ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

i
U
.
I

2013

RERFERESISHEHSR RO EH
4 4 & K B U




W % B 3 434 % 512 1)

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2013 412 A 15 H

H &
ST D) T #[ (4503)
FAETAER IS VOCs HRFUS IS ALERAE «-vveeveeneesreoseensesseaneesse st SRR F(4504)
LRI IR 28 S B VAT IS ARSI +ovvvvvenosennnenssnnicns RHF AL, EHF,E5,BAH(4513)
ST T AR I o R AT WU B TESTRTT + e eeeeeeermmmmmmmmnmn e e e e e e e e R BT, R, B (4519)
T AR R WL I TR AR S AN AT oo eee e B (4529)
VU1 SR AR T5 eI VOCs HERCHE B BCHR RAFRBERGREM  oeoevereemenmeeeneeeeens E, TG, (T 3T (4535)
BT FEFFIREE VOCs HEA G B R A TR e v rerererer e %%j«%( 4543)
U AT A TR NMHCs Z8 [ A3 A RFAERFTE <oeevereeesensmsmnsseeinens BER, DA BEE MEN, REE(4552)
PP TS IR DCER B 25 S B AT L 5 Y S AT UBBTA vve e B, B4, EEF KIR,RP(4558)
FHERE S BT S PE A WL KUK ITAE < eveeerorreeeemmmmeeemme e st KA, EHH, B R(4565)
PEIFAT DL FE A FUFAT AL R AR (VOCS) HERFAEITE -++evveeeeooe EHH, ERE, HIE, B, T E(4571)
BN RN DU YASAE SN, oo ok, EHF B, KR, EHE, B AR (45TT)
LT I T A B A ML (VOCS) HERIFAE v veeeemeeee e B Dk % (4585)
PURIRBE IR0 VOCs HIHERURFE R RAT vveeesenenessneeennns WO, ERE BRA RO, IE ¥ (4592)
L NJELE B NS VOCs TEYLIIFERTATAL +ooeeeeerrrrrrrmmmmnmmmmminn e e ettt WONTE, AR, B Ak (4599)
BT GC-MS BRI VOCs BYLLIPRITTE «ooveereemesmrememrsnnsnnneeeens FI 7% & W, 3 0% B0, T8k (4605)
VOCs 153 PR TR BT -ovooeeeeoeeeeeeooe BHE,HF R TR A, WA, 4 X (4612)
HERMAT IS Y A T BTG Y BUE vvveoeeee e W, R H, B, R, T, T (4619)
B ) S R AR S D) ZE I AT ST - v vttt et

...................................................... HF, FHA,BRR AR, HEE,FEA, 2250, @M LEW, Z K £ (4627)
A BELH A K DU SR 21 LA TSR BB «evvveeeremmmmmneremniieeeennaas WA, E R, Z/, B, FEE,KE K(4635)
FIRA AR T L A B AT IR ISR wovveesooeenneseee WA, B IR, BT, T, R (4642)
UM AT SR B A A AT HUIRASAE BB v oeeevessssennes Bk, A B R KR, DR (4649)
Y/t % C TALBE KA IERYE VOCs T5 R ovvveeeeeeeeeeeens Wk, R R B TR VR, B, B X O (4654)
ST M TE DB EEREITAY  vvvevererreeeereeeememmmmmm e WH R EH TR, E K (4661)
T LR A T N R R FEPEAERITIY woeeeeerrerrerrmmmmmmminiie e BT KT, PR (4669)
BF 1 BTF T 22218 DCM PEBELLEL «v-vverrerererrmrmeeee e BUER NEW REF B X EF(4675)
Pt 13X 80 A B T 0 ) B R PRI P BERFFSY -evvvverrerremmrm e FFRE , = , 25 e , ﬁ{:%%( 4684 )
BER I AN TIAT HLIESCHTIEIY wvvvveeeeesrornrrereessmnnnnnneeesanitieeeessstnieeee s KM HEA, EEW, T F1E(4689)
T B AT WAL SR RERGTIFIE - vvvvvvevrmremrerrereeeeeenn e ok EEA, AL Ik, ok (4694)
UV-LEY 3t DB B A B AR TR CIG IR S RIIFTT wvvrerenrere e ‘/@‘%%,)@jﬁ, g%j}(4701 )
HEBE IR ZSM-5 RGN FHRE TR T R BHERERIFTY -oovveveeeeeeoneenns HAE, REE, MR, HTH, FU, TEH(4706)
T T NV XS BRSO TR OMHT  eeeeoeomeeeeneeen B FEN, L, REE, THE, KT (4712)
JET Tanks 4. 0. 9d B ETALAFHE VOCs HEBE HETHEBISC ~ooeereeseoseneons B3k, B4, KE T T LB, BE(4718)
B 2 L AT VOCs IRULAT R GBI ovevesereeessseninnenns PRk, TR PR (TR (4724)
KeBr ™ YEA AT B — B AR e BE, X E, FEME, fTHEE, KER(4734)
SRR A AL IE 5 HERIE TR TS oo voeeenesssssennessssniene Bt A, IR R, AR, TR SO (4743)
R VAT HLYS YRR BRI R T P SRR U RITSY +ovvvvveesssseeneeenn AL KE T, A L AEE (4747)
FE AT DTS A R B PR R AR 53 +oevveee e LA, KE L HEE K H(4751)
FRE VOCs BYHEUEE S S I X SRIIFGY <vvveerrrererrerem e I4F 54 , B K (4756 )
BT VOCs HERUAE TR IR G FRBFGE +rovvvvveseomsesemsss s Em AL HB KT, HI4T64)
BT RS YA T ARG -oovvereesvennssenen s AR L BTE BEE HIE,GE(4TT1)
R TR 2 M WAL S S B BTTIEHEIE ottt BE &, EL Y (4779)
ST EA COE WM RAEA HLITUH) VOCs HERUIRIEERIFITE -+evveeeoeeeesssnsenesnen B, EF AT, EH(4787)
<<}4<i%ﬂﬂ,%>>’;ﬁ 34 #(2013 ﬁz)}é\ﬂi ...................................................................................................... (4792)

