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1. Introduction

For more than 60 years, China’s heavy industry has made significant contribu-
tions to China’s economic development. However, behind the booming econo-
my and industry is the increasing destruction of the natural environment year by
year and the continuous deepening of pollution. As one of the most important
forms of pollution caused by industrial pollution (Li et al., 2018; Fan, 2011),
heavy metal pollution is seriously affecting all aspects of human living environ-

ment. At present, more than 20 million-hm? of arable land in China has been
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polluted by heavy metals (Duan et al., 2014a; Deng, 2016; Li et al., 2005). Among
them, about 3.33 million-hm?® of arable land has reached medium and severe
pollution, and no more cultivation is possible. The annual economic loss of crops
caused by excessive heavy metals in China has reached 20 billion yuan (Duan et
al., 2014b; Xu et al., 2018). The accumulation of heavy metals in the soil can lead
to a decrease in soil fertility and deterioration in texture. In addition, with the
leaching effect, the heavy metal ions accumulated in the soil will run off from the
surface, and then enter the groundwater, polluting freshwater resources, causing
the water body in the area to deteriorate and be difficult to control. Eventually it
will be enriched to the human body through the food chain and food web, en-
dangering human life and health (Xia et al., 2016; Li et al., 2013). In the world,
Jafari et al. (2018) review the prevalence of rice contamination to heavy metals in
Iranian grown and imported rice brands by conducting a systematic review and
assess the related human health risk and found that multiple keywords such as
“rice, heavy metals, and Iran” were used to search in related databases. Fractio-
nation of heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) was studied us-
ing modified Community Bureau of Reference sequential extraction procedure
in the sediments collected at eight sites from a freshwater lake, Pakistan (Saleem
et al., 2018). Defarge et al. (2018) studied the toxicity of formulants and heavy
metals in glyphosate-based herbicides and other pesticides, and found that Pe-
troleum-based compounds in herbicides were highly more toxic than glypho-
sate. In addition, there are also related studies on the role of heavy metals in
space weather, the spectral model for heavy nuclei is developed (Fu et al., 2020).
With the extensive use of fertilizers and pesticides, the discharge of industrial
wastes and the increase of sewage irrigation, the interaction between pollutants
and elements in soil environment becomes more complex, which leads to the
increasingly serious combined pollution of heavy metals. Therefore, the study of
heavy metal compound pollution is far more valuable than that of single factor
pollution. In this paper, firstly, the related concepts of soil rechecking pollution
are discussed, and the physical and chemical properties and forms of lead and
chromium are introduced accordingly. Secondly, the effects of combined pollu-
tion of lead and chromium on soil microbial biomass, soil microbial community
structure and soil microbial activity were discussed. Finally, the relevant treat-

ment methods of heavy metal contaminated soil were put forward.

2. The Concept of Soil Compound Pollution

In the same environmental medium or the same branch of the ecosystem, the
joint effect between two or more environmental pollutants with different prop-
erties is called compound pollution. Compound pollution must have three basic
conditions at the same time: first, more than one chemical pollutant must enter
the same environmental medium or the same branch of the ecosystem at the
same time; second, between the chemical pollutant and the organism or various
chemical pollutants there should be interactions; third, organisms should have

three stages of physical chemical and chemical processes, physiological and bio-
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chemical processes, biological poisoning or detoxification adaptation processes
after being stressed by pollutants. Compound pollution can usually be classified

according to the source, nature and impact of the pollutant.

2.1. According to the Source of Pollutants

Homogenous compound pollution: Compound pollution is formed by the inte-
raction of various pollutants existing in the same environmental medium (soil,
water body and atmosphere). According to different environmental media, it
can be further divided into soil composite pollution type, water composite pollu-
tion type and air composite pollution type. Homologous compound pollution is
the main direction of current compound pollution research.

Heterogeneous composite pollution: formed by different pollutants or the same
pollutants from different environmental media sources, it can be further divided
into soil-atmosphere composite type, soil-water composite type, atmosphere-water

composite type and atmosphere-soil-water complex (Zhuang, 2007).

