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Biofilm characteristics and microbial diversity in ethylbenzene degradation BTF
during the stable operation periods
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Abstract: The structures, characteristics and microbial diversities of biofilm in biotrickling filter ( BTF) for the degradation of ethylbenzene were studied
during the long-term stable operation periods. The results show that the degradation performance of ethylbenzene kept stable in BTF during 95 d. The
degradation efficiencies were more than 90% while the maximum removal rate was 62.4 g-m™>-h™!. along the gas flow direction, The biofilm pattern, color
and thickness gradual change and the biomass and biofilm density gradually decreased. The pressure gradually dropped with the increasing operation time,
but clogging phenomenon did not appear in BTF. The compositions of microbial community and nutrition structure were complicated. The food chains of
microorganisms in biofilm were long and crossed each other. The microorganisms of high trophic level had a higher population. the structure of microbial
community in BTF for removal of ethylbenzene was assessed by using PCR-DGGE and sequencing of dominant bacteria. The spatial diversities were
significantly found in different biofilter bed. Overall, there were relatively stable bacterial species in BTF biofilm. The dominant bacteria for degradation of
ethylbenzene were Proteobacteria, including three predominant Gamma-proteobacteria and four species of Beta-proteobacteria.

Keywords: biotrickling filter; ethylbenzene; PCR-DGGE; biofilm pattern; dominant bacteria
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B TE TG YR IR AR VOCs IR B B AR
Z— T SEBRAL PRI v B R it A AL AT R R
19T 8RR (Li et al.,2015) . 2= 4% 0k 2 A Wy ot
TR R T 20 SR FVBAARAE B0 38 3k A 35 A= ) o 1) 1
PEIFURLZ , (15 s 7 R BRI AR ) i 5, e ot
PEESR & HATAR I Tl VOCs AW H i 2 1Y
HOR (BRI AE S, 2014 ) IAEXT A i D85 H AR AR OC
5% 28R hAE S DL Ak, [ i s ie Dl 55,
XA i 0 Y T Tl A 0 S 2 B A W R A R A
S5 T Y BFFEIEANE R GE( F/NEE4AE 2014).

EEY AT IR HOR A L R PEE R
B 8] A W 2 A 0 3 T A A A I AR S B AR
Yy e 3 v T Al ) I R 5 A A B A W T R o
TEXTF VOCs SR AL BEASCR DL R %6 B A g 181 7
R Z (Rappert et al. ,2005) .57 T4 Y127 19 2%
R R NG F A5 A Wy A A 2 AR T
AR B BT PCR AR & R o i) 2R A il % =
S-S PR P BE IS FL UK ( PCR-DGGE ) HOR B &7
AR R G0 P A ) 2R P RN R ORE 3 A AR AL A
WF2E A 32 d A ( Tresse et al., 2002 B8 75 1L 4,
2012) A8 3CoHT T A s e e AT i R AR i B
FURZS [ 0 A HLAEE , 32 F PCR-DGGE AW 5T 2%
B GRS A i DB 3 T AR R AR s AT A
P 16S tRNA FERF B A2 FE, 280 A= W i i
PEAN R R JZ G50 1) Ay RS AR 20 B S U E ) 2 R
i Y A W R I P RE S TR W R R 2 AR R Y
HEXR, Wit — L RAMR it ma iz
A7 HE 030 108 B I A R A R A 0 B A S Rt
PSR

2 57 7% (Materials and methods)

2.1 EHEE XL

S FEAEE N 0120 mmx 1050 mm 1) 4EY)
THUEIE , FHFRLASEORL, B R B4R 6 ~ 8 mm, HEFL %
JE 155 kg-m ™, 25 B 90.8% . A1 Wy ik & B P HURH
9 2 AT, BT Z (R 2 LR ST, AR IE 3
55340 )25 300 mm.

SIS AR 1 FTR , R4 HLK 25 OR A
AR, 5 R RRIR G J5 15 BB K
R OHRTR AN AL ELH] , H N IE AL P
UES e TR R rp 5 T A R e e
Bt Ak B SO DS TOUHE HB A PR AR FH 336 3
PRAEIETo ) B mE gk, ZE DR Z g b R g,

P IR HE ) 2 PR IR AR P ph I P A R i 8 O
SE WA BB AE A BN S5 TR, dE R R Y
CEN VIR RSN 3D E R R R/ S DI B S
YA TG K AL BT I, 28 2 i 275 5 i 1k
DA S5 S PR Hh A TR R SR

