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(International Biochar Initiative, IBI) Ji#, SERAYIRMNMASAE 0.08~13.48 Fot-kg ', BRIPKEE (CNT) /2
[FIHB R A AR, B MRS  SUOREE AR A e RS . e e e =k Re
PARMFN B AL AR SR A T A5 A2 e HUZ: ONT A= pliAc iy, HAMAE N 5 3Eo0-¢7" 31 75 ot-g' A
USRI T ONT MR . AWl CNT B EARSRIVIMERE . ADWR LRI, LS Toike
ACEEAR S, ATVE R [ E AR AR I AR . ZHANG 2521 FIH CNT B EELBRNIERAT, BF78 &8
RB-DRIKAETTLERT 30 min PYPREIR S FIREARNISRLL, PERBE-IRAKEIRRT, 75% WIERLIPLBRIT TG
AU CNT 1R ER R 50% .

WET R (E2) J& TR | )2 KRS, ERgE s TR E AN AR &
B Hs . SRS RE, AT E R JERIE, E2 7F 0.1ng L™ MYBTER KT It RER IR AR
YrrERon ™, B2 TEEYEE R AT RES RO RIS AR a8, AEFAERREAET, AR A 238 K m g e
SEAN RSP R, P AR B RS K AR T B2 (RIS BAT BB SR R S AN BT L
BANETFR A Y A CNT (8178 ARG 0 1 BE S KRR /KIA B2 MIRCR KL, ABFE AR (WB). 7105k
(BB) Fll CNT VERficHEAA, A W B ISk [ i B s ity o) LLife B AR RN [ AR i v . R
P, MIRTEZMAME; W15 WB. BB Al ONT [EELERRELER B2 BORCR, IKIEHRAIAIAR; [, 3®R5E6
e B VR AL T S R A L [ AR Tl 5Bk AR B2 52

1 MