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ABSTRACT

A total of 713 research papers about field monitor experiments of heavy metals in farmland
and urban soils in China, published from 2000 to 2019, were obtained. A meta-analysis was
conducted to evaluate the level of China’s heavy metal pollution in soils, mainly focusing
on eight heavy metals. It was found that the average concentrations of cadmium (Cd), lead
(Pb), zinc (Zn), copper (Cu), mercury (Hg), chromium (Cr), nickel (Ni), and arsenic (As) in China
were 0.19, 30.74, 85.86, 25.81, 0.074, 67.37, 27.77 and 8.89 mg/kg, respectively. Compared with
the background value (0.097 mg/kg), the Cd content showed a twofold (0.19 mg/kg) rise in
farmland soils and a threefold (0.29 mg/kg) rise in urban soils. The decreasing order of the
mean Ige, was Cd (1.77) > Pb (0.62) > Zn (0.60) > Cu (0.58) > Hg (0.57) > Cr (0.54) > Ni (0.47)
> As (0.28). Nearly 33.54% and 44.65% of sites in farmland and urban soils were polluted
with Cd. The average concentrations of eight heavy metals were not sensitive change in re-
cent two decades in farmland and urban soils. The average P, values for urban (2.52) and
farmland (2.15) soils showed that heavy metal pollution in urban soils was more serious
than that in farmland, and the middle Yangtze River regions, where industrial activity dom-
inates, were the most polluted. The meta-analysis comprehensively evaluated the current
pollution situation of soil heavy metal, and provided important basis for soil management
and environment prevention in China.

© 2020 The Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences. Published by Elsevier B.V.

Introduction

The heavy metal contamination of soils has become a signifi-
cant problem negatively impacting on human health and en-
vironmental security (Wang et al., 2019), which is visible in
some of the farmland and urban soil all over the world. For ex-
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ample, heavy metal, in particular Cd, contamination in soils in
the United States, European, Australia, Russia, and India were
severe (Weissmannova and Pavlovsky, 2017; Sun et al., 2020;
Rate, 2018). Cu, Pb and Zn in urban soils in Mexico and Italy
have reached the level of pollution (Tang et al., 2019). Similarly,
China’s urban and agricultural soils are also polluted severely
by heavy metals (Hu et al., 2013; Qiao et al., 2020). The results
of the national survey of soil contamination showed that there
were over 20 million hectares of contaminated land in China
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(Hu et al, 2014). He et al. (2017) found that numerous cases
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of soil pollution have occurred in China. Zheng et al. (2020) in-
vestigated the heavy metal contamination of southern Jiangxi
Province, and found that heavy metal contents in all soil sam-
ples exceeded the background values. Li et al. (2018) revealed
86% of paddy fields in eastern Hunan were polluted by Cd.
Zhou and Wang (2019) revealed industrial activities caused the
increase of heavy metal concentration in the Jing-Jin-Ji Region.
Jing et al. (2018) analyzed the temporal change of soil heavy
metal contents and found that the contents accumulated with
an increase of fertilizer. Zhang et al. (2018a) found that Hg and
Cd have great potential ecological risk to the southern alluvial
plain of the lower Yellow River.

At present, it is of great significance to understand the cur-
rent situation of soil pollution control. Scholars have used a
number of single or integrated indices to evaluate pollution
level. The single indices of pollution such as geo-accumulation
index (Igeo), monomial pollution index (P;), threshold pollu-
tion index (PIT), enrichment factor (EF), and contamination
factor (CF), have proven to be helpful in soil pollution eval-
uation (Weissmannova and Pavlovsky, 2017). The Igeo and P;
are usually applied to evaluate the degree of pollution be-
cause they are considered more accurate (Cheng and Hu, 2012;
Li et al,, 2020a; Jiang et al., 2014). Integrated indices of pollu-
tion such as Nemerow pollution index (Pn), sum of pollution
index (Plsum), average pollution index (Plavg), integrated pollu-
tion index (IPI), pollution load index (PLI), which are calculated
based on single pollution indices. The Nemerow synthetical
pollution index is widely used, which highlights the impact
of high-concentration pollution element and avoids the phe-
nomenon of weakening the weight of contaminated metals
due to the average effect (Guo et al., 2011), while the pollu-
tion indices used varies in assessing soil pollution around the
world.

