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47?"—;37%7}’4}1’2’3, .7%‘:@‘,)*]-1,2,3, /@%%1,2,3, §ﬁ§ﬁ1’2’3’g, 4{[:%}/?\1,2,3’ iﬁk4,

L AC B KA IR BB 5 TR, A E 050018; 2.3 & A ILY 5 0% B35 YL 57 VA 35 AR B 58 7 1564 T 7%
gL, A 050018; 3. Wb RATG LBl A KE 050018; 4. /M T AR, B
061001

T OE AW G IR IR U R R 4 K E S B 3 MR K I A% B Kocuria rosea sp. REX % IR E ).
Bacillus sp. WCEAFFTEJE ), VLK Arthrobacter sp. YW AT JE ), 8 W58 HOR Rl ) J1 2%, W R B R AR 308k
Bacillus sp. W, AL AR SR BRI HAR TG 48 o 45 SRR W, W s AR vl fR b o A A= W e i, ELAR B AS TR
PRI, KO AR B 22 5. 7E PP TR Bacillus sp. W I BE MR T, R09F 20120 8.08 h, 1M 2 A1 1F
SR, SR 48 4.90 he FERALAMET, B pH A 7. BEGHRWKE K S0 mg L. B A IHE &
975 mg-L™', Bacillus sp. W )7 B B % 6 75 0 49021 U-L', 7RSS 5 TR R M mm g, REInE
FEEAE T 56 A0 R SR8 Il , Rl T i AL By S AR e AR R, SR A F B W AT AR, A& — R
BT Uit Tt 1 1 FH B8 A /NG9 F o 2B 0 07 v VR N 43 B A5 31 3 RR BRI AR A A I B ), R RBRACRAESS S d
K hE 81.21%, BRI IE M5 R HR AT T 17 d, IOHG IR TSN B vh i BB T o R TR R 4 R ) S 06 5 0 TR
AWV RN A, SEBE T RN R PR R B, R E A 5 do ASBIESE AT O AR W B R A S K M 0 M o A
VOCs £t 5%,

KREIE AT B FRATEE; BEME; REhER; W

A AR BRI 2SR T AR e R R S O A G IR RN AR RO B S
Y, RREOCAF GG EE RN Y, I8 R IR A WL E I (secondary organic aerosols,
SOA) Iy REEFT R, AWBE AR H G624 MMECRL . BT k. BAERRE A, B
BRI AR RS G BOR A RS2 B i B, M L T A Wi DR R AE Wi DR BOR , AR TR IR R A
AL YL . AR . AL IR mTS R . BT e BE ) R AR A, A
W VR A R A O T M T R X I R T e R G B P o RIS R TS TR IR R e T R A e
3, SRTEE XS B AR T3 G4 W) 00 A8 38000 W B ) R P — M, 9248 Y TR o R O 4 T B R A
BSR4 JUE R A 4 S5 R e A BR Y, TR, Ok e AR M TR R, R R RE ) . S AR
LA+
Wi EEA: 2021-10-27; EFABAHA: 2022-05-06
EGWAE . Wb &SP R RIBE (21373704D)

T—ELE: EBEMN (1995—), B, B L BF5E L, 15075168995@163.com; BRABISMEE: Fwk (1960 — ) , B, #H#Z,
¢bin69@163.com
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HAy, & & Pseudomonas sp., Rhodococcus sp., Klebsiella sp., Alcaligenes xylosoxidans Y234.7F1
Pseudomonas putida. =5 B A& X 28 B B AF O B BE T U0, SR, 78 B — IR A o 00 A PR A A A2 AR
KEEALE YR, B TR R R ERAR, R EAE Y 5 5 F Ay, RBE
RLAE P B AN [ ) A i 5 A& A2 B kb, Al ) R B AN, B W B i Ak e
U8 AR A B R G A MR RCR . PurhdRE S . AT SEEE 22005 Y S Ah B AR AR #0200
K, ATESE 52 G TR 3R G0 R A R T T 7 G i) SR i 25, SR A i i AR I 2 2%

