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Abstract: Based on the microbial degradation mechanism of petroleum contaminated groundwater and

the characteristics of low temperature, low oxygen., and oligotrophic environments in a certain

petroleum contaminated groundwater in Northeast China, we collected petroleum contaminated

groundwater and studied the efficiency of indigenous bacteria degrading petroleum hydrocarbons in

petroleum contaminated groundwater stimulated by microbial small molecule substances. The results
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show that when petroleum hydrocarbons are used as the sole carbon source and biological small
molecule substances such as amino acids and organic phosphorus sources are added to the inorganic
salt based nutrient solution, amino acid substances inhibit the degradation of petroleum hydrocarbons
by indigenous bacteria, with inhibitory ability of glycine (—20.49%) > glutamic acid (—7.81%)>
alanine (—4.88%). Organic phosphate lipids promote the degradation of petroleum hydrocarbons by
indigenous bacteria, with promoting ability of lecithin (7.91%) > disodium glycerophosphate
(7.01%)>triethyl phosphate (0.03%). Further supplementing biological small molecule carbon
sources can improve the degradation efficiency of indigenous bacteria, with the enhancement ability of
sucrose (8.03%) > glucose (6.01%) > maltose (2.91%). Adding inorganic salts, lecithin, and
sucrose to groundwater with an initial mass concentration of 10 mg/L of petroleum hydrocarbon, after
7 d of stimulation, the degradation rate can be increased to 77. 26% due to the stimulation of
biological small molecule substances. Combined with 16SrRNA amplicon sequencing, high-
throughput sequencing is performed on indigenous bacteria before and after the stimulation,
demonstrating that there is a positive correlation between the abundance of dominant petroleum
hydrocarbon genera and the expression of functional genes when biological small molecules promote
the synergistic metabolism and degradation of petroleum hydrocarbons by indigenous bacterial
communities.

Keywords: biological small molecule; bio-stimulation; indigenous bacteria; petroleum pollution of

groundwater; degradation
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Fig. 1 Microbial growth status (A) and degradation law of petroleum hydrocarbon (B) under stimulation of amino acid
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Fig. 2 Microbial growth status (A) and degradation law of petroleum hydrocarbon (B)

under stimulation of biological small molecular phosphorus sources
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Fig. 8 Functional gene composition of degradation microbial community before and after stimulation
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