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Effects of low-molecular-weight organic acids on the degradation of phenanthrene

and bacterial community structure in soil
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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are common persistent organic environmental pollutants, which enter
the ecosystem through the food chain and directly endanger human health and the safety of the entire ecosystem. To
investigate effects of low-molecular-weight organic acids on degradation of phenanthrene and bacterial community structure
in soil, changes in soil phenanthrene content during 0—180 d after addition of different organic acids were assessed via
variations in indoor culture characteristics of soil bacterial community types and quantities via high-throughput Illumina
Miseq. Consequently, addition of low-molecular-weight organic acids significantly promoted phenanthrene degradation in
soil, and the first-order reaction kinetids revealed that acetic acid had the most significant effect on phenanthrene

degradation. Considering the bacterial community structure, addition of low-molecular-weight organic acids reduced the
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number of operational taxonomic units (OTUs) and the diversity of bacterial flora but increased the abundance of PAH-
degrading bacteria. The total number of bacterial OTUs displayed a decreasing trend with time, and the number of unique
species initially displayed an increasing trend, followed by a decreasing trend. Six typical phenanthrene-degrading bacteria
were detected ; Bacillus, Sphingomonas, Massilia, Azospirillum, Paraburkholderia, and Rhodococcus. These results provide

a basis and a scientific reference for phytoremediation of PAHs contaminating soil.
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Table 1 Degradation dynamics equation of phenanthrene at different treatment levels

§ 7 2L = § 7= L =}
bR ﬂﬁ%ﬁf} ) . JIS T, ZijJ?‘jﬁi i .
Degradation R* t72(d) Degradation R t75(d)
Treatment X . Treatment , .
dynamics equation dynamics equation
K C=C e 00031 0.50419 156.43 J C=C0 e 000576 0.45601 120.31
Y C= (Qe 0-00824 0.52193 84.10 C C= CO e 000571 0.53045 120.10
N C= CQ e 00537 0.40388 129.05 H C =C0 e 0057 0.70121 120.52
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Fig.2 Bacteria community structure and distribution at phylum level
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Table 2 Sequencing results and diversity estimates at different levels

P45 Results ZHEPEFE L Diversity Index
BbEEE A 01U 2 ace F5H Chao H7%C S =T
Time Treatment Total read Total OTU Ace Chao Shannon Simpson
number number Index Index Index Index
60d K60 41281 38235 2351.61 2343.646 6.320506 0.005695
Y60 39253 34407 1589.585 1572.524 3.439792 0.137183
N60 31619 26946 1397.051 1112.545 3.072053 0.135864
J60 34420 28855 1476.837 1167.307 3.547076 0.07068
C60 39437 34182 1709.064 1398.094 2.897736 0.156958
H60 36076 34459 1445.435 1059.227 2.46095 0.166347
90d K90 36970 33534 2629.383 2672.319 6.512102 0.004918
Y90 32332 28144 1323.934 1043.448 2.19667 0.21902
N9O 43802 34977 1025.993 852.5357 2.485948 0.196122
J90 32999 26762 1182.697 942.2959 2.804896 0.189591
C90 40820 35185 1311.553 1104.931 2.587436 0.202534
H90 31285 26061 1335.057 1088.627 2.748335 0.211673
180d K180 40155 34361 2304.729 2324.651 6.76897 0.002528
Y180 36335 31073 1112.445 796.125 1.974045 0.271677
N180 34835 30775 1074.061 832.1667 2.474749 0.220456
J180 31485 27615 856.4815 848.4054 2.65509 0.174387
C180 31583 28687 1118.855 914.7593 2.290502 0.253128
H180 34108 30869 1057.25 1023.333 3.255803 0.130368

XA AR B T B L SEFEFT Alaha ZHEPEI3HT, ) ace $8XUAN Chao 8 8578 L3 Pl F B K H]
AR BN ARG AR R, AR R 165 60 K 55 90 KANE 180 K, ace FEKUAN Chao 45 %44
L B X R TR AR KO o T AR IR R AL , A A5 BN 3 R HE R s o X R R R 2 e i T A
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Fig.4 Bacteria community structure and distribution at genus level
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Fig.7 Venn drawing of bacterial community structure
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