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Abstract

This paper focuses on the status quo of heavy metal cadmium pollution sites,
analyzes and summarizes the physical, chemical and bioremediation tech-
nologies of cadmium contaminated soil, and carefully analyzes the advantages
and disadvantages of each repair technology. It pointed out the need to de-
velop scientific, efficient and comprehensive restoration management tech-
niques.
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1. Introduction

Since the 1920s, environmental pollution problems of cadmium have begun to
appear. Cadmium is a silvery white shiny heavy metal with high toxicity, long
duration, migration and bioaccumulation. There is a large amount of acidic
wastewater in the mining, smelting, heavy metal tailings, smelting waste and slag
heap of lead-zinc mines. The various heavy metal ions dissolved in these acidic
wastewaters include metal cadmium. Wastewater enters the soil through mine
drainage and rainfall, indirectly or directly causing the cadmium content in the
industrial site to exceed the environmental standards. Cadmium pollution not
only affects the atmosphere, water and agricultural production, but also can
cause chronic poisoning by entering the human body through migration and
enrichment in the food chain, and induce genetic mutations and cancer. In this
paper, the system is suitable for the cadmium-contaminated site remediation
technology, in order to provide a scientific and reasonable basis for the later

work of treating and repairing cadmium-contaminated sites.
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2. The Occurrence of Cadmium in Soil

The occurrence and shape of cadmium in soil are not only related to the nature
and content of the element itself, but also depend on the physical and geograph-
ical conditions of its existence, soil type and its properties, soil composition
(such as organic matter, clay minerals, ferromanganese oxides, carbonates and
microorganisms), soil environmental conditions. Cadmium undergoes adsorp-
tion, desorption, dissolution, aggregation, complexation and adsorption after
entering the soil, which causes it to exist in various forms in the soil. According
to the chemical form, it can be divided into exchangeable state: carbonate-bound

state, iron-manganese oxide-bound state, and organic bound state [1] [2] [3].

3. Soil Remediation Technology for Cadmium Contaminated
Sites

Cadmium soil pollution repair can be divided into physical repair technology,
chemical repair technology and bioremediation technology according to differ-

ent technical principles.

3.1. Physical Repair Technology

Physical repair is a method of removing contaminants from contaminated media
or reducing environmental risks by physical methods such as dilution, heating,
and solidification of contaminated soil. Common physical repair methods in-
clude guest soil method, thermal analytical repair technology, vitrification repair
technology and electric repair technology, which does not change the chemical

properties of the pollutants.

3.1.1. Soil Change Method

The soil replacement method mainly reduces the concentration of cadmium by
replacing the original cadmium-contaminated soil by replacing the fresh soil
with good fertility, and transferring the contaminated soil to reduce the risk of
cadmium-contaminated soil to the surrounding environment. The method is
simple in principle, strong in operability and can reduce the concentration of
pollutants below the control level in a short time, but this method does not
change the mobility and bioavailability of pollutants in the soil, so it is often re-
quired in engineering construction [4] [5]. In combination with other remedia-
tion technologies and prevention and control barriers, it is also necessary to
formulate a reasonable disposal plan to prevent secondary pollution to the envi-

ronment.

3.1.2. Vitrification Repair

The cadmium-contaminated soil vitrification repair technology is to treat the
soil contaminated with cadmium in a high temperature and high pressure envi-
ronment for a period of time, and then cool it to form a vitreous substance. This
material is generally stable, and cadmium contaminants in the soil are fixed to

achieve a repair method for migration of cadmium-contaminated soil.
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3.1.3. Electric Repair

Electro-repair technology refers to inserting electrodes at both ends of cad-
mium-contaminated soil to form a certain electric field gradient in the soil. The
cadmium is transferred to the cathode or anode through the electroosmosis and
electromigration of the electric field, and the electrode is placed on the electrode
after electro-deposition. Precipitation on the stick to achieve attenuation or re-
moval of cadmium contaminated soil [6]. This technology is a new type of phys-
ical repair technology with short cycle and high efficiency. It has been widely
concerned and studied in recent years. However, the pH, permeability, and elec-
trolyte materials of the soil affect its removal efficiency. The high cost and high
energy consumption are also the constraints of this method.

3.2. Chemical Repair Technology

Chemical remediation of cadmium-contaminated soil refers to the change of the
presence of cadmium in soil, soil redox sites, pH, etc. by adding chemical agents
and improvers to cadmium-contaminated soil. Reduce the bioavailability of
cadmium by separation, adsorption, transformation, degradation, etc., and re-
duce the harm of cadmium. At present, chemical repair technology mainly in-
cludes chemical leaching technology, its curing/stable repair technology. Com-
monly used substances in chemically repaired cadmium-contaminated soils in-
clude phosphates, limes, and silicates. Chemical repair has the advantages of in
situ repair, simple and easy operation, but because it only changes the presence
of cadmium in the soil, cadmium may be reactivated under certain conditions,
and it is difficult to achieve permanent repair. Therefore, chemical remediation

measures are only applicable to areas with low levels of cadmium contamination.