In China, previous researches about soil heavy metal pol-
lution were focusing on the levels, sources, spatial distribu-
tion, temporal changes, and pollution assessment in different
regions (Hu and Cheng, 2013; Li et al., 2020b; Liu et al., 2020;
Qiaoetal,, 2019; Yangetal., 2011; Yu et al., 2019; Wu et al., 2010;
Zhang et al., 2018b; Zeng et al., 2019). However, there are three
deficiencies: (1) the heavy metal pollution evaluation based on
small regions or small points may limit its comprehensive as-
sessment; (2) the lack of large-scale and long-term surveys of
contaminants in agricultural and urban soils make it difficult
to identify the potential pollution level of Chinese soils; and
(3) some analysis about pollution status does not comprehen-
sively compare the status of heavy metal pollution in farm-
land and urban soil. A meta-analysis based on the existing lit-
erature provides a good way to comprehensively understand
the current situation of soil heavy metal pollution in China,
the potential pollution level and the impact of human activi-
ties on soil heavy metal pollution.

Meta-analysis is a method to synthesize the information
extracted from the original researches and to obtain the over-
all trend of the subject (Bengtsson and Weibull, 2005) through
the process of synthesizing the results of independent ex-
periments (Zhou et al., 2016) to obtain quantitative and com-
prehensive conclusions. This technique has been widely used
and proven to be effective to address numerous ecological and
environmental questions (Shao et al., 2016; Chen et al., 2012;
Parmesan and Yohe, 2003; Guo and Gifford, 2002).

In this study, a meta-analysis based on the published and
peer-reviewed research papers of field monitor experiments
about heavy metals content in farmland and urban soils of
China from 2000 to 2019, was been conducted to evaluate the
status of soils heavy metals pollution in China. The main ob-
jectives of this study were to (1) analyze the pollution status
of eight soil heavy metals (Cr, Ni, Cd, Pb, Zn, Cu, Hg, and As)
in China, (2) investigate the level of heavy metals pollution,
(3) obtain the temporal trends of heavy metal contents and
identify the reasons for the variation, and (4) assess the spa-
tial distribution of the pollution index (P; and Py) in different
regions.

1. Materials and methods
1.1.  Literature synthesis and data collection

Conducted a literature search in the ISI Web of Knowl-
edge website with the following search string: “TS= (lead OR
chromium OR arsenic OR cadmium OR mercury OR zinc OR
copper OR nickel OR Cr OR Pb OR Cd OR Cu OR Ni OR Zn OR
As OR Hg) AND (agriculture soil OR farmland OR urban soil)
AND (China).” In addition, the search was restricted to articles
published between 2000 and 2019. A total of 10,491 and 6405
English and Chinese documents, respectively, were collected.
Finally, 713 documents (410 and 303 about farmland and ur-
ban soils, respectively) were hits. In order to control the quality
of every studies, articles must meet the following restrictions:
(1) must be the field experiment based on normal farmland
(exclusive the mining and smelting areas) and urban soil, (2)
monitored heavy metals in the surface soil, (3) had clearly co-
ordinates of sampling points and study area, (4) the number
of soil samples collected were more than 30, (5) prepared and
analyzed soil samples using acceptable methods, and (6) in-
cluded data quality control in analysis.

