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Supporting ecological protection and restoration has been at the heart of China’s
ambitious Yangtze River conservation strategy. Knowledge of the current status of
heavy metal distribution is important for planning remediation practices and
allocation to waste treatment facilities. Through an extensive and systematic
review of literatures, this study depicts the up-to-date spatial distribution and
characteristics of typical heavy metals in soils of the Yangtze River Basin, China. A
total of 7,694 geo-referenced records of heavy metal in soils of the Yangtze River
Basin were compiled from the literatures published between 2000 and 2020. The
results show the spatially-heterogeneous concentrations of Zn, Cu, Pb, Cr, Ni, As,
Hg and Cd. The degree of heavymetal pollution was relatively higher in themiddle
reaches, while it was relatively lower in the upstream and downstream. According
to the limits set by the state to ensure agricultural production andmaintain human
health, the average concentration of Cd greatly exceeded its limit. Overall, a
certain number of heavily polluted areas were found to occur in regions with
frequent human economic activities, posing potential health risks. The
carcinogenic and non-carcinogenic risks of children are 1.4 times and
1.6 times higher than those of adults, respectively, and the heavy metal with
the highest risk to human health was Cr. This study provides an important basis for
the field of soil pollution prevention and control in the Yangtze River Basin. It
updates the current understanding of the spatial pattern of major pollutants in a
large ecologically protected region in China, which is conducive to the precise
prevention and control of public health risks.
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1 Introduction

Heavy metals are defined as metals and metalloids with densities greater than 5 g/cm−3

(Jarup, 2003; Oves et al., 2012), mainly including zinc (Zn), copper (Cu), lead (Pb), cadmium
(Cd), chromium (Cr), nickel (Ni), arsenic (As), mercury (Hg), etc., which are the major
pollutants with the characteristics of difficult migration, long residual time, strong
concealment and high toxicity (Cai et al., 2012; Yang et al., 2018). Heavy metals come
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from both natural and anthropogenic sources, of which
anthropogenic sources have proven to be the main sources of
heavy metals, including mineral resource exploitation, metal
processing and smelting, chemical production, factory discharge,
and sewage irrigation (Yang et al., 2018). Excessive accumulation of
heavy metals in soils can lead to changes in soil composition,
structure and function, which can inhibit crop growth and even
reduce soil productivity (Cai et al., 2012; Wei et al., 2016). In
addition, heavy metal pollution in soils can negatively affect
human health, directly or indirectly, through the food chain
(Zhang et al., 2012; Cai et al., 2019). For example, minamata
disease (Hg pollution) and bone-pain disease (Cd pollution) in
Japan were caused by heavy metal pollution (Jarup, 2003).

In the past few years, the central government has conducted
several in-depth investigations in regions along the Yangtze River
and held symposiums on promoting the development of the Yangtze
River Economic Belt, emphasizing that the restoration of the
ecological environment of the Yangtze River should be placed in
an overwhelming position (Luo et al., 2021; Zhang et al., 2021). The
Yangtze River Basin is rich in mineral resources, with mineral
species accounting for 80% of the proven mineral species in
China. With the rapid development of industry in the Yangtze
River Basin, more than 400,000 chemical industries are distributed
along the Yangtze River (Ye et al., 2019). Abundant mineral
resources would lead to the increase of the background value of
heavy metals in soils, and frequent exploitation of mineral resources
and industrial activities would lead to the aggravation of heavy metal
pollution in nearby soils. Meanwhile, the Yangtze River basin,
accounting for 25% of the arable land and 29.1% of the grain
output in 2015, is considered a major agricultural production
base in China (Xu et al., 2019). Therefore, the spatial
distribution, pollution degree and health risk assessment of heavy
metals in soils of the Yangtze River Basin are directly related to
human health and public wellbeing (Li et al., 2019; Mir et al., 2022),
which have received extensive attention from scientific community.

