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22 I EE R AR A 1.91x10° m¥Ym?, 5 40 T A b 2 [ A 1
R T LS i HOR R K A LS G i B ke, LR
BRI ARCE D I AR ES X I bt e K 2 BRiE R N
248 g/(m?-h). Aizpuru ZERIE ] T 78 B0 -4 R LA 10 AR
PR, HERRFEEM, R LRI ERIA
3| 70%-
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) AR SR 10 45 T .
1 MR55EE
1.1 ER

BB A VRS I E B A BG4y, EAAMUE A
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ORI VERE 2 RO T AE DD IS . AR ORI IR B 38 18 4T B
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LR, WK AN, A GIEIE, AR5,
RIS 2 FL A B U EII G AR, HE R, R B
THUEIN S EVIREAS 2 L, HUBGR v, (A A i,
HIERRY S5 Fatt B A A HUSEORHRE S B AE P S (S
FRITr, HREEISATI e, AR LR SE,
SEAGUERET R KA E N TEN R U R
RIHAE, FCREBUR, RFRUEMIMREEK, HEAGE

SRAEYRAE IR, FUHIX 2 MOERHNREASE, BaE
BRI R R IR, R R AT M S, BRAR B
MIRLH . Rk, AT LK N 30 mm 72 45 [ HeR i
W R R0 K L AT R 2R D e 25 (SRR, 2 RbEDRHZ AR b
N2 LI BR A S E T e . 2 Bl R BT
P 1. HEHEREE 2 4 121 °C, 30 min K
AL,

F1 ERMHE
Tablel Characteristics of packing materials

- N s - EESEA W MILERE HAFEK RE
Pa:kirfﬁﬁaterial Stackinytziij EF; o Pjrlﬁfw or ani?c}ryiter/'y Specificsurfacearea Density/ Conjugate  Moisture holding lrlev;ﬁue
g g ty/(g ) yIo [¢] 0 /(mz-g’l) (kg-m’3) diameter/um capacity/% p!
FARE K2 Pine bark 244.3+15.2 59.9+1.2 98.2 18.39+0.1 212.6 0.74 56.3+3.8 5.65
K1l Lavarock 591.7+17.0 65.4+1.4 0.6 2.77+0.2 738.3 50.01 28.9+4.3 5.93

1.2 H4ssER

Z AR UE M R G010 A ) SR i 40 A 4
Evk . 500 mL [ B ETER IR B =4 30 C.
150 r/min /4 R4k 885 9% 3~4d, ERVNEEER, @it
IE SR AR . A AV BEEE BRI i a1
Frw, ME 1 FaT LLE AR B R IR R E T 2%
O n ZEHRRE M E A K R, — AL SR g
Bt nZ R AR,

|

ROETZER

, - ¥
REZZTWEBR REZZHEEM

RERY
Trametes versicolor Trametes versicolor Inoculation trametes Growth of trametes
suspension versicolor versicolor
(74d) (3~44d) 24d) (6~8 d)

B 1 ARk g At AR U
Fig.1 Microbial inoculation of biofilter

1.3 RWEKE

AEVIEEM TN ENLBES, FFEE, A4 108 mm,
1 1500 mm. AR RIEEHA R SERERE, BRIK R GEE % LA
FAE SR AT N 5], HAEYIERERISER > N 3 E%
A s BOk] 2 v BE 4524 300 mm, S EDEL G BE 4 900 mm,
HURHZ ARG 200 mm, KR MARUA 824 L. & E A ik
LR, JSFHEHBIREENSENE, BEBWEAES
PCRFE . WIS RG2S B R B WA 2 fis.

