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4-Chlorophenol removal in a bioreactor using CMC-Bentonite gel immobilized
Fusarium sp.
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Abstract: An innovative CMC-bentonite gel immobilized Fusarium sp. was prepared and the removal rate of 4-chlorophenol by a bioreactor containing
Fusarium sp. immobilized by various methods was investigated. The performance of the bioreactor was investigated at different hydraulic residence times
(HRT) for various concentrations of 4-chlorophenol in wastewater, using both batch — recirculation and continuous flow operation. The 4-chlorophenol
degradation rate for CMC-bentonite gel-immobilized Fusarium sp. was higher under the same conditions than three other tested immobilization methods and
free cells. The removal rate decreased with increasing initial concentration of 4-chlorophenol in the bioreactor in batch — recirculation mode. A series of
zero — order reaction equations are proposed to describe the biodegradation kinetics of 4-chlorophenol at high concentration in the bioreactor. In a series of
bioreactor continuous flow experiments, the overall removal rate remained at about 100% after operation for 12 h with an initial concentration of 4-
chlorophenol of 50 mg-L ™" and an HRT of 6 h.
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2008 ) , R B 18] R A i A7 7 A B A5 ]
T XE LS B A SR T AZ T | e SROBE 5 0 Y ik 7
4EZK (CMC) 5543y CBC, [ & Hi V1 W )i nl 2 i 2%
T 114 3 e o R (2 T 45, 2009 ), {H P 52 3R B A A
7 5t I L AR e L2 A e 3 A1 9k ) T E LA X SR
Wi A S WE— f JAE S, T 32 RE D 5, B TR
5 (Li et al., 2011). A SCH A A B9 CMC-Z i
A SIRBARE [E0 E H 0 BRT i X SR 1 3 S T
€ FLIEN RE T5 1k, B 4% 1 8 5E A2 W) B, 4 ) B 5 1 2%
1B AT AL BRS SR W R K B i PR RE S R AR L —
1 88 28 5 S P ) X SR I TR K Ak B

2 ## 5 Fik(Material and methods)

2.1 HHENE

PR R DB e A B, R RS E
FRAFPETE DL SCHR (22 9% 5 45,2005 ) . & X S48
149 JC AL R [ A 35 57 BL WAL 8 0 )5 L 2 SR A1
HBCAE - 2 T B K b, iR B 4 B iR O A AR R
R S 36 22 b 1) A6 7 B AE 600nm Ak f O % B R
1.0(Cai et al. , 2007).

WAl CMC-J% T 4 B B M K B B2 L
(Bentonite) JR W B 47 48 R (CMC) S 2 1. B2 H
AICL & 2% (%3 + k42 100 H . CMC/JiZ il £ 5
HEC FE 30 53 o 0 P ACHE S 2h S5 0 K i s B
#2 5 ~10 mm /NERIURL (223 5 55,2010 ) ; H% )2
JEFE A (0.975 ~1.168) x 10°kg-m * , #fa e 5
TR Bl Ae A PEBF . CBC AR (22 3% 545 ,2007 ), Ho B ik
FIBALFE 1 g L7 '4-CP W 4% 1 38 R85 V5 T (2%
B TEW 3% AICL K.

ks < PR PL ( ETRSARL) |, TiraMate 20 pH
WM 5E A (METTLER TOLEDO) , H F K- ( METTLER
TOLEDO) ,LDZ5-2 UG 7 3 °F- i 25 .0 HL (b 52 B
1) ,DGG-9123A H1 #4833 & XU T 8 48 ( b i £
&) ,LRH-250 11 f3f v fi 455 ) A= Ak 35 32 46 (T AR BB
7)), SW-CJ-1F B KV 3 B P %A TAE & (95
ML) , DHZ-DA i 5 3% % i (K 6) ,2450PC %5 4b
AL ARG RETE (L) L A il [ E A SO -

2.2 EEMFE

CMC-Jig ¥ + A 1 [ 2 < e o I 0 1 5 38 i+ 1
TEWIRA G 5 CMC W i IR 5 52 1 S [
JE J5 oK T i . CBC W B [ € « € B A T R R
5 CBC b A7 a7 5 G W BEE DA I 5 ol 70 17 (2% 3%
55 ,2009) . 3% 2 By ik b i T TR Y 4 R 4 A6 T

AR [ AR BT R LG R 1720 SR E . i TR S
FLHR [ 5E < B 4% 1) 20mL ¥ B R A5 T W, A TmL
7B B A 5 B AR 2 mm 45 5 25 mL (Y
R, SR G N B 2% /) CaCl, ¥ W, 7 H: ¢
[ 8 A /BR300 Th J5 Kk 3 9K, CE 45 H.