However, at present, most of the studies on heavy metals in soils
of the Yangtze River Basin were local and small scale (Yang et al.,
2016; Chao et al., 2017; Ni et al., 2018; Yang et al., 2020; Luo et al.,
2021; Ai et al., 2022) or a few common heavy metals (Wen et al.,
2013; Zhou and Wang, 2019), and there is a lack of comprehensive
and systematic studies on soils of the whole Yangtze River Basin.
Jiang et al. (2022) studied the spatial distribution of heavy metals in
soils and sediments of the Yangtze River Basin, but did not assess the
health risk of heavy metals. At present, there are two important
scientific issues that require to be resolved: 1) the spatial distribution
of heavy metals in soils of the Yangtze River Basin has not been
updated; 2) the health risk of heavy metals in soils of the Yangtze
River Basin remain unclear.

In this study, we described the spatial distribution and
concentration of heavy metals in soils of the Yangtze River Basin
by systematically collecting and analysing peer-reviewed literatures
from 2000 to 2020, considering the collectability of data, data
reliability, research objectives and policy background. We
analysed the degree of heavy metal pollution and assessed the
health risk of heavy metals in the Yangtze River Basin. This
method is highly empirical and practical for studying the spatial
distribution of heavy metals in soil, because it makes full use of
abundant peer-reviewed literatures in the past 20 years to provide a

comprehensive and in-depth data base for our research. Our study
fills a research gap in describing the spatial distribution and health
risk assessment of major heavy metals in soils of the Yangtze River
Basin. Our results could provide fundamental data support for the
establishment of well-targeted heavy metal pollution prevention and
control strategies, providing new insights into the distribution and
potential health risks of soil heavy metals in China’s largest river
basin.

2 Materials and methods

2.1 Study area

As the largest river in Asia, the Yangtze River is about
6,300 km long, originating in the Tanggula Mountains in
Qinghai and entering the East China Sea in Shanghai. The
main stream of the Yangtze River flows through 11 provinces
(Qinghai, Xizang, Sichuan, Yunan, Chongqing, Hubei, Hunan,
Jiangxi, Anhui, Jiangsu and Shanghai), and hundreds of
tributaries flow through 8 provinces, including Guizhou,
Gansu, Shanxi, Hunan, Guangxi, Guangdong, Zhejiang and
Fujian (Figure 1).

2.2 An extensive review and records
collection

The schematic overview of the literatures search procedure and
results is showed in Figure 2. Since the boundary of the Yangtze
River Basin is not clear, it is impossible to limit the scope of
publications search through search formulas. Therefore, the
spatial scale of data collection was the whole of China, the
temporal scale was 2000–2020, the search objects were the
information (concentration and location, etc.) of eight heavy
metals in soils, including Zn, Cu, Pb, Cr, Cd, Ni, As and Hg,
which were listed as priority pollutants by the US Environmental
Protection Agency. Considering the wide coverage, strong academic
type and high accessibility, the databases of Web of Science
(WOS) and China National Knowledge Infrastructure (CNKI)
were chosen to search the publications. The keywords used for
searching were [(heavy metal OR metal element OR metallic
element) AND (concentration OR level OR content OR
contamination OR pollution OR spatial distribution) AND soil
AND China] with WOS, and [(heavy metal + metal + metal
element) * (content + level + concentration + distribution) * soil
* China] with CNKI.

Firstly, titles and abstracts of publications were examined and we
excluded publications which only described heavy metal resistant
plants or heavy metal detection technology not measured heavy
metal concentration, or which only focused on human or organism
not selected environment matrices, or did not include any target
heavy metals, or did not involve any geographic information.
Secondly, having intensively read all the full-texts, the
publications which failed to report details of occurrence data and
geographical information were further excluded, and finally,
1935 publications (736 for WOS and 1,199 for CNKI) were
identified to be eligible for extraction.
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2.3 Georeferencing and data analytical steps

The key information extracted from the publications included
sampling location, sampling time, analysis method, concentration of
heavy metals. In line with the georeferencing strategy adopted
previously (Zhang et al., 2022), the concentrations of heavy metal
were processed as follows: 1) the concentration only extracted the total
concentration of various heavy metals, ignoring the concentration data
that only records one or more forms; 2) the concentration of heavy

metals is uniformly converted into standard concentration units
(mg/kg). The locations of the sampling points were processed as
follows: 1) if the latitude and longitude of the sampling points were
recorded in the publication, the latitude and longitude were extracted
directly; 2) if the latitude and longitude of the sampling points were not
recorded in the publication, we determined the latitudinal and
longitudinal using Web APIs (Application Programming Interfaces)
to access georeference functions of the most commonly used online
location services in China, namely, Baidu Map and Amap. We

FIGURE 1
Geographic location of the Yangtze River Basin.