TEREAGEO T, dF A X R R R AR — My, e qe &0+ Ko &g i 7 R iR A —
1 B AT A W AR RIS, SRS TR A ST IR R AR T SR B A DI s R A DK, il
R BB 43+, o Bt A =R (tricarboxylic acid, TCA) G, TEREfREE Z b &Yt , Wi
R R, AR R H 5 X i A= ) il 3 U, AR5 40038 ok 7 2 i o RO [ i O
A, BRHBAAREMSN, RE M 5RERE, URHATESEN, IFRES
TR R 0T 375 M T 08 DA B A S 30 28 TR0 A 9 TR A W 0 1k S I e B S T, 3K 3 4 S A A BINF ] L 4
mERRCR . itkiztr 28 B, LU N TR & R R A YR BRSPS R R RS %
1 EEMERGE
11 EXRERERRK

D) ERRE R Ak 10gL!, 4RF3gL!, Atk s5egLl’, FIE17gL", H 5molL”
NaOH i pH }y 7.0, 2) WA EE 5L . B 10 gL', BRI S gL, Afkd10gL”, H
5 mol-L™' NaOH ¥ pH }y 7.0 3) 1A L HLER B F B . (NH,),SO, 1 gL', K,HPO, 3.2 g'L"', KH,PO,
0.4 gL', MgSO, 0.2 gL, NaCl 0.1 g'L™", CaCl, 0.01 g'L™", 5 mol-L”" NaOH ¥ pH } 7.0, 4) % 3%
W JRE 1gL", K,HPO,3 gL', CaCl,55¢gL", MgSO,4.5 gL',

1.2 E#iE%

K FH AL B R R S A W R B IR R VR IR AR D TR I . A BRI IE e AT 4. A
1] 60~70 s, pH 4 6.8, KWL HE N 0.14 m h ' (O I 7: 1) I AILT5 Ve i vk s DhRe A 187, DA%
REEFRR I AT AR 4R, IR 200 mL D A A B TR0 1L 41 FOfR o DARAE e — B
TEABE IR VEAT YA, R oI bR B W JE o 10 mg- L' 7 37°C WA B 46 P R AE, DA— et
Ji) 0] s JBCAE > 2 1 O o ok 3 I 2 R 0 O i VA BB 1) 50% DL R B, iEAT N — AR R . IR, InkoR
(A7) s Jo 2 VR 1L 100 mg- L' & 4R S 43 0K 9IAK Hh %) B R B U A 7 TC AL R [ AR B 3R v, 3k
WA TR I 5 34T 0 8, DR AR o B P AT a4k . TR EE T, PRGN i — M e
Fh R A TOHLERIE SR DI N , B Fh dr B S 4 JC TR, PRI 30 °C. %34 120 r'min '
RN AT R . Y —MEEM RS, 7T DRSS, R LR EERA
AR SRR, WRVE . B SRR L, 411 S5 30k [25,28-29]

1.3 EMEE

DB E . WHR R LR )E, A BT IS

2) Gr FAEW 2 S e B0, A BIAE 100 mL VR AR B R SRR A, AP A 2%, BT 30°C .
150 r-min' B RS IR A TP IR XN, B4 mL BT B0 b, BT 1000 rmin ' {50
LR B 10 min, #5352, B F R T-80°C WKAH & AR . BEF AN FEAR A 3 44T
Mo B A M g S A W R 2R R A IR R AT TR 4R E

DA TR Ak 4 5 5 2 DNA A 1 16StDNA . § 88 R A i@ 519, PCR W AR 5 (20 pL)
A+ 10 x Taq buffer 2.0 uL, 5U Ex Taq 0.2 uL, 2.5 mmol-L™' dNTP Mix 1.6 uL, 5P Primerl 1 uL, 5P
Primer2 1 pL, DNA 0.5 uL, ddH,0 13.7 pL. PCR JZ W &4 4. 95°C HiZE 1 5 min; 95°C 30s, 56°C
30s, 72°C 1min30s; 552 2 25 AGEER; 72°C 44§ 10 min; 4 °C LRAF . 7636 EE LAY HE ARG
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i[> (nationalcenter for biotechnology information, NCBI) i iz {# F§ BLAST (N) [7] I b XF 20 #r , 3 A
MEGA 7.0 IR G LB .