1.2.  Data test and homogeneity analysis

Before meta-analysis, the data should be tested. The existence
of extreme values will affect the overall analysis results to
some extent. Therefore, outlier diagnosis is needed. In this
study, we chose Studentized deleted residual to outlier diag-
nostic index (Viechtbauer and Cheung, 2010). The Q statistic
was used to judge heterogeneity (Hoaglin, 2016), and the Q
statistic follows chi-square test, which the degree of freedom
is k-1, and the p is obtained by referring to the table of Chi-
square values. When p > 0.05 shows that multiple similar stud-
ies have homogeneity, and we can choose fixed effect model
to calculate the combined effect value; when p < 0.05 shows
that the result of multiple studies has heterogeneity. The Q
statistic was calculated by Eq. (1):

N (2N win)’
i=1 i1

Q=) wir? - ~—x—

i=1 Dimg WX

where, 1; (mg/kg) the effect value of a single study; w*; (mg/kg)
is the reciprocal of variance of a single study (Eq. (2)).

(1)

.1
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where, var(r;) is the sample variance.
1.3. Calculation the weighted average

The process of calculating the average value of the stud-
ied variables in meta-analysis is known as the combined ef-
fect quantity. In essence, the combined effect amount is a
weighted average value. In this study, because the measure-
ment method and unit of the intervention measure were ex-
actly the same, the weighted average difference of continuous
variable was selected to calculate the national average values
of the eight heavy metals (Cu, Zn, Cd, Pb, Hg, Cr, Ni, and As). Ac-
cording to the field experiment characteristics, the larger the
monitoring areas, the more sampling points, the smaller the
variation, and the more representative the soil heavy metal
content data. Therefore, it is generally believed that the study
with the larger the research area, the more the samples and
the smaller the variance will be more reliable to infer the in-
tegral level, so the greater the weight should be given. In view
of this, the weight (w; mg/kg) was calculated according to
Eq. (3):

N;

wi:Aix ﬁ (3)
1

where, A; (km?) is the study area, N; is the number of soil sam-
ple points, and SD; is the standard deviation.
The weighted average C (mg/kg) was calculated by Eq. (4):

Wi

C=C x ———,
1 Zl!ilwi

(4)

where, C; (mg/kg) is the average concentration of heavy metals
in each study.

1.4.  Assessment of soil pollution

The geo-accumulation index (Igeo) was calculated by
Eq. (5) (Muller, 1969), and has been widely used to assess the
pollution level of heavy metals in soil (Li et al., 2014; Liu et al,,
2020; Odewande and Abimbola, 2007; Modabberi et al., 2018):

C
Iy = loga (755 8

where, C, (mg/kg) is the measured content of heavy metal nin
the soil, and B, (mg/kg) is the background value of the metal
n. A factor of 1.5 represents the influence coefficient of possi-
ble variation of environment and human anthropogenic. The
classification criteria are shown in Table 1.

The monomial pollution index (P;) is defined according to
the following Eq. (6) (Guo et al., 2011):

B=Z (6)

where, C; (mg/kg) is the measured concentration of metal i in
soil, and S; (mg/kg) is the evaluation standard of soil pollution
in difference regions of China. In this study, the national soil
environmental quality standards (GB15618-2018) was used as
evaluation standards. The P; <1 means no contamination, 1<
P; <2 means slight contamination, 2< P; <5 means moder-
ate contamination, and P; >5 means severe contamination

Table 1 - Soil quality classification according to Ige,.

Class Value Soil quality

0 Igeo <0 Unpolluted

1 0<Igeo <1 Unpolluted to moderately polluted
2 1<Igeo <2 Moderately polluted

3 2 <Igeo <3 Moderately to heavily contaminated
4 3 <lgeo <4 Strongly polluted

5 4 <Igeo <5 Strongly to extremely polluted

6 5 < Igeo Extremely polluted

Table 2 - Classification criteria of pollution degree.

Grade Pollution index Pollution level

1 P, <0.7 Safety domain

2 0.7 <P, <1.0 Precaution domain

3 1.0 < P, <2.0 Slightly polluted domain

4 2.0 <P, <3.0 Moderately polluted domain
5 P, > 3.0 Seriously polluted domain

(Chen et al., 2005), the higher P; value and the more serious
the pollution degree.