FIGURE 2
The schematic overview of the literatures search procedure and results.
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searched keywords related to the location of each record, for example,
the name of specific geographical objects, administrative regions, or
water bodies, and recorded the latitude/longitude information. When
only maps of the sampling points were provided, we approximated
rough coordinates through visual interpretation, mapped these records
on Baidu Map or Amap, and then adjusted the coordinates according
to the geographical characteristics of the original maps. A total of
21,310 records involving the concentration and location of heavy
metals were extracted, one of which contained related information
for only one heavy metal, and then we clipped out the data under the
Yangtze River Basin. There were 7,867 records of heavy metals in soils
of the Yangtze River Basin (Zn: 1,045; Cu: 1,140; Pb: 1,261; Cr: 980; Cd:
1,242; Ni: 649; As: 821; Hg: 729).

We used the data in the X/4~4X (X is the average concentration of
each heavy metal) concentration range of each metal in the above
records for further pollution degree and health risk accessment to
exclude the influence of extremely high and low values of the
measured concentrations in the original publication. After a simple
processing of the data, a total of 5,381 records (Zn: 861; Cu: 947; Pb:
1,025; Cr: 912; Cd: 296; Ni: 594; As: 613; Hg: 133) were used to assess
pollution degree and health risk in the Yangtze River Basin.
Descriptive statistics, such as mean, median, minimum, maximum,
standard deviation (SD), variation coefficient, kurtosis and skewness,
were used to analyze heavy metals. The single factor index and
Nemerow’s synthetic pollution index were used to estimate the
pollution degree for heavy metals. Based on ArcGIS version 10.7,
the spatial distribution of heavy metal pollution was visualized by
using Inverse Distance Weight (IDW) and Spatial Autocorrelation.

2.4 Pollution index calculation

Single factor index and Nemerow’s synthetic pollution index
were used to assess the degree of heavy metals pollution in soils
(Gong et al., 2008). The calculation (Formula 1ormula –Formula 3)
and grading standards (Supplementary Tables S1, S2) of single factor
index and Nemerow’s synthetic pollution index of heavymetals were
as follows (Gong et al., 2008; Chen et al., 2013; Chen et al., 2014;
Islam et al., 2023):

(i) Single factor index

Pi � Ci

Si
(1)

Where Pi is single factor index value of heavy metal i; Ci is the
measured concentration of heavy metal i in soils (mg/kg); Si is the
standard of soil environmental quality.

(ii) Nemerow’s synthetic pollution index

�P � ∑WiPi∑Wi
(2)

PI �
���������
�P
2 + Pimax

2

2

√
(3)

Where PI is Nemerow’s synthetic pollution index value of heavy
metal; Wi is the weight of heavy metal i; �P is the weighted average of

the single factor index (Cr: 2, Cu: 2, Cd: 3, Pb: 3, Zn: 2, As: 3, Ni: 2,
Hg: 3); Pimax is the largest single factor index of heavy metal i.

2.5 Health risk assessment

The carcinogenic risk (CR) and non-carcinogenic risk (NCR)
indexes were used to assess the health risk of heavy metals in soils of
the Yangtze River Basin to adults and children.

(i) Average daily intake (ADI):

The calculation formulas for the intake of the non-carcinogenic
average daily exposure of the three pathways of human exposure to
heavy metals were as follows:

ADIing � Cj × IRing × EF × ED

BW × AT
(4)

ADIder � Cj × SA × AF × ABSj × EF × ED

BW × AT
(5)

ADIinh � Cj × IRinh × EF × ED

PEF × BW × AT
(6)

Where ADIing, ADIder, ADIinh are the average daily intake dose
of heavy metal via ingestion, dermal and inhalation absorption
(mg/kg/d); Cj is the concentration of heavy metal j (mg/kg);
Other parameters are shown in Supplementary Table S3 (UEPA,
2011; USEPA, 2001; HHC, 2004; U. S. DoE, 2011; Varol and Sünbül,
2020; Varol et al., 2020; Jiang et al., 2017).