(ARBEREVIEIT IS 35(4717) (RBERIEY AERG TR 0] (4742) = (4528, 4626, 4693, 4700)



Vol. 34 ,No. 12

55 M2 fofs
34 EE 12 ] BN 1% : 2
20 0 o i S Dec. ,2013

ENVIRONMENTAL SCIENCE

BF #1 BTF TZZF DCM T4 gE L&

L 5 A= 0L R A SR -5

(1. Wil LMK EZRARITAR, BB 312369; 2. WL Tl RA¥25%#6¢, HiH  310014; 3. Wil Tk R2=4:9
SIEE TR UM 310014)

WE . S ILCE SRR G R BURHI A )5t IS 3 ( BF ) FIZR R /NBR A HURL 4 £E )i 8 38 ( BTF) KB & H ¢ ( DCM) B <.
SEREH R RIEH + A W20, BTF 1 BF 20076 25 d 122 d ISERCDREERE. i 5iss R, BF Ept%
THI ) TR VR S5 R B | ZE W RE R, BTF JEURL2% A TR ¥ 25 A 0% | AE IR, 76 DCM i F B 100 ~ 1 500 mgem ™ |
= ERIFIE] 25 ~ 85 s 41 F, BTF Al BF %I DCM ¥4 845 1) 25 bR 3 , 5 K 2K BR 66 4300 2 22,61 g+ (m®-h) ~' il 29. 05
g+ (m’-h) 7' & CO, £ S DCM B 2 M R, S5 BTF Al BF 195 k34310 70. 4% 1 66. 8% , H BTF
W ALRREE 4T T BF, R WTUEIE s/ ) DCM F 22 Ak Wy R FHRE A, USSP DCM (R A 3l ) 2547 756 Michaelis-Menten
B BTF A BF PN AAFR B R o & r 2051922, 779 0 g+ (m®+h) ~' F128. 571 4 g+ (m®-h) ~' MM A3 50 K 20500k
0.1412 g-m 0. 1486 g-m .
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Removal Characteristics of DCM by Biotrickling Filter and Biofilter

PAN Wei-long', YU Jian-ming”, CHENG Zhuo-wei’, CAI Wen-ji’

(1. Water Treatment Co. , Ltd. , Shangyu 312369, China; 2. College of Pharmaceutical Science, Zhejiang University of Technology,
Hangzhou 310014, China; 3. College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou
310014, China)

