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8 ' ONLIERI L 1 ARREAS KR ) SEUORRE SRR, %8y TR ZF AT (Brevibacillus agri), %L H
AR K A . BT a] 48 h, WIRIEME 10%, pH=7, I&JE 25 °C. LA A& NERAPLE S, RTED
TAUE AN RN+ S ZE AT B 0 o A T AR A B IR R, 7RSS KRR 90 s, HESHREE A 1000 mgm >,
P BT R 60 g-(m>h) " AT, R AR KRR RN DL RRTE 85% L b AR SR AR BT e, WAk
EREH &AW, A LD ARG RS A X O T RE RS A 0 R L, TEARIE i 18 0 0 AR AR S T BRI A 1) —
SR MR R AT 16S rRNA I P 51 (9 [RIEE 50 87 B30, A=W R Brevibacillus agri (5 ik 69.39%, F-1] L
RAFAER . BFFEnl e S0 Tk e sk BR gt 2%

KHEIR T HUR; R ARAT I ERRM EWEIERT; At

& AL A (volatile organic compounds, VOCs) SR 72 H MERFE R, X4 BRI AR 12 i
HEHESMERD, FREMENGEA VLAY & VOCs T ZEH 7Y, AMRDEWH, XEYHH
RS HEAR 945 & A DTS e ) B 50% DL 1o 54835 (chlorobenzenes, CBs) ¥ BifEfesy | 44
ARl A 2 o ) P VR S i SR A R N R I AT, AR T AR AR 1A R Sy AR
RERPE)—Fp, HAREES®, gegs & ke . WOk, BAEwEr, T SBEYIR
WN WL . ATHLRER M . M T AR T EGL, #2028 E IR IR &
R PL ST G, AW AL EOR I TE k5 4y . AR A BRACR I A O a5, Ok R A7 2]
AT SRR, A Y A R, R I P SR 58k L A Y s o e fah, S AR
RFPE RSP ERNEEEL N T ERNY R (CO,. KM, A Wge i e E K M i ol 3 R R
PR TR 7 AR B2, BRINZ9 4 8 000 & & S A Wi b de B A 817, X VOCs 1 2 R 7]
PLIKE] 90% DL B BHET, AEWEER R n BirY) 282 T AWM H iRy,
AR, WK, CRM WK%, X CBs AW LA BRAF 5T 2 I AN TR A o EF XA [F] R 28
) VOCs, i ¥& Fl 73 25 2lifb 1 B A Re R AR MR bk G . T2 E NN B Rk T
I EHEA: 2019-04-22; R HEHA: 2019-05-25

EEWE: BHEHES &R (2016YFC0209200); FE R H AR 25 ERWH (51778612); LA MK A AR 234 % B H
(BK20191480)
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VOCs w5 Al T 7 T T R I BEE TAE, CHOE MR E2E 0 HEE A 2 F . SRS
T/ SR EWaRSEREEE . BITEED. sl M RER 5,

AHE 5T NPT 35 AR R A M P gk 1Rk RE 08 LA R G R A ME — B VR RN RE R Y O B % A B
(Brevibacillus agri), 7% 5¢AEAYHIE A% R Ak ] —SUOR M PERE , DR 25 RIS B BT Ia) L R A0k B2 A
A A A PR 2R 6T A W T U B AR RE B RE L i O A TR VR A A T DR AR AR W RETR A5 A TR
dith, A Tl Ak ab 3 e — SRR S %