(ii) The carcinogenic risk (CR) and non-carcinogenic risk (NCR)
indexes:

HIj � ∑HQi � ∑ ADIi
RfDj

(7)

NCR � ∑HIj (8)
CR � ∑CRj � ∑ LADDj × SFj( ) (9)

Where RfDj is the reference dose of heavy metal j via the ingestion,
inhalation and dermal exposure pathways (mg/kg/d);HIj is the non-
carcinogenic risk health risk index of heavy metal j; THI is non-
carcinogenic health risk index for all exposure pathways and heavy
metals; LADD is lifetime average daily dose; SFj is carcinogenic
slope factor of heavy metal j; TCR is carcinogenic health risk index
for all exposure pathways and heavy metals. The RfDj and SF for
different heavy metals and exposure pathways are shown in
Supplementary Table S4. The grading standard for carcinogenic
health risk recommended by the U.S. Environmental Protection
Agency (EPA) is shown in Supplementary Table S5.

3 Results and discussions

3.1 Occurrence and spatial distribution of
heavy metals

The spatial distribution of sampling points of heavy metals in
soils of the Yangtze River Basin is shown in Figure 3. The boxplots of
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heavy metal concentration are shown in Figure 4 and other
descriptive statistics are shown Table 1. In these records, the
sampling points were mostly located in the surface soil of
0–20 or 0–30 cm, the sampling time involved all months of the
year, the treatments of the samples mainly included drying,
crushing, digestion and analysis, in which HNO3–HClO4–HF or
HNO3–HClO4–HCl or HCl–HNO3–HF–HClO4 were used for the
digestion of mixed acids, and the analysis methods were mostly
Atomic Absorption Spectroscopy (AAS) or Atomic Fluorescence
Spectrometry (AFS) or Auger electron spectroscopy (AES) or
Inductively coupled plasma mass spectrometry (ICP-MS).

The distribution of heavy metal sampling points in soils was
relatively uniform, and the concentration range of Zn, Cu, Pb, Cr,
Cd, Ni, As and Hg was 63.0–893.0 mg/kg, 19.0–291.0 mg/kg,
24.0–331.0 mg/kg, 22.0–305.0 mg/kg, 0.8–12.6 mg/kg,
12.0–191.0 mg/kg, 7.84–116.0 mg/kg, 0.3–4.3 mg/kg, respectively.
The average concentrations were 120.6, 41.2, 46.2, 82.0, 2.1, 30.7,
12.8 and 0.5 mg/kg, respectively. With China’s Secondary Standard
for Soil Environmental Quality as the reference value (GB15618-
2018), the average concentration of Zn, Cu, Pb, Cr, Ni, As and Hg
were all lower than the reference values, while the average
concentration of Cd was 7 times higher than the reference value.
In terms of excess rate, all heavy metals had sampling points with
excessive concentrations. Most of the sampling points of Cd and half
of Cu had excessive concentration. The proportions of sampling
points with excessive concentration of Zn, Pb, As, and Hg were less
than 20%. The heavy metals with the lowest excess rate were Cr and
Ni, which were 7.24% and 7.93%, respectively. The results showed
that Cd had a strong tendency to enrich in soils. The variation

coefficients of heavy metals were exceeded 50%, which was a strong
variation, indicating that the concentrations of heavy metals in soils
were not only affected by the local background value, but also by
human activities. Kurtosis and skewness were mainly used to
measure the steepness and asymmetry of heavy metal
concentration distribution. With the exception of Cd, the heavy
metals showed a certain degree of steep and positive shift. This may
be related to the sampling points range, sampling depth, and the
surrounding industrial layout.

