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BTF Performance Treating a Chlorobenzene-Contaminated Gas Stream

ZHOU Qing-wei, ZHU Run-ye, HU Jun, ZHANG Li-li, CHEN Jian-meng

(College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract ; In this study, biotrickling filter ( BTF) inoculated with acclimated sludge was established to treat waste gas containing
chlorobenzene. The BTF performance, average well color development ( AWCD) values and microbial community were examined in
steady state. Results revealed BTF achieved removal efficiency more than 80% of chlorobenzene under the conditions of < 0.6 g+m~*
inlet concentration and > 45 s EBRT. Therefore, BTF have an advantage in treating low-concentration waste gas containing
chlorobenzene ( <0.6 g+m ™). The overall chlorobenzene elimination capacity reached a maximum of 70 g+ (m®-h) =" at an inlet load
of 80 g-(m’+h) .

complete degradation of chlorobenzene, given that some of the organic carbon consumed is also used for the microbial growth. The

The mass ratio of carbon dioxide produced to the BTo-X removed was approximately 1.92, which confirms

degradation of chlorobenzene in the BTF followed Michaelis-Menten kinetic model, the maximum specific degradation rate (r, ) was
35.6 g-(m’+h) ~'. The AWCD values indicated that the microorganisms in the BTF showed high the microbial metabolic activity. The
PCR-DGGE fingerprinting analysis on biofilm samples in the BTF indicated that the microbial community had a relative stability and
complexity during the steady-state phase. The stability and complexity of microbial community could contribute to the degradation and
mineralization of chlorobenzene in BTF.

Key words : chlorobenzene ; biotrickling filter ( BTF) ; kinetic model; microbial community; PCR-DGGE
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TEPETS JE A oA AL R A TS K A BT RS
i, SVI {H A~ 151.39 mL-g~', MLSS & 9924
mg- L~ IR W5 & PR TF B R B (MLVSS) i
7839 mg-L~" ARG E AN 2. 24 x 10°CFU-mL ™"
PTG PR AET 000 mg-L ™" AUSEEW B T, ZE 2L Yl
6.3 A, DA 1) IR AR B HAT S8R B A P B 1Y
e s TR B R
1.1.2 PEAREFRM

BTF I E F WA M :0. 11 g-L™" K,HPO,,
0.04 g-L~' KH,PO,, 0.545 g-L~' NH,CI, 0.067
g-L™" MgSO,, 0.036 g-L~' CaCl,, 0.13 mg-L™'
MnSO, - H,0, 0.23 mg-L™" ZnCl,, 0.03 mg-L"'
CuSO, - H,0, 0.42 mg-L™" CoCl, - 6H,0, 0.15
mg-L ™" Na,MoO, -2H,0,0. 05 mg-L~" AICl, -6H,0,
pH 7.0 ~8.0.
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Fig. 1 Schematic diagram of BTF system
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F AR (Agilent 6890 ) I & AL HJE | {1,
JEAE A HP-Innowax B 404 H (30 m x 0.32 mm x

0.5 wm). FALE K 2% (FID) FAE T3R5 20 ) N
200, 180 A1 100°C , # i & 1 mL-min ", YEEEE 800
pL. N, HES, MR N 33.4 mLemin ™', 3 A
30: 1. AR i 43 31 40 F1450 mL-min ™'

KM 53 (Agilent 6890 ) 1l & — & AL B vk
& a3k N HP-Plot-Q B4N% H: (30 m x 0. 32 mm
x20 wm). FEHEE K ES (TCD ) FIAE I B2 5351
790, 100 F140°C A3 & 5 mLemin ", #EFE & 800
pL, AN A.
1.2.2 BTF LZZH0E

(1) IRA R VR A (MLSS) IR A W A% &
BV EAR (MLVSS) (15 AR B8 50 (SVI) 45 H4y 4 iR
SCHRER A A BRI ik A T

(2) pH:Docu-pH Tl %E.
1.2.3 Biolog /37

M 5% S BESCHR [ 10] 2 Biolog ECO Hu43#r
A REE AR T | IR B S 1) A A A i A
Biolog -4, BEFL 150 WL A4 H B i, 9% )5 45 °F
ME T 30°C R FRA 55 FE 168 h, &k 24 h FBEARY
(BIO-RAD) i z& 96 4~ fL7E 595 nm T AYWOGREE, LA
AW S €2 B2 N 1 R
1.2.4 PCR-DGGE 43#7

(1)DNA #2Ht

15 IR FE A DNA $RBUR4ifk | R A B H g T
YR A BRA T B 3S FE 8.0 IR AL S DNA
iR & V2. 2.

(2)F X 4H DNA 1) PCR 9" 1%

D 16S rDNA V3 AJ 45 X #E4T RCR ¥4, 16 H 40
P 938 A5 19 PRBA338f il PRUNS18r, 51494
FAY TR (KE) A RAF R, P850 8. -
7514 GC-PRBA338f <5'-CGC CGG GGG CGC GCC
CCG GGC GGG GCG GGG GCA CGG GGG GAC TCC
TAC GGG AGG CAG CAG > ; Fii#5|4: PRUN518r
<5'-ATT ACC GCG GCT GCT GG >.

