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Remediation of Heavy Metal Pollution in Soil by
Microbial Immobilization with Carbon Microspheres

Xiaohui Sun, Jing Meng, Shengnan Huo, Jianhua Zhu, and Shichao Zheng

Abstract—Cultivate resistant strains in soil contaminated
with heavy metals, improve the survival rate of strains in
microbial remediation, and use the interaction between
resistant strains and contaminated soil to achieve the purpose of
remediation of heavy metal pollution in soil. Using carbon
microspheres as the carrier of bacterial strains, the bacterial
strains were fixed reasonably and the survival rate was high,
which was conducive to the formation of stable bacterial
colonies and the reduction of heavy metal pollution.

Index Terms—Heavy metal pollution, resistant strain, carbon
microspheres.

I. INTRODUCTION

Soil is the central link that connects the organic, inorganic,
biological and non-biological worlds. It is an important place
for the exchange of material energy in the ecosystem [1].
According to the soil pollution survey report released by the
ministry of environmental protection and the ministry of land
and resources in 2014, about 16.1 percent of China's soil has
been polluted. Nowadays, pollution of soil, air and water
with heavy metals is increasing rapidly. About 1,400,000
locations in western Europe are highly polluted by heavy
metals [2]. Land pollution is also a huge challenge in China,
where one-sixth of heavy metal contamination of arable land
due to erosion and desertification, more than 40% of the land
has been degraded to varying degrees [3]. In India, Pakistan
and Bangladesh, soil and water pollution is serious, where
small-scale industrial units waste water is poured into the
untreated surface water, in these countries, sewage is
typically used in the production of vegetables near large
cities. Heavy metal pollution in the environmental samples
like soil, air and water is becoming a worldwide problem [4].
Among all types of soil pollutants, mining and smelting
operations, burning of fossil fuels, municipal wastes, and
agrochemical usage [5], [6], heavy polluting enterprises,
mining areas, industrial parks, heavy metal wastewater
irrigation, industrial waste residue stacking, atmospheric
subsidence and fertilizer containing heavy metals are
important sources of soil heavy metals [7], [8]. Compared to
organic pollutants, heavy metals can not be degraded, and
their mobility in soil is affected by soil conditions, metal
morphology and solubility in water. Metal pollution of soil
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will lead to loss of soil functions such as buffering, filtering
and transformation capabilities, and may lead to pollution of
groundwater and surface water [9]. High levels of heavy
metals in the soil affect soil fertility and plant growth [10].

The waste products containing heavy metals in the
environment postures a trivial threat to public safety and
health [11], [12]. These metals in the environment may
caused many problems throughout the food chain [13], [14].
firstly, the impairment of the biological activity of soils due
to metal loading leads basically to a reduction in
decomposition and turnover rates of organic matter. On the
other hand, Heavy metals are not biodegradable in soil and
tend to accumulate in plants, eventually entering the human
body and harming human health [15], [16], It’s a serious
problem worldwide, Thus, the remediation of heavy metal
polluted soils is of high importance.

Microbes can be isolated from various ecological situation,
also can grow with extreme environmental conditions such as
extreme heat or cool temperatures, harsh aerobic or anoxic
desert conditions, Microbes growth only needs energy and
carbon sources [17]. Metal plays very important roles in the
cultivation and life progression of microorganisms. some
metals like calcium (Ca), sodium (Na), nickel (Ni), zinc (Zn),
manganese (Mn), copper (Cu), and magnesium (Mg) are
necessary for redox reactions, but there’re many metals have
no biological role and they are not required during the
process, like gold (Au), mercury (Hg), cadmium (Cd), silver
(Ag) and aluminum (Al). Microbial remediation of heavy
metals takes place in this environment. Studies showed that
the microbial bioremediation is a feasible, ecological friendly
and cost effective technology [18]. Microbial activity has
also been shown to play an important role in heavy metal
remediation of soils in many ways [19], [20]. Microbial metal
uptake is usually carried out in an active or passive manner,
Here, we discuss the microbial degradation of heavy metals
in soil and prospects for the bioremediation of carbon
microspheres.

Il. HEAVY METAL POLLUTION IN SOIL

The increasing use of metal mining and metal industry
has resulted in local high pollution and large area
heterogeneous, low to medium metal pollution [21]. heavy
metals in polluted soils mainly include elements of
biotoxicity such as tin, lead, chromium and metalloids, as
well as zinc, copper and nickel with certain toxicity, mainly
from pesticides, wastewater, sludge and atmospheric
deposition. The actual soil pollutants are not single, often
complex and diversified, different types of pollutants will
interact, comprehensive and associated, Among them,
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organic pollutants and inorganic pollutants constitute the
most common compound pollution [22].