Figure 5 shows the spatial distribution of heavy metal pollution
in soils of the Yangtze River Basin using Inverse Distance Weight
(IDW). It can be seen that the spatial distribution of Cu and Pb was
similar to some extent, showing that the concentrations of Cu and
Pb were higher in Yunnan, eastern Liangshan Yi Autonomous
Prefecture of Sichuan, southern Anhui and southern Hunan,
while were lower in Qinghai, Chongqing, central and western
Hubei and central and southern Jiangxi. The high value regions
of Zn, Cu and Pb were scattered, whichmay be due to the occurrence
of mineral association. The high value regions of Cr, Cd and Ni were
dispersed, showing non-point pollution, the pollution of which were
mainly from industrial emissions, coal burning and agricultural
activities (fertilizers and pesticides). The low value regions of Cd
were concentrated in Chongqing and Guizhou, while the low value
regions of Ni were distributed in southern Hunan and Jiangxi. The
regions with high Hg concentration accounted for the lowest
proportion and were distributed in Huaihua, Loudi and Anqing
in Hunan, which was because Hg mines in Hunan were mainly
distributed in Xiangxi. The spatial distribution of Zn, As and Pb in
Hunan were consistent, showing higher in Yongzhou, Hengyang

FIGURE 3
Distribution of heavy metal sampling points in soils of the Yangtze River Basin.
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FIGURE 4
Boxplots of heavy metal concentration (mg/kg) in soils of the Yangtze River Basin (GBIIEQSSC: Secondary Standard for Soil Environmental Quality).

TABLE 1 Other descriptive statistics of heavy metal concentration in soils.

Heavy metals Exceed rate (%) Standard deviation (mg/kg) Variation coefficient (%) Kurtosis Skewness

Zn 19.74 150.52 90.53 9.68 2.99

Cu 33.26 44.01 81.39 7.13 2.51

Pb 16.68 58.23 95.20 10.71 3.17

Cr 7.24 44.15 53.84 6.40 2.10

Cd 51.58 2.79 85.82 2.59 1.70

Ni 7.93 27.04 68.20 11.83 3.21

As 11.20 18.94 90.97 10.16 3.02

Hg 11.54 0.67 86.41 8.06 2.60
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and Binzhou in the south and Loudi and Huaihua in the west. In
general, the spatial distribution of heavy metals in soils of the
Yangtze River Basin was obviously lumpy, which may be closely
related to human activities such as industrial emission and traffic
emissions.

3.2 Degree of heavy metal pollution

Figure 6 depicts the spatial distribution of Nemerow’s synthetic
pollution index of heavy metals in soils of the Yangtze River Basin,

and it can be observed that the spatial distribution was uneven, with
cities as the dividing point. The soils in the upper reaches of Yushu
City and the lower reaches of Nanjing City were mainly clean, and
that in the middle were mainly mild or moderate pollution. The
serious pollution regions were distributed in plates, accounting for
23.19% of the Yangtze River Basin, mainly distributed in the western
Sichuan, the border between Sichuan and Guizhou, the border
between Sichuan and Yunnan, eastern Hubei, Hunan, Anhui.
Crops and soils in the regions were more seriously polluted, and
soil vulnerability was higher. The moderate pollution regions were
mostly distributed on the periphery of the serious pollution regions,

FIGURE 5
Spatial distribution of heavy metal pollution in soils of the Yangtze River Basin [(A): Zn; (B) Cu; (C) Pb; (D) Cr; (E) Cd; (F) Ni; (G) As; (H) Hg].
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accounting for about 15.58% of the Yangtze River Basin. The mild
pollution regions accounted for 29.25%, mainly distributed in the
middle reaches of the Yangtze River, including central and eastern
Sichuan, Chongqing, northern Hubei, southern Guizhou, southern
Gansu and southern Shaanxi. Safety and guard regions were
distributed in the upper reaches and Jiangxi, where the soils were
in clean state. In short, the proportion of polluted soil in the Yangtze
River Basin was 68.01%, while the proportion of clean soil was only
about 30%, indicating that the soil in the Yangtze River Basin was
seriously polluted by heavy metals.

Figure 7 shows the percentage of heavy metal pollution degree for
each province in the Yangtze River Basin. It can be observed that the
proportions of serious pollution regions in Yunnan, Hunan and
Hubei reached 35.29%, 31.67% and 32.64%, which were higher
than the average level of the whole basin, which were related to
their rich mineral resources and active human industrial activities.
Yunnan is known as the kingdom of non-ferrous metals, with the
largest reserves of Zn and Cd and the third largest reserves of Cu and
Ni in China. Hunan is known as the hometown of non-ferrous metals,
with Pb reserves ranking the third, Zn andHg reserves ranking the top

FIGURE 6
Distribution of Nemerow’s synthetic pollution index of heavy metals in soil in the Yangtze River Basin.

