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Abstract

With the increasing severity of the oil pollution problem, microbial remediation techniques
have been developed for use in oil-contaminated soils and are considered to be one of the most
promising remediation techniques due to their low investment, low environmental risk and high
adaptability. However, due to their small size, low resistance and unstable activity,
microorganisms are easily inactivated in nutrient-poor oil-contaminated soils and often have
poor degradation effects on soil contaminants. To address this problem, studies have now
shown that the addition of exogenous stimulants can improve the degradation activity of
microorganisms and increase the population size to varying degrees, shorten the enzymatic
degradation cycle and significantly improve the degradation effect of petroleum pollutants.
However, the current research mainly focuses on a single type of exogenous treatment to
stimulate the activity of petroleum degrading microorganisms to improve the degradation
efficiency, while a single exogenous stimulus cannot completely improve the degradation
activity of microorganisms. In the future, we can use typical organic and inorganic stimuli to
carry out targeted combinations to maximize microbial degradation efficiency, analyse the
response mechanism of petroleum-contaminated soil-microbial ecosystem to exogenous stimuli,
explore the best combination of exogenous stimuli, apply microbial stimuli to petroleum-
contaminated soil in situ remediation, and provide scientific basis for petroleum-Contaminated
soil bioremediation and treatment.
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1. Introduction

Leaking oil wells, crude oil pipelines and leaking storage tanks during the development of oil and gas
fields, and marine oil spills cause petroleum-based substances to fall on the ground soil, resulting in
soil contamination problems. Petroleum is a complex mixture of thousands of compounds, including
saturated alkanes, aromatic hydrocarbons, asphaltenes and non-hydrocarbon compounds [1-3].
Petroleum hydrocarbons (APH) are common organic pollutants with high hydrophobicity and
persistence, and their massive enrichment in soil can have a sustained negative impact on soil function
and cause varying degrees of harm to microorganisms, plants and animals throughout the ecosystem
[4-5]. Therefore, there is an urgent need for research into methods that facilitate environmental
remediation to remove or reduce petroleum contaminants from soils. So far, remediation techniques
have been developed for petroleum-contaminated soils, among which microbial remediation is
considered one of the most promising remediation techniques due to its low investment, low
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environmental risk and high adaptability. However, due to their small size, low resistance and
unstable activity, microorganisms are easily deactivated in nutrient-poor petroleum-contaminated
soils and often have poor degradation effects on the pollutants in the soil [6].

2. The Reinforcing Effect of Exogenous Stimuli on Microbial Remediation of
Petroleum-contaminated Soils

Existing studies have shown[7] that the addition of exogenous stimulants can improve the degradation
activity and increase the population size of microorganisms to varying degrees, shorten the enzymatic
degradation cycle and significantly improve the degradation efficiency of petroleum pollutants,
therefore, exogenous stimulation is necessary to improve the remediation of oil-contaminated soil.
Some studies have shown[8] that adding nutrients to the soil will activate the activity of enzymes in
microorganisms, enhance the distribution and transfer rate of nutrients by the microbial metabolic
system, and ensure the efficient and rapid decomposition of crude oil in microorganisms.Witzig et
al[9] found that the synthesis efficiency of enzymes in microorganisms will also be reduced when the
content of nutrients in the soil is too low, and the function of the metabolic system will be
weakened.Wu et al[ 10] showed that there was a linear correlation between the degradation rate of
TPH and the population size and activity of microorganisms.

There are many ways to improve microbial degradation of petroleum contaminants through
exogenous stimulation, divided into physical and chemical stimulation. Physical stimulation can
change the nature of soil microbial cell membranes and their living environment through physical
effects (e.g. aeration, electrical stimulation, etc.), and the contact between microbes and crude oil is
enhanced, which in turn improves microbial degradation efficiency. However, physical stimulation
is difficult and costly to implement in situ, so most in situ remediation techniques use chemical
stimulation to improve microbial degradation of contaminants. Chemical stimulation consists of
organic and inorganic stimulation. Under the effect of chemical stimulation, microorganisms
accelerate the catabolism of petroleum hydrocarbons, increase the rate of anabolism, reach high
quantity and activity in a short time, and enhance the remediation ability of crude oil-contaminated
soil.