Excessive heavy metals can cause physiological
dysfunction and malnutrition in plants. High concentrations
of metals in the soil often disrupt chemical balance and
impair the function of individual ecosystems. The growth of
high concentrations of heavy metals in the soil will have a
negative impact on crops, because these heavy metals can
interfere with the metabolism of plants, including
physiological and biochemical processes. Photosynthesis,
respiration and degradation of major organelles, even leading
to plant death, Excessive intake of metals by plants can cause
toxicity in human nutrition and cause acute and chronic
diseases [23]. High concentrations of metals in the soil often
disrupt chemical balance and impair the function of
individual ecosystems. Metal accumulation in the soil results
in inhibition of microbial growth conditions. The basic
physiological functions of microorganisms involved in the
decomposition and transformation of organic matter are
impaired®.Heavy metal contaminated soil may also cause
changes in soil microbial community composition, adversely
affecting the soil, Heavy metal pollutants have little mobility
in the soil, are not easy to be leached with water, are not
degraded by microorganisms, and are potentially harmful
after entering the human body through the food chain. For
example, Cd and Zn can lead to acute respiratory and
gastrointestinal damage and acute heart, brain and kidney
damage [25].

The pollution of heavy metals to the environment, namely
soil, water, plants and air, has received much attention due to
its potential impact on human and animal health. We need to
develop cheap and effective technology to protect valuable
natural resources and biological life. However, geotechnical
engineering methods provide a good solution for locally
highly polluted areas, and the restoration of large landscapes
with low metal content in soil but still harmful may be easy to
carry out biotechnological restoration. Here, We discussed
the potential of microbial processes to assist heavy metal
contaminated soils.

I1l. TRADITIONAL HEAVY METAL REMOVAL

TECHNOLOGY

Metals that are harmful to the environment, or metals of
technical importance, strategic or economic value, must be
removed or recycled from their sources using appropriate
treatment systems. although many processes for heavy metal
removal/recovery have been studied, The most widely used
method for removing heavy metals from solution is chemical
precipitation [26]. lon exchange, membrane technology,
flocculation and coagulation, flotation, electrodialysis. The
traditional heavy metal removal process has the
disadvantages of low metal ion removal efficiency, high
reagent requirements, high cost, and toxic sludge generation
[27].

IV. TYPES INVOLVED IN MICROBIAL REMEDIATION
Compared with the conventional method for removing
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toxic heavy metals, low cost biological adsorption process, a
chemical to be treated and / or minimize the volume of
biological sludge, metal selectivity advantages. These
advantages have become the main motivation for developing
biosorption processes to treat soils contaminated with toxic
heavy metals. In addition, the growing demand for more
environmentally friendly and economical technologies has
led to the search for low-cost alternatives to heavy metal
processing. In view of this, microbial remediation have
become an environmentally friendly and economical choice.
Cost effective, metal selective, regenerative, minimization of
sludge generation is the advantage of microbial remediation.

Microbial transformation of metals and minerals is an
important part of the natural biosphere process and may have
beneficial or harmful consequences for human society. A
multidisciplinary approach is needed to increase our
understanding of this important microbiology field and to

make effective wuse in bioremediation and other
biotechnology applications. The types of microbial
bioremediation contains two methods: One is in situ

bioremediation, which occupies the local treatment of a
pollutant, This method allows microbes to come into direct
contact with the contaminant where they are in. The process
uses dissolved and submerged contaminants as the substrate
for reduction. But it is also a slow approach. The other one is
the method exploits specifically designed treatment facility
such as bioreactors. It is also considered a more effective
method than in situ bioremediation.

V. PROCESS INVOLVED IN MICROBIAL REMEDIATION

Heavy metals can not be completely eliminated from the
surroundings, but they must be converted to a non-toxic
stable form. there are lots of traditional methods used for
remediation of heavy metals from polluted environmental
samples, such as electroplating, ion exchange, membrane
filtration, Although those techniques may also expensive,
The use of a variety of microorganisms to repair heavy metals
has been a challenge [28]. For the past few years, The
researchers provided insights into the potential of
environmental ~ remediation by  native  microbial
bioremediation [29].

However, Microbial bioremediation of heavy metals is an
effective technique. Microbial bioremediation is a highly
efficient environmental friendly procedure which also
reduces the cost of clean up process associated with heavy
metal contamination [30], [31]. New methods of removing
heavy metals are being developed and most of recent
progress has been made.

