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Application of immobilization technology of cold tolerance microorganisms in the remediation of polycyclic ar-
omatic hydrocarbons in freeze—thaw soil

PU Yu', SU Dan", WANG Xin™, WANG Tian-jie', LIU Wei'

(1.School of Environmental Science, Liaoning University, Shenyang 110036, China; 2.Key Laboratory of Regional Environment and Eco—
Remediation, Ministry of Education, Shenyang University, Shenyang 110044, China)

Abstract: A bacterial (Pseudomonas sp.) and fungal (Mortierella alpina) strain were screened from oil-contaminated frozen—thawed soil,
and the mixture of microorganisms was immobilized using corncobs as carriers to study the bio—augmented remediation of phenanthrene
(Phe) and benzo[blfluoran ( BbF ) —contaminated soil by the immobilized mixed bacteria under a low temperature freeze—thaw environment.
The degradation dynamics of Phe and BbF in soil were analyzed using a high—performance liquid chromatography (HPLC) method, and the
results were fitted to the Michaelis—Menton and Monod dynamic models, while changes of the microbial community were analyzed using
high—throughput sequencing technology. The results showed that before the bio—augmented treatment, the concentrations of Phe and BbF
in freeze—thaw soil were (105.4+4.8) and (6.12+1.1) mg- kg™, respectively. After a 60 d remediation experiment, (56.62+3.21)% and
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(38.21+1.82)% of Phe and BbF, respectively, in the soil could be removed by the immobilized mixed bacteria, which displayed a better re-

sistance and degradation ability to the freeze—thaw environment than did the free bacteria. In the remediation test, the pre—stabilization deg-
radation rate was higher than the stable degradation rate was. The addition of immobilized mixed bacteria significantly increased the degra-
dation rate of Phe and BbF to 2.02 d™' and 0.65 d™', respectively, while the half-life of degradation was shortened to 50.17 d™" and 82.12 d™",
respectively. In the bio—augmented remediation process, the microbial community composition and diversity in soil were changed, and the
diversity and uniformity of bacteria decreased. The degradation rate of polycyclic aromatic hydrocarbons (PAHs) was negatively correlated
with community diversity and uniformity of bacteria. Proteobacteria and Mortierellomycota became the dominant phyla with a relative abun-
dance of 80.03% and 81.15%, respectively, while Pseudomonas SDR4 and Mortierella alpina JDR7 became the dominant genera with a rel-
ative abundance of 80.03% and 81.15%, respectively, forming a degradation system consisting of a significant fungal —bacterial symbiotic

dominant strain, which significantly improved the remediation efficiency of PAH pollution in low temperature soil. The immobilized strains

could be widely used in bioremediation of soil PAH pollution in freeze—thaw environments.

Keywords : immobilized mixed strains; soil; microbial diversity; kinetics; low temperature freezing and thawing
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Table 1 PAHs concentrations in coking plant soil
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Figure 1 Degradation rates of Phe and BbF by immobilized

strains in 60 days
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Table 2 Degradation rate per day of PAHs during specific pre—
steady and quasi-staedy—steady by strains(d™)
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Figure 2 Dynamics of Phe and BbF in soils degrated by strains
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Table 3 Dynamics equations

L0 Phe BbF
Method  3fj /32 )57 Kinetic equation R £ 56 Half-life period/d 3 JJ2% )77 Kinetic equation R 25 Half-life period/d
CK =105 470025 0.974 1 27251 =6.12¢7000 0.966 8 763.71
H =103 400 0.9577 122.70 =6.02¢ " 0.974 5 200.02
MC-H ¢=104.8¢00 0.9772 50.17 =6.28¢ 0.966 8 82.12
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(Skermanella) . S IR 5 J& (Geminicoccus) . 7% ¥ B J&
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T4 BT 1 Alpha SRR
Table 4 Diversity index of soil Alpha in coking plant

) FEA ITS J¥:51) 7 e R F & 55T Richness index ZREMEFEER Diversity indices
i H Item . . OTU )
Simple ITS sequence Coverage Ace Chao 1 Shannon Simpson
B} Fungus CK 50993 524 0.99 6177.44 3075.06 0.33 0.93
MC-S4J7 58 735 683 0.99 9567.32 6502 1.01 0.65
4174 Bacterial CK 80392 3924 0.96 182 632.03 6567.19 2.79 0.19
MC-S4J7 79 906 3181 0.96 146 331.48 4388.10 1.33 0.61
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Figure 3 Relative abundance of the dominant phyla in different treatments ( Bacteria)
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Figure 4 Relative abundance of the dominant phyla in different treatments (Fungi)
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Figure 5 Relative abundance of the dominant genera in different treatments ( Bacteria)
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Figure 6 Relative abundance of the dominant genera in different treatments( Fungi)
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