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Introduction

Coal mining and processing are sources of pollution in mining regions and
nearby cities. This causes various problems, including the pollution of the
wetland environments and the disruption of ecological functions ( Chen et

al., 2000 ). Heavy metal pollutants are the most ubiquitous and difficult to

control because they undergo morphological changes, accumulate readily,
and persist in the environment. They are also highly toxic and can be
ecologically hazardous for long time periods. The development of wetlands is
one of the most commonly used methods to control the environmental
pollution in mining regions. These wetlands provide an ecological value and
have important roles in urban climate reqgulation, throttling, and flood
discharge. They can be used to protect regional biodiversity and maintain

ecological balance ( Xu and Tang, 2009 ; Lei et al., 2013 ), and they can also

promote local tourism and economic development.

The heavy metals in the constructed wetlands in mining regions originate
from natural phenomena and human activity. They are introduced into
wetland water bodies by falling dust, rock weathering, soil erosion, rain-
induced leachates, and direct wastewater discharge. They accumulate in
wetland sediments because of the decomposition of particulate matter,
adsorption, complexation, and precipitation. Finally, they remain in the
wetland for a long time as forms of sediments. Thus, the sediments in
wetland systems become sinks for heavy metals, causing permanent
potential harm. The heavy metals in wetland sediments can also be
resuspended because of fluctuations in the water-soil environment, such as
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the pH, Eh, water level, and temperature. The metals can then migrate into
water bodies; resuspension has become the primary source of secondary

heavy metal pollution in wetland water ( Akcay et al., 2003 ; Hiller et al.,

2010 ). The secondary heavy metals can be further transformed into metal
organic compounds with strong toxicity under certain conditions, harming
the aquatic, animal, and plant ecosystems and threatening human health

through food chain ( Fan et al., 2002 ).

Sediments provide a record of the changes in the urban wetland
environment. They are rich sources of geochemical information and reflect

the impacts of urban activities on the wetland ecosystems ( Forstner and

Wittamnn, 1979 ; Rognerud and Fjeld, 2001 ). Therefore, it is important to

study the characteristics of the heavy metal pollutants in urban wetland
sediments and evaluate their ecological risks, in order to plan for mitigating

heavy metal pollution and restoring the affected ecosystems.

Recently, scholars around the world have conducted a great deal of research
on heavy metal pollution in urban sediments. However, majority of these
studies have focused on large, natural wetlands and economically developed

regions ( Lei et al., 2013 ; Li, B. et al., 2019 ; Ye et al., 2019 ), and plateaus,

mining regions, and economically underdeveloped areas have received little
attention. Only few reports have investigated the heavy metal pollution in

the sediments of the constructed wetlands in small cities.

Minghu Wetland is located in Liupanshui City in west Guizhou Province. It is a

constructed wetland surrounded by small and medium mining areas with
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typical plateau karst landforms ( Chen et al., 2013 ; Qin et al., 2013 ; Hao et

al., 2019 ).

The surface sediments from the Minghu Wetland were investigated in this
study. Based on the wetland topography and the distribution characteristics
of production and living activities, the study area was divided into three
parts: Longtengtan, Erdaoba, and the artificial lake of Shiyuan. Through GPS
positioning, 14 sampling sites were set up to collect (0-10 cm thickness)
sediment samples. Subsequently, the sources and concentrations of Pb, Zn,
Cr, Cu, Ni, and Cd in the samples were characterized. We used the geological
accumulation index ( / geo ) and the potential ecological risk index (ERI) of
each heavy metal in the surface sediments to quantitatively assess the
potential ecological risk. We aimed to provide data and a scientific basis for
water monitoring and controlling the heavy metal pollution in the Minghu
Wetland. We also sought to provide a reference to prevent and control the

heavy metal pollution in similar constructed urban wetlands.

Materials and Methods

Overview of the Study Region
The Minghu Wetland is located in the western district of Liupanshui City,

which is located in the Wumeng Mountain region of the Guizhou Province
(25°19'44"-26°55'33", N104°18'20"-105°42'50"E). This region is the coal
capital toward the south of the Yangtze River and has an average altitude of
1, 800 m. The subtropical monsoon climate is mild with no summer heat
extremes or severely cold temperatures in winter. Thus, the local plateau
has a unique climate. The 197. 7-ha wetland region contains mostly artificial
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ponds and a few permanent rivers. Geologically, it is located in a double
transition zone between the eastern Yunnan plateau, the hills of central
Guizhou, the northwestern plateau of Guizhou, and the hills of the Guangxi
Provence. The elevation of the terrain is high in the northwest and low in the
southeast, forming a slope from the northwest to the southeast. The majority
of the water in the wetland originates from natural precipitation, and the
area receives an average annual rainfall of 1, 420. 8 mm. The water in the
territory flows from west to east into the Xiangshui River, which is a tributary

of the Sancha River in the Wujiang River system ( Chen et al., 2013 ).