VI. STuDY ON BIOREMEDIATION AND APPLICATION OF

HEAVY METALS BY MICROORGANISM

Microbial remediation method reduces the toxicity of
pollutants by microbial absorption, precipitation and redox of
pollutants, and its repairing characteristics are derived from
its own defense mechanism [32]. There are many kinds of
microorganisms in the soil, large in quantity, wide in
distribution, and there is no natural extinction. Once
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favorable growth conditions are reached, a few residual
microorganisms will rapidly multiply at an alarming rate.
Compared to higher organisms, microorganisms of great
specific surface, The large surface area permits not only the
efficient uptake of nutrients and the release of metabolic
waste products, but the interaction with the mobile metal
fraction of the environment as well [33]. Although the cell
membrane structures of Gram-negative bacteria and
Gram-positive bacteria are different, the bioabsorbability is
comparable due to the similar functional group composition
suitable for binding to (metal) cations [34]. The two purposes
of the bioremediation process are to degrade heavy metal
contaminants and improve soil fertility. microbial isolates
from contaminated soil behave remarkably differently [35],
As a result of metal toxicity, Inferior bacteria may be
inactivated; Nevertheless, Dominant bacteria isolated from
contaminated soil can better adapt to the polluted
environment, In addition, Research into the bioadsorption
and resistance of microorganisms that thrive in metal
environments can not be ignored [36].

Compared with other methods, microbial remediation has
the advantages of small disturbance to the environment, small
secondary pollution, various forms, simple operation, low
treatment cost, high efficiency and the ability to treat
low-concentration harmful pollutants in situ [37]. Microbial
bioremediation technology has a far-reaching development
prospect after more than 40 years of development, showing
great potential in environmental governance.

VIl. ADVANTAGES OF IMMOBILIZED MICROORGANISM

TECHNOLOGY

Compared with free microbes, the advantages of
immobilized microbial technology lie in the following
aspects: 1) Can improve the cell biological stability; 2)
Reduce the pollution of the extreme pH and harmful
substances in soil on microbial mischief, and ensure stable
exist in a complex environment, thus exerting high efficiency;
3) Reduce the vicious competition with native bacteria and
avoid consumed by phage; In view of the advantages of
immobilized microorganism technology, adding to the
pollution free high efficient degradation bacteria and
indigenous bacteria in the soil of vicious competition will be
resolved, making it easier to adapt to the environment, so as
to achieve the purpose of efficient repair contaminated soil
[38], [39].

VIIl. PrROSPECT CARBON MICROSPHERES CARRIERS

BIOREMEDIATION

Microbial remediation technology refers to the process of
removing pollutants from soil and water through the action of
microorganisms, or making pollutants harmless. Carbon
microspheres have attracted much attention due to their good
morphology, high thermal conductivity, good heat resistance,
and stable physical and chemical properties. They are
extremely attractive in many fields such as electromagnetism,
biology, physics, chemistry, and materials science. To use
carbon microspheres carrier as effective parts of filter
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materials in bioremediation processes for cleaning heavy
metal contaminated in different environments, the
pH-stability of the biological components, the possibility of a
repeated use of the carbon microspheres carrier and the
immobilization of the biocomponents are of special
importance. carbon microspheres carrier allows the
immobilization of various microorganisms without loosing
theiractivity. Other advantages of carbon microspheres
carrier are a high mechanical, Environment-friendly and
pollution-free, short reaction time, simple operation, good
repeatability. Due to the high stability of the carbon
microspheres Other advantages of carbon microspheres
carrier ceramics are a high mechanical, the safe
immobilization of the biocomponents, the carbon
microspheres carrier are well suited for the remediation of
heavy metal pollution in soil by microbial immobilization for
bioremediation purposes. However, there is very little
literature on the use of carbon microsphere immobilization to
study bioremediation.

IX. DEGRADATION OF HEAVY METAL CONTAMINATED SOIL
BY CARBON MICROSPHERES

Existing techniques for microbial remediation of soils
contaminated with heavy metals usually involves seeding the
soil directly with microbes. This method strain is not easy to
fix, and the survival rate is low, which leads to the poor effect
of microbial remediation, and the degree of soil pollution is
difficult to improve, Carbon microsphere fixation method
can better solve the above problems [40]. This review will
focus on the discussion of microbial bioremediation
processes and provide carbon microspheres as the carrier of
the bacterial strain, The interaction between the resistant
bacterial strain and the contaminated soil was used to achieve
the purpose of remediation of soil heavy metal pollution.

The carbon microsphere fixation method for remediation
of heavy metal contaminated soil includes the following
steps:

1) Soil sample collection: 10g of soil was taken from the
heavy metal contaminated soil for later use.

