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Abstract: Bioremediation is considered as a cost-effective, efficient and free-of-secondary-pollution technology for petroleum
pollution remediation. Due to the limitation of soil environmental conditions and the nature of petroleum pollutants, the insufficient
number and the low growth rate of indigenous petroleum-degrading microorganisms in soil lead to long remediation cycle and poor
remediation efficiency. Bioaugmentation can effectively improve the biodegradation efficiency. By supplying functional microbes or
microbial consortia, immobilized microbes, surfactants and growth substrates, the remediation effect of indigenous microorganisms
on petroleum pollutants in soil can be boosted. This article summarizes the reported petroleum-degrading microbes and the main
factors influencing microbial remediation of petroleum contaminated soil. Moreover, this article discusses a variety of effective

strategies to enhance the bioremediation efficiency, as well as future directions of bioaugmentation strategies.
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Table 1 Characteristics of the petroleum-degrading microorganisms

Types Species Strains Sources Substrates References
Bacteria Achromobacter sp. Achromobacter sp. HZ01 Ocean C1,—C,7 n-alkanes, PAH [19]
Acinetobacter sp. Acinetobacter sp. EB104 Soil n-alkanes [20]
Acinetobacter sp. DSM17874 Soil C3,—C36 n-alkanes [21]
Azoarcus sp. Azoarcus sp. HXN1 Soil C¢—Cgn-alkanes, C,—Cy, fatty acid [22]
Azoarcus sp. EB1 Soil Ethylbenzene [23]
Sphingobacterium sp. Sphingomonas sp. Soil PAH [14]
Sphingobium yanoikuyae SJTF8 Soil PAH [15]
Alcanivorax sp. Alcanivorax borkumensis AP1 Ocean C¢—Cyn-alkanes [16]
Alcanivorax borkumensis SK2 Ocean Ce—Cs, n-alkanes [17]
Nocardia sp. Nocardiopsis VITSISB Ocean n-alkanes, PAH [18]
Ochrobactrum sp. Ochrobactrum sp. VA1 Soil PAH [24]
Pseudomonas sp. Pseudomonas putida GPol Soil Propane, butane and Cs—C,, n-alkanes [6]
Pseudomonas aeruginosa SJTD-1  Soil C14—Cg, n-alkanes [7]
Pseudomonas aeruginosa NCIM Soil Cg—Csg n-alkanes [8]
5514
Bacillus sp. Bacillus licheniformis Soil Cy—C5p n-alkanes [9]
Mycobacterium sp. Mycobacterium vanbaalenii PYR-1  Soil n-alkanes, PAH [10]
Mycobacterium sp. TY-6 Soil n-alkanes, PAH [11]
Rhodococcus sp. Rhodococcus erythropolis 20S-E1-c Soil Aromatic hydrocarbon [12]
Rhodococcus erythropolis M-25 Soil C14—Cy n-alkanes [13]
Fungi  Aspergillus sp. Aspergillus niger Aerobiotic PAH [25]
Candida sp. Candida tropicalis ATCC 20336 Facultative n-alkanes, fatty acid [27]
anaerobic
Penicillium sp. Penicillium sp. Aerobiotic n-alkanes, PAH [26]
Pichia sp. Pichia Aerobiotic n-alkanes [6]
Phlebia sp. White-rot fungi Aerobiotic PAH [29]
Algae  Chlorella sp. Chlorella Aeraobiotic n-alkanes, PAH [31]
Closterium lunula sp. Closterium lunula Aerobiotic Dimethyl phthalate [32]
Scenedesmus Scenedesmus obliquus Aerabiotic n-alkanes, PAH [30]
obliquus sp.
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Fig. 1 The main bioremediation techniques for petroleum-contaminated soil.
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