@ PCR ¥ 454 :94°C TS YL 5 min, 35 &
R (94°CAEYE 60 5,55°C Bk 60 s,72°CHEH1 90 s) ,
2 72°C ZEH 10 min ,4°C {76 10 min. PCR #347=
WE 1. 5% Agarose KK 5 T - 20°C AR A4 .

(3) ZE A P HE I HL Yk ( DGGE) 43 #7 < SR Bio-
rad DCode System %3 Kl 5B 450 R G2 %t PCR 74
BT T

(4) E [T DNA H-BEFl PCR 9744,

(5) FLREFNI 3 . 5 3 AN P TAF fy 1 ifg 5

i}

gﬁ
AW H AR A B2 B 52 . 8 00 A5 20 5 T 5 58
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2,11 YT UEIE RS SRR 1B AT R SR
() B

P2 S e RS sh AAR e a8 TR [R) 452 84 At
6] (EBRT) FlIAS [F) i#E S BE R BTEF X Sl 2R 1Y 25 bR
% A ST BE EBRT %0 90 s, Wik &4 30
Leh ™' R GERMIE AN 0.2 gom P BT £ 1
gom " ZEA. BRI A AR R BORE AT, LR
PEN IR 2 HE S . BTF 3847 24 d J5, @A 2
BRAFFETE 90% LA L. 1517 30 d J& , 35 N LB B oy
IKE T RAE 33.4 g+ (m’-h) ~', ULH] BTF 2058
BCEERR A 5.

& 2 3 B R HE 101k B RS I, EBRT 34 7
ARJE, BRI A 5 1 o B S 4 e e, AR
FFRBW AR, YOI EMRT 0.6 g-m i,
EBRT 15T 45 s B, BTF Xt & 78 22 B R4k 776 80%
PIE SO EA S E 0.9 g-m B, @R LR
A FFTE 60% Loy, RAF FER WA S  EBRT K,
A= R 55 Y B T 1 A TS Tl B | Bt il (H
J2 DR AR R M ) AR R A, T PR ) E S B
HH. G, BTF AR P IRIR E ( <0.6 g-m ™) SR
PSR B A B
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Fig.2 CB influent and effluent concentrations and removal

efficiency during the whole operation of BTF

2.1.2 R HAmTAY RN
SR 2 o A iy Bt S 67 for AR AR B An & 3 I
7~ FEARTE] EBRT 2510, B 0 far 5 335360 Ay 1) 748

e IEA — 3 YR T RARET , B 07 for B 2
AP B I0 FE AR S 2R R, S B R AT 4 R AR
90% LA I, Y ffar >80 g+ (m’-h) ~' A, EKR 7
T TRE , ol 70 g+ (m’+h) 7' AR ERR T
T BR T A LS TR SE B vh AR 1 A0 B AtE <
WeEETHR R R &R B R, O 5 B U R
B (EC,..) M LG, W25 HI B % Ak 5 B 75 S5 ik 5
HERL , PEPRUE B PR R IE LT R i L bR s
X TR B KR S X I 2 R s Tk
AR B, Yk WM T 0.6 g-m A, EBRT & T
45 s iF, BTF X @8 6 L BR R 7E 80% LU I, iF
— UL BTF AEAL PR IR ( <0.6 g-m ~*) SR
1S HA B LA

m EBRT=90s
80 - % EBRT=75s N #
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E *
g a0 Y
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Fig.3 Variation of the elimination capacity vs. inlet load

2.1.3 CO, /"

£ BTF iz ATt v, SORTFE IS 55 T i fiE
Ik A CO, K, IR gk G E A & i B &
AT CO, F=a S R BTF 2% bk S AR R A IR S
WAL PERE R B B2 8. CO, A nl fa: Fifi G4 25 Bk B oy
HARRIEB ILIE 4. 7ERE EBRT T, CO, F= & Fifi 5
HERAMEEME Ry = 1. 920, BiE |, B
204k CO, i SH AR LR N y =
2.35x, R AR Ik 81. 7% . Mok, &l 4
Ak Sl s FEK EBRT £ M1 0 42 v S 40 1k
. Hassan %[11] B R BTF BRI LR 2 H
77% ; SCERHRE CO, 2B RS BTEX 1Y 2B 7 fir i)
Ffi Ay 2. 50 ~2.93 Z (a1 R 4 R B COo, K
Priy A i S BB A AT A7 — i 2200, 33X AT B2 Hh
FRAATIYEEA A Y A0 L ) 5, 3 — 4
ALl HCO; \H,CO, 3% COT fA1E THiAH .



