo v B v i o v i © e o v

v
z

Samples/%

Safe Warning Slight Moderate Severe
98.97 0.44 0.58 0 0
99.87 0.13 0 0 0
98.53 1.15 0.70 0.19 0.06
86.36 8.41 4.63 0.45 0.19
95.13 3.66 1.15 0.06 0
99.87 0.13 0 0 0
98.59 0.84 0.45 0.06 0.06
99.46 0.38 0.13 0 0.06
92.64 4.24 2.70 0.26 0.13

Ecological
risk
index

£
£
E
£
£
E
£
£
RI

Samples/%

99.87
99.87
99.94
99.81
100
100
14.86
8.74
0.58

Moderate High Extreme
0.13 0 0
0.13 0 0

0 0.06 0
0.19 0 0

0 0 0

0 0 0
79.56 4.94 0.64
39.40 38.43 13.43
35.41 56.11 7.90
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Changle County, Changyi City, Gaomi City, and Linqu County is
higher than 8.2. The high-value Cu areas are mainly distributed in
the western counties and in Weifang, Weicheng District, and the
Gaomi City Center. The high-value Pb areas are mainly
distributed in Weicheng District, Anqiu City, Zhucheng City,
and Linqu County. The high-value Zn and Cd areas are mainly
concentrated in the center of Zhucheng City. The high-value Ni
areas are mainly in the western counties and Weifang. The high-
value Cr areas are also mainly in the western counties and
Weifang and the southeast of Gaomi. As and Hg are evenly
distributed in Weifang.

Environmental Risk Assessment of Heavy
Metals

The proportion of heavy metal pollution levels was determined
based on the P; and Py evaluation standards of the 8 heavy metals
(Table 3). The P; results show that the pollution level at most of the
sampling points is safe. The alert samples of Pb and As accounted
for 0.13%, and the rest were safe. For Cu, the samples in the
warning threshold, slight pollution, and safe levels accounted for
0.44, 0.58, and 98.97%, respectively. For Cr, the samples in the
warning threshold, slight pollution, moderate pollution, and safe
levels accounted for 3.66, 1.15, 0.06, and 95.13%, respectively. For
Zn, the samples in the warning threshold, slight pollution,
moderate pollution, severe pollution, and safe levels accounted
for 1.15, 0.70, 0.19, 0.06, and 98.53%, respectively. For Ni, the
samples in the warning threshold, slight pollution, moderate
pollution, severe pollution, and safe levels accounted for 8.41,
4.63, 0.45, 0.19, and 86.36%, respectively. For Cd, the samples
in the warning threshold, slight pollution, moderate pollution,
severe pollution, and safe levels accounted for 0.84, 0.45, 0.06, 0.06,
and 98.59% respectively. For Hg, the samples in the warning
threshold, slight pollution, severe pollution, and safe levels
accounted for 0.38, 0.13, 0.06, and 99.46%, respectively. The
results of the Py value show that the samples in the safe level
account for 92.67%, those in the warning threshold level account
for 4.24%, those in the slight pollution level account for 2.70%,
those in the moderate pollution level account for 0.26%, and those
in the severe pollution level account for 0.13%, indicating that most
of the soil in the entire study area is still relatively safe.

To further evaluate the ecological risk of heavy metals in the
study area, E! and RI values were calculated. As shown in Table 3,
the Cr and As content in all samples are at low ecological risk. The
samples containing low and moderate amounts of Cu accounted
for 99.87 and 0.13%, respectively. The samples containing low
and moderate amounts of Pb accounted for 99.87 and 0.13%,
respectively. The samples containing low and moderate amounts
of Ni accounted for 99.81 and 0.19%, respectively. The samples
containing low and high amounts of Zn accounted for 99.94 and
0.06%, respectively. The samples containing low, moderate, high,
and extreme amounts of Cd accounted for 14.86, 79.56, 4.94, and
0.64%, respectively. The samples containing low, moderate, high,
and extreme values of Hg accounted for 8.74, 39.40, 38.43, and
13.43%, respectively. The samples containing low, moderate,
high, and extreme values of RI accounted for 0.58, 35.41,
56.11, and 7.90%, respectively. Overall, the ecological risks of

Heavy Metals in Soil

Cu, Pb, Zn, Ni, Cr, and As in the study area are relatively safe, but
the ecological risks of Cd and Hg are relatively high, and this
increases the ecological risks of heavy metals in the area.

