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Screening of efficient benzene-degrading microbial
consortia and degradation performance

ZHANG Didi,LIN Xiaoying, LIU Zhipeng, GUO Tao, XU Sheng, WU Huan
(School of Ecological Environment and Urban Construction, Fujian University of Technology, Fuzhou 350118, China)

Abstract: A benzene-degrading microbial consortia was obtained from the enrichment and domestication of
contaminated soil. Its degradation characteristics were explored and degradation conditions were optimized.
Benzene, toluene, ethylbenzene and xylene were used as carbon sources for multi-cycle domestication. Com-
munity structure analysis was carried out by high-throughput sequencing technology, the degradation effect of
microbial consortia on benzene was detected by gas chromatography, and the degradation conditions were opti-
mized by changing a single factor. The BTEX-degradation microbial consortia after domestication were mainly
Pseudomonas, accounting for 56.07%. The optimum conditions for benzene degradation by microbial consortia
were an an initial pH of 7, a temperature of 30 °C and benzene concentration of 200 mg/L, and the degrada-
tion rate was more than 80%. The addition of Fe’* and Mn®" ions could enhance the benzene degradation effi-
ciency, and the degradation of benzene by 0.5 mg/L Mn> and 2.0 mg/L Fe’* reached 90.97% and 86.63% ,
respectively, which were 8.57% and 4.23% higher than before addition. The degradation process of benzene
by the microbial consortia conformed to the first-order kinetic equation, and the half-life of the microbial con-
sortia to degrade 200 mg/L benzene was only 12.27 h. This microbial consortia has a strong ability to degrade
benzene, and has a certain application prospect for the remediation of benzene contaminated sites.
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Fig.1 Soil sampling points and soil samples
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TeHLERRE IR %L (g/L) :K,HPO, 1.55,NaH,PO,
0.83, CaCl, 0.08, NH,CI 1.34, MgSO, 1.05, % pH
AR 7.0, &L HK (mg/L): EDTA 0.5,
MnCl, - 4H,0 0.03 .H,BO, 0.3 .CoCl, - 6H,0 0.2,
CuCl, - 2H,0 0.01 \NiCl, - 6H,0 0.02 ,Na,MoO, -
2H,0 0.03, LB ¥ 3 (/L) A WE 5 EA
10,NaCl 5, PBS % vp ik (g/L) : KH,PO, 0.24,
Na,HPO, 1.42,KC1 0.2,NaCl 8,
1.2 FHik
1.2.1 EEHNIL

£ 150 mL IV CEAT 50 mL JoHLER B 5%
FE) R AR 0 TREOI, A JBT VR A A
BTEX, 7E 30 °C 120 r/min F§53%, MFE 2 d # A
Bl py R A h AR 22 4k, Horh BTEX A9 60k B2
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mg/ L, B JE ARG U 455 F2 4K & (%) BTEX 5% R i
WA ROCEE o R BT AT A Y T %
2 I O A T e 0 AT
1.22 ®HBEENF

HRYGAN TR DNA $2BULH & F SO 5,
YIMEHTIE TR A B 23 B P20 DNA |, Z 46
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5 pL 19 5xGC buffer,2 wL %) 2.5 mmol/L dNTPs,
0.25 pL B Q, DNA Polymerase, iF JZ [ 5] 4 (10
pmol/L) £ 1 pL,2 pL i DNA Template, ddH,0
8.75 uL, PCR I 45140 :98 C A4 2 min,
98 C AP 155,55 CiRk 30 5,72 CHEfH 30 s, I
25 MEFR, 72 °C ZEff 5 min,
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FEECT LA Iy 45 SR LT 28 55 0 b T A g
R R P51 (>99.9%) 38 3 B OTU (op-
erational taxonomic units) %5 1 Chaol 8%k %
EY) R BY E = |, Shannon 18 ER TEM A= ¥ £ 4E
P, 91 4L /i FE S Y OTU % & | Chaol $8 %,
Shannon 155073 %~ 283 ,283.974 F1 2.483, Yi{k
ZJESr BT Bl 148 ,149.957 Fil 1.312, FE I
fb 22 J A e A0 =E B R AR ) 2 REPERR AR, X2
TAEYIL i B ih 2 L) BTEX ARk JR , BTEX [
i TR AR o A O A A 1T AS BB SE N BTEX B
52 04 240 B PRI R B = T B YR K

2ot 6 N FIARIYIMLIS K INAA I i %
Fh % 200 mg/L BTEX IR AR ZRH IR G HHEAE 24 h
A% BTE BEf#3R1E 95% LA I, R BTR & R RE Y
e, H, FH, 5350 R YA HG S 1 R TR IR
K- B (8 2) 2 )5 B i ( Pseud-
omonas) W& 77 245 B YA TR & ( Stenotrophomonas
maltophilia ) F14 H T 18 J& ( Ochrobactrum ) 1) 3 i
R, 50 A L 56.07% ,10.36% #110.3% , 151
LR R 2R R YR R4 s . Li %5
FE45 1 Pseudomonas %t BTEX A4 AR (143 Iy F1 2B
ey, Bt Hoh 2 AR5 48 1 Bacillus sp.™ |
Rhodococcus sp.'®" Klebsiella pneumonia'"' ¥ Burk-
holderia sp. L2 s BT DR S# BTEX

® 1 YMLHTE R REZ R TR
Tab.1 Microbial consortia diversity index before

and after domestication

(=TS 2| OTU  Shannon Chaol Goods_
% ¥ o e iR coverage
H, 75040 283 2.483 283.974  0.999 928
H, 88090 148 1.312 149.957  0.999 833
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B Pscudomonas
H, 1 Hz

TEH, FH, 5350 AR R AT
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Fig.2 Distribution of microbial consortia at genus level
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growth and benzene degradation
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Fig.5 Impacts of initial concentrations on microbial

consortia growth and benzene degradation
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Fig.6 Effects of Fe*" and Mn** on growth of microbial

consortia and degration efficiency of benzene
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Fig.7 Degradation curves and kinetic curves of benzene
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