There are more than one heavy metals in polluted soil. The
comprehensive pollution degree can be measured by the Ne-
merow synthetical pollution index (Py), the formula used is as
follows (Guo et al., 2011):

Po= /(P + 7)) 7)

where, Pj.x and P; are the maximum and the average value
of P;, respectively. The Py, is classified into five grades values
(Cheng and Hu, 2012) and showed in Table 2.

1.5.  Data analysis

Statistical analysis was performed and the figures generated
using OriginPro9.1. Meta-analysis was using Statal3.0. The
distribution of P; and Py in different regions was performed
using ArcMap 10.2.

2. Results
2.1.  Publication bias and homogeneity analysis

Appendix A Figs. S1 and S2 showed that the heavy metal con-
tents in farmland and urban soils presents skewed distribu-
tion, indicating that the extreme value exists in the database.
And publishing bias were existing within the literature analy-
sis because researchers and publishers pay more attention to
hot spots or contaminated areas. We used Studentized deleted
residual to outlier diagnosis. Then the data excluding outliers
was used for homogeneity analysis. Appendix A Table S1 were
the result of homogeneity the analysis, and the p > 0.05 in dif-
ferent sub-regions which shows that multiple similar studies
have homogeneity and the fixed effect model can be used to
combine the effect values.
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Table 3 - Literature survey of heavy metal in China.

Element cd Pb Cu Zn Hg Cr Ni As
Number of farmland soil samples 355 372 330 305 247 324 223 276
Percentage of exceedances® 33.54 111 11.56 6.55 9.78 0.00 9.13 6.92
Number of outliers” 29 3 6 13 10 11 5 13
Number of urban soil samples 219 275 267 258 121 238 161 159
Percentage of exceedances?® 44.65 1.82 27.17 18.60 18.18 2.99 17.61 7.05
Number of outliers 3 38 5 5 3 9 8 6
Weighted average of farmland soil (mg/kg) 0.18 30.25 25.73 83.87 0.07 66.81 27.67 8.45
Weighted average of urban soil (mg/kg) 0.29 35.24 26.58 104.28 0.08 72.59 28.69 12.98
Weighted average of China (mg/kg) 0.19 30.74 25.81 85.86 0.07 67.37 27.77 8.89
Igeo 1.77 0.62 0.58 0.60 0.57 0.54 0.47 0.28
Standard value® 0.30 80.00 50.00 200.00 0.50 250.00 60.00 30.00
Background value? 0.097 26.00 22.60 74.20 0.065 61.00 26.90 11.20

@ Percentage exceeds the quality standards (GB 15618-2018).
b Qutliers were removed by heterogeneity of meta-analysis.

¢ Standard values adopted the secondary standard of heavy metal content (paddy fields with pH < 5.5) (GB 15618-2018).
4 The background values were selected the CNEMC (China National Environmental Monitoring Center), 1990.

Table 4 — Pearson correlation coefficients between the dif-

ferent heavy metals.

Cr Ni Cu Zn As Cd Pb Hg
Cr 1.00 0.51* 0.37* 0.24* 0.09 0.18* 0.10 —0.01
Ni 1.00 0.33* 0.22* 0.14* 0.17* 0.04 —0.03
Cu 1.00 0.52* 0.22* 0.37** 0.33** 0.18"
Zn 1.00 0.20* 0.42** 0.50* 0.25**
As 1.00 0.15*  0.18* 0.11
Cd 1.00 0.35* 0.25*
Pb 1.00 0.36"
Hg 1.00

** P < 0.01 significance level.* P < 0.05 significance level. The bold
values are the significant positive correlation coefficients.