[ 5 ik T S, 2 BUR 20 g A 50 mL % 50
mg- L' ) 4-CP 35 5% h, T 30 °C, 100 r+min "'
T AT A W) R R R S B (4 3 AP AT) L AR
PR 4-CPFR 8 i A Ry 0T R, DA G A 00 oF ff 2 3 Y
H [ 5 A 7 1%

2.3 IREE

PSSR A B AN E 1 R . A LB SN A Y
HK R 70 em, WAEH 9 em, HRKRF R 2. 86
L, R Rk 7K L 38 i Ak i oy =28 S T i R B
G S5 — 0, R 5 A [FIRE Y 5 4% [R) B 3 A7 1]

K CMC-fi7 i 1 f 35 [ 2 i 70 04 s, BCH R
BUIL JA AT 50 mg- L™ "4-CP BUALLKAF ) S B 7
W, AT IR RrK AR 4-CP R EE R W F ), 4k
SLUSIINGE B 4-CP R, 57 [ 2 76 A1 R B A 13k 26 ) 4k
S (E. LAY & 50 mLemin ~'4-CP LUK LG IR
BN 0.8 mLemin ', 45 d WEh ARG, f/h
BRIK R R ™ AR K A TR 22 09 i T B R T
() B 5% 3% 252 Ak 3 4-CP P2 /K 52 56, Ab Bk B b i TR
pH AT, ZE iR Ky 25 C.
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Fig. 1  Continuous system of immobilized bioreactor (1. air pump

inlet, 2. water pump inlet, 3. water container, 4.
bioreactor, 5. gas flow meter, 6. water flow meter, 7.

effluent container)
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125 1150 mg-L ™" B2 40 0. 8mL-L ™' #1715 ,
S I HRURE 43 A 670 7 X0 24 P 56 e 256 118 52 1
SR e R 0.8 mLemin ', #EUK ¥
18 mL-min " PRATSCHG 45 B B E) 4 b, G BN A
B g K 5 K Y 4-CP kB2, 2% 55 K 1y 4-CP
WA k.
4-CP ¥ B2 /0 2 % 4-3 36228 Lok i

3 R (Results)

3.1 BERAMT A

3 Pl 52 A 5 vk 5 U R R 4-CP R S &
RN 2 Pros. B2 T AL Bl TR I E LS R iR 4-
CP {3 A 2 LU Uiy 5 1 1 2247, Hovh CMC-i i £
HLE E HIOL £ 24 h [ A A 5] 100% . AT 1 Ak
AR TUT 3 5 g CMC-JZ 3 4 4 3 [ E > CBC
W2 Y I R > VR O R ] RE > 90 S . AT 3 2 4 B R
JE ) CMC-IZ 1 44 kE, i B 3b al & i, Hi 70 B
CMC fL 8 [ E I, W AR R F. I, 5 2258 3 v
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Fig. 2

Comparison of 4-chlorophenol degradation among different

immobilization methods and free cells

3.2 HEERLER

3.2.1 A MMARMBEEFENY R KRB
g X HL B AR R i A ] 4 TR iR R 4 R fE
BEEE 0.8 Lomin ™' (R HFA] 4 h i % F,4-CP
(14 5 fife 23R it 25 E 0 K e 9 38 o A A AY 24 UK
JETE 50 ~100 mg- L' Z i), & & L HIOT 30 R
Uy BT 5747 B8 7, 4-CP R R iR AR FF1E 40% L) L.
M E KU R F 100 mg- L' 5 ,4-CP [y i % T [
.