4 3

E1 £¥EEEIZRE
Fig.1  Schematic diagram of biotrickling filter ( BTF) ( (1) air
pump; (2) glass rotameter; (3) ethylbenzene; (4) gas
mixed bottle; (5) glass humidifier; ( 6 ) nutrient solution;
(7) suction pump (time controller) ; (8) biofim sampling

ports; (9) gas sampling ports. (10) air outlet port)

22 AAMBUE fo %

22,1 LERRKE L ARWE S MY
GCI890A WM& . 73 Hr 45 F: EFE & 1 pL; VAL E I
J#.120 C ;*ﬁi)ﬂ”%ﬁﬁg:zso °C ;#1780 C ;ﬁ%:
N, A 30 mL-min™' 5 43 EG 2 100 15 K50 25
AKIAE TR I 2% (FID) ; (o 3% 4, B4 4E,
30 mX0.53 mmx3.0 pwm.

222 AYBEEERKEER ASYRNIESSY
FaREAE WS SR FH 30 S F B A i Fl B 58 (4L
85,2011 5 A= Py B IR SR FH S A0 3 (X0 A
2000) ;AP FE R AR AE MLVSS 5@ , A= Py
THEMRFEY R, UAEYRET 5 5 0 Pk T 5
OB (mg- g™ ) e fi it 2B Py i A8 Ak (R 55, 2012) 5
PRIZ IR U B4 TR 221100 5E .

2.2.3 ¥ 444 PCR-DGGE o #7 LW ks ta
FEIBAT R 90 d, WIE N4 2 B Bk, e i 7%
10 min, H 0.22 pm JE AL 8, 4 E.Z.N.A. TM
Water DNA Kit 10 &5 19 B3R, B 38, Fe JE 3 5
S UL ERAE AL IR IE T DNA AR Ztf.



10 1] FTERAE AR COR A W) T DB S TR B A T I AR W R IE B B A ) 2 R 5 3563

PISEECE] A DNA 7ER PCR B4R, BT 5140 A
4HTA 16S rDNA V3 =48 X 518r il 357f-GC ( Muyzer
et al.,1993) , N FEJF 7 .94 °C 5 min FlAE ;20
cycles (94 °C 40 s;65 °C 30 s;72 °C 30 s) ;15 cycles
(94 C 40 s355°C 30 s;72°C 30 s) ;72 °C ZEAH 10
min. SR J5 R BN EE IS HL UK 30% ~ 60% 75 VLA FE
5 S PR K R AR X 7 1 45 SR A R 4% 3 AT A 80 V
HLHE T ,60 CHEIR,1 x TAE JrHJk 12.5 h.Fyk 585
J&i , FB K v PRI , SR 5 KBS GHE EB Y rh, e o
20 min J7 , B BUR R G0 B & 5% DGGE H
VKSR VIS IR V3 X514 5181 F1 357f 47 14 -
FHR B NE M R i TR B AN | (] 44 47 3 7 1%
E1| R S S /i Bl 2 5
2.2.4 DGGE EHi& % H 24 fii /] quantity one
A, X DGGE El3% i &7 E 4T F skl Fn o #r
TEMFE S A ZREE R 1 LA AN [R) IR 2 1]
A= D B REAR DL RE ¥ B — 2R B s b I A5 21 1Y)
RANF IR F P X R T H BLAST |, %
£ NCBI( 3£ E EZRAYHE ARG B .0) 5 2Z AR
PR T AT S 5L T 16S tDNA KL B9 (19 R 58
KB W IE L MEGAS. 1 B A 4 il ( Tamura et al. ,
2007).

3 % F 54318 (Results and discussion)
3.1 AWEIREEATHR

DL R W A K R I — B R, 45 i 457 B I
[B] EBRT=90 s, #3244 200 ~400 mg-m™,
AR pH N 6.5~7.0, Wik 4.5 L-h™' KK
N 0.27 m™h™ BRI X BTF R THEE.
FERE B B 1 2R SR FE RN R BB K 2 .
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Fig.2 Influent concentration and removal rate of ethyl benzene

during Startup phase
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— 3 W B HLRE R I (X 45, 2014) 5 M
05 8 dIFUR , SR KBRR B W T =, 215 24 d B
RORINE] 80% A A7, [l s ] 328 A5 L 2% 1] By 2 1T I
BRI s ORI R BRRIE B 90% DL I H LB %
ThaE , RV Iis4T 29 d J5H B8 S 3h i, Bk
P& I A TR ) A W . B J X BTF R SE 647 I g
HFifaf A1 400~ 600 mg-m ™ AYEIETT , LA REfRR
A5 TE 90% VU L.