1.4 BEMREREEMN

1.4.1 #%&n 7 &

AR A S ) e S 1 S 8 3 - TS (GC-MS)(7890B-5977 Agilent Technologies, US) #E47 #k J& illl
FEF =Y E M HT . B E A 5 B A% HP-5SMS(15 m length, 0.250 mm ID). {445 . A& E R
9 200°C; AN EAA; AN 501 AR (A ) S 1.2 mLomin'y TR T OB 46 TR
30°C, fR#F3.2min, LA 11°C'min' J+ 2 200°C 845 3 min, JFiigk &0 A 4, A
il 35~270 amu; HLESRESN 70 eV SR ALY 280°C, FHRMGE HFFEARIORE , #EAERH 0.1 mL.
1.42 &K FHR

Sk B R AR A A A BB 7, R PH R R 512 30 6 B 28 A A T 6 T I PR R B A A TS TR R X R Y
R AR BE T o 853 2 TR M R0 75 18 Bk BE T X RGOk 15 Qe Wy R B s g TRl B 5 2 SRR A, 2 RORAR #E i
AL R AR AR 9 38 45 T 0 PR R0 A ok F AR HLR B A A i AR B - SRS MR R A D
PRI AR TC AL AR 15 5 FEAE 600 nm R MG EE Sy 0, 43 5142 b 4l Ve 2 OB EE 34 0,015, AT il
AR . W S%URFR 5L, TR R . WA TR SR . 0.5 mL 7%, 50 mg-L™
AT 250 mL WML E R A, ) AR RAEFEE 100 mL, i HIER 1. R 2MH &I R SKR
V2L, (H B N TG AT RS I I35 R FH 28R} 55 FAR e ZE R % 35 (T I)), SR 5 i A TR B
30°C . FHH 150 rrmin ' BYMEIRSEFRAE T, BB 2 h PG SE R AR DR AR R FE 2 o A T s <A
Fan e TR . AR R E A 3 R ME .

1.43 AL Bacillus sp. W H % f§ R 09 44

K FH I 28 SRR 58 W bR Bacillus sp. W K F1 EXIRMEERSKENRE
RSN, M BATRNE. pH. b5 Table 1 Factors of orthogonal experiment and level Settings
TV R B B Bacillus sp. W AE K B0, it o EFS
3R (BAFRINE . pH MR E) 4 /K 1E BT mg L) pH HTRVEEE(mg L)
AES Y, HTE 250 mL Y IR D EAT o SE 1 25 5 20
WERSKFEER L, PRI FERMA ML 2 50 6 50
PR . 70 mL R PR EHLER B FR ik, MSEAR 3 75 7 100
FAET Bacillus sp. W XA ZRBRAGR, WERE 4 100 8 200

3WECEHIH
1.4.4 Bacillus sp. W B #& £ KK U5

FEUL 10% 14 R B VR PP T B8 A TCHLER 55 R SL 00 I I b, 480 1E 38 S 56 18 8 ) 1 O ML s R 5L
pH R 7, BIHARFTEKRE R S0mg L™, BATERINEN 75mg L7 J5, & T 30C. KR H 150 rmin™
MR AR IR G R R . ERBGE B ER E L a g, LIZEIRK N2 AT BRI Uvio2 £ 5%
FEBE T 2 I H: ODgy, AR ] 5 B &2 I 5 3 R IO 44
1.4.5 HBgEHN T

KT R (SGZ) R I 40 A B W 00 R VA T TG R B0, 3 mL IR 9 S B AR 2 P % 1 mL (9 B
RIS, 1 mL A9 0.1 mol-L™" AP IR-H PR £L 2% v (pH 7.0), 1 mL 9 0.1 mmol-L™' i SGZ, T30 C
TN 3 min 5 7E 525 nm AN E W EAE . LA 1 min NAEAL A 1 umol JIE W) BT 75 BY B & R 1 SIS R
£ (U), B20 h &G0 1k, BRI 3 kS BCE 3 E .
1.5 RS8N 5 554