Sample Collection and Pretreatment

The Minghu Wetland comprises three regions, i. e., Longtengtan (L1-L6),
Erdaoba (E1-E4), and Shiyuan (S1-5S4). The GPS coordinates of each region
were determined in November 2019. The 14 sampling sites are presented in
Figure 1 . At random locations within each 5 m x 5 m site, a mussel grab
was used to collect three or four surface sediment samples from depths of 0-
10 cm. The organic residues and large pieces of gravel were removed. The
samples were mixed thoroughly, bagged, marked, and brought to the
laboratory. They were allowed to air-dry, ground in an agate mortar, and
then sieved using a 100-mesh nylon sieve. The 14 samples were then

bagged and sealed.

FIGURE 1

Layout of sampling points in Minghu Wetland.
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Sample Digestion and Determination of Heavy Metal Concentrations
The samples were treated with HNO 3, HCI, HF, and HCIO 4 through a wet

digestion process ( Dauvalter and Rognerud, 2001 ; Zhao et al., 2019 ). An

AA-6300 atomic absorption spectrophotometer (Shimadzu, Japan) was used
to determine the Pb, Cd, Zn, Cu, Cr, and Ni concentrations in the digests
according to the standard method NY/T 1613-2008. The pH of each sample
was measured according to the standard method NY/T 1377-2007. Blank
samples, 10% samples, and reference materials (GBW-07314) were used as
controls and analyzed in parallel to ensure the accuracy of the
experimentally determined concentrations. The relative standard deviation
of the experimental values was controlled to within 5%, and the recovery
error was within 10% to satisfy the industry quality control criteria of the

Environmental Protection Agency.

Evaluation of Heavy Metal Pollution

Geoaccumulation Index (7 geo)

The geoaccumulation index ( /geo ) ( Muller, 1969 ) proposed by the German

scientist Gilles Muller in 1967 is a widely accepted indicator used for the
gquantitative evaluation of the heavy metal pollution in sediments. / geo can

be calculated as follows:

lgeo=1log2(csil.5xBi)(l)ltut=>ni=1llgeo=3>ni=1llog2(c

sil.5xBi)(2)

where ¢ s'is the concentration of heavy metal /in the sample (mg/kg) and B
iis the background concentration of /in the surrounding environment. The

geochemical heavy metal concentrations in the Guizhou surface sediment
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were used as the background reference values ( He, 1998 ). Seven criteria

were used to evaluate the degree of heavy metal contamination based on

the magnitude of / geo ( Table 1 ).

TABLE 1

The system for evaluating the degree of heavy metal pollution based on / geo

2. 4. 2 Potential ERI
The potential risk of each heavy metal to the Minghu Wetland ecosystem

was dependent on its concentration (mg/kg) in the sediment and its toxicity.

The Hakanson (1980) potential ERI has been commonly reported. The ERI (

Equation 2 ) was used to more fully assess the potential ecological risk of

each heavy metal ( Hakanson, 1980).

RI=Yi=1nEri=Yi=1nTrixcsicgi,(3)

where Rl is the potential ERI, £ /is the potential ecological risk coefficient of
heavy metal 7, and T /’is the biological toxicity coefficient of the metal. The

T r’values of Pb, Zn, Cr, Cu, Ni, and Cd are 5, 1, 2, 5, 5, and 30, respectively

( Xu et al., 2008 ). Cs’is the measured concentration of heavy metal jin the

superficial sediment (mg/kg), and CgiiS the reference value for the metal in
the superficial sediment. Our evaluation differed from the classical Hakanson
method because we analyzed six heavy metals. Thus, the potential ERI

evaluation criteria had to be adjusted according to the types and quantities
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of the heavy metals ( Hou et al., 2011 ; Liet al., 2013 ; Li, F. et al., 2019 ), as

listed in Table 2 .