A=W B R FH 6 A5 2K (counter-current mode) 14,
HECS RS VIR RS BB ARGA pH BT R4
AR . A SRANIR AL SRR, S5k 2
B, —# A A TR (Kemel, 99.5%AR) A%
HRRS; B—ioas 5l grmmnigim, 558
HORTE SRR A SR GBS G NAEIEES . — CIRE
FI R RSNV IEISEREAN, & 3 EHERE 1 b)E
A TRERHE o AR A Y VeI A 38 B K FFR 5, i
RMAEYEKNTE, B 54.45 mL/min {5 R

REAE BN AT 2 AT, [AIB% 1 h 15k 1 7K, BRI 1 h;
ERBBAEN 1L, RGsiridfEd, SRIERA
6%~10%/4i 4 (H#tSmEA X)), HFE 7~10d &
FANTEHE TRW, RE R G MR E B T. pH R RS
T REBURIE IR pH A (45 4, RIEMAEYIN
s K, RIGTE S 25~35 CHIFM T BT,

E% Hrs3
AR Export

7 three
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Towm 9i3 40 "
—o A2
ERIE AR 7] Export
Air pump Liquid toluene 4 two
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Fig.2 Device schematic of biofilter

THLEEFR (g/L): 1.3KH,PO,; 18 NaNO;, 0.38
MgSO47H,0, 0.25 CaSO,2H,0, 0.055 CaCl,, 0.015
FeSO,-7H,0, 0.012 MnSO,-H,0, 0.013 ZnSO,-7H,0,
0.002 3 CuSO,-7H,0, 0.001 5 CoCl,-6H,0, 0.001 5 H3BOs,
0.5 A& X IH E B A 4 KO, pH (B 45241,
1.4 SWFEE

L) HZRIREER A Mt (GC1120, LifgskF1EF)
FFBCAT N2000 €03k T st AT s, S A S5
% E ;. FID (flame ionization detector) Fiili%e, FFAP
RSAHBARE K 30 m, W% 0.25 mm, H: R REE
0.25um), FAMERNES . AR 1EN: i 60 C,
HFESRIRAE 150 C, FID Rl #8365 250°C o 1% 7 Ak
HFR A 1.5x10° mg/m?, Kl R BR A 6.0x10 mg/m?,
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2) WAEMHEOTTE: WEIIEES TR L g R, 5
KGR (0.9% NaCl) 1EAE R P T IR &,
R EIR 30 min 7, ARG HHATREE RRE, R
FERNG TR A0S, AR IRAE 30 C4MF T HEE 3d.

3) &% 5 1A testo510 {8 4 =X He 22 W 5 A0 i

4) YR AR CX40 HL T B gt .

5) RAVIUEE RGN 3 PR RN, 3 FhE
BINEAES, KYRIHE S, FEE 3 MEgrE
FR R B At A nT e B ORI AR FH o 3 P e e v P A DU
JHEWTR

KA EE (Lip): #EMRETimA 2 mL
50 mmol/L 7 47 BR- i A FRANZE th TR (pH 18 2.5), 1mL
2mmol/L &/, 1 mL FHEER . 285K VE TN 30°C K
iR 5 min, BUH R SKEE I 1 mL 0.4 mmol/L
HHEEAE, AN e EE TR 310 nm &k 30 §/2.5 min Py
W AR AR AL

A EE (Mnp): 7E/NRE A 2mL
100 mmol/L P54 F&- 10 A1 BN 2 s (pH B 5.0, 1 mL
0.1 mmol/L WifREL, 1 mL FERE. SRERREN 30 C
AR A S min, BUH S RS E I 1 mL 0.1 mmol/L
A, M TR I 238 nm &b 10 s IR
(TR

B (Lac): fE/MEHINA 2 mL 0.1 mol/L EEER-
BERRENZE VA (pH 18 4.5), 1 mL HEER, REHR
BN 25 C/ARBAEMA 5 min, BHEFEMA 1 mL
0.5 mmol/ L ABTS, 2413 566 EE tH I 420 nm 4L 1 min
IR FEAE A1k
1.5 HHEEEITRGES