FIGURE 7
Percentage of heavy metal pollution degree for each province in the Yangtze River Basin.
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five in China. Huangshi, as a traditional mining city, has the largest
mineral resource in Hubei. Human activities such as mineral
development, smelting, and waste residue treatment have
discharged a large amount of heavy metals. The safety and guard
regions in Qinghai, Jiangxi and Shanghai accounted for more than
50%, Jiangsu was 40.16%, Shaanxi and Anhui were 32.14% and
33.33%, and the proportion of clean soil in other provinces was
less than 30%. It can be seen that the degree of soil pollution varied
greatly in different provinces, and there was a certain relationship
between the spatial distribution of polluted region and mineral
resources.

Figure 8 shows the percentage of pollution degree for each
heavy metal in the Yangtze River Basin. The overall pollution
degree of the eight typical heavy metals was Cd > Zn > Cu > Pb >
Hg ~ As ~ Ni ~ Cr. The proportion of sampling points with serious
pollution for Cd accounted for 15.63% of all sampling points, and
Zn, Cu and Pb were 1.40%, 0.53% and 0.10%, respectively. The
proportion of sampling points with Cd concentration above the
secondary standard value of soil environmental quality accounted
for 50%. Therefore, Cd pollution in soils of the Yangtze River Basin
was relatively serious.

3.3 Health risk assessment of heavy metal

3.3.1 The assessment of carcinogenic risk (CR)
Supplementary Figure S1 shows the distribution of carcinogenic

risk in the Yangtze River Basin using Inverse Distance Weight. Then,
the distribution of carcinogenic risk in the Yangtze River Basin at the
district or county level using Zonal Statistics was showed in Figure 9. It
can be seen that the carcinogenic risks for adults and children were
mainly low or medium, of which the low carcinogenic risk for adults
was 99.73% and that for children was 97.89%. The regions with
moderate carcinogenic risk for adults were mainly distributed in
Gucheng District, Ninglang Yi and Yulong Naxi Autonomous
County in Lijiang City, Yunnan Province (the carcinogenic risk of
Cd was high through dermal absorption), Wuding, Yuanmou and
Yao’an County in Chuxiong Yi Autonomous Prefecture (the
carcinogenic risk of Cd and Cr was high through dermal
absorption), Yanbian and Miyi County in Panzhihua City, Sichuan
Province (the carcinogenic risk of Cd was high through dermal
absorption), accounting for 0.27% of the total river basin. The
moderate risk regions for children included the moderate risk
regions for adults and its peripheral regions, accounting for 2.11%

FIGURE 8
Percentage of pollution degree for each heavy metal in the Yangtze River Basin.

FIGURE 9
Distribution of soil carcinogenic risk of heavy metals at the district or county level in the Yangtze River Basin for (A) adults and (B) children.
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of the total basin. The reasons for the larger area of the carcinogenic
risk for children are the lower average body weight (BW), lower
carcinogenic dose, higher soil ingestion rate (IRing), higher adherence
factor (AF), etc.

The carcinogenic risk of Pb, Cr, Cd and As in soils of the Yangtze
River Basin for adults and children are shown in Table 2. Figure 10
shows the contribution of various heavy metals to carcinogenic risk.
The total carcinogenic risk for children (3.51 × 10−5) was higher than
that for adults (2.42 × 10−5), and children were 1.45 times that of
adults. However, the carcinogenic risk of soil heavy metals was lower
than 10−4, the carcinogenic risk of soil heavy metals to human health
was within an acceptable range. The carcinogenic risk of heavy metals
for adults and children was Cr > As > Cd > Pb. The contribution rate
of Cr for adults and children was the highest, reaching 51.33% and
48.97%, followed by As (31.51% and 34.73%) and Cd (16.93% and
16.09%), while the contribution rate of Pb was less than 0.5%.