2.1 The Role of Chemical Stimulation on Microbial Remediation of Petroleum-contaminated
Soils

2.1.1 Inorganic Stimulation

Inorganic stimulants are mainly N and P compounds. The appropriate nutrient ratio and addition not
only promote the uptake of nutrients by microorganisms and reduce the pollution of the environment
by excessive nutrients, but also accelerate the degradation of petroleum pollutants by microorganisms.
Within a certain range of pollution concentrations and inorganic fertiliser concentrations, the effect
of pollution treatment increased with increasing concentration of exogenous stimulants [11], i.e.
increasing microbial activity while enhancing microbial degradation of pollutants. wu et al [12] found
that the addition of N and P inorganic salts stimulated microbial remediation of oil-contaminated soil,
and the efficiency of degradation of petroleum hydrocarbons (60%) was higher than that of the control
group without the addition of inorganic salts ( 34%), with higher microbial activity and numbers than
the control group. A further study showed that the use of NH4NO3 and K2HPO4 to stimulate
microbial remediation of petroleum contamination revealed the highest biomass of soil
microorganisms at a soil C:N:P of 100:10:1, which was about 40% higher than that of the control
group, and the degradation of aromatic hydrocarbons reached 43.89% [13]. Kalantary et al [14]
analysed the effect of the addition of compounds containing different elements on However, inorganic
stimulants, due to their short presence in the soil, tend to change the soil pH and carbon to nitrogen
ratio, causing adverse effects on microbial metabolism.

2.1.2  Organic Stimulation

Organic stimulants mainly include amino acid complex fertilizers, humus, plant root secretions,
surfactants, organic wastes, etc. Among them, surfactants can well promote microbial growth and
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metabolism, but there are differences in the effectiveness of promoting pollutant degradation.
Patowary et al [15] applied rhamnolipid (RL) 1.5 g/L to contaminated soil and measured microbial
degradation of petroleum hydrocarbons up to 86.1%, while the application of sodium dodecyl sulfate
(SDS) achieved only 68.1% biodegradation because rhamnolipid eliminated three PAHSs
(fluoranthene, benzofluorene and benzanthracene) from the soil, while the addition of SDS only
served to emulsify the crude oil. when Li et al. used different surfactants to promote microbial
remediation of petroleum-contaminated soil, they found that lecithin increased the degradation of
hydrocarbons by petroleum-degrading bacteria The effect of monostearic acid glycerides and cetyl
trimethyl ammonium bromide was not significant in promoting the degradation of petroleum
hydrocarbons [16]. Hua Li et al[17] concluded that the efficiency of using microorganisms alone to
degrade oil-bearing soil was low at 22.68%, and the remediation of diesel-contaminated soil reached
46.11% and 45.32% with the addition of Tween80 and RL, respectively. It can be seen that lecithin,
RL and Tween80 are the better microbial remediation auxiliaries at present, while the other
surfactants mentioned above have a lower promotion effect. In addition, the effectiveness of
surfactants in promoting microbial remediation also depends on the uptake of nutrients by
microorganisms and the balance between nutrient levels, as a lack of or an increase in the content of
certain elements will reduce the activity of microorganisms.

2.2 The Role of Physical Stimulation on Microbial Remediation of Oil-contaminated Soils.

The addition of exogenous stimulants can significantly promote the degradation effect of
microorganisms, and auxiliary some physical stimulation methods will further enhance the
remediation efficiency. Some studies have shown that the effect of combined microbial-electric field
remediation on petroleum-contaminated soil is significantly improved compared with microbial
remediation alone, and the remediation effect increases with increasing electric field strength when
the electric field strength is below 0.02 VV/cm [18]. Luo et al [19] found that a DC current of 20 mA
can increase the hydrophobicity of the cell surface of degrading bacteria and flatten the cell shape,
which is conducive to the contact with organic matter and improve the Therefore, the selection of the
appropriate current can effectively improve the degradation effect. Therefore, choosing the right
current can effectively promote the electrochemical process in microorganisms, enhance the uptake
and decomposition of substances, and play a good role in assisting microorganisms to degrade oil-
containing pollutants.

3. Summary

The current research mainly focuses on a single type of exogenous treatment to stimulate the activity
of petroleum-degrading microorganisms to improve the degradation efficiency, while a single
exogenous stimulation cannot completely improve the degradation activity of microorganisms. In the
future, we can use typical organic and inorganic stimuli to carry out targeted combinations to
maximise microbial degradation efficiency, analyse the response mechanism of petroleum-
contaminated soil-microbial ecosystem to exogenous stimuli, explore the best combination of
exogenous stimuli, apply microbial stimuli to petroleum-contaminated soil in situ remediation, and
provide scientific basis for petroleum-contaminated soil bioremediation and treatment.
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