DL SCHiR [37-38] Hxt 2K SR AR 7= W i i 58 R Ak, K 5% B Bacillus sp. W B < 5 B4 A T
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DI 2R . B2 i R ME— B YR Y 250 mL % 35009 N AR TCHLER B 3 b, JF R E LSRR
T A M — e R AELAS e BE R 1.0 mmol- L A R A A 7028 b SRR B[R] A R X BRA o 3 Ao [ AE AR
B (SPE) 1 GC-MS W& & B i ™ 4, B &R BRI A 3 A EATHE. BARZERO . A SmL
T AW BEE 1k CI18SPE £ (Waters, US), FEWW MY, RJG# L SmL HEEF 5 mL #H4liK ., 7EFEH
25 ZHT, EHE 200 mL RS ZE E IR UL SmL-min T BRI E . HE A KRS, HSmL
AURTEVEAE R, THJ5H 10 mL S H Bl o R i ke 4i 2 1 mL, BT pL AT GC-MS 73
Bro st FERAEREE N 250°C; BACHAS; Ay 10:1; AR (AL 4 1.0mL-min',
TNAFERE . WILAIETE 40°C, 1455 2 min, L 4°C-min' JHE 2 120°C £ 3 min, #XJ5 L 10°C-min' 7}
2 230°C, FFORFE S ming BTG AEME: AL 2 ARy 35~300 amu; HUESHE 70 eV;
SRR A 280°C . i #EAE AR ORE , HEAESR N 1 L.
1.6 EEEF

B w7 W) a4k 5% 3245 2 A0 4l 1§ Kocuria rosea sp. R, Bacillus sp. W J Arthrobacter sp. Y 73 5| $5 # &
ToHLER G I, BT 30°C . 5% 150 rmin' AY1H IR BE 240 G IR B X EUN, RS R AP R AR .
P A B Bl Kocuria rosea sp. R Bacillus sp. W} Arthrobacter sp. Y W) 2 LIARFLEL 1:2:1 Bl &2 &
FA . TS IRE A A FE R 5K, IRAWEIF YR E (MLSS) 24 3500 mg L™ {f M
HWRAFN 10% W2 AR (BD 1 L) fERSCIRdl, XFREA AR IS INE & WA GG RN R
FH 0L, FEHRIEAHTEAMAT N S0mg L, KRBT EE R 300~500 mg L' K FC4f % & G BRI T
PETS e i A S 94w 0 A P e B S i as v, BE 24 h IDE VAR BT i vk B, d5 47 22d, JFWREROR
M) BRACR . B B A T P 2 A S0 3 BT AT IR AR R A O N AR BT E S R R AR R VR
4 13 000 mg'm™, MLSS #J 3300 mg-L™", ¥IK)ZEH 40 em, BRI &4 039 m>h' . Bk
1.5, pH 6.5~7.0. ‘2 HF B IE AR T 40.40 mg L (4 1F F KB T, HEE LR . MLSS #
WA R T W B, WA 3RO A . WA 2 d IS RBUE SR (1 L) BHR RN 3.
) HR5R
21 EHBFESEE

24 WE TR B 8 MR IR MR MR, AR
It L ¢ FLAH X 3= B K/ Bxf % fifk 18 0 E AT A
W, S0 0 3 R SOR BE AL TR bR R W
Y. R, WHI Y & 2% [Q4s & 3 %,
800 fi 4 A (81 1 BT/ o B AR R 7E [ AR 8% 95 2 |
W ERA G, NEEFREFE, REE B1 EFXREGFR. WY K800 F1XFEHER
. AEB . ORES . LYE . FRHUESHE; Ot Fig. 1 Optical microscopyof.R,WandYat 800x after Gram
o OB 2 Bl PRV T A L bR W [ aining
IREE IR L RTE BRI A, TR, 3R EBORBE 2 BB R, S m) DU FE S B0 B, B
B SRR BN E RIS A R . BERR Y A LA AR 3R T LB R L et R
HGFMAS ) PO JE 38, RmeH . NEB L R . JBHE . AT AL, H
Y DR NS B S VR VN Sl B Y

M5 16S rDNA J5 41 L X 25 S A4 B 1) R G R B R (K1 2) KB, 08 th A 3 8K e R0 [ A O 34
W R, WHY 433 J@ BB 4% 56 [ 8 (Kocuria rosea sp.). ¥ 1 J& (Bacillus sp.)Fl 15 #T & J&
(Arthrobacter sp.), BLAST (N) [R] ¥ bt ot 43 7 [a] PPk 53 35 5 98 % . 99 % #1198 %. RHHE R, W,
Y 439l 44 A Kocuria rosea sp. R, Bacillus sp. W UL ) Arthrobacter sp. Y .




2606 ok L B ¥ W

Fl6 &

MK532258.1 Kocuria rosea strain RR75 16S ribosomal RNA gene partial sequence
FJ889675.1 Kocuria sp. ZS2-6 16S ribosomal RNA gene partial sequence

KY412146.1 Kocuria rosea strain MJ4B-1G 16S ribosomal RNA gene partial sequence
JQ228589.1 Kocuria sp. SNN-LL-12 168 ribosomal RNA gene partial sequence
R
HQ202871.1 Kocuria rosea strain AN-3 16S ribosomal RNA gene partial sequence
100 I: KP342208.1 Kocuria rosea strain KNUSC1032 168 ribosomal RNA gene partial sequence
JN863478.1 Kocuria sp. LC153 16S ribosomal RNA gene partial sequence
KT763345.1 Kocuria rosea strain SAFD-008 16S ribosomal RNA gene partial sequence
MK203001.1 Kocuria rosea strain AOB19 16S ribosomal RNA gene partial sequence
44 KJ191063.1 Kocuria sp. B205-B1 16S ribosomal RNA gene partial sequence

(a) REA

66 MH396721.1 Bacillus sp. (in: Bacteria) strain WWvii8 16S ribosomal RNA gene partial sequence
78 KR822284.1 Bacillus cereus strain DD159 16S ribosomal RNA gene partial sequence
86 EU584549.1 Bacillus sp. cp-h56 16S ribosomal RNA gene partial sequence
98 CP024655.1 Bacillus cereus strain MLY 1 chromosome MLY 1.0 complete sequence
|: GQ280810.1 Bacillus cereus strain NAS5 16S ribosomal RNA gene partial sequence
98 MH497131.1 Bacillus cereus strain LMC16 16S ribosomal RNA gene partial sequence
65 CPO016588.1 Bacillus thuringiensis strain KNU-07 complete genome

92

47

;

L

w
—— CP016588.1 Bacillus thuringiensis strain KNU-07 complete genome(15)

99 CP016588.1 Bacillus thuringiensis strain KNU-07 complete genome(14)
E CP016588.1 Bacillus thuringiensis strain KNU-07 complete genome(13)

CPO016588.1 Bacillus thuringiensis strain KNU-07 complete genome(7)

(b) WEH
EF540507.1 Arthrobacter sp. 4 C16 22 16S ribosomal RNA gene partial sequence

AJ786821.1 Arthrobacter sp. R-23173 partial 16S rRNA gene isolate R-23173

FR716535.1 Arthrobacter sp. FO-NAMI partial 16S rRNA gene strain FO-NAM1

HQ202575.2 Arthrobacter sp. ZHT3-9 16S ribosomal RNA gene partial sequence

NR 043546.1 Arthrobacter subterraneus strain CH7 16S ribosomal RNA partial sequence
23

FI. 535480 1 Arthrobacter sp. E18 16S ribosomal RNA gene partial sequence
KC294106.1 Arthrobacter sp. TF15 168 ribosomal RNA gene partial sequence
ABS522428.1 Arthrobacter sp. DY-12194Y gene for 16S ribosomal RNA partial sequence
GQ199743.1 Arthrobacter sp. 210 41 16S ribosomal RNA gene partial sequence

61 JX949671.1 Arthrobacter sp. MDT2-7 16S ribosomal RNA gene partial sequence
FI535497.1 Arthrobacter sp. B3(2008) 16S ribosomal RNA gene partial sequence
FI535477.1 Arthrobacter sp. B11 16S ribosomal RNA gene partial sequence
KJ191070.1 Arthrobacter sp. B205-U1 168 ribosomal RNA gene partial sequence
FJ535489.1 Arthrobacter sp. B20(2008) 16S ribosomal RNA gene partial sequence
MK696231.1 Arthrobacter tumbae strain c6 16S ribosomal RNA gene partial sequence

FI535478.1 Arthrobacter sp. E27 16S ribosomal RNA gene partial sequence

(c) Y

2 T 165 rDNA BB B EEEREL B R
Fig. 2 Traditional phylogenetic trees of dominat bacteria based on 16S rDNA sequences

22 EREFRETEREERSNFE

A Wy o A 2o A R BN ) B AR AR, ABURE e T — S Bl g S A Y R AT I i B g 2

— s h i o (D).

e tRORME], by g RARWIIRIRDI R B MR, mg- L5 ¢ R[] ¢ i (14 i 4y it

mg-L',

LC113906.1 Kocuria himachalensis gene for 16S ribosomal RNA partial sequence strain: JCM 13326