Preparation of soil diluent: according to the soil of 2 g,
add 198 ml sterile water triangle in a bottle, uniform
oscillation, is the soil suspension diluted 102 Then
10-fold gradient dilution was carried out to prepare soil
diluents of 10 to 10”7 degrees of dilution.

Medium plate preparation: according to the culture
medium formula each configuration, Beef paste Peptone
Agar Medium Gao's No.1 medium, Martin's
medium(2ml sodium deoxycholate (2%) and 0.4ml
10,000 units /ml streptomycin were added to the
martensite medium, gause I medium sterilization before
add 10 drops of 10% phenaol).

Inoculation: use sterile straw to absorb 0.1ml of soil
diluent of corresponding concentration, and inoculate it
on the plate with aseptic operation technology, and evenly
spread it. Choose three vaccination in Beef paste Peptone
Agar Medium, Gao's No.1 medium, Martin's medium.

5) Cultivating: bacterial tablet in 37 °Cconstant temperature

2)

3)

4)
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culture 1~2 d, actinomycetes in 30 °C to develop 2 ~ 3 d,

mold in 30 °C to develop 3 ~ 5 d, get strains.

Preparation of carbon microspheres: Adding glucose,
mannose and xylose, deionized water dissolved, mixed
with iron trichloride, moved to the reaction Kkettle,

6)

150-200°C in the vacuum drying oven, water fluid 10-15

h, after washing, filtering, drying under 70-100 °C for 10

to 15 h, get carbon microspheres.

)Flask culture: Preparation of liquid medium, will get the
step (6) to join the liquid medium, carbon microspheres
will step (5) of the strains inoculation to the liquid
medium, At 130-170rpm, the corresponding culture
temperature and time were used for the culture of bacteria,
actinomycetes and fungi, and the bacterial turbidity
solution was obtained.

Preparation of bacterial suspension: The bacterial turbid
solution obtained in step (7) was centrifuged for
10-15min and then the supernatant was discarded to
obtain the suspension solution.

Microbial release: The suspensions obtained in step (8)
were mixed with uncontaminated soil and distributed to
the soil contaminated by heavy metals.
The study of microbial behavior in metallic environments
is an important part of earth microbiology. The influence of
microorganisms on the fate of minerals and geological
compounds is of primary interest to the field. The advantage
of carbon microsphere fixation is:
1) Taking the soil in the heavy metal contaminated area as
the target, the resistant strain in the heavy metal
contaminated soil was obtained to improve the survival
rate of the strain in the microbial remediation, and the
interaction between the resistant strain and the
contaminated soil was used to achieve the purpose of
remediation of heavy metal pollution. In the whole
process, the screening and identification of bacterial
strains are avoided, and new strains are not needed to be
introduced. The operation is simple and convenient.
Monodisperse carbon microspheres with particle sizes of

5-10p m were prepared by using glucose, xylose and

mannose as carbon sources without adding template and
surfactant. As the carrier of bacterial strains, carbon
microspheres were reasonably fixed and had a high
survival rate, contributing to the formation of stable
bacterial colonies and the reduction of heavy metal
pollution.

7)

8)

9)

2)

X. CONCLUSIONS AND FUTURE PERSPECTIVES

Because of these factors, it provides a viable alternative to
expensive physical-chemical methods for decontaminations.
The microbial bioremediation process has the ability to
degrade the inorganic pollutants, such as heavy metals, that
are harmful and poisonous, by means of the absorption,
accumulation or absorption of heavy metals by
microorganisms. Especially in the field of microbiology, a
wide range of methods and techniques and interdisciplinary
studies are needed to improve the degradation efficiency of
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heavy metal contaminated soil. Especially for the powerful
interdisciplinary field of geological microbiology from
microbes to minerals, a broad range of methods and
techniques and interdisciplinary research are needed.
However, this field requires a lot of basic research and holds
much promise for the future development of applied science.
In short, the bioremediation technology using carbon
microspheres to immobilizing resistant strains is applied to
the purification of toxic heavy metals. As an environmental
protection clean technology, it has gained more significance
and more important value in the field of heavy metal
contaminated soil remediation technology.

Microorganisms have a certain impact on the distribution
of metals in the environment. For bioremediation
technologies that pollute the environment, the basic
knowledge of good and effective metal bioremediation
mechanisms provides a theoretical basis for the development
of commercially viable biosorbents.Although it has been
established  biological carbon  microspheres  metal
bioremediation methods to fight heavy metal pollution
anthropogenic and natural sources, but their application is not
widespread. It is time to launch a more comprehensive
interdisciplinary approach between biotechnologists and
metallurgists to bring laboratory-scale bioremediation
processes into land-scale technologies that will be acceptable
for industrialists.
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