1 SKImEky

1.1 E#KRIE

ARPEARICH IR T2 B 4% 1 AR P 5 MR Pbn 158, )i . B, & LRI ms, 405
FE BRI T AR T AT He BB ST v 09 05 vL P72, X0 16 %) ] — SOR I A A TR A 0
GERABRA AL 2 BT o TR E RIS 20 2 B R AR PR, ] 6 mm JC IR AR R SRS, W T
PRI RE L, E37 CHFR2d)E, TN AgNO, W, MR8 4R 7 J& A= < B A £ B R/, )
VT P K 1) R R R T o PRI A B T AR ) — SR B AR B i ] RS, i ACAE A, e A
IR AL, 158 MM RE D B0 B R, #5950 DH-1. B SARTE AR 0.96~1.5 pm?, A JE[E,
BEHEM, AWE; WEZHRAE, ILAGEHMR, 8ok, RmFi, HREAEG, mE 1
fiis, MBS B E, SR, A 2RM, TR B0 A A b 50 56 45 e 45 A0 0 e
MK PEE . L IRBAME . B RK R BE P . H 3 2T B DL AR 3 S a0 B PE . DL DH-1 Y 35 X 471
WiE R EBM, @bl A, Htk DH-1 )8 T + 35 25 AT # (Brevibacillus agri).

DH-1
Brevibacillus agri strain R-20121
69| Brevibacillus agri strain LMG 18172
Brevibacillus agri strain SKM 07
94 | |Brevibacillus agri strain DSM 6348
100 Brevibacillus agri strain M1-5

Brevibacillus agri strain NCHU1002
Brevibacillus brevis strain AS5-10
Brevibacillus borstelensis strain JP3

Brevibacillus invocatus strain WA1-11

100 ]:Brevibacillus panacihumi strain DCY35

—
0.002

(a) DH- 144 I v (b) REKEW
El1 E#DH-1 ESHERERAMARZLER
Fig. 1 TEM images and phylogenetic trees of strain DH-1

1.2 HEFEMULFRT

i S e BT T B 3R 0k . W AR RO (AR 10.0 gL', BEREE 5.0g L', NaCl10.0 gL, J#l
R (K, HPO,-3H,013.75g- L™, KH,PO,1.8g-L™", (NH,),S0,1g-L™"), LB [FALFR @5 15.0g L,
FEHM 100gL", BEREF 5.0g L, NaCl10.0 g-L™"),

A BAE AL SIS B R R . S IR . S5 IR . OB, RLLE LW . PRLEN . KOH,
o-ZE IR (5%)
1.3 SHAEE

TETCHLER 5 F2 56 (50 mL) H, SN 4S9 0 2F AT B 189 50 TR AN B) — 580K (BN B ), % RO
] S 0 S5 (R PE R 3 55, B 200 YA & k55 . ZEIEK ) 600 nm T, il 48 40 306 0 B 3 D £ ¢
JCEE, MAH{E RIS B8 WK B ODyg, 1H o

RTIAS kA @35 (Clarus580, PerkinElmer, E[E) I id sk SRR, SRk



450 ok L B ¥ W 4%

3 th ] —EUR IR A BE(E DY . SRS TARSFMFIT . A5 A 0 B 408 A5 M (30 m*0.32 mmx
0.5 um), AE¥ERAHEF IR, PR 40 C fREF 4 min, 2850 40 Comin!, A FAE 220 C;5 1 pL
FALE IR E O 300 °C, KN AR IR D 300 °C, #UURECN 1.0 mLe-min™, 3 HEA 60: 159, iy 52
W EE 3K,

15 A BL 21 48 5635 42 (fourier transform infrared spectroscopy, FTIR) Fll X 5 £k % H F HEIE AL (X-
ray photoelectron spectroscopy, XPS) X 4 i 3 Il B At W 47 RAE T, WAL R TR, B UH
K, BEIAEYAES, 52T 2285 oo 27k .