3.3.2 The assessment of non-carcinogenic
risk (NCR)

Tables 3, 4 shows the non-carcinogenic risk of soil heavy metals
in the Yangtze River Basin for adults and children, respectively. It
can be found that for adults, the non-carcinogenic risk was
manifested as HQder > HQing+inh, of which the non-carcinogenic
risk through dermal absorption of Pb was 7.98 times that of
ingestion and inhalation, the others were more than 10 times,
and Cd and Cr reached more than 1,000 times. For children, the

non-carcinogenic risk through dermal absorption was also greater.
The non-carcinogenic risk through dermal absorption of Pb was
2.26 times that of ingestion and inhalation, followed by As and Zn,
and other heavy metals were more than 10 times. The non-
carcinogenic risk through ingestion and inhalation were As >
Pb > Hg > Ni > Cr > Cu > Cd > Zn. The non-carcinogenic risk
through dermal absorption showed the different trend: Cr > Cd >
As > Ni >Hg > Pb > Cu > Zn. For adults, the non-carcinogenic risk
of Cr was greater than 1, and that of other heavy metals was less than
1, indicating that Cr had obvious non-carcinogenic risk for adults,
and Cd and As in some sampling points had significant non-
carcinogenic risk. The non-carcinogenic risk for children was
generally higher than for adults. The non-carcinogenic risk of Cr
and Cd for children was greater than 1, indicating that Cr and Cd
had significant non-carcinogenic risk for children and were exposed
through dermal absorption. In addition, the maximum value of non-
carcinogenic risk of Ni and As was greater than 1, indicating that Ni
and As in some sampling points had significant non-carcinogenic
risks, and other heavy metals had no significant non-carcinogenic
risks.

3.4 Prospect

This study shows the spatial distribution of heavy metals in the
soil of the Yangtze River Basin and assesses the health risks.

TABLE 2 The carcinogenic risk of heavy metals for adults and children (×10−6).

Object Type Min Max Medium Mean Standard deviation

Adults Pb 0.026 0.32 0.041 0.054 0.042

Cr 3.58 49.80 11.50 12.43 6.07

Cd 0.094 50.10 1.83 4.10 6.48

As 3.42 44.20 5.94 7.63 5.66

Children Pb 0.036 0.45 0.057 0.075 0.058

Cr 4.96 69.00 15.90 17.20 8.40

Cd 0.13 69.10 2.52 5.65 8.93

As 4.74 61.20 8.23 12.20 7.83

FIGURE 10
The contribution of various heavy metals to carcinogenic risk for adults and children.
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However, the collected soil heavy metal data may differ in sampling
methods, sample size and analysis methods. The Yangtze River
Basin is large and diverse, and the concentration of heavy metals in

soil varies significantly depending on soil type, land use, agricultural
activities and industrial activities. This studymay not capture the full
extent of this variability. Therefore, in order to better understand the

TABLE 3 The non-carcinogenic risk of soil heavy metals in the Yangtze River Basin for adults.

Risk Heavy metal Max Min Medium Mean Standard deviation NCR

Zn HQing+inh 9.23E-04 6.13E-05 1.11E-04 1.64E-04 1.48E-04 3.43E-03

HQder 1.84E-02 1.22E-03 2.22E-03 3.26E-03 2.95E-03

Cu HQing+inh 2.21E-03 3.62E-08 2.52E-04 3.56E-04 3.31E-04 2.69E-02

HQder 1.47E-01 9.54E-03 1.80E-02 2.65E-02 2.16E-02

Pb HQing+inh 3.21E-02 2.02E-03 3.37E-03 5.15E-03 4.90E-03 4.62E-02

HQder 2.56E-01 1.61E-02 2.69E-02 4.11E-02 3.91E-02

Cr HQing+inh 2.06E-03 1.33E-04 4.61E-04 5.12E-04 2.77E-04 3.20E+00

HQder 1.29E+01 8.30E-01 2.89E+00 3.20E+00 1.74E+00

Cd HQing+inh 3.46E-03 3.18E-06 9.39E-05 2.79E-04 4.89E-04 7.80E-01

HQder 9.66E+00 8.88E-03 2.62E-01 7.80E-01 1.36E+00

Ni HQing+inh 2.82E-03 1.86E-04 4.75E-04 5.85E-04 3.99E-04 1.52E-01

HQder 7.29E-01 4.81E-02 1.23E-01 1.51E-01 1.03E-01

As HQing+inh 1.16E-01 8.17E-03 1.66E-02 2.29E-02 1.95E-02 3.58E-01

HQder 1.70E+00 1.19E-01 2.42E-01 3.35E-01 2.85E-01

Hg HQing+inh 4.23E-03 6.68E-05 4.93E-04 7.54E-04 6.60E-04 1.08E-01

HQder 6.01E-01 9.51E-03 7.01E-02 1.07E-01 9.38E-02

TABLE 4 The non-carcinogenic risk of soil heavy metals in the Yangtze River Basin for children.