TABLE 2

Criteria for evaluating the degree of ecological risk.

Data Processing

The SPSS 23. 0 software package was used to identify the correlations
between the heavy metals in the study region and perform principal
component analysis. Graphics were generated using the Origin 2017

software package.

Results

Heavy Metals in the Minghu Wetland Surface Sediments
The pH of the Minghu Wetland sediments and the concentration of each

heavy metal ( w /) in the samples are presented in Table 3 . The average
concentrations of the heavy metals in superficial sediments ranged from 4.
67 to 222 mg/kg and exhibited the trend of w (Zn) > w (Pb) > w (Cr) > w (Ni)
> w (Cu) > w(Cd). At each sampling point, w (Pb) was 4. 01-15. 4 times
greater than the background value. w (Zn) and w (Cd) were 1. 06-5. 95 and
0. 258-2. 47 times greater than the background level, respectively. Further,
when compared with the background level, w (Cu) was 0. 582-6. 14 times
greater and w (Ni) and w (Cd) were 0. 830-5. 14 and 2. 42-53. 9 times
greater, respectively. The background values were 2. 46, 6. 69, 0. 994, 2. 09,
2. 01, and 15. 1%. w (Cr) exceeded the standard value in superficial
sediments obtained from only some of the sites, and the average w (Cr) was
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lower than the background concentration. w (Cr) and w (Ni) exceeded the
standard values by 71. 4 and 92. 9%, respectively. w (Pb), w (Zn), and w (Cd)
exceeded the standard values by 100%. These results indicated that the
surface sediments in the Minghu Wetland were heavily contaminated with all
the heavy metals with the exception of Cr and that the accumulation of
heavy metals was extensive. W (Cd) exceeded the standard value to the

greatest extent. Thus, Cd was the main contributor to pollution.

TABLE 3

pH and heavy metal content in superficial sediments.

The coefficient of variation (CV) was calculated for each of the six heavy
metals and analyzed to determine the spatial distributions of the metals in
the Minghu Wetland surface sediments ( Table 3 ). The CVs ranged from 43.
1 to 86. 7. The CV of w (Cu) was the largest among the metals, indicating the
possibility of point-source pollution. The remaining coefficients followed the
order of w (Cd) > w (Ni) > w(Cr) > w (Zn). w (Pb) had the smallest CV,
although it still exceeded 43. 0%. The difference between the maximum and
minimum values was large, suggesting that the wetland environment was
frequently disrupted by human activity, and point-source and surface-source
pollution coexisted. The spatial distributions of the heavy metals in the

sediments were uneven and highly variable.

Sources of Heavy Metal Contaminants in the Surface Sediments

The correlation between different heavy metals can be clarified based on the

correlation analysis of the heavy metals in sediments. If the correlation
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coefficient is close to 1, it can be preliminarily judged that there are common
sources or multielement compound pollution among different heavy metal
elements. In addition, the influence of pH and heavy metals was analyzed via
Pearson correlation analysis of the measured values. The results are
summarized in Table 4 . The pH of the sediments had the most influence

over the distributions of heavy metals ( Ona et al., 2006 ). The spatial

distribution of pH had a CV of 4. 44% in the study region, indicating little
variability. There was no significant correlation between pH and any of the

heavy metals. This may have been because the pH of the Minghu Lake

surface sediments was neutral. The [H * ] and [OH ~ ] values in the surface
sediments were equal. Therefore, the number of positive charges was equal
to the number of negative charges and had little effect on the adsorption of

positively charged metal species ( Tessier et al., 1979 ; Yang et al., 2006 ). A

strong positive correlation between Pb, Zn, Cr, and Cu ( p < 0. 01) indicated
that the four heavy metals originated from the same source and exhibited
similar deposition mechanisms in superficial sediments. However, this may
have occurred because of compound pollution. There was no correlation
between Ni and Cd or between Ni and Cd and the remaining four heavy
metals. Thus, Ni and Cd may have had unique sources and geochemical

deposition mechanisms.

TABLE 4

Correlation analysis of the pH and heavy metals in superficial sediments.
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To further reveal the pollution sources of heavy metals in the surface
sediments of the Minghu Wetland, principal component analysis (PCA) was
conducted by considering the heavy metal contents (Cr, Cd, Cu, Zn, Ni, and
Pb) as variables to identify the primary sources of pollution in the Minghu
Wetland surface sediments. The greater the absolute value of a factor, the

closer will be the relation between the factor and its CVs ( Gulgundi and

Shetty, 2016 ), as shown in Table 5 . The six heavy metals could be resolved

into two principal components containing majority of the information. The
metals had a cumulative contribution of 74. 7, 54. 5% of which was
accounted for in principal component 1. The loadings of Pb (0. 94), Zn (0.
95), Cu (0. 84), and Cr (0. 88) were high. These results differed considerably
from those obtained via correlation analysis of the four heavy metals,

although strong positive correlations could be observed.

TABLE 5

Principal component load analysis of heavy metals in the surface sediments

of the Minghu Wetland.

Heavy Metal Levels in Superficial Sediments and Potential Ecological Risk
Assessment

I g¢o Evaluation

We calculated the individual heavy metal /geo values ( Eq. 1 ) and the heavy
metal composite pollution index /it ( Eq. 2 ) at each sampling point to better
understand the individual heavy metal pollution levels and the composite
heavy metal concentration in the wetland surface sediments. The results are

presented in Figures 1 and 2, respectively.
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The / geo values of the heavy metals ranged from —2. 54 to 5. 17 ( Figure 2 ),
and the average values followed the order of Cd > Pb > Zn > Ni > Cu > Cr.
The /geo values at 12 of the 14 sites evaluated in the study region were
lower than zero. The exceptions were the Cr / geo values at the S2 and E3
sites, which were between 0 and 1, indicating low levels of Cr pollution.
Among the pollution detected in the entire study area, 85. 7% involved no
Cr, although the average geological accumulation index ( / geo) of —0. 590
was less than zero. The / geo values of Zn, Ni, and Cu were 0. 721, 0. 483,
and 0. 420, respectively. Thus, Zn, Ni, and Cu could be classified as Grade |
pollutants, and the degree of contamination by these metals was low. Cd and
Pb were responsible for the most serious contamination in the wetland
surface sediments. / geo of that was between 0. 690 and 5. 17, and / geo Was
3. 33 and 2. 16. The Cd and Pb concentrations in the 14 samples were
greater than the background values. Cd and Pb accumulated at 100% of the
sites, and the concentrations at each site exceeded the background values.
The geological accumulation index of Cd was the largest when compared
with those of the remaining individual heavy metals in the wetland, and its /
geo Was 5. 17 at the Longtoutan (L2) site. The extent of Cd contamination
(Grade VI) was severe. The largest / geo of Pb (3. 36) in the wetlands could be
observed in the Shiyuan region (S2), indicating that Pb was a serious Grade
IV pollutant. The accumulation of Cd and Pb in the Minghu Wetland surface
sediments was in the middle range, and the Cd and Pd contamination levels

were above Grade VI.

FIGURE 2
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| geo Of heavy metals in the surface sediments of the Minghu Wetland.

The horizontal distributions of the heavy metal pollution indices ( /tut ) at the
14 sampling sites are presented in Figure 3 . The /tut of the wetland surface
sediments was 6. 51, and Cd and Pb contributed 84. 3% as the predominant

heavy metal pollutants.

FIGURE 3
/ tut of the heavy metals in superficial sediments.

Assessment of Potential Ecological Hazards

The changes in the individual potential ecological risk index ( E/")
distribution and the integrated potential ERI of each heavy metal in the

wetland surface sediments are shown in Figures 4 and 5 , respectively. The E
~'of Cd ( Figure 4 ) ranged from 72. 6 to 1, 619, which was considerably
greater than those of the remaining five metals. The £ -/ of Pb was greater

than 30 only at a few sites, whereas the E /values of Zn, Ni, Cu, and Cr were
in single digits. The average values followed the order of Cd (540) > Pb (33.
5) > Ni (10. 5) > Cu (10. 0) > Zn (2. 46) > Cr (1. 99). Based on the grading
standard ( Table 2 ), the Ni, Cu, Zn, and Cr in the sediments appeared to be
minor ecological hazards, whereas Pb was a moderate hazard. However, the
potential ERI of Cd was > 240. This indicated that Cd contamination was
considerably severe and that the level of ecological risk because of Cd

contamination was extremely high. This was likely related to the extensive

accumulation of Cd in the sediments and its high biological toxicity 7/,(30).
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The comprehensive potential ecological hazard Rls of the heavy metals in
the sediments were between 147 and 1, 730 ( Figure 5 ), and the average Rl
was 540. The maximum RI (1, 730) could be observed at the L2 site
downstream from the Small Three Gorges scenic region in Longshan,
indicating the most serious Cd contamination in the study region. Therefore,
there was a direct and irrefutable relation between coal mining and an
extremely high potential ecological risk in the Longshan region. The RI
values of the E4 (120), L5 (147-179), and L6 (240) sites were similar,

indicating a moderate risk.

FIGURE 4

Distribution of the £ -/ of various heavy metals in the surface sediments of

wetlands.

FIGURE 5

Spatial changes of the heavy-metal Rl in sediments.

Discussion

Zhang et al. (2019) studied the heavy metals in surface sediments obtained

from the Zhangze Reservoir and observed that Zn and Cu primarily
originated from agricultural production, construction dust, anticorrosion
coatings, metallurgy, slag accumulation, residential sources, and discharged

industrial sewage. Singh et al. (2017) observed that coal mining, crude oil

combustion, and motor vehicle exhaust were the dominant sources of Pb. Cr

mainly originated from fertilizers, agricultural pesticide residues, and
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wastewater from coal mines ( Facchinelli et al., 2001 ; Wen et al., 2020 ).

Based on the analysis of the sampling site and the surrounding environment
of the Minghu Wetland, it is speculated that the main components of heavy

metals (Cu, Zn, Pb, and Cr) may originate from these three sources:

1) Liupanshui city is a heavy industrial city with coal mines and nonferrous
metal minerals as the pillar of industrial activities in this region. More than
45 types of minerals (including lead-zinc ore, bauxite, nickel, cadmium,
germanium, gallium, indium, selenium and silver, uranium, nickel, and
pyrite) have been discovered. In the early 1980s, majority of the mining
mines around the wetland mainly used artificial coarse open mining. The
local residents earned money by using the original method of coking, zinc
smelting, lead smelting, lime making, and manufacturing brick kilns and
tiles. The mineral residues left after production lacked were not treated;
these residues piled up everywhere and were exposed because of the
imperfect environmental protection system and people’s weak awareness
regarding environmental protection at that time. Through sunshine, rain, and
weathering, the waste residue containing a large amount of metal ions (Pb,
Zn, Cu, Cr, etc.) was imported into the Minghu Wetland to accumulate in the

sediments via surface runoff and atmospheric sedimentation ( Mico et al.

2006 ).

Chemical fertilizers and pesticides (generally containing high concentrations
of Zn, Cu, and Cr) were utilized during the processes of greening and
vegetation maintenance after the construction of the Minghu Wetland

because there were many farmlands, vegetable plots, and village fish ponds
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at the original site of Minghu Wetland before construction. Recently, the
development of real estate around the wetland, the reconstruction of school
buildings, the random disposal of residues and waste, and the discharge of
construction wastewater have increased the accumulation of Zn, Cu, and
other metal elements in the sediments of the water body ( Chen et al., 2005

).

The fine particles of the coal-burning dry ash and the exhaust emissions of

transportation are important sources of Pb ( Sia and Abdullah, 2012 ). The
wetland is located in the west of the city adjacent to the main road west of
the urban area. A dense traffic flow can be observed in this region (especially
heavy coal trucks and engineering vehicles), resulting in a large amount of
exhaust gas and tire wear residues and considerably contributing to the coke
production of the city. The coal ash dust generated via thermal power
generation contains a large amount of Pb; it can directly enter the wetland
through winds, dust, rain leaching, and washing or indirectly and accumulate
in the surface sediments. Therefore, the pollution of the four heavy metals
(Pb, Zn, Cu, and Cr) dominated by principal component 1 can be primarily
attributed to the combined effects of industrial processing, agricultural

production, transportation, infrastructure, and life.