T K 19 16S rRNA JE X Fp 57 1) [R] 1 o0 A S 5 — Mok g 220 48 12D 32 DNA; 56 2 40 8%
DNA #47 PCR ¥4, 135 16S rRNA ZEKJFH, &5 %P 547 0 0 % o 7= Wtk A7 s ik ki
AR AT TAEH LA T A TR AR MRS A BRA 7 58
14 BERLEREFRE

S0 B /N R ) A= W) i B 7 (biotrickling filter, BTF) Z5 44 N IK] 2 Pr 7 o A 46 A HLB% B 4 (51
J£ 1000 mm, #RM% 200 mm, BEJE 2.5 mm), K 2 ZRMIERABEGA L5, &)E 300 mm), P
M (B SR, KB 400 mm, T8 300 mm, 5 200 mm). K AR A SEORHE SEWEGE 10 L-h! A9 PRG3R K
MME I A mE s, R a0 2 LR M (FLAR 10 mm) BEAR I 3EDRERE G0 B 75, W AR IE SR RIS 35 )
B, N7 T A&, HREREHEEEREIZB O, B &R R EOIRG
T 25 AT R, 38 3 8 59 9 B TR Rl B Rl AR o] R i B i vk
Hr
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Fig. 2 Schematic diagram of biotrickling filter
2 HBR51R
21 MBEREEKFHOHE

75 50 mL A9 JCHLER 35 F L h IR I 130 mg- L™ A IR] 50K, Pl B AR I ) | TRRCPE R L L pH A

I EE 4 724, B AR ODgy, fELTE 0.2~0.8, I 5 AN [R] 5% 4 T Y T8 Wk B2 OD g HL 1 1) — S 2 ) Ay e
JE o SRR, ODg fEFIH 5 KRR ML a3 — 2, 7emiok A B i iy R, ] 50
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19 25 Bk R A0 RE 1K B WA (L, aH P o 7 A 0 A A 8 i (B B R e B A F RS B 46 AR 48 h, AT L

il 3SR HEANAR AN [) R fife )
0.42 1 0.39, [ — 4 K L BRZ AT Ik 85.46% .
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Fig. 3  Effects of different conditions on m-dichlorobenzene degradation
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Fig. 4 Degradation of m-dichlorobenzene by the BTF during

the start-up phase
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23 EYIHIESRNREZRT
AT S AR AL BRE] SORE L Rs AT 1 125 d, WARIE shisfT i Beis e s AT B, Jash 25d
G, RS HEARRE BT B, Bitiafr 100d.

1) 7 0 0 T X ] = 0 2 R A ”
W . 25 PR 45 B4 B} (8] (empty bed residence time, g0k
EBRT) N AW I AR S # s n b, 3 s
SULIE T EBRT, JESEMIL A F 2 %00, ] S
75 H [ 5 5 54 (intake load rate, ILR) 2% /£ F , - T EBRT=S0
B2 A i g 2% Y ILR N 4.55~122.57 g-(m*h) ! °f
i, WFSR R EBRT % 52 B 3 p i . phi [l 5 . e
0 20 40 60 80 100

AL, AR A RAE R M), BTF Y LR R 2
F K. 24 EBRT 4 90 s i, BTF (2 Rl

HE /(g - (m® - h)™)
Es5 AREZSKEZERET BTF BKK 6

DAHERFFE 80% LA b, X2 T3 B I DA IC Fig. 5 Removal capacity of BTF at different empty bed
AR W RE Wl 4 B 2 PR P Y A SR T residence times
Bi% EBRT (34>, Bk ke b st 5k R K \so0 EBRT0s__EBRT-0s _ BBRT-0s
i 7 T 75 o R P ey e = ¢ < Lo Lo g
o 1200 F Nwo LN VogvhY Sk 4 100
EBRT 2y 30, 60 1 90 s i, % 4i% % W1 76 A ) £ VoY P
N p UGN 2 .- ~--l-#..-.'..' - ot 4 (25 (x 4 X
IR, Hef i) EBRT R LUgRIEER £ R, = [ Arenas yﬁﬁ; "
NI N y " E NN | &
2) MUK CRERBRRG . B o ; VYT &
U R, R R BT RO T 300lapn,, fo0tpenf 000, s
W, EKIRZE; M R, Bk A S A A
1 o s g g e e g g 95 100 105 110 115 120 125
FET B L BIBRAE AL B I e et