2.2. According to the Types of Pollutants

Organic compound pollution: Compound pollution is formed by two or more
organic pollutants coexisting. The current research focuses on compound pollu-
tion between pesticides or between pesticides and other organic pollutants.
Inorganic compound pollution: Compound pollution is formed by the inte-
raction of two or more inorganic pollutants. The focus of current research on
inorganic compound pollution is the compound pollution formed between heavy
metal elements or between heavy metals and other inorganic pollutants.
Organic-inorganic compound pollution: Compound pollution is formed by
inorganic pollutants and organic pollutants existing in the same environment at
the same time, mainly concentrated in the compound pollution between heavy

metals and antibiotics, pesticides, detergents, petroleum hydrocarbons.

2.3. According to the Compound Pollution Effect

Simple and similar effects: also known as dose increase, relative dose increase
and similar combined effects. There is no mutual use of this effect, and there is
no interaction between single pollutants. All pollutants have the same mechan-
ism and mode of action, but with different strengths. If one pollutant replaces
another pollutant in a certain proportion, the compound pollution effect will not
change.

Independent joint effect: also called superposition effect, simple independent
effect or simple dissimilar effect. There is no interaction between such effects,
but due to the different modes of action, mechanism and location of the pollu-
tants, when one pollutant enters the environment and interacts with the organ-
ism, resulting in a decline in the body’s resistance, if another pollutant also en-
ters the environment and interacts with the same organism, its pollution effect
will be significantly enhanced.

Interaction: There is interaction between pollutants, and the combined effect
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produced by pollutants is greater or less than the sum of the effects produced by
each single pollutant. When the combined effect is enhanced, it is called synergy,
enhancement, or super-additive effect; in turn, it is called antagonistic, inhibito-
ry, or subadditive (Wang et al., 2018; Meng et al., 2019).

In short, the combined effects can be divided into three actions according to
their effects: superposition, synergy and antagonism. But strictly speaking, there
is no absolute superposition effect of compound pollution, which will inevitably
produce a synergistic or antagonistic effect. Therefore, interaction is more com-
mon in compound pollution and is the top priority of current compound pollu-

tion research.

3. Physical and Chemical Properties and Action Mechanism
of Lead and Chromium

3.1. Physical and Chemical Properties and Morphology of Lead

Lead (Plumbum, Pb), atomic weight 207.2, atomic number 29, is a heavy metal.
The color of lead itself is bluish white. The density is 11.3437 g/cm’, the melting
point is 327.502°C, and the boiling point is 1749°C. Common valences are 0 and
+2, and the first ionization energy is 7.4167 electron volts. The second ionization
energy is 15.874 electron volts. Pb has four stable isotopes: lead 204, 206, 207,
208. Pb has many valuable physical and chemical properties, such as good duc-
tility and flexibility, strong chemical stability, and strong corrosion resistance.
Generally, a dense protective layer will be formed on the surface of lead in the

air, which can prevent further oxidation of lead (He et al., 2001).

3.2. Physical and Chemical Properties and Morphology of
Chromiums

Chromium (Cr), atomic weight 51.996, atomic number 24, is a heavy metal. The
color of chrome itself is steel gray. The density is 7.19 g/cm’, the melting point is
1857.0°C, and the boiling point is 2672.0°C. Common valences are +2, +3, and
+6, the first ionization energy is 6.771 electron volts, and the second ionization
energy is 16.508 electron volts (Hu et al., 2018). There are four stable isotopes of
Cr: chromium 49, 50, 51, 52, 53, 54, 55. Cr has many valuable physical and
chemical properties, such as good ductility, strong chemical stability, and strong
corrosion resistance. Generally, a dense protective layer is formed on the surface
of chromium in the air to prevent further oxidation of lead. Chromium in the
soil usually exists in two ways: Cr (VI) and Cr (III). In addition, there are vari-

ous combinations of chromium in the soil (Xu et al., 2002).
4., Effect of Combined Pollution of Lead and Chromium on
Soil Microorganisms