Abstract: A biofilter ( BF) packed with nutrition slow-release material and a biotrickling filter ( BTF) packed with ether-based

polyurethane foam were set up to remove dichloromethane (DCM) from exhaust gas. Results showed that the biofilm formations in BTF
and BF were completed by using the mixture of a special strain and a bacterial community, within 25d and 22d, respectively. Through
the observation of the filter surface by SEM, the surface of packings in BF was loose with thin biofilm colonies, whereas the one in BTF
was dense with thick biofilm. Under the condition of inlet DCM concentration of 100-1 500 mg-m ™, EBRT of 25-85 s, the removal
efficiency of DCM in BTF was better than that in BF, and the maximum removal load was 22.61 g-(m’+h) ™' and 29.05
g+(m’+h) 7', respectively. The relationship between CO, production and DCM removal was approximately linear, with the
mineralization rate being 70. 4% and 66. 8% for BTF and BF, respectively. The dynamic behaviors of DCM in BTFEF and BF were
described by the Michaelis-Menten model. Through the calculation, the unit volume maximum degradation rate r,, was 22.779 0
g-(m’+h) " and 28.5714 g-(m’-h) ™', while the gas phase saturation constant K, was 0.1412 g-m™ and 0.1486 g-m~*,
respectively for BTF and BF.

Key words : biofilter; biotrickling filter; dichloromethane; removal load; mineralization rate
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FLE BT P FR T 2046 DCM LB LBRffr, 5°
WARESH IR B 2l R AT 120 Hr, LAYN T
AR B S

1 HH5HE

| I G N H e SN B

T T VR L T WO 275 7 A BT M
PEVG U, TR A MBI AR M B (MLSS) 9586
mg L™ 15 UR A PR R (SVI) 7 135,28 mL-g ™.

P E SRR T (g- L") . KH,PO, 0. 376,
K,HPO, 0.456, ( NH, ),S0, 0.48, NaNO, 0.68,
Mg(NO,), 0.25, CaCl,-2H,0 0.011, f3 & j& &
MnCl, - HO 0.06, ZnCl, 0.088, KI 0.01, NaMoO, -
2H,0 0. 1,H,BO0, 0. 05.

FER S ST B AT A 201 DCM = 28R fif

MR RN 20RO S5 YL fE s eiR S (101, 1k
FREL) |, SRR 9145 A BTF il BF, R HLLL DCM Ky
S, BRIV e R A 1 SRR A Ry =t
ATHER.
1.2 ke B A E SR

Ayt 2 B 110 em, NARH 12 cm AY
A LI A TR, SURHZE SR B 60 em (2 x
30 em/J2) TS RO RIEE 4 AN ECRHERE TR 3 A4S
SMCRFEO (B 1), 25002 I, — Bt A
WA DCM Y IRBOR , 48515 OB Sk 9 DCM U fk
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Table 1  Parameters of packing materials
R SRS/ mm HERUR kg m =3 HFE/kg-m 3 LA/ % FIKR/ %
REWR/NER 14 ~18 158 1588 90. 8 33.5
SRR 20 ~25 164.3 1206 88 46.7

AR R BTF SR IGE 22 B8 i 7 =X, BF R
TR 7 5K, BRI 3 UK, BK 20 min. P
55 9k %% 5 44 49 160 mL-min =", JEFRE pH $EHI7E 7. 2
Aty NI ORFRAE 25°C A2 45
1.3 ihirik

DCM AT 71 « R A o - A T 25
(ECD) UM 435 (Agilent 6890) ll5E , BANEAE N
30 m x0.32 mm x0.25 wm ( Agilent 19091;j-413 HP-
5 5% Phenyl Methyl Siloxane ) , #f £ [ # 250°C ,
FEIR 70°C , K25 IR 300°C , A3 1 mL-min ™",
HEFERE 800 pL.

CO, MBS . SR HIZEA TCD Kl #5 <A €
1 (Agilent 6890) Ml 5 ¢ FE | (435 414 HP-Plot-Q &
AHAEAE (30 m x0.32 mm x20 pm). Z-Hr 4 0 ik
FECIREE 90°C | AEYE 40°C ARSI #7IE B 100°C | A%
WS mLemin ™" YEAE R 800 plL.

SAHLK (TOC) 73 Hr « R H] B B TOC-VCPH il
TE S E

Cl™ BB 3B < >R FH B 1835 {) (1CS-2000,
DIONEX , America) Ml 2. 3%+ 4 lonpac AS-HC %Y

I 2SR5 2. TR, 3. DOM KRB ;

4. BAH; 5. IMBRS; 6. HERE 7. KEEFED
8. FURHRUREDT; 9. Uik 1
E1 £MEEIZTRERE
Fig. 1 Schematic diagram of the biofilter and biotrickling filter

AYESRE, B BE R PR W KOH (¥ B A 10 ~ 40
mmol - L™") | K I %8 &y DS AU ey S K6 I 8%, AR
30°C, Hiti# 1. 00 mL-min " ; FEFER 25 wl. JEFERT,
EAhZE 0. 45 pm JERE T UE.