BTF AR W25 5L A&l 3a FR. FE Kk 95 d
(R3Z AT ] PN, A 00 U0 2 e L R A Py e 1 LA
Bt LA R 2R R R BTF 2 G0 0 o 2 5 5
J&,7% %5 BTF RS 7E &R 1k BE #E 400 ~ 600
mg-m~ EBRT 4354 67.8 .45 33.5 s B4 F iz
PO S UE O B N 400 mg - m™* 245 EBRT A
67.8 s I}, LR M FERRRBURTREAE 95% i s MR IR
PEFE BE E 600 mg - m™ e A7 S R i R [ 2
86%,8 d JaPkE 3 94.5% ; W55 55 d FFIA¥s EBRT
IR 45 s, LORWRIEAE  BTF XF LR M) B
WS, 12 d J5 BBRRIKE B 94% 7247 165 74 d
LBRFIRFH] 97% ik — 458 EBRT % 33.5 s, LK
LR FBRBER 75. 1%, {3 H L B 17767 35 3 50.5
gem h7 0T 21 d 3 N R K LR IR R T
E 5 91.6%L L.

H1 18 3b 7] WL, 78S BTF &R 40K 135 17 14
H CORFBAE TR HOR b e B, B2 S0R G
FERRMTTIREN, iR T O RER R E L T 2
LR E e BRI, ok 2 Ok 2 th R i ok
AR, SR T _E)E AR R A
D E S5 AR B, RN #% 9 AE 9 i 1S, JR
B YR 2T FE AREE EBRT &/, iF
AT IR, L2 OB 22 ) 5 fift 30 30
B, FESE 71 d 5 90 d FEfERME T 31%. % BT
MIFFELETT, 55 93 d iR, T2 H0B KBRS 0
FhAEHE 7R AN AR B 25, #E S 6 ey B T
EBRT, )2 HURLXT o8 J2 85 2R Bl 1A 671 A 9305 B0 171
Wl (H LRI R E B T £ AR
32 BIF 2G4 HESERL

FE SN #5328 4T 1 18] 35 BT S 0L 2 OB R R
1£.0.25.0.35.0.65.0.75 m 40 Ay 4 BEH A 1 F 1
() DX IR T T A= W o r . 45 R LI 4.
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Fig.3 The change of the load and the removal rate of each layer in different EBRT conditions
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Fig.4 Development of biomass across BTF with time
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Fig.5 Pressure drop comparison of the BTF

MIELS B0, Bl BN 4 B AR AE 1217, BTF
i%%%ﬂﬁ%gﬁé@iﬂﬂ , T2 BTF B8 9 e 3% B
s Fiah HREARIE N EBRT B, 23 5 3005 I #8 K
BRI R B E BT R TP A RS
T e B AR I 0. 25 SO g s A7 3 85 d i, B



10 1] FTERAE AR COR A W) T DB S TR B A T I AR W R IE B B A ) 2 R 5 3565
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J2 FE e U 7 486 . Gs A7 5 391, A= i il R AR
RSP A e T BU AR R ERE BT 2R
WL R BTF # AN P A7 8O FaE , 18 7 PR R 4K
U, K 3 BTF 35 JEM 4.

3.3 BTF 3% A {4 4 Fh B 40 Ak B A

I X BTF AN [R) PR 2 2 9 i A= i 4 7
A= R RER B 43 BRI, 7 S5 I i e A 38 4 7 4 1) 3
R FE A L JEAE Y R A s A 4
KB, o JF L sh i A s A shi £ 54 12 Fh, 0L
% 1.
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Table 1 Characteristics of biofilm morphous and microorganism population at different area in BTF
HURE 535 B/ em AW BEIRE L/ pum AR S FEBIB Y
95 5 (200£10) WL, R O =R QA Y MR A AR R B R R AUR,
SR W, ot
s s RN E AR R dUR e U R
35 (160+8) pm Bl A (W O, R AN b 28 0
ST AL R AR s s, R AR, N E A
65 (120=11) pm AR O E RS, W U | 2 it
75 (65£15) pm NP /S RCRESE/ N SR 0 4 M0 1 - 1o e B N M O 5 7

oA

il

1M T BTF i AE WA BRI, A< 2
BTF Bt , A AT v 4 0 0 2B e 320k, BLZE e
JE LR R TR0 5 Wb TR (B s B S TG
VA Hp AR S0 ) R A sl 2 e 1 T, OB AR
T RO s AR I A SR R R R, HL
P A A28 )R ik A S B R VR SRl AS ) 2%
YA PR IEOREZS (8] o AN R A 28 (] A 28 07 7R
[FISE B BRI OF 5 | R B s i 5 FR
B PR P U8 S RT3 114 B 2 R

BTF A= ) 5 i G35 1T LA B A5 e 1) 57
FONE BT, A T A0 N A B Y R
S JE A B, e R R e SR OK U
YRR EE QTG , A6 A P b BT o LB s s AT B
BTF R Ge3 AR Bl Ak, 1 52 G0 9 A0 A ] G 2 580
B, BEYEEK B A X, X AR A 8 TR A
RKIER T BTF B RGMFE M, W BURFE 1)
JB AL PRASCR B T AT S Y PRAIE.