4.1. Effect of Heavy Metal Pollution on Soil Microbial Community
Structures

A large number of studies have proved that the soil contaminated by heavy met-
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als has significant changes in the microbial community structure. The decrease
in microbial diversity caused by heavy metal pollution may be due to the de-
crease in the types of unsuitable species and the increase in the number of spe-
cies that can adapt to the environment under the action of heavy metal stress.
Kelly equaled the soil microbial community under lead contamination by LIOLOG
microplate counting method. The study found that the structure and functional
diversity of soil microbial communities will be affected by lead and chromium
pollution. Severe heavy metal pollution will lead to a reduction in the number of
microorganisms that can use the relevant carbon substrate, reduce the ability of
microorganisms to use on a single carbon source substrate, and reduce the di-
versity of soil microorganisms.

Pennanen et al. (1996) used PLFA analysis method to study the long-term lead
and chromium contaminated soil. The results show that heavy metal pollution
significantly reduces the proportion of fungal characteristic fatty acids. Blum et
al. (2001) discovered by polymerase chain reaction-DGGE that chromium pollu-
tion changed the soil microbial community structure and reduced microbial di-

versity.

4.2. Impact of Heavy Metal Pollution on Soil Microbial Biomass

For Impact on microbial biomass carbon, soil microbial biomass carbon, as a
nutrient pool of plants and animals in the soil, plays a vital role in the sustaina-
ble development of ecosystems. It is considered as a sensitive indicator of micro-
bial changes in soil contaminated by heavy metals, and has been widely used for
soil quality evaluation. High concentrations of heavy metals have a harmful ef-
fect on all organisms including microorganisms. Long-term exposure to heavy
metal contaminated soil, the growth and survival of microorganisms will be af-
fected by different levels according to the concentration of heavy metals (Zhang
et al., 2019).

In the past decade, more and more scholars began to pay attention to the im-
pact of heavy metals’ potential toxicity on the degradation of the natural envi-
ronment. The research results of some scholars show that the low concentration
of heavy metal pollution can significantly stimulate the growth of microorgan-
isms and increase the biomass of soil microorganisms. Under the stimulation of
different concentrations of heavy metals, the biomass carbon in the sandy loam
increased more obviously, and the loam and clay increased relatively less (Chen
et al., 2015).

This may be due to the simultaneous addition of organic carbon and nutrients
in the sludge. However, when pollutants containing higher concentrations of heavy
metals were applied to the soil or pollutants such as sludge containing heavy
metals for a long period of time, the soil microbial biomass carbon did not con-
tinue to increase, but there was a significant decrease. This situation occurs be-
cause microbes have different sensitivities to heavy metal toxicity, and changes
in microbial population viability or competitiveness will lead to gradual changes

in population numbers.
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The above studies mainly involved the toxic effects of heavy metals in sludge
on soil microorganisms. In addition, some studies have revealed the impact of
heavy metal pollution caused by mining and smelting activities on soil microbial
biomass. But the results of these investigations are contradictory. Heavy metal
pollution in soil caused by sludge application, mining and smelting activities,
and automobile exhaust emissions rarely leads to single heavy metal pollution,
but often presents compound pollution containing two or more heavy metal
elements. The relative toxicity and interaction are between the two. Therefore,
people further study the effect of heavy metals on soil microbial biomass by adding
heavy metals to the soil.

A large number of indoor cultivation tests and field tests of organic or inor-
ganic heavy metal salts have shown that heavy metals have a strong toxic effect
on soil microorganisms. Yoshida et al. (1994) found that when exogenous cad-
mijum, lead and mercury were added to sandy soil, the soil microbial biomass
decreased significantly. When the lead content in the soil is 20 mg/kg and the
chromium content is 10 mg/kg, the soil microbial biomass carbon reaches the
lowest point.

For Soil microbial entropy (soil Cmic/Corg value), microbial biomass is an
important biological coefficient for evaluating the functional changes of soil eco-
systems contaminated by heavy metals. Under normal circumstances, there is a
very close linear positive correlation between organic carbon and microbial
biomass carbon in non-polluted soil, but in soil contaminated by heavy metals,
the above relationship basically no longer exists. Therefore, the soil Cmic/Corg
value can be used as an important indicator to evaluate the impact of heavy met-
al pollution on the energy and soil quality of the soil ecosystem (Pfiffner et al.,
2017).