2.2.  Current concentrations of soils heavy metal in China

The literatures survey was given in Table 3. The majority of
studies were on Pb (648) and Cd (574), but fewer on Ni (384)
and Hg (368). In addition, the average concentrations of Cd,
Pb, Zn, Cu, Hg, Cr, Ni, and As in China were 0.19, 30.74, 85.86,
25.81, 0.074, 67.37, 27.77, and 8.89 mg/kg, respectively. Com-
pared with the background value (0.097 mg/kg), the concen-
tration of Cd showed a twofold (0.19 mg/kg) rise in farmland
soils and a threefold (0.29 mg/kg) rise in urban soils. In ad-
dition, compared with the secondary farmland environment
quality standard (GB 15618-2018) in China, Cd pollution was
serious, representing nearly 33.54% and 44.65% of the polluted
sites in farmland and urban soils. This indicated that Cd was
the most critical toxic metal threatening soil environmental
and the pollution with Pb, Zn, Cu, Hg, Cr, Ni, and As was rela-
tively slight impact.

2.3.  Integrated evaluation of soil pollution with heavy
metals

As the summary statistics shown in Table 4, the decreasing or-
der of the mean Ige, was Cd (1.77) > Pb (0.62) > Zn (0.60) > Cu

(0.58) > Hg (0.57) > Cr (0.54) > Ni (0.47) > As (0.28). The Cu, Hg,
Zn, Cr, Pb, Ni, and As values were in class 1, indicating an un-
polluted contamination level. However, Cd was in Class 2, indi-
cating a moderate pollution level. Fig. 1a, b shows the percent-
age of sample distribution in each of the classes defined by the
Igeo. In farmland soils, 87% of Cr, 86.43% of Ni, 69.35% of Cu,
68.51% of Zn, 81.58% of As, and 70.28% of Pb samples belonged
to class 0. The major pollutants were Cd and Hg, and 76.99%
and 59.31% of Igeo values of these pollutants were higher than
class 0, respectively. For Cd, 30.73% and 7.39% of samples were
at the medium-strength pollution level. For Hg, 18.61% and
4.38% of samples were at the medium-strength pollution level.
However, in urban soils, 75.21% of Cr, 82.81% of Ni, 53.21% of
Cu, 51.74% of Zn, 80.89% of As, 46.38% of Pb samples belonged
to class 0. For Cd and Hg, 76.15% and 77.68% of the Ige, val-
ues of these pollutants were higher than class 0, and sample
pollution rates reached 46.77% and 46.42%, respectively, in the
medium-strength pollution level. In general, soil heavy metals
in China were polluted by Hg and Cd, whereas the other heavy
metal contents in the top layer of soils were not increased to
any visible extent and were also far below the secondary en-
vironmental quality standard (GB 15618-2018). This revealed
that soils heavy metal pollution in Chinese was not serious.
However, it was clearly to see the continuously accumulated
of Cd and Hg. Therefore, necessary measures need to be taken
to prevent further deterioration of pollution.

2.4. Temporal variation of heavy metal in farmland and
urban soils

The temporal variation of the heavy metals average content
revealed different patterns in the farmland and urban soils
from 2000 to 2019 (Fig. 2). The Cr, Hg, Cd, and Ni concentra-
tions showed increasing trends during 2000-2009 and then
decreased after 2009. The trends of Pb, Cu, and Zn showed
slight fluctuations during the studied periods. The concentra-
tion trend of As increased rapidly from 2000 to 2019, especially
in the farmland soil. In summary, the average concentrations
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Table 5 - P; and P, values in the farmland topsoil from the different regions.