ﬁ‘t [23, 40]

Q)

%mg ’

*EfEln(c')*ﬂElﬂEﬂtﬂ’]lf+$_fj€mk{ﬁ JEUIR B v RV 21 — 73 2 — P AE B R IR AL PR g > 3
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gl (1) WL (2)o

In2

v 2
Wtk Kocuria rosea sp. R TPk Bacillus sp. W S T ¥k Arthrobacter sp. Y 73 M TERZR 1 5K R 2(/)

A 50 mg- L™ SR H S AN BN AR ) R R — S Jy s La AR A 3, A TR I 2.

ip=

i) /h A [l /h i [l /n
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
0.0 [t 0.0 Pttt 0001 ¢ 8 1012 11 16
02} 02+t " § -0.1}
S04 5704} 302
> g06¢ X S-03} N
E 06} . ' E . D = NN,
« — RUSIE AT L 08 F  « — RIRIRMAT T 041« —REBMEMATT ST
0.8 e---UNINEAMI S “10}F - IR ERER . 051} o - USRS
-1.0t . -12t 0.6t .
(a) RE# (b) W (c) Y

3 EHR. WHIYBEBREIDFELE
Fig. 3 Kinetic simulation of benzene degradation by R, W and Y

®2 HAFUEERMER

Table 2 Comparison of kinetic simulation Results

Etk AR R PR % K] R FEW/h
R2 Inc=—0.073 81+0.090 7 0.073 8 09316 9.39
R Rl Inc=—0.116 1#+0.106 6 0.1161 0.984 6 5.97
w2 Inc=—0.085 81+0.004 1 0.085 8 0.974 6 8.08
W W1 Inc=—0.141 61+0.233 9 0.141 6 0.944 2 4.90
v Y2 Inc=—0.054 5¢+0.040 3 0.054 5 0.976 5 12.72
Y1 Inc=—0.063 81+0.066 6 0.063 8 0.958 8 10.86

o R, LU R AR R K (B A, TR AR I A R R T, R i i ) R
Bacillus sp. W 1E 2 MR R b i i, B IR AR KA XTHE) ok, I, OGS 2 A9 A g
Ji& s, HARJE Kocuria rosea sp. R 5 Arthrobacter sp. Y . ot ¥ & ok 50 mg-L™' i9 Y& /8 H X} Kocuria
rosea sp. R Fl Bacillus sp. W 14 % [ fift 47 B AR SEVE 5 1M Arthrobacter sp. Y #£ 2 B 514~ 0L & i £k
BERMZEAKR, P b/, M S50mg L BAHX HIRRMEE I miss. Lieh e
FAtF, Bacillus sp. W X 28 B B ff B8 1 39 R e, WA A2 Bacillus sp. W R 5% B s i A7 A4 % i 2%
L AR RE A AR R SRR . KB AT TERT, XF Kocuria rosea sp. R, Bacillus sp. W [ fif
H U BEHHAIER, SRTIXT Arthrobacter sp. Y AL FEVE AN ot T AS W] B P vp R ik Bl A7 A6 AS R
WHE R, HEEMOER A A, B, IR T A S AR A e AN () Bk 1) AR 5 1 1Y)
25 5 TR,

23 MBRASMEFHNEHE

DIEMH RN pH, RWE 3 PNEREMEN AL E, RKERF N HEAZRHFITIEL LRI
B, AR PR B R 2R SO0 45 R e K CEYE L, P R K S e T S IE A S 4 SR UL 3 AR B (B A A
4 Bacillus sp. W BEAERFERSEM N pH o 7, IR N 50mg- L', MR 75 mg- L,
R A 22 53 7 % DR 2252 e i EE AR O O = pH>JR MR B> 18 AR P TS N
24 HKEh%