In most cases, the soil Cmic/Corg value is 1% - 4%. Many studies have shown
that as the concentration of heavy metals increases, the Cmic/Corg value in the
soil shows a downward trend. In general, as the content of heavy metals increas-
es, the Cmic/Corg value in the soil will decrease significantly. The decrease in
Cmic/Corg value in soils contaminated by heavy metals may be due to the low
efficiency of soil microbes using carbon source substrates to synthesize microbial
biomass, and more carbon source substrates are converted into energy for main-
tenance, resulting in soil reduction of microbial biomass. Another reason is that
the rate of sulfidation of soil organic carbon is reduced, which leads to the ac-
cumulation of organic matter in the soil.

Effect of soil environmental factors on microbial biomass of heavy metal con-
taminated soil is also important. A series of research results show that the soil
microbial biomass carbon has a very significant negative correlation with the ef-
fective heavy metal content in the soil. Therefore, it can be inferred that all fac-
tors affecting the bioavailability of heavy metals may affect the toxic effects of
heavy metals on soil microbial biomass. Alloway’s research pointed out that the
addition of organic substances is an important factor affecting the availability of
heavy metals in the soil environment and the potential toxicity of heavy metals
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(Alloway et al., 1990). However, there is also a study showing that the applica-
tion of sludge or manure to the soil will not affect the content of heavy metals in
the soil microbial biomass.

On the other hand, soil texture can significantly affect the toxicity of heavy
metals to soil microbial biomass. The study of Dar (1996) pointed out that when
50 mg/kg chromium is added to the soil, the soil microbial biomass is signifi-
cantly inhibited, and sandy loam is more inhibited than clay loam. Another test
found that when 250 mg/kg of lead was added to soils with different textures,
only the microbial biomass in sand was significantly reduced, and the microbial
biomass in loam and clay was not reduced. However, when the lead content is
500 mg/kg, the microbial biomass in all texture soils is significantly reduced, and
the microbial biomass in sandy loam will be reduced by 16% - 26% compared

with clay loam.

4.3. Effect of Heavy Metal Pollution on Soil Microbial Activity

For Impact on soil respiration, soil respiration is one of the most commonly
used microbial parameters to study the effects of heavy metal pollution on mi-
crobial activity (Chen, 2006). Soil basic respiration can reflect the soil organic
carbon mineralization rate and microbial respiration activity, and is closely re-
lated to the soil environmental quality. Many studies have shown that soil basic
respiration increases with the increase of heavy metal concentration, which may
be due to the catabolism of microbial metabolic activity from biosynthesis to
energy release under heavy metal stress.

For effect of heavy metal pollution on microbial metabolic entropy (qCO,),
Microbial metabolic entropy (qCO,) is one of the important indicators of soil
microbial activity, and is recommended as a sensitive physiological and ecologi-
cal indicator reflecting heavy metal stress in soil. The soil environment is stressed
or disturbed, and microbes may need more energy to maintain their survival,
resulting in soil microbial metabolic activities reacting to varying degrees.

A large number of studies have shown that the metabolic entropy of soil micro-
organisms usually increases with the deepening of heavy metal pollution. Renella
et al. Found that the metabolic entropy of microorganisms in lead-contaminated
soil increased significantly. This may be because the microorganisms needed
more energy to maintain their survival, or it may be because the degradation of
the matrix quality led to a reduction in the metabolism efficiency of microor-
ganisms (Renella et al., 2005).

For effect of heavy metal pollution on soil enzyme activity, soil enzyme activi-
ty is a sensitive indicator reflecting the effect of heavy metal pollution in soil. A
large number of studies have shown that soil enzyme activity has a certain cor-
relation with heavy metal pollution. Under normal circumstances, soil enzyme
activity will drop sharply as heavy metal pollution increases.

Compared with non-polluted soil, the activities of dehydrogenase, protease,
alkaline phosphatase and sulfate acetate were significantly inhibited. In short, the

soil dehydrogenase activity, pulse enzyme activity and phosphatase activity in
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heavy metal-contaminated soil showed a downward trend, which can sensitively
reflect the toxic effect of heavy metals on soil microbial activity (Zhou et al.,
1985; Han et al., 2010).