Ni and Cd exhibited high positive charges with respect to principal
component 2 and accounted for 20. 2% of the variance. Ni and Cd pollution
can be mainly attributed to coal mining as well as metal smelting and

processing. Longshan ( Wen et al., 2020 ), which is located adjacent to the

southwest of the wetland, contains abundant coal resources, and the coal
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seam is shallow and easy to mine. Additionally, Liupanshui is a typical
limestone karst hilly landform, and the mountain caves and underground
rivers are highly interconnected. The wastewater and rainwater during coal
mine production can be leached and soaked in coal gangue. Streams and
other sources of water enter the wetland. Furthermore, Cd is an element of
the Zn family and often coexists in raw zinc ore as sulfides in nature.
Therefore, Cd pollution is responsible for the subsequent effects of the slag
residue obtained via smelting and zinc smelting around the wetlands in the

previous century ( Yiu et al., 2016 ). Ni can originate from the exhaust gas

and dust deposition from coal combustion ( Lu et al., 1995 ). Liupanshui

exhibited a large amount of dust floating in the air during coal production,
metal smelting, building material processing, thermal power generation, and
other activities. In addition, the local subtropical climate, abundant rainfall,
and large temperature difference between morning and evening, suspended
particulate matter in the atmosphere (including Ni, Cd, and other metal
elements), with the help of wind, it enters the wetland by means of
condensation, gravity sedimentation, rainfall, etc., and is adsorbed on the
surface of the sediment after landing. Thus, the Cd and Ni in principal
component 2 can be attributed to a combination of human activity and

natural processes.

According to Figure 3 , The highest value of /tyt (11. 3) can be observed at
S2 in the Shiyuan region, indicating a very serious composite heavy metal
pollution. This is because S2 is located in the southeast low-lying corner of
the wetland, the water flow is gentle, and the water exchange period is long.

A large number of gravels, silt, and suspended particles (containing a large
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amount of Cd and Pb) are carried by the water flow from the west and north.
They settle in the sediment by gravity sliding, resulting in the abnormal high
value of the point. The /+tyt values between 0 and 1 were the lowest in the
region. The /tut of Erdaoba (1. 89) was Grade I, indicating a moderate
degree of contamination by a combination of heavy metals. The /tyt of
Longtoutan (4. 87) indicated severe Grade V pollution, whereas that of the
Shiyuan region (8. 77) indicated the accumulation of all six heavy metals and
a very serious pollution level (Grade VI). Thus, the pollution in the surface
sediments of the Minghu Wetland region evolved from individual heavy

metal contaminants to more serious composite pollution.

The average comprehensive potential ecological hazard risk index (147 < Rl
< 1730) of the sediment heavy metals in Figure 5 is 540; the maximum
value (1730) can be observed at L2 downstream of the Small Three Gorges
Scenic region in L2, indicating the most serious Cd pollution in the regional
study point. Therefore, there is a direct and inevitable relation between the
extremely high potential ecological hazards and the large amount of coal
powder and slag (containing Cd, Pb, Ni, Cu, Zn, and Cr) flowing into the site
by mountain runoff because of the waste obtained via mining and smelting

by applying the local method in the Longshan Coal Mine.

The potential ecological risks at the remaining sites were extremely high
because the Rl values exceeded 240. The percentages of the total potential
ecological risk in the three wetland regions were 36. 0% (Longtoutan), 22.
8% (Erdaoba), and 41. 3% (Shiyuan), which were consistent with their /tut

values. Cd accounted for 83. 7% of the RI, and the remaining five species
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made a cumulative contribution of only 16. 3%. The results confirmed that
the Cd in the surface sediments was predominantly responsible for the high

potential ecological risk to the wetland.

Conclusion

In this paper, heavy metal pollution in Alpine mining area, artificial wetland
in the west of Guizhou Province, was studied and evaluated; the source and
development trend of heavy metal pollution were analyzed afterward. The
results show that industrial and agricultural production and transportation
are the main sources of Pb, Zn, Cr, and Cu contamination, while mineral
exploitation and metal smelting are the main sources of Cd and Ni pollution.
In addition, Zn, Ni, and Cu have low concentrations and cause less
contamination. Cd and Pb show moderate accumulation and their
contamination levels are moderate to severe. Among these, Cd is the main
controlling element for the extremely high ecological risk of wetland surface
sediments because of its high ecological toxicity. Although the coal mines
and traditional smelting around the wetland have been shut down for several
years, the impact on the Minghu lake and the surrounding environment may
still exist for a long time. Therefore, further treatment of heavy metal
pollution in artificial wetland environment and prevention of primary and
secondary hazards of pollution sources can better protect the fragile
ecological environment of Alpine mining areas, reconstruct the sustainable
development environment with clear water and green mountains, and
reduce or even eliminate the adverse impact of wetland rivers on the

downstream ecological environment. This study also strives to provide
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theoretical basis and data support for the prevention and control of heavy

metal pollution in artificial wetlands in Alpine mining areas.
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