Pi Py

Region Cd Pb Cr Ni Cu Zn As Hg

East coast 1.74 1.10 0.96 0.99 1.20 1.02 0.92 1.22 1.55
North coast 2.48 1.07 0.81 0.99 1.03 1.05 0.87 1.95 2.34
Northeast 1.51 0.91 0.85 0.99 1.36 1.07 1.03 1.79 1.59
Northwest 1.31 Lz 0.56 0.71 0.76 1.12 1.13 1.67 1.50
South coast 3.09 1.15 1.98 2.02 2.24 1.51 0.92 2.50 2.84
Southwest 2.00 1.80 0.96 0.80 1.09 1.54 0.84 1.55 2.22
Middle Yellow River 2.51 1.29 1.20 1.01 1.09 111 0.86 2.98 2.53
Middle Yangtze River 2.86 134 1.04 0.82 1.39 1.31 0.96 2.50 274
Average 1.74 1.10 0.96 0.99 1.20 1.02 0.92 2.04 2.15

Table 6 - P; and P, values in the urban topsoil from the different regions.

P

Region Cd Pb Cr Ni Cu Zn As Hg Py,

East coast 3.68 2.05 1.28 1.10 2.10 2.44 1.44 1.42 2.95
North coast 1.86 1.06 0.98 1.10 1.18 1.51 0.95 1.75 1.88
Northeast 2.97 2.72 1.08 1.95 2.11 0.93 1.87 4.71 2.94
Northwest 2.76 1.10 1.27 0.72 1.14 1.15 1.08 0.96 2.25
South coast 2.97 1.19 2.11 1.72 1.48 1.25 1.03 1.38 2.13
Southwest 2.52 1.75 1.04 1.81 1.52 1.39 0.96 2.09 2.41
Middle Yellow River 2.75 1.41 1.83 0.93 1.19 1.10 1.08 3.68 271
Middle Yangtze River 3.25 2.26 1.18 1.12 1.49 1.25 1.10 1.99 3.07
Average 3.68 2.05 1.28 1.10 2.10 2.44 1.44 2.17 2.52

of the eight heavy metals showed slightly variation over the
past two decades.

Table 4 provided the correlation coefficient with Pearson
correlation analysis. The content of Cu, Ni, Cr, Cd, Zn, and As,
had a positively and significantly (p < 0.01) correlation with
each other, and the correlation coefficient is shown in bold in
Table 4.

2.5. Spatial distribution of heavy metals pollution in
different regions of china

In this study, heavy metals data of P; and P, in different regions
were assessed. The average P; values of farmland soil (Table 5)
decreased in the following order: Cd (2.11) > Hg (2.08) > Cu
(1.31) > Pb (1.26) > Zn (1.23) > Ni (1.04) > Cr (1.01) > As (0.97).
The average P; values of urban soils (Table 6) decreased in the
following order: Cd (2.80) > Hg (2.17) > Pb (1.65) > Cu (1.48) > Zn
(1.36) > Cr (1.32) > Ni (1.28) > As (1.15), which showed that Cd
and Hg were in the moderate contamination category and the
other heavy metals were in the slight contamination category.
The Py, values for urban and farmland soils in different regions
shows that except the northern coast, the pollution in other
areas were greater in urban areas than in farmland. And the
average Py, for urban (Table 6) and farmland soils were 2.52 and
2.15, respectively, both within the moderately polluted cate-
gory, showed that heavy metal pollution in urban soils were
more serious than that in agricultural.

The spatial distribution in eight economic regions in China
(southwest, middle Yangtze River, middle Yellow River, north-
east, south coast, east coast, northwest, and north coast) is

considered. For farmland soils, the pollution situation of the
different regions decreased in the order south coast (2.84)
> middle Yangtze River (2.74) > middle Yellow River (2.53)
> north coast (2.32) > southwest (2.22) > northeast (1.59) >
east coast (1.55) > northwest (1.50) (Table 5). The pollution
level of different regions was more apparent. The Cd, Ni, Cu,
and Cr contents were highest in the south coast region; Zn
and Pb were highest in the southwest; and As was highest in
the northwest region. However, in the urban soils, the pollu-
tion status in the eight regions decreased in the order mid-
dle Yangtze River (3.07) > east coast (2.95) > northeast (2.94)
> middle Yellow River (2.71) > southwest (2.41) > northwest
(2.25) > south coast (2.13) > north coast (1.88) (Table 6). The
analysis showed that the level of soil heavy metal pollution is
higher in the economically developed areas (such as the mid-
dle reaches of the Yangtze River, the east coast and the south
coast), which are dominated by industrial activities.