3.2.1. Rinsing Repair

Cadmium-contaminated soil leaching repair technology is the use of injection
wells and other eluents or chemical additives. The leaching and repairing tech-
nology of cadmium-contaminated soil is to use the injection well to infiltrate the
eluent or chemical auxiliary eluent under the action of gravity or external force,
so that the cadmium in the contaminated soil is fully combined with it, and de-
sorbed by the eluent. The core of this method of chelation, dissolution or immo-

bilization is to find an economical, easy-to-produce eluent.

3.2.2. Curing/Stable Repair

Curing/stabilizing repair is a series of precipitation-adsorption, ion exchange,
humification and other oxidation-reduction reactions by adding a fixative to the
contaminated soil to fully mix the cadmium pollutants in the soil, and changing
the existing form of cadmium in the soil, to reduce its migration and bioavaila-
bility in soil, and to reduce the biological toxicity of cadmium to animals and
plants. At present, the fixed repair technology has the advantages of short cycle,
quick effect and stable repair effect. However, this method does not completely
remove cadmium from contaminated soil, only changes its occurrence state, and

with the change of soil environment, it is easy to cause secondary pollution.
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3.3. Bioremediation Technology

Cadmium-contaminated soil bioremediation technology refers to the absorp-
tion, inhibition, transformation and improvement of contaminated soil by uti-
lizing certain characteristics of the organism. The bioremediation of cad-
mium-contaminated soil is generally divided into three types: phytoremediation,

microbial remediation and animal remediation.

3.3.1. Phytoremediation Technology

Plants can not only use the secretion or adsorption activities of roots, but also
reduce the mobility and bioavailability of soil cadmium. They can also absorb
cadmium in soil through plant roots and enrich in branches, stems and leaves,
and then continuously harvest the branches and stems of plants. There by re-
ducing the soil cadmium content. At present, the internationally recognized su-
per-accumulative plants with good cadmium remediation in soil include 10 fam-
ilies of plants such as cruciferae, Compositae, Pokeweed, Solanaceae. Phytore-
mediation is a green and environmentally friendly repair technology that can ef-
fectively reduce or avoid secondary pollution. In addition, phytoremediation can
have a certain beautification effect on the polluted environment, and metal cad-
mium can be re-refined in the post-treatment of plants to achieve secondary uti-
lization of cadmium. However, this repair method has a long repair cycle due to
the growth cycle of the plant itself, and the plant growth area is also restricted,

which is harsh on natural conditions and human conditions.

3.3.2. Microbial Remediation Technology

Microorganisms in some soils absorb, precipitate, and accumulate cadmium
through extracellular adsorption, extracellular precipitation, and intracellular
accumulation, effectively changing the presence of cadmium in soil [7]. Effec-
tively reduce the mobility and toxicity of contaminated cadmium by utilizing the
special properties of microorganisms. At present, microorganisms that have bet-
ter effects on cadmium-contaminated soil restoration include bacteria (such as
Bacillus, Citrobacter, Pseudomonas, etc.), fungi (such as Penicillium, Rhizopus,

Trichoderma, etc.) and some small algae (Chlorella, Sargassum, etc.).

3.3.3. Animal Repair Technology

The animal repair technology is to use some low-grade animals (such as cock-
roaches and rodents) that can absorb the characteristics of heavy metals in the
soil, to reduce the content of heavy metals in the contaminated soil to a certain
extent, and to achieve the purpose of repairing heavy metal contaminated soil
[8] [9] [10] [11]. At present, the repair of cadmium-contaminated soil is mainly
carried out by using hydrazine. As the main group in soil animals, alfalfa can
loosen the soil, promote the degradation of organic matter and waste residue in
the soil, and improve the chemical composition and physical structure of the soil
to improve the contaminated soil. On the other hand, it can be digested by body

surface or digestion, enrichment of cadmium in the body, thereby improving the
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soil environment to a certain extent. Very few animals that can tolerate and enrich

cadmium used in this method are rarely used.

4. Conclusion

At present, the repair and treatment of cadmium-contaminated soil are still a
hotspot and a difficult point in the field of environmental research. A variety of
cadmium pollution repair methods have been developed at home and abroad,
and some progress has been made. However, the repair technology still has li-
mitations. The single repair technology cannot fully achieve the expected repair
effect. In the future, it should focus on the development of scientific, efficient
and comprehensive cadmium pollution repair technology, and further promote

it to other heavy metal soil pollution repair and treatment work.
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