EVIEIEIZAT N 3 A B, A B riaiE 1T
AW 2, FHETEYIEIEIZIT 90 d WAV R
B, AFEENE (RSARRETERD. S8
I B o) A A B3 144 B 2 [ 1 BB E A

x2 HYIREETEHERE
Table2 Operating conditions of biofilter

e B L EOREE R
g BITRE gas R R T Inlet Inlet loading
Phase Rdunr:/rclig f ?ﬁ;eéegfr'gn concentration rate
S LnY (mg-m¥  g-(m*h)7)
i 300 7.28
MIELL ) 5p 200 1483
Phase one 600 14.56
7N 300 14.56
L2 51 70 a00 742
Phase two 600 29.13
N EIL
B3 o1 90 800 371 300 29.13
Phase three 600 58.25

2 HRE5R

2.1 RBEEERERHEK

3 M9 RSFEEN 20 d JF, ARESE 2 BRI, i
40 151 100 5150 P8 LBE AT, B 22 0 1
{1k (6% 2 2 K S DL TR AE & T AT, 62 KT R
R A R AR, TRRIR B 20 . L Pk
AR K, TR — T . e

L2 R R, AR B 22 2 TR B, AR
S R L P 24 T 8 R T A A TR 22 I S5 LR
WA BTV T J— A e BE TR S5 K o X ARE 58 A IR 25
e RG] 22 AR (R B A A5 L B RO SR AN, REMR B K
B AUR VAR, 3 BN 2K P PR AR AN SORE 2 A o
A AR SO AT S A A i Sk YA ) e At 11
FEBRAES . ME 3 H 100 £5 1 A o] LAVE 28 Hh
BRI Z T B LA BT S AE .
’ N

a. 40X

B3 aFEMRTREZZNHS
Fig.3 Form of trametes versicolor under electronic microscope

2.2 FEREZRBRERTEITS

A0, 25 22008 R 1 % A A0t — LS g 1) 7= A R 2 8
R it 2w T = A T — D) AR ) e R S A A ) e A4 71 il
KZ5. WAREE R TH. HEEE 5 RIFGEmNE
VRSB IR R AR B I S A (Lip) Bl A )
(Mnp) FIEEE (Lac) [IEEIE .

H B 4 HRS ISR OS> & 3R (Lao) BEEN
2 UL Kiti, BEAEWDIEIESATEREE (Lac) BRVEHEZ T
%, 5d NEREEHEH 2U/L FBER) 0.03 UL 4. il
AL (Mnp) IBEE B, 78 0.02 UL Afi. K
PR AR (Lip) BIEREHEAy 0, Uit 2
WA WA TR EAIEE (Lip). 7E1%EY))eE
KRG IR Z A FIN 703 Lips Mnp A1 Lac iX 3 f
fitf, W4T Mnp Fl Lac 2 Fii, 1X 545 5 SCHk A i e
ﬁs_ﬁ[[lg]o

2k —=—ZEHfLac
—o- ARFRE S AL EELip
—— g AL YT EEMnp

G Enzyme activity/(U-L)

0 5 10 15 20 25 30 35 40
Bt 5] Time/d

B4 k&= 285 AN IRSEATH I 69 1k
Fig.4 Enzyme activity of trametes versicolor varied
with biofilter’s running time

HAREZAG T RS T 2 filg, Jf HAEMESIR
IR IR DL T A% 2 2008 R (1 B e R L9 0 32 3R
Wi, LIStz 2N R AR AR AP IX 2 R AT fE
BOA KA, TR HA B 2 5 08 2R AT 2 A o
HLAAFEER B ROAE T, A7 5 Ja SR IR A B T
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KRR WG RGAE G BERHS Je () B A b A R
FHER, SRif, KK RSS5 BTEX CERAYD
AR BT FTIEAE W b . Yaday PN E I P chrysosporium
TERE BTEX M ETEAEARRENZYS, Ml
2,3- 2K MU0 4R Bl A B 3A 55 R T 3R . Weber 2545 C.
sphaerospermum X 2 IR P fif i HEAE A 28 T S8 A P il
BH A S EA R A S 5T, T R 3 482K
UM XUHN AU . Elisabet P BT SR R BT
versicolor HEME KRR FZREL 4 0OH =257
BTEX H R, (HAR BT EG RA-OH 7E BTEX A i A
A A ik — D 7T
2.3 HEANEIEXTRE R LM RN