Source of Heavy Metals

Correlation Analysis

The results of the correlation analysis between the eight heavy
metal elements and pH from the study area are shown in Table 4
and Figure 3. Usually, a strong correlation between elements
indicates that they come from the same source or have similar
geochemical behaviors, while an uncorrelation between elements
indicates that they come from different sources or have certain
antagonism (Cai et al,, 2021b; Chai et al,, 2021). Table 4 and
Figure 3 show that the pH value does not correlate with most of the
heavy metal elements; it has a significant negative correlation with
Pb, Ni, and Cr. Cr and Ni (correlation coefficient = 0.792) and Zn
and Cd (correlation coefficient = 0.995) show a high correlation
with each other. The other heavy metals are uncorrelated from each
other, indicating that they come from different sources.

PMF Analysis
The analysis in this study was done using the EPA-PMF 5.0
software. The factors were set to 5, 6, and 7, respectively. The
model ran 20 times in each iteration. When the number of factors
was 6, the difference between Q,opust and Qyue Was the smallest,
and most of the residuals were between 3 and -3. The
determination coefficients (R?) between the observed and
predicted values of Cu, Pb, Zn, Ni, Cr, As, Cd, and Hg are
0.98, 0.99, 0.99, 0.93, 0.78, 0.99, 0.99, and 0.99 respectively
(Figure 4), indicating that the PMF model uses a reasonable
number of factors to fully interpret the information contained in
the original data. The results of the contributions of six factors to
each heavy metal in the soil in Weifang are shown in Figure 5.
Factor 1 has a high contribution to Ni and Cr elements, with
contribution rates of 73.3 and 50.3%, respectively (Figure 5A).
The results in Table 1 indicate that the average values of Ni and
Cr in the samples are not higher than the national soil pollution
risk screening value. However, the contents of Ni and Cr in some
samples were at mild to medium pollution levels, and Ni in some
samples was of medium ecological risk. Generally, Ni and Cr
mainly come from soil parent material components (Manta et al.,
2002; Cai et al., 2010; Nanos and Martin, 2012). However, studies
have shown that due to the impact of human agricultural
activities, Cr pollution in the soil can increase, especially when
there is a shortage of water resources, and the rising cost of
chemical fertilizers also plays a role (Luo et al., 2009; Zhang et al.,
2016). In some instances, farmers also use untreated sewage to
irrigate and fertilize farmland. However, as a coastal city, Weifang
is rich in water resources, and sewage irrigation is not a source of
Cr pollution in the study area. In addition, some studies show that
Cr and Ni in the soil also come from industrial activities, such as
perennial mining as well as smelting, coal consumption, steel
production, and metal processing (Li et al., 2011; Chen et al,
2016). The nonferrous metal processing base in Weifang is
mainly concentrated in Linqu County and Changle County,
which is consistent with the regional characteristics of the
high-value distribution of Cr and Ni in the western study area
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TABLE 4 | Results of the Pearson’s correlation analysis of soil heavy metal concentrations.

cu Pb Zn Ni
Cu 1
Pb 0.204* 1
Zn 0.253* 0.251" 1
Ni 0.473" 0.109* 0.097* 1
Cr 0.418* 0.114* 0.109** 0.792**
As 0.243+ 0.214" 0.083" 0.087*
cd 0.243" 0.236™ 0.995" 0.074*
Hg 0.417* 0.080" 0.042 0.030
Pb ~0.067* -0.103" 0012 ~0.120"
1.0
Cu .0.294 0.253‘0.47‘3‘0.4180.2430.243 0.117-0.067 08
Pb [0.294 SN 0.2510.109 0.114 0.2140.243 0.080-0.103 -
Zn 0.253 0.251.0.0970.1090.083-0.042—0,012 0.4
Ni 0.473:0.1090.097..0.0870.0740 030-0.129 0.2
cr [04180.114 04109..0.042 0.0880.027-0.111 0
As 0.2430.214 0.083 0.087 0.042.0.074 0.0950.028 -0.2
cglo-243 0.243-0.074 0.088 0.074-0.043-0,015 0.4
-0.6
Hg 0.117 0.0800.0420.0300.027 0.095 0.043.0,007
-0.8
Ph 0.067—0.1030.012—0.1290.1110.028-0.0150007- .
-1.

Cu Pb Zn Ni Cr As Cd Hg Ph

FIGURE 3 | Pearson’s correlation coefficients among element
concentrations of surface soil in Weifang.

Cr As Cd Hg Pb
1
0.042 1
0.088™ 0.074* 1
0.027 0.095** 0.043 1
-0.111* 0.028 -0.015 0.007 1

(Figure 2). Therefore, factor 1 is mainly the source of non-ferrous
metals in the soil from industrial activities.

Factor 2 has the highest contribution to As, at 79%
(Figure 5B). Some studies have shown that coal contains a lot
of As (Raja et al,, 2014). When it is burned, a large amount of
containing fly ash will eventually precipitate into the soil. In the
study area, cement plants and brick factories are distributed near
the areas with high values of As. Therefore, factor 2 is related to
coal-related industrial activities.

Factor 3 mainly contributes to Cu, with a contribution rate of
69.6% (Figure 5C). There is a high content of Cu in diesel vehicle
exhaust (Aurélie et al,, 2019). Weifang is an important industrial
and agricultural production location in Shandong Province. Road
transportation enables products to be sold in bulk all over the
country. A large amount of tail gas emissions are also generated in
the process of agricultural mechanization production. Cu is
enriched in the surrounding soil through dust settlement.
Therefore, factor 3 represents transportation and agricultural
machinery activities related to diesel fuel.

Predicted con

Cr . o F As

T
@
(=%
jast

(3]

Observed concentrations(ug/g)

Observed concentrations(ug/g)

FIGURE 4 | Comparisons of observed concentrations and predicted values for the surface soil in Weifang.

Observed concentrations(ug/g) Observed concentrations(ug/g)
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Factor 4 mainly contributes to Pb, with a contribution rate of
80.7% (Figure 5D). Lead is a major indicator of traffic emissions
and comes from the combustion of gasoline fuel and the use of
engines and catalysts (Arditsoglou and Samara, 2005;
Hjortenkrans et al., 2017). Motor vehicles, agricultural
machinery, and equipment emit waste gas containing lead,
resulting in soil pollution along the road. In addition, it can be
seen from the high-value distribution map of Pb that the main
distribution is related to the traffic activity in the urban area.
Therefore, factor 4 is related to gasoline traffic activities.

Factor 5 mainly contributes to Hg, with a contribution rate of
85.4% (Figure 5E). One of the components of pesticides is Hg,

which is volatile and mobile (Giersz et al., 2017). The heavy use of
pesticides will increase the content of Hg in soil. As an important
agricultural production city in Shandong Province, factor 5
should be related to the use of pesticides during agricultural
production activities.

Factor 6 mainly contributes to Cd and Zn elements, with
contribution rates of 52.8 and 59.3%, respectively (Figure 5F). It
is generally believed that fertilizers, plastic films, atmospheric
deposition, and sludge irrigation lead to the accumulation of Cd
in soil (Younger et al., 2002; Kim et al., 2021). When it comes to
agricultural activities, the long-term and large-scale use of heat
stabilizers and Cd-containing fertilizers also lead to Cd

Frontiers in Environmental Science | www.frontiersin.org

April 2022 | Volume 10 | Article 893938


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Lietal

enrichment in soil (Kim et al., 2021). The application of organic
fertilizers, such as animal manure, is also an important source of
Cd and Zn. Sampling investigation found that the application of
organic fertilizers such as animal manure is common in the study
area. Therefore, factor 6 is related to organic fertilizers used in
agricultural and animal husbandry activities.

CONCLUSION

(1) The average values of the eight heavy metal elements analyzed in
this study in the soil of Weifang are higher than the soil
background value of Shandong Province, but they do not
exceed the reference value of the national environmental
quality agricultural land soil pollution risk control standard.

(2) According to the analysis of the ecological risk of heavy
metals in the study area, the ecological risks of Cu, Pb, Zn, Ni,
Cr, and As in the study area are relatively safe, but the
ecological risks of Cd and Hg are relatively higher.

(3) The sources of heavy metals in the soil in the study area can
be divided into six categories: Cr and Ni were attributed to
soil parent material and nonferrous metal industrial
activities, As was attributed to coal-related industrial
activities, Cu was closely related to diesel fuel-related
transportation and agricultural machinery activities, Pb
was attributed to gasoline transportation activities, Hg was
attributed to agricultural production activities and pesticide
use, and Cd and Zn were attributed to organic fertilizers used
in agricultural and animal husbandry activities.
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