Bacillus sp. W =K & WK 4, FEFP S 0~3 hINBEFE 2512 , RSN Bacillus sp. W B91E5 . 3 h
J5i ODgoy I I FF, HEAXIECA K 76 70~132 h if, MR EE#H T — & HL, LTREm. ik
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Ve, Z &M Bacillus sp. W i 45, Rt =3 EXZEERDHME
BEAXTEH], HRaEW®E K, BiEEErEE £ Table 3 Analysis table of orthogonal experiment results
K2 3ot EIe TR, PO KPR e %ﬂWW% o ﬁ%@@ I
kfeRE, 49021 UL . (mg'L) (mg'L)
. e e SR 100 6 50 78.98
BT T By A F R FE 2R AN S S s 6 20 78,80
%,ﬂ\ﬁiﬁaﬁfﬁﬂﬁaﬂﬂﬁ PEREW, HAKEE s 100 3 20 62.59
W Hrh, BEEBOEEZES THEER, 5w 25 7 50 79.98
@Elﬁ/ﬁ@ﬁ‘ﬁfifb SRR T2, A T %’”5 75 7 20 80.10
BRI, B T 950 DALk 3R s 1 : 1 e
SRR B IGE, B EER N W T, DAE igﬁg S0 s 200 68:26
S 40 TR A I ) b A R S 2 0] 9 100 7 200 71.75
AW FE A ZEFEFT B Bacillus sp. W F= A A 5510 75 5 50 74.70
R 2 T I, O A RO K g h s e 0 8 50 69.76
WSROy 49021 UL M B iR IcER R ¥ 2 200 o
W, ZEA R ORTEAIRIR, A S14 <0 ; 100 80:42
AR, B EREEE R. ERE, B sms 25 3 100 66.82
B ZE R 43 iE AIRER , SO BRIE R R 56 75 6 100 80.63

Mo 2RI )™ A I AR AR 28 AUFT 1 A I 3 398

500

B BT P AR AR IR A, 2 A A T 30 G — 3 [P DY
gy, AlE A RSRAL L R R A T B AR la00 ~
FOf BRI ZE R BT, HRT, X T 2R A I35 3
¥ (Bacillus sp.) W f# R I WF AR />, KUREEL = _m§
245 29 I A 95 3 o 8 o G B 1L 1 3F S0 4T T LB
(Bacillus sp.), £ pH K 7. WL N 37 °C S

i 6.0<10° CRU-mL ' I, 4 Ji B 2 5 % 14 5 | ‘ By il
90%, HHIRM . 1,2 AR TR KR AR ‘ D %“ v“ °>° & f\“ S P u“ Q,“QP\
BRAR VR R AR AR . LIU 2565\ P o 2 T

T bR e O 6 SR LRT TR (R S B bR, Rl B4 EREESFMEAET Y
HIEAFA L. RIS S TG 4 A Y B &4 Fig. 4 Growth curve and laccase activity change
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Abstract Three strains of benzene degrading bacteria, Kocuria rosea sp. R, Bacillus sp. W and Arthrobacter
sp. Y were isolated from the circulating scrubbing liquid in a bioscrubber. Bacillus sp. W was identified as the
highly efficient strain for benzene-degrading by studying the kinetics of benzene degradation. the degradation
conditions of wich were optimized and the metabolic pathways were explored. The results showed that the
existence of saponin could promote benzene biodegradation, but the effects were significantly different
depending on the metabolic properties of different bacteria. The half-life of benzene was 8.08 h under
degradation by laccase producing bacteria Bacillus sp. W, while the half-life of benzene was shortened to 4.90 h
under the cometabolism of saponin and benzene. Bacillus sp. W showed a maximum laccase enzyme activity of
490.21 U-L™" under optimal conditions with the pH at 7, an initial benzene concentration of 50 mg-L™" and a
saponin addition of 75 mg-L™" . There was a unique benzene degradation pathway with the participation of
laccase. Benzene was converted to catechol by the action of oxygenase, and laccase catalyzed methoxy
substitution of phenol hydroxyl ortho positions, and then furan derivatives were generated by intramolecular
addition, which were then degraded to small molecules by the action of a series of downstream enzymes. With
the addition of microbial agent compounded with 3 strains, the removal efficiency of benzene reached 81.21 %
on the fifth day, which was 17 days earlier than the conventional domesticated activated sludge, the shock
resistance of the reactor was also enhanced . A rapid reactor start-up with a start-up period of only 5 d was
achieved by inoculation of the bacterial agent into the laboratory foam bioscrubber reactor. This study can
provide a reference for biotechnological treatment of hydrophobic and non-degradable VOCs.

Keywords saponin; laccase; Bacillus; degradation; metabolic pathway; microbial agent
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