L x1.0k 100um
a. SR T

L x1.5k 50pm

b. H A

B3 CMC-HtEERIARMGHEER
Fig. 3 SEM of CMC-Bentonite Gel Immobilized Fusarium sp.
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Fig.4 The 4-chlorophenol removal rate at different initial

concentrations

3.2.2 BRR R [EELHE T E HI0L B 4-
CP A Bt fg PR SC I 25 R WL S. i | S ml
WP 100 mg- L™y 4-CP 7E 2 d N FEM#5E 4. 13 d
14 S A2 1) RS2 B R W, 4-CP AR RE S 58 & [ i, i 17
Fe e PR, |y LT 0L CMC-Ji i+ 4 A} 8 5 1 3
Wy RE G 15— E 19 I [A] A DR 35 450 i 1) A= 3 1, i B
DA E A A N AR AR OO R, ELAE RS 3 W)
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Fig. 5 The stability of 4-CP degradation by immobilized HJO1 in

the batch-recirculation mode reactor

3.2.3 [ AEREKILE L 4-CP kBl
) A A8 AE O R ANIET 6 B, 3R 1 45t T 4-CP [ fii
M h Sy r i N 1 sl A BB 50 mg- L'
(4 4-CP 14 e figp 2o 2 BEAG — S BBl Ty 27 oh B ik
JE Y 4-CP REff o FEREA 308 90 S v 3 ) % 1B
4-CP ¥ 150 mg- L ™", L B i aod it 26 05 1 3
JIF AR A S MR 2. X T AN [ W0 0 Tk RE 19 4-
CP, [ fifp 3 35 BOR AR A, X B W 4-CP Y 25 ) e i
55 A I vk B A BOR SR A Bl 4-CP YR BERY 1S
FU A 3 3 AT BT AR, 5 B — o Wk T, B il
ARG
180 *50mg-L™" m 75mgL' A 100 mg-L~!
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Fig. 6  Kinetics of 4-chlorophenol biodegradation in immobilized

bioreactor

K1 MNIAXEBEBNHNETE

Table 1  Kinetics equations for the 4-chlorophenol biodegradation
process
R R

y ?jz{zirg ) BV iy ’Ei‘; T’IM R?
50 C = -13.676In: +44.306 13.6760 0.8152
75 C=-6.1314t+74.797 6.1314 0.9118
100 C=-7.13211 +107. 445 7.1321 0.9842
125 C=-2.8482¢ +128.300 2.8482 0.9842
150 C = -0.4000¢ + 148.730 0. 4000 0.2706

3.3 ASEBER
3.3.1 FHWENAAERERENLH BH
BT 4-CP [ 25 1 3 06 1 1 7 7. i 7 ]
R I I 4-CP A VR AT 25 W, 2 K 4-
CP YR HE S0 me- 1", Hi7k 4-CP ¥ 1 i % 3 4 1k i £
AR Ik /N A5 A B[R] A 6 h, iz 4T 12 h, 4-CP JEA
Wi 5 4 T4 BA IR g 1 b I, 4-CP 3k A7 B
. Tl R FE 8 3R 3 O 122 B ] - 43 7
i B I I K, b R 0, (L% 1 ) 5 B TR
ST 9 5 T AL T 4 1 45 B ) T
4 h A, T AT T AL HIOL WA 4-CP FLA
KPR G O 8, 2EIE AT 2 b, K 4-CP K
AR B T R, ULT CMC-% 3+ b2
SERPELT , BHR I B 9 3 R
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B —— 4 h
i
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Fig. 7 4-Chlorophenol removal in the bioreactor using different

hydraulic retention times

3.3.2 mATREM NAEX 4-CP REfifis 1T E
PESZIG 45 R AN 8 FR. S22 i /K 4-CP Wk i
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B 1 h HOREIN 2 4-CP ¥k 2. Hy 18] 8 W] %01, 47K 4-CP
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Fig.8 The stability of removal of 4-chlorophenol in the continuous-

flow bioreactor

4 112 ( Discussion)