Risk Heavy metal Max Min Medium Mean Standard deviation NCR

Zn HQing+inh 5.17E-03 3.43E-04 6.23E-04 9.11E-04 8.25E-04 6.04E-03

HQder 2.90E-02 1.92E-03 3.49E-03 5.13E-03 4.64E-03

Cu HQing+inh 1.24E-02 3.85E-08 1.41E-03 1.99E-03 1.85E-03 4.37E-02

HQder 2.31E-01 1.50E-02 2.83E-02 4.17E-02 3.39E-02

Pb HQing+inh 1.79E-01 3.52E-04 1.89E-02 2.86E-02 2.70E-02 9.32E-02

HQder 4.03E-01 2.54E-02 4.22E-02 6.46E-02 6.15E-02

Cr HQing+inh 2.49E-03 1.60E-04 5.56E-04 6.18E-04 3.35E-04 5.04E+00

HQder 2.03E+01 1.31E+00 4.54E+00 5.04E+00 2.73E+00

Cd HQing+inh 1.62E-02 1.75E-05 5.13E-04 1.49E-03 2.51E-03 1.22E+00

HQder 1.52E+01 1.42E-04 4.09E-01 1.21E+00 2.11E+00

Ni HQing+inh 1.58E-02 1.04E-03 2.66E-03 3.28E-03 2.24E-03 2.41E-01

HQder 1.15E+00 7.56E-02 1.93E-01 2.38E-01 1.62E-01

As HQing+inh 6.51E-01 2.88E-05 9.28E-02 1.28E-01 1.09E-01 6.55E-01

HQder 2.67E+00 1.88E-01 3.80E-01 5.27E-01 4.48E-01

Hg HQing+inh 2.37E-02 3.74E-04 2.76E-03 4.22E-03 3.69E-03 1.73E-01

HQder 9.46E-01 1.50E-02 1.10E-01 1.69E-01 1.48E-01
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impact mechanism of heavy metal pollution in the Yangtze River
Basin, more research needs to be conducted.

4 Conclusion

In conclusion, this paper depicted the spatial distribution
pattern of typical heavy metals in soil of the Yangtze River Basin,
evaluated the degree of heavy metal pollution and human health
risks, and provided reference for the decision-making of heavy metal
pollution control over the region. The results showed that the spatial
distribution of heavy metal in soil of the Yangtze River Basin was
highly heterogenous. The spatial distribution of Cu and Pb had a
certain similarity, the high-value area of Zn was relatively scattered,
and the high-value areas of Cr, Cd and Ni were distributed in blocks.
The degree of heavy metal pollution in soil of the Yangtze River
Basin was low in the east-west and high in the middle. The degree of
heavy metal in soil was mainly mild pollution, and the distribution
of seriously polluted regions were in blocks, accounting for 23.19%
of the total basin. The seriously polluted regions were mainly
distributed in the western Sichuan, northern Yunnan, southern
Hunan, southern Anhui, which were inseparable from local
industrial activities such as mining and smelting, chemical plant
production, and human activities such as agricultural production
and automobile emissions. The carcinogenic risk of heavy metals
was used to measure human health risk, and it was found that the
carcinogenic risk for children was about 1.45 times that for adults.
The risk areas were mainly distributed in the junction of Yunnan
and Sichuan and northern Jiangxi, and the main carcinogenic heavy
metal was Cr. From the perspective of the non-carcinogenic risk of
heavy metals, dermal absorption was the main exposure pathway, Cr
had remarkable non-carcinogenic risk for adults, and Cr and Cd
have remarkable non-carcinogenic risks for children. The results
have important guiding significance for the control of heavy metal
pollution in the Yangtze River Basin.
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