The inhibitory mechanism of heavy metals on enzyme activity may be com-
bined with the active site in the enzyme molecule-sparse groups and imida-
zole-containing coordination, etc. to form a more stable complex, which may be
related to the competitive inhibition of the substrate or may be due to heavy
metals By inhibiting the growth and reproduction of soil microorganisms, the
synthesis and secretion of enzymes in the body are reduced, which ultimately

leads to a decrease in soil enzyme activity.

5. Governance Methods

5.1. Physical Repairs

Physical remediation of heavy metal contaminated soil refers to the application
of a single physical method to improve, in order to achieve the purpose of re-
ducing and solidifying heavy metals in soil. Common methods include guest soil
method, leaching method, solidified landfill method, heat treatment method and
electric repair methods.

5.2. Chemical Repair

Chemical repair belongs to in-situ repair technology. It is a method to cause a
series of chemical reactions of heavy metals by adding modifiers or inhibitors to
the soil, so as to achieve the purpose of remediation and restoration, thereby re-
ducing the water solubility, mobility and effectiveness of heavy metals in the soil.
At present, more modifiers should be added to the soil. The ideal modifier
should have the characteristics of no pollution, low cost, good effect and strong
sustainability. Commonly used modifiers, such as lime, limestone powder, apa-
tite, hydroxyapatite, calcium magnesium phosphate, etc., have a certain remedi-
ation effect on the soil.

At the same time, adding surfactants and heavy metal chelating agents can
improve their performance. The research results of Cui et al. (2010) showed that
adding lime, phospholime, montmorillonite and attapulgite to the soil improved
the pH of the soil and transformed the soil copper from the highly effective ex-
change state of the plant to the less effective carbonic acid of the plant salt bind-
ing state, iron manganese oxide binding state and organic binding state. The
high-dose lime and high-dose apatite treatments respectively reduced the anta-
gonistic effects of exchangeable copper and heavy metals in the soil environment
by 95%. 94.6%, at the same time can reduce the toxicity of heavy metals.

For example, increasing the supply level of Ca reduces the absorption of heavy
metals Cd, Ni, Pb, Zn, Cr by plants or alleviates the toxicity of heavy metals.
Therefore, by adding calcium-containing substances to the soil, the effectiveness
of some heavy metals can also be reduced. Chemical remediation is simple and

easy, and industrial by-products can be used as improvers in the remediation
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process, so the cost is relatively low, and it is suitable for the remediation of
large-area contaminated soil. However, a single chemical repair cannot eradicate
the heavy metals in the soil. When the environmental conditions change, it may
be released into the soil again, and it may have a certain impact on the microor-
ganisms in the soil, and there are certain safety risks. Therefore, in the process of
applying chemical remediation, materials with good stabilizing effect and less

impact on soil ecosystem should be considered as modifiers.

5.3. Bioremediation

There are broad and narrow definitions of bioremediation. People usually refer
to bioremediation in a broad sense, that is, application of heavy metal pollution
remediation technology with organisms as the main body, reducing the content
of heavy metals in the soil through their metabolic activities or by changing their
morphology. Restoration technology is to reduce toxicity to achieve the purpose
of restoration. Commonly used bioremediation technologies are: phytoremedia-

tion, animal repair and microbial repair.

6. Conclusion and Recommendations

Using physical and chemical techniques alone to repair heavy metal contami-
nated soil is not only expensive and difficult to use for large-scale pollution soil
improvement, but it may also cause problems such as soil structure destruction,
fertility degradation, and reduced biological activity. Therefore, in order to solve
the problem of heavy metal pollution in the soil, the research on the heavy metal
element soil eco-chemical behavior and remediation technology should be streng-
thened, especially for plants and microbial remediation technologies with broad
application prospects, and the joint application of multiple remediation tech-
nologies should be actively explored to learn from each others’ weaknesses to
realize the remediation of heavy metal contaminated soil.
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