4.1 [ E A7 XA KB e AR W R W

A Wy [ 7 A O 125 0 B il B 35 G 0 1 R
M3 K (Vidya et al. , 2007 ) , CMC-ig i + 63 1 [#
SE i T BN 4-CP A e i 38 d R, Xt T2
Xf 4-CP B A — & W B BE J7 , AT SR K 44 4-CP 1Y
VR, AR AR 1, B2 o e A 2056 T T 8 TR 5 A8 K
£, T S P I it 3 R /DS, R R T R T A
B J5 T A 00 AF L 5 BB R, A R L R S, AR iR
He/INTO R W T A A K R 5 55 A, e LT E Al AR
{1 T S IR0 e I, BB HR /N B R B R R T )
DL 2 R S K B, ARG Y 2 R A A
PR Ho A 1 T A AR K e [ E AR iR T S
FURE i BB 1 ¥ 42, 31X 5 SR (Wang et al. , 1999
Hela et al. , 2002) F [& 52 fik 4= Wy W% it 4-CP 1 4548
FHZE AL
4.2 B 4T AT TR AR AT AR Y R o

i J1 R RE L 4-CP A ME— Bk PR AR 1, HLIt 52 fiE
J1#E R (50 mg-L ") (Li et al. , 2011) , 8 JJ B [
k) FLii 57 B A7 B3 I (35 125 mg-L7") . fH U,
Bl 4-CP ¥R R34 I, by 7 [ e 2 14 25 AR 6 s A
PR, 75 4-CP [ fif A B AIC. [A] S2 56 vh ik 3 i/ T S0
mg- L") 4-CP [ fift 3 A2 B A b G 7 9% I 8l )

3% 5 3CHR (Wang et al, 2002) (4518 AH— 2L
4.3 R AEATRE M

[ 7 2B W) BN g B AT R E TR R I R AR £,
R 118 2 AL 5 0 T Bl SR R 2 A, A5 R (] S B
i X A2 ) B A 2 B H B 75 G W B e LG B 3
(Wang et al. , 1995; Oscar et al. , 2008 ). 4l Partha
(Partha et al. , 2008) BF 5% T USAB JZ [ #§ 4k 3 4-
CP JBE7K , X445 B i 1] g 12k 4-CP K JE 4 40 mg- L.~
B, 4-CP R fif % ik 88.3% . Ml LLZF , 7E 4-CP 17
17 55 W AR BB 25 AT, AR 552 6 295 2R 1) 45 B I [
2978 6h, KR/ T BRI ] ) E R Y
VA AT AT B8R v BN 4 A PR AE

— A A AT I B R SO g IS AT AR E 1 R R
K ( Gonzalez et al. ,2001; Nurdan et al. , 2005;
Fikret et al. , 2007) . Xf T4 ) S L 4% , 76 5L Ak B!
Uit — I, A5 B DD 2D ) R vk A Ak B A 4
I 7 B, BEAE 45 R I )b, BOAR BN g Y
Kok ik 3803 T A B8 47 2 h J5, K 4-CP YR
FEARDRIF AL, 18 8 a1, =B mE e 2y 4 h, 4-
CP A faf 50 mg-L "' (300 mg-L~"-d ")}, /K 4-CP
WG LA — A fH R 8l UL W32 8 € Ak Bz
i IS A7 AR08 M HE LS

5 &2 (Conclusions)

1) 7€ 4-CP ¥k Bf H 50 mg-L~' 30 °C. 100
remin T PRIRSEI AR T B A AL 5 0 S B Y R
fife 4-CP 3 A& f R B/ Y g CMC-[i 1 -+ 43 3 [
FE > CBC W B[] 5 > v i R 515 ] 7 > 0% 29 7 -

2) I g 6] BRG AT B, 4-CP 3]y e J32 0T L [ i
R AR K, 4-CP [ fifk 32 Wil 5 FEA) I Vi B2 1 185 Jm
A7 FTREAIG. 4-CP ¥ 100 mg- L7 76 2 d Py B fife
SE4. WP T 50 mg- LAY 4-CP [ B AL A |
G Z L Bl T2

3) BV A % S IE AT i, 45 B IR O 4ho i), 50
mg- L") 4-CP B i REL & 1E 60% ~70% F2 47,
K 4-CP YR BETE 2h J5 ik BIE 2 , I #8117 Fe

REMEEEN:FHE.F L, 8% TZNETEHF
FRFRENETHFERFA T, EZHSZAHRAAE, T
RE®X SR, HEKXA LA 10 7.
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