HE 5 LA, e B 1 3<% 200 Lih,
EBRT=148.3 s, #FIKE N 300 mg/m?, #ESEH N
7.28 gi(m* )i, SEATHIAA 8 2= 240 T 46 BT R3E B
T 5 d AEPRE R HI 2R 25 BRERAE 10%0LL T o L IR
ZBR AT RESE BT JEORL IR Ak 2 R B AR PR R PRI
HAG A MG E FBOR . BN ERFEIE IR A — &
Ve HAE IR R — e e E. &d—HAh
TRAEPIEHIE R T AEPEIE R R AE K R, KRR EE
. AEVDUESS W TR ORI B R PR, LR R G R
LBV IS fRER N E . 7520 d AR, R
ZHAKIERRMAE R, EVIEEHEETTR, Hh H2R
1) 2 B Zak 60%LA L.

GRT= GRT=
800 € GRT=14835s —> 1< 742> < 37.1s >
[ -o- My A o s a 190

= 700 Inlet concengration T ]
B[k & 80
& 600 - Qutlet congentration 1702
£ tazpx 1%
8 500 | Removalkate 60 =
i ) {0 B
£ 400 50 g
3 i i
Q
é 300 g j 40@
= BrEx e 30y
I@ Phase two Phase three | 20

100 M_‘ 0

L L L n 1 L 1 1 0

0 10 20 30 40 50 60 70 80 90
A fA] Time /d

B 5 AR T Rk
Fig.5 Effect of biofilter purify toluene

B SRR AE BRI 2, FOR P B AN
e, TE 25d I IAE] 90%LA b, fRmh 92.4%. TEHES &
4 200L/h, EBRT=148.3s, i I1/f &iKkE y 600 mg/m?®,
BTN 1456 g/(mh)iF, 2R 2 B R g
90907 A7 o IR YR T L T 1) &5 1) FH BT 22 4 (1) A= K B B 2 1
B 7K () FR 2R NSRBI AR ) R 2 TR B o B A o, T HL 3
HIMEEHAMKERNSAERLE BERMLRTR, fek
W R B SAH I OR . fERTEL 2 S &N 400 L/h,
EBRT=74.2 s, #I1JF =N 300 1 600 mg/m®, 5
WAy 14.56 1 29.13 g/(m>-h)if, HI TS EH K, <
AT BT A AR50, HORM L BRZEE N 85% A 4. fEMT
Bt 33X &4 800 L/h, EBRT=37.1s, # &K EN

300 Fil 600 mg/m®, FEAHT A 29.13 Al 58.25 g/(m™-h)
I, RS H R B 1 A B 2 #A BT, T
AR B I T BN B R R BR R R AR
80.8%.

BHUE AT, 7R AP IEYE R G0 b B SR 3
I, FR S DR S S0 T 1 o, T <Ak e B B ) Sk R
IR B R0 25 BRI R M e K o i o <Ak 52 B B ) P k)
FAFIAE R R TR AR R, RBRBA/N, fERER S
I, %2R B S . AR 1% 2R G b ek o
W 600 mg/m? R S5 1A AR B ] 37.1 s, 2R
FRFEAMTE 80.8%, ZIBATEE KW, RO ZEYIES
Xof B R IR R B

*3 SYIEEESRR EBRT TS EEX
EREBMERAFTHIEM
Table3 Effect of inlet loading rate on removal rate and removal
loading of biofilter at different EBRT