VL% 58 BTF MERERU G N 28, Mt E6 FEESIKET BIF LR
M 1107.7 mg'm” B /il % 1383.28 mg'm™ A, H Fig. 6 Removal capacity of BTF at
A E M 17318 mgm™ | F+ % 371.89 mg'm™ different intake concentrations
(%l 6), 7E EBRT Ky 90 s I}, FEUELEIFAE 1100 mg'm™ 24, WA HE ML B EM, EBRRE
17 JE Wik 5] 75% L 1o 7€ EBRT 4 30 s B, #F U BE M 7 = 22 1383.28 mg'm ™, HAMKEHEA
WiTtm, RERSCRAEZE, KBRBMT 60%; AW 02 8 @k B ) SR R FEEH, KA
PEELZ 3259481, BTF KFRFLL, RUNZEEWEEAE G BTF iR g a7, BIRMA EBRT, %
Bl s R A B ek A, X AR R A — 2 A e SR, EBRT MG, 5 Rkl
P, 4 EBRT Ry, MW T R, BTF BIEBRFCRIEC, BOEES waH T8
3) #ES AT A A LB R B . 7E EBRT H 90 s B, BF9Y ARl i#E S 5 fF (ILR) % 22 5%
R, B8 A Y Y B AR R B T Y R (BT 7 R ). 24 BTF o B 1 (ILR) i
4.55~60.32 g-(m*-h) ', 4.95~79.23 g-(m*h) ', 4.75~119.78 g-(m*>-h)"' i}, 7E EBRT & 90 s I, [a] 4%
() 2B R B B S . RN AT N, RBRREE S BT, 7E90% DL b, XERH T
T T R T AR B 1] SRR L A iR, R TR AR G R R R 7R R B R B e
B, BB i T, AH GG B JE B 09 ILR, ILR y 4.75~119.78 g-(m*h) ™", 2[4 2[5 i
B, XEHFEAfln S RESMAEY A TMHEN. FRsREN, EHEA
EBRT T, ILR A3 IAF T o] S %6 1E BTF i £, FfEdE S A R 4.55~60.32 g-(m*-h) ',
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24 BHEKREERREDHT

M 2.3 75 2 2845 1 TR Pk DH-1 % [A] — 54K
() B g B 1, BT LA A FTIR A1 XPS, 4341 [A]
TERAE BTF RS E 12 47 B B B R 2 1 A9 AR 1
T 0L o SR B SEURL R T TR A4 42 IR 1.3 5 b i O 1%
il B2 R S, BEAT FTIR FI XPS FRAE . MAH
Bt A6k E (8 8)RT LUE H, TEFR AUIX,
W KUAE 900~600 cm ™ Ab, 2R B LAY T N
FEARPR S MOS0 N PR B, %K 895.8 em™!
Xof IO 14 2 TR A7 B R R i i e, LA A 55
vl B B AR SR T A AE Rl AR T TE 1300~
900 cm ' Ab, FEEAFAE C—HAY TSNS h Ik 2h
(981.1 cm™), i#E—OH (1051.5 cm™") 76 E BE M
X% 1 500~1 300 e '4b, 7 7€ B 5L A9 25 il 9k 3
(1 385 em™ [ 3 ) A1 HY 3 719 89 =X 25 il I o)
(1460cm ™' FHT); 72000~1500cm ™ H11542.8cm™
Ib, FEAEE A @R By C=NH, HIEEK
&3 FE 16653 em'Ab, FAER B RMRM
C=O WAz, 781739 cm &b, A7
fif; 7E2500~2000 cm ' 4b, EEHHT 144
TR0, P T 0 LA HoARBE, Ui JE C=NH
A% =NOH; 7£4000~2500. 2966.1 F12926.cm"'
Ab 430 S R A R ) SO R AR 315 7E 3 400~
3200 cm ' Ak, H TR B ST BB B ) IR A
Bal, AT VAMRTE M RSO,
RE A1 X AW A3 AT A5 1, Ta) S 2R A TR bk 2% 1
PR AR R R E 38 55 1R PR A 2R 1 B AE A A B
SEAVET, L% ¥ 1 TR AR T IR B A