3676 7 A - 2%
0.12
=0.002 14z + 0.028 06
180 - Y= 197 s, | 010F RP=09337 row=3563792 K,=0076265
R=09789 pi
)
150 | N & 008f
T ki
£ 120f o <30T
atn
= b A 24 (8 004)
B 01 R K m EBRT=90s e
N * EBRT =755
S el N o EBRT=60s 0.02F  *
% EBRT =455 *
% EBRT=30s o , , , , , , ,
0F & EBRT=20s 0 5 10 15 20 25 30 35 40
L jmigt
0 I 1 1 I Cln
0 20 40 60 80 100
KBRS/ g-(mh) ! 5 S#H Michaelis-Menten 3h 112 & $HE

4 CO, "EMSFERATHENLXR
Fig.4 CO, production at the exit of the BTF vs.

the elimination capacity

2.2 FJizEa

i3 Bl 5 e A Al DL TS QR N B A% o
109, JFRENBRIE b A BT e W ek 5 2 B P B 1)
ISCHR. 7E BTF v R B A & i B4 46 PR A B
SRR, A RS B A v, B e AT A S
Michaelis-Menten 571" 4] J AT,

wo Ko (1)

- Cy T €l r

max n max

Cyi
:—EE':F‘,V:BTF MX R,m%Q:’ﬁﬁi?ﬁ%,m‘% 'h_l ;Cgi:/%
HRHSHSE  gom e, RN AW  g-m 7 5¢,:
(cg= ¢)/In(e,/ ¢,) gom ™y, PALRERA
R B il 3 % g+ (m’+h) 5 K2 SR R R R
g'm .

15 BTF e i 41 Br B, T AE 0 i A R R
ToHOR T R R O M AR R E
W, AR E BT B 2w A E A
Michaelis-Menten 2] J] 2B RUHD G 25 R ULIET 5. M
FLAAS Y, B0 A B e K I il %, T 356
g+ (m’+h) " SARM AR K, R 0.076 gom L K,
] [ FAE TS Y W 7E B I ROAE AR E S i T3
HABSRA K, HAER Y K EIE LT 2 4ol
KPR 0 (W JE L k1. 7853 gom ™,
LFRZME2.3053 g-m ) MY K_fH"™.
2.3 BRI FR RS

AWCD BRI ) Z [ AR G R, AR
TR AT SR W A 2B K Sl AR R 22 4 3
FEUINF(2) K m AR E I AR B S

AL

Fig.5 Macrokinetic determination of Michaelis-Menten

kinetic constant of CB

y = %e(l_) (2)
K a EEFRI R T ) S RO B s b Rk E
B KW B (B — 2 s B s8] 5 1/ A WO B (B
AR AR EL 50 Ry 53 ) 35 5 B ) FIORE X 0L 19 - 35
W
HUBTF 3217 110 d B A R AT I, 5 2 L
FRUHRRYE. T P 1 75 ) B8 AR5 T ) s 25 A2 Ak il
LNE 6 FroR. W] LAF AR 0 R i 1 I a5 SR 45
U0 A G 32 8 3 A AR R DG R B35 E) 0,99 LU
. BRI B 12 SO E A TR
BN 122U A A R A 0 PR v A R
KABE T Bm , A MRS S & SR B 25 Bk
fE 1.

3.5

3.15
= EBREy= 4837 1

1 +e( 1349 )

R?=0.9938

1 1
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Fig. 6 Kinetics of average well color of development

for biofilm samples
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&7 2 DGGE 45 & [, 78 AH ) i <k B2 (0.2
g-m™’) ﬂéumﬁj EBRT T, 16S rDNA PCR =4 i
DGGE 7B 45 LK 7 (a). JKE 1 ~6 2 9t
EBRT jyzo\ 30, 45,60, 75, 90 s (¥ N A Wy HFRE
i DGGE 852Kl DGGE $5 4 ykil £ 2 ALHE 7 4
B A5t 2R AR W T R BT A A ol
BELEF 76 EBRT 2 30 F120 s I UK GE A 40 1 2%
[ 0 25t B, 6 B EBRT 2 8 45 52 W J g