RREBRGAT kbR

N Ty oy u g e
JéfTE_TIETJ L%{?%E_TIETJ 1&1%&@ Maximal removdl  Maximal
Running  Gasretention  Inlet loading h
days/d imels  ratel(@mehy 1000, removal rate
9 (g-m>h) 1%
30~40 7.28 6.73 924
148.3
41~50 14.56 13.25 91
51~60 14.56 13.13 90.2
74.2
61~70 29.13 25.26 86.7
71~80 29.13 24.82 85.2
37.1
81~90 58.25 47.07 80.8

ANESARSZ R A R, 148.3. 74.2 F137.1's, Akt
AR AT T 2 B R0 25 Bk SR A I 2 I AR 3 AT B B (1]
148.3's, ML N 7.28 g/(m>h) KB T, £
Tp T I S AT, U 1) s B dR ik 92.4%, f Kk
B AAi N 6.73 g/(m®-h). BB S A B AR/, AR Ak
AEAT T, RBRRAL R AATIRET PR, X ATREE BT
I o 3t AT 3G I A ) R A5 2 e AR, AL
il BT AR B AR ) B O AR I N ], R R BR R
B SAh, BEF RS G, RS 5
HEBRMEBR T T E,

2.4 HEYNEEBEET

YRS IBAT I AR, R R AR YRS — T
R GFRBAIERD, BEMEWEER I, LY
BIE, EVEFAE RS FEURRLZ MR/, H
P SR B M0 AR FE AR Ak, (AR RS A
BTN, 3K B AT IR MK 2 P B R KR
FEETE, AT AL PE s (AL FRVE A AR 4 5 12T
P T 3 TR R AR 140 45 0 R 7 22 A 179 A K T S 4 T 4
B 5 IR .

R, AWFRELE T 3 P 3 NSRS BN
200. 400. 800 L/h, 3 /MAN[H#m <% N 0.36. 0.73.
1.46 m/s 51E R, AEWDUEEE BRI B Bt iz AT I TR] A0 AR 4L

HE 6 o] LLE HAYIIESIEIZ TV, FEEIEITH
BN, B 2N BRI BEE R R AT
N, WAV RR S YRR R R SIS R, SR
Z ) )23 BRI, R SEFERE N, R BN W . AR
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FREETN, B EMABIE R, R A WG,
XM TR o AR, e A BT R %
AW B AR TR B AE 500 Pa LAY, fiesily 495 Pa, A&
TELEIETE R, X R 2R VAL A A I i I 2 2

500 6

! |
— O SRO-EXTIO
L ! o
450 - —o— JEE# Pressure drop o 0° : .
| —=— ¥ Biomass Top\g \c{ | 15
400 T - ! ~
[ oﬁ(%cmz&eo i ' 50
¢ 350 | RS . !
Fom| I 145
Fwl P o g
o r (9'32) ! : g/
3250 - I ! . 1,5
2 =v [ o . : : 7
Eaof ® . ! £
" d GRT=1483s GRT=742s ! GRT=37.1s |_ @&
&; 150F ¢ =036ms' W=073ms1]  =146ms' |2 I
= & . i I S
100r | | : #
[ ! | u
so | :
Lo | :
PP T R SRR P | T )

40 50 60 70 8 90 100
s} 8] Time/d

B 6 AMEBEREET
Fig.6 Variation of pressure drop of biofilter

gl B R R B T RE ALK, R R R,
PR RN AR . — R R IS T E AR A
PR 22 2 7 3 K B 1) 2 ) 3 B30 TR 1 1 s PR v T A
I, RARBUNOAEY) ST W& A HLR A e85 1)
i P B I = TR K A AN 2R ) I 1R e MR R
A= Wig s . Doradoa 228 (R HF 7t b LAZR - 0k A 4 - Btk
AMOLZE—HEMEAR(L - A)fE IR, SRR 4~
5mm, JEMETGIRAE NI RETAEY), BAE 1247 B 8] R34 A,
RGUESEAWIT R, HisfT R 21 K, RGERFEH S
i% 100 mm H,0, [}l 980 Pa. R Ik ¢ Hh ik ki sz
N @2.4 mmx(6~8) mm FIFERIEERAE NIEFSIERL, 1E
60 d Iif, AWMUk LS A 2 400 Pa. 5 HARHT 5% b R BE
L, 1Z ARG AR R FRELE 500 Pa LAy, HXTH 2K
AL RE I B & RO 35 e, Bk ] LA % R R
51 R 4T o

3 &

D Ftm ZAEM LA IR EE A KR
Uf, AEPIEIEREARIEATIE GRS e, RN H AT I F R
thEe s, EbRFEEEN 92.4%.