K1 9 2 XPS Cls HLiERETE Kl . HILTTLIE
W, C A I, 45568 2847 eV b K5
ik, 286.2¢eV Abl C—OH, 288.0eV At C=0
HAm# 1 0.8 eVOCHR{E By 287.3 V), XPS %L
PEUESE T FTIR 45 5 . (8] SR B A ol 7
W, BRWTOR TR AL S T IR
25 HARZHHTK

70

0~60 g+ (m’+h)" 0~90 g+ (m*+h)" 0~120 g+ (m’* h)’

. . PR S T S T N S S S S T S
0 20 40 600 20 40 60 800 40 80 120
HE BT (m* by

E7 TREZESHE T BTF KXFREE
Fig. 7 Removal capacity of BTF at different intake load rates

4000 2800 1600 400

PeH/em!

8 BTF EMFAIEEM ISk E

Fig. 8 FTIR spectrum of bacteria in BTF

284.7eV
1

280 285 290 295

Zh GV

9 BTF hEFR X G kLB FREIEE

Fig. 9 XPS spectrum of bacteria in BTF

h T W5 L K ZEHAT B DH-1 76 BTF 9 (1) % &= DL & BTF H 5 R BEIE S5/ A8 fb, 7efa e 1
], M BTF W RAEER R MM, S35 K 550 0 REE S e, mE 10 AT LA 1. AR
i 69.39%, TEMUAWRER LS 76 BTF W AF 78 AL B bk, 6045 8.49% ZF AT I .
5.71% BT . 2.35% FrE R AT I . 3.08% £1FF T A1 0.32% AT 45 . FERRSHR/ERIME], 113
54 ZF fUFT & (Brevibacillus) i 75 BTF 09 4 & Bf 7% w7 bede oK, & W1 4 398 40 2F 160 4T % DH-1 7£
BTF " % (o] SR B i R E B W R MVE T o [RIRHZ AR oT 45 R W, B RR DH-1 76 Rk 19 Tl i
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o H14 %

FF X ] GRS R AR 3 B b PR £ A R o 0300, 10:66%
N 3.08% ST
3 g 235% —_ ST
IR NN oy
1) M3 i e 1 AR HL A [ 8] — AR T 371% H?%
e P N BE Ao e P atY 21 T
I3 i B bR, % E bt 4 2F T DH-1 i
8.49% HoAth

(Brevibacillus agri), W MG B K W& 0N
W it 16T 18] % 48 h, BRI RCEE BB RN 10%, pH=T,

RN 25 °C,

1 000 mg-m™, # = i faf K 60 g-(m*h)" 55 17

Fig. 10 Abundance pie chart of single sample at genus level
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Abstract In this study, a strain with m-dichlorobenzene degradability was screened from the soil and identified
as Brevibacillus agri. The experimental results showed that the optimal growth conditions of the dominant
bacteria were following: degradation time of 48 h, inoculum percent of 10%, pH=7, 25°C. Then m-
dichlorobenzene was used to simulate organic waste gas, which was treated by a biotrickling filter inoculated
with Brevibacillus agri. The results showed when the empty bed residence time was 90 s, the intake gas
concentration was 1 000 mg'm~, and the intake load rate was 60 g-(m*-h)"', the removal rate of m-
dichlorobenzene could be maintained above 85%. After the biotrickling filter was stably operated, the functional
groups on the surface of the cells were changed. Fourier transform infrared spectroscopy and X-ray
photoelectron spectroscopy indicated that the degradation of m-dichlorobenzene was through the oxygenation-
carboxylation-ring-opening pathway. 16S rRNA gene cloning and phylogenetic analysis performed on the strain
showed that the proportion of Brevibacillus agri was up to 69.39%, and it presented a good growth in the
biotrickling filter. This study can provide reference for the industrial scale treatment of dichlorobenzene.

Keywords m-dichlorobenzene; Brevibacillus agri; functional group; biotrickling filter; biological treatment
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