The average P; and Py, of different heavy metals in farmland
topsoil (Table 5) showed that the main pollutants in differ-
ent regions were Cd and Hg, the pollution level ranging from
uncontaminated to the extremely contaminated. In the farm-
land soils, the Cd and Hg pollution patterns in south coast
(Guangdong, Hainan, and Fujian) and middle Yellow River (In-
ner Mongolia, Shanxi, Henan, and Shaanxi) reached the mod-
erate contamination level. However, in the urban soils, the Cd
and Hg pollution patterns in the east coast (Shanghai, Jiangsu
and Zhejiang) and the northeast (Heilongjiang, Liaoning, Jilin)
reached the moderate contamination level.
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Table 7 - Concentration of heavy metals in soils worldwide.

Element Cd Pb Cu Ni Cr Zn As Hg Review/field monitoring Reference

China 0.19 30.74 25.81 27.77 6737 8586 889 0.07 Review of 713 articles This article

World 1.10 25.00 4.00 18.00 42.00 62.00 470 0.10 - Alina, 2000

Europe 0.15 15.00 12.00 14.00 22.00 48.00 6.00 0.037 852 soil samples Salminen, 2005

England and Wales 0.33 49.00 30.10 21.00 68.00 76.00 15.00 569 soil samples Rawlins et al., 2012
America 0.16 1730 1830  24.00 1903 soil samples Burt et al., 2003
Netherlands 0.14 1560 10.20 4.94 1570 4030 5.60 100 soil samples Brus and Nieuwenhui, 2009
Iran 153 4659 60.15 3553 63.79 94.09 - Sayadi et al., 2015

India 41.80 79.05 52.46 147.05 178.50 9.99 32 Indian cities Adimalla et al., 2019

Africa 5.00 150.00 100.00 100.00 250.00 500.00 - Yabe et al., 2010

« n.

: not mentioned.

The average P; and P, of different heavy metals in urban
topsoil (Table 6) reflected that the pollution levels in the mid-
dle Yangtze River, the east coast, and the south coast regions
with faster industrial development were higher than those in
the northwest and northeast regions with slower industrial
development. the middle Yangtze River region (Hubei, and An-
hui, Jiangxi, Hunan) had relatively high P, values than the
other regions and the urban soils reached the seriously pol-
luted domain levels of grade 5.

3. Discussion

3.1. Comparison of heavy metal concentrations in China
with elsewhere in the world

Table 7 presents a comparison of soil heavy metals concen-
trations between China and other countries (or regions) in the
world, such as Europe, England and Wales, USA, Denmark, the
Netherlands, Iran, India, and Africa. The variations of concen-
trations among countries or regions reflected the differences
of soil parent materials and the human inputs (Adimalla et al.,
2019). The heavy metal concentrations in China were higher
than those in Europe and USA but lower than those in India
and Africa. This may be due to different levels of industri-
alization in different countries. It was interesting to find al-
though contents of Hg and Cd were relatively serious in China,
were lower than those in global average contents (Alina, 2000),
whereas the contents of Cr, Zn, As, Ni, Cu, and Pb in China with
slight pollution were higher than the global average contents.
However, China should still pay attention to the continued ac-
cumulation of Cd and Hg.