2) FWFH A ZX IR B R AR R R
AAEg (Lip) HdE A (Mnp) fIEE (Lao)
X 3FIEHEA S 5T, A REAEAE A BT R IFAE
o etz 20 FOR B AR LA AR fR i — 0 7.

3) ZARGMERFRL, SR ERELE 500 Pa L,
SUEVERTW, At ZAE N RETIAE M) I AL ) DR 55 B fi
F2R R 4] 47 H B SEBR B 80398 77
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Purification performance of regnant strains Trametes versicolor
totoluenein biofilter

Luo Yimeng, Li Shunyi®, Ma Hongye, Wang Yan
(School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Aimed to study the purification performance of the regnant strain Trametes versicolor in biofilter on toluene, the
biological filter system packed with pine bark and lava rock was utilized to remove the toluene which was taken as a target
pollutant by Trametes versicolor. The pine bark had a higher organic matter content and the lava rock had a bigger mechanical
strength. The higher organic matter content could offer more nutrition to microorganism and the bigger mechanical strength
could slow down blocking of the biofilter. Toluene is one of the typical contaminants in volatile organic compounds (VOCs)
and has a great harm to human health. Biological methods treating low inlet concentration of VOCs have many advantages,
such as less investment, low energy consumption, and no secondary pollution. The Trametes versicolor is regnant strain to
remove toluene and belongs to the white rot fungi. Relying on a variety of enzymes secreted, white rot fungi follow different
degradation mechanisms to remove polycyclic aromatic hydrocarbons, akyl benzene, chlorinated aromatic and other
compounds. Experiments on the growth situation of Trametes versicolor in the biological filter were carried out. Meanwhile
the effects of different GRT (Gas rentention time) and ILR (inlet loading rate) on removal efficiency, elimination capacity and
pressure drop were also studied. It was found that biofilm was formed on the surface of the packing material within 20 days by
the compulsive circulation method. And the biological filter showed a high performance to remove toluene without lignin
oxidase involved. The Trametes versicolor did not secrete lignin peroxidase (Lip), manganese peroxidase (Mnp) and laccase
(Lac) at the same time in the biofilter system to purify toluene, and only secreted a small amount of Mnp and Lac enzymes.
The full functioning enzymes and the degradable mechanism of Trametes versicolor purifying toluene needed be further
studied. Under the optimal conditions, i.e. the GRT of 148.3 sand the ILR of 7.28 g/(m>.h), the maximum removal efficiency
and the maximum elimination capacity of the system were found to be 92.4% and 6.73 g/(m>-h), respectively. For the EBRT of
37.1 s, the best performance was observed at the ILR of 58.25 g/(m>-h), while the maximum elimination capacity was 47.07
g/(m*h) and the removal efficiency was above 80%. The desired result attributes to the fungal structure and the growth of
mycelium. The fungal structure and aerial mycelium have huge specific surface area which there by can adsorb a mass of
gaseous toluene to increase the mass transfer of hydrophobic VOCs from gaseous phase to bio-phase and improve the removal
rate. In comparison, fungi have obvious advantages over bacteriain terms of removing hydrophobic volatile organic pollutants.
Under test conditions, the biological filter system did not have obvious jam phenomenon and the pressure drop of biological
filter system was less than 500 Pa, which indicated it also has a good economy. The results provide the basic data and the
theoretical support for industrial application of biological filter method in VOCs treatment.
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