3.4 BTF £ fEAR MMM AR B FAE

FEAE YIRS B AT AR E BT, DOAS [R SR 11 rp
B B, T 2830 2.5% I3 RV VR B 8 | W 1R 2% o
WO UE pH =8 B EETRE LK BT B B e AR VR T
Jh S AL 9l e A XL B o 3% T A A 0 1 0 A
FHIEES S5 FmE 6 .
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B AEAE R BRI R B R s A, e
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Fig.6 SEM image in BTF

TR BRI I , B L2 A, 5 a3t

PR 1 A2 B A, B R T B0 Y A P R A
IS0 T RLRE R R, A PR AR 5, e 2R i



3566 woom B

¥

36 %

B LB IR I e i £ R 3 DGR .
3.5 BTF 3 W &4 & # W41
3.5.1 A EEY DGGE 48 BURZE A&
FEAL B RE S, SEAT AR A A5 AR PR R B i H YK
(DGGE) , 133 DGGE Kl 7a S 5547 AR 7R 7
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TRGEREMR R IE SRR A SR R A LA
FEEARIL B 65.1% , Hrp kil 1 F1 3 AHALLEE 35 3
82.4% ,UKif 4 VKiE 2 FHALLEE A . X & i T BTF
HURHZ A1 18 P02 I RR R A 3 | A 1. RV A7 [+
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PR AE SR A ) LR S B A 4 PR AL, PR e 45 )2 v B
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FER 7h H, —2E 2547 1 7.8.9.,10 12,15 il 17
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@G RGiAa g BT, HAL R BTF KRG 5 334
IR B R P 34 B i 0 R ) R )2 9 B (B AS ]
R HAEARRZMFEEAAEZER A 518 Ak
W19 ANAEVKGE 1| FNykGE 2 P, A HAR R 1
JEAEAET BTF JICJ2. 3% 1l BB A& h 33 6 4547 Jr X i
(A T B AE M 5 T8 422 o 2] 901 Ak 3k R Hp o 2 S A 5
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Fig.7 DGGE profile of bacteria in different bed and similarity
diagram of sample lanes ( Figure a, 1 ~ 4 representative
samples in the height of 25,35,65,75 ¢cm, and numbers 1~
21 in Figure b represent a stripe of the microorganism lane )
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Fig.8 Density comparison of DGGE lane
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3.5.2 AEHEEHIAATHNF oA KRS 7a B E
L) DGGE 4547 , 4 4% 1.7.8.9.10,11 12,14
18 1 9 KR, HEAT YD E) Il | s B I 3 o3 B e ¢
AT 9 S MAHHAY 16S tDNA JE I W55 — 400 5 ¢

H7F BLAST |-, 5 NCBI w1 5 2 [a] J5 PR 4 5 i 2 A0
FEHN AT AR /AT 3 3 MEGAS. 1 344 il 3t T
16S rDNA LK I R G KB, 10K 9 k.

100} Band7

96

98 band9
| FJ628378.1Thiomonas sp.

S band12

| KF896131.1Pseudomonas sp. SR67
bandl11

30 94 I: FM877667.1Uncultured gamma proteobacterium Sliv-129
Band14
28 —|
991NR116008.1 Pandoraea thiooxydans strain ATSB16

Band1

36 08 |: NR 114261.1Frateuria terrea strain NBRC 104236

63 band18
—80|:NR 0742191.1Bordetella petrii strain DSM 12804

| NR 074130.1Leifsonia xyli subsp. xyli str. CTCBO07 strain

— 88 Band8
|——NR 040897.1Giesbergeria giesbergeri strain [AM 14949

| band10

100L— NR_119029.1Clostridium cellulovorans strain 743B

B9 ETF4EHE DGGE i EHH 16SrDNA EEFFIM RE L B
Fig.9 Phylogenetic tree based on 16 S rDNA gene sequences derived from DGGE patterns
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