3.2.
metals

Integrated situation of soil pollution with heavy

As the summary statistics shows in Table 7, the weighted
mean values of the study were only a small differences
compared with the studies of Huang (2019), Chen (2015),
and Pan (2017), which showed the reasonability of using the
weighted average value to calculate the soil heavy metals. Cd
is the most seriously polluted heavy metal in China’s soil, with
33.54% and 44.65% of the pollution in farmland and urban
soil. This finding was consistent with the results reported by
Chen et al. (2015), Zhao et al. (2015), and Hu et al. (2014). This
may because China’s coal-burning Cd emissions have grown

rapidly in the past 30 years (Cheng et al., 2014). In addition,
the anthropogenic emissions have resulted in the soil Hg ac-
cumulate continuously, and it can pollute other areas by long-
distance transportation (Eckley et al., 2015; Jiang et al., 2006).
Thus, the information of pollution tendency and spatial dis-
tribution reveal that environmental management should em-
phasize treating the soil polluted by Cd and Hg.

The heavy metal pollution in urban soils was generally
higher than that in farmland soils, which resulted from the
difference of heavy metal pollution sources between farmland
and urban soils (Yang et al., 2018). Farmland soils inflow path-
ways mainly come from irrigation, fertilization, and atmo-
spheric deposition (Lu et al., 2012; Guo et al., 2006), while the
urban soils mainly originate from industrial emissions (e.g.,
electronics, metallurgical industry, chemical manufacturing
industries, waste disposal, and power plants) (Rizo et al.,
2013.), energy production, and vehicle exhausts (Li et al., 2013).

3.3.  The causes of spatial and temporal variation of
farmland and urban soil heavy metal in China

The temporal variation of Hg, Cd, Cr, and Ni showed an in-
creasing trend during 2000-2009 and then decreasing after
2009, which may indicate the success of major measures to re-
duce pollution levels by economic transition and environmen-
tal management (Hu et al., 2014). In addition, the As content in
China was very low, but the increasing speed was rapid, espe-
cially in the farmland soils, and many studies have shown that
excessive phosphate fertilization was the main source of Asin
the soils (Chen et al., 2005). The significant interrelationships
of heavy metals indicated that Pb, Zn, Cd, Cu, and As may have
common sources and pathways (Ha et al., 2014; Huang et al,,
2007). Therefore, it is necessary to strengthen the cleaning and
standardization of industrial and agricultural production to
avoid the further enrichment and accumulation of heavy met-
als.

The spatial distribution maps of P, in China reflected that
the pollution levels in the middle Yangtze River, the east coast
and the south coast regions with faster industrial develop-
ment were higher than those in the northwest and north-
east regions with slower industrial development. The varia-
tion of soil heavy metal pollution in different regions are the
result of natural process and industrial activity (Cheng et al,,
2019). Previous studies revealed that industrial activities con-
tributed more than 60% of the heavy metal concentrations in
soils (Shi et al.,, 2018). The Yangtze River region (Hubei, and
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Anhuli, Jiangxi, Hunan) had relatively high P, values than the
other regions, because the economic growth rate in the region
has accelerated since 2000. As a result, gradually increased the
total amount of industrial water, waste gas, and solid emis-
sions, aggravating environmental pollution (Xie et al., 2019;
Yang et al.,, 2018). Therefore, industrial activities have great in-
fluence on the increase of heavy metals in soil.

4, Conclusions

This study, we used a meta-analysis, which based on the pub-
lished and peer-reviewed research papers of field monitor ex-
periments about heavy metals content in farmland and urban
soils of China from 2000 to 2019, to evaluate the status of soils
heavy metals pollution in China. The concentrations, the Igeo,
the temporal variations of eight heavy metals, the P; and Py
in different regions were analyzed. The results revealed that
China’s soils were partly polluted by eight heavy metals. Cd is
the most seriously polluted heavy metal in China’s soil, with
33.54% and 44.65% of the pollution in farmland and urban soil.
The average concentrations of heavy metals showed no sig-
nificant change over the past 20 years. The average pollution
level of heavy metals in urban soils were higher than that in
agricultural. The analysis showed that the levels of soil heavy
metal pollution were higher in the economically developed ar-
eas (such as the middle reaches of the Yangtze River, the east
coast and the south coast). This would be of great significance
for the development of heavy metal pollution control strate-
gies towards reduced environmental contamination and im-
proved human health.
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