THTTLLELTE

(2) MRS BEFIAR FEBRT

AT Y R AS A. AR L, A TR VR B AN [
EBRT 4514 T, 35 N GUUZE D AR E S5 AR X A e . )
—IRJE (0.4 g-m ) M7l — EBRT (60 s) 21 F,
16S rDNA PCR F=#11) DGGE /345 R WE 7(b). 1
~6 S RFIZIB AT SR T R [AE A 7 B[] AR ) RS

it DGGE $88C . WA Al UL | Jsz i AR 28 P9 sk A= 9
BELE R AR e, R A]— ¥k AT [R] — EBRT A
N7 g P A B A e S R A s O R e

«BEEACRRARERG

(b) AR EFIAH FJEBRT

E7 BTF iz1THliE DGGE 4 E
Fig.7 DGGE fingerprints during the operation of BTF

T 3BT BTF 4 5 6 fife SR DG B8 4 FH 9 ik
HEIRREE, M 16S rDNA DGGE f84 Kbk #4103
PEB) 27 AT I, IR AT PCR 97386 | Sa e A Iy
HEEHG8 1 Blast )75 GenBank A% R B4 #E 1 7

LEXT 3 AT, 356 B P SRR AR e e () TR 000 45
R DIGER N BTG R BT KR P RE T
BEE MY M, £ 2 A1 Bukholderia

Acidocella . Mycobacterium F1 Frateuria 2 H ,
Burkholderia 52 SCHR i 18 19 =5 5 1R i 19 3 25 B% i
W7 Acidocella M1 Acidisoma  tundrae 2 V& W2
w0 R AE BR A A% FFR G AFAE . Mycobacterium J&:
BRRAE Y FEFEMHH ™, Pandoraea # 3% H AE
R s S 2 MRS YR T R
P T M R SR v 1 R i R B R R

Frateuria

&1 BTF AL E 16S rDNA DGGE K EIF£ R

Table 1

Sequences of DGGE fragments from biofilm in the BTF

&ty J¥ 5B /bp FML B (B 5) AU/ %

a,h 237 Burkholderia sp. ATSB16( EF397578. 1) 99
b 212 Acidocella sp. (FJ915151.1) 99
c 221 Mycobacterium sp. (F¥J807672.1) 94

d,k 221 Pandoraea sp. AlI-S260 1(EU912486. 1) 94
e 215 Acidisoma tundrae( AM947652. 1) 100
f 209 Opisthonecta minima ( EF417834. 1) 98
g 239 Thiomonas sp. (FJ628383.1) 99
i 173 Bacterium enrichment ( HQ329109. 1) 100
j 197 Frateuria sp. (FJ628379.1) 94
1 166 Actinomycetales bacterium SW102( HQ418230. 1) 88




3678 7

7

E2 R &

SEH AN G E P RE I S5 AT S 2 P ] e I
Xt HARTG R AL, IR A R IR R & ik
Yyla) ] e 3L A A A A A SR IS A T
FUARTS G i R i A v, AT A0 B2 35 T 0 1) e i
AL, 0 T SL bR TR, IR ME M IR R AR T
WAL R R R A AT EL
PR R ERET , AEfr 2R Wy e i 1 2 1 A 25 5 R AR
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3 g

(1) AHIEFE LA 1) 94k AR B ELAT SR R fie v
RE R w1 MR TR A RT3l BTF B SR R <.
TR TRE R 0.2 ~1 g-m ™ EBRT =90 s 5%
PR ,i897 30 d W 5E M BTF A5 25 2430k 11k g
f£F 0.6 g-m *i},EBRT & T 45 s i}, BTF X &%
ZBRRYEREAE 80% LA I, B BTF 7eAb# IRk J52
(<0.6 g-m ™) EREHA A B MEHE; it
AP >80 g+ (m’-h) 'HF, BT TRE, N
70 g+ (m’-h) "' 247 BTF REfRER CO, Mk s
HERM LR 2L CR, KT LKL F
81. 7% , & S/ (1) SR T BRI E R FH R f.

(2) BTF X 5828 (%) B fi# 17 0 £F & Michaelis-
Menten 2J) Jj2FAE Y | A R B IR R B i R 1l
35.6 g-(m’-h) ~'. Biolog ECO /= ¥yhBEACIHS 1
SHTERI BTF 1A 2R N ZE MRV A KR i, B
A B AR .

(3) VAR R AE WK PCR-DGGE 15 20 K /3 A %6
B FERE 1B TR BEIE IR W R 45 4 LA 3
TR fFa EPE RS PCR-DGGE [A1 U 5 &5 S Al
JE R PEXT L A3 BT, WS SRR U BTE K R Nk
AR AT DA R R R R AR e R A
ZVERTfEHE BTE X H AR5 349 0 2 RS i A4k,
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