HLBE 54T . R PhilipXL-30-ESEM PR35
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FIBEREXT DCM W BfE s B i AL =22 )5 K B v A i
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1 A B Be.
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DCM [ A 2 | R YIS B . 54
PR R 5 A A A BIAE S 20 d FIEES 16 d R PUE
PEVE 9 B 2 55 & 600 mg-m%,BTF 1 BF 192
FIETE 60% LAy, BLET B ) L BR S far B35 81 T
A [ BF 5 BTF % B i far 43 5 & 16.78
g+(m’+h) 'H115.33 g-(m’-h) '], HEBRIEA
e F5 fE 60% 7247, Mk B — kB ] 750
mg-m 7245 I, BTF 1 BF 2 B & 2 9178 56% .
40% LAy (EBR A pT A YR A4 ). RIESE ]
i BTF ¥ b H A%<, 24 BTF £8Pk s shad, (445
EBRT Fl P B 16 5, 24 2 B 1 1oy I L B R AR
R AR T AR R G HE S 2h .

800 80
D.DD
L *
700 /*** .
600 | /* OO 4 60
w500 | /* /
g A S
2o O % * t:l
£ 400 O 0 B
s kot ool e o &
5 300 - A ﬁ{A \
* A A
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* AL‘ 420
100 - X WX Aa
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Fig. 2 Inlet and outlet DCM concentration and removal efficiency during start-up stages of operation
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(c) i QESE-FE BT

B3 HEEATRREENEMERERRE(x1000)
Fig. 3 SEM photos of packing carriers before and after biofilm formation( x 1 000)

XS BN AR Y K AR K i B AR A IR IE
FEAR L R 4T
2.2 REEBITHB R
2.2.1 KBRpMERESHT

DRSS HE B SE LS, FEIE A pH = 7.5, #E 1
DCM #¢J# 180 ~680 mg-m ° , EBRT 3% 4 34, 58,
72 .85 s WIS 4544 K, BTF 1 BF faEiz471 1 3 4
A (B 4). TEZEW, A4 Y 8 55 75 85 1) EBRT
(34 s) FiafT, &l T— R paE n I, 241k 0
e 52 300 ~400 mg-m I, BTF % DCM #2254
R E 50% , BF Xt DCM B 25 B R 4k 5 78
55% . Wb BlE HE W B IR R 4R R, K BR R R
WTRRAR s XY 94T 32E 1V B Ol 400 ~ 650 mgem AT,
BTF 2R T2 30% , 1 BF SR % 40% . M4
51 d JFif EBRT i#— 2P 4K % 58 s, 9415 DCM # H
W E S 200 ~ 400 mg-m I, BTF Y 25 B %R i Kk
#) 74% | 1M BF {4516 60% ~70% . 4yEtsizfT3]
%5 72 d,EBRT #Ch 72 s, #F ¥R EAL T 500 mgem ~°

i, BTF X} DCM 4 R BR3— HAERFTE 75% £ 47, BF
LBRAYERFAE 70% 5 M5 UBIETE mdk MR B2 S5 T
(500 ~800 mg-m~*)iafT,BF KERFIRIFTE 40% ~
50% ,BTF EBRRYEFFIE 45% ~65% . JAY)uEds
Z1T% 93 d i, EBRT Fiff— P IEK & 85 s, # ik
FEAET 350 mg-m B, BTF [ K ZEBRR T &k
] 86% , 1M BF WiA%] 81.5%.

15 YL 1) 25 BR AR 2 A W DR S 1 R AR EDUL Y
SR, T 5 A4 A i v s AT T P e
SACHE, Y A P e O R 0.70 ~3.12
gom ™ ASEESEN 30.6 ~ 122.4 m-h B, AL
YEr RN 45. 1% ~99. 1% . [F]—23 1S i 40
T, AW e S e Y 2 B SR A 1 VR Y
M A, R B AR (VR o 0. 70 gm0 ) K
BRAFEA 99. 1% 5 14 T W B2 MR (B i vk B Ry
3.12 gom ) HRBRRIUCY 72% . AKX,
F Tl FH 2R R /INBR A 77 T 28 e S0k, 24 R
YIS iE17 3 93 d it EBRT HE— 2 4E K & 85 s,
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Fig. 4 Inlet and outlet concentration and removal efficiency during steady-state operation
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fap S Bt TE 101 MR B (R AR R AR . it — 20 i ik 1
WEE G, BB R 4k 8 — AN, RIJEIE X DCM
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Fig. 5 Removal efficiencies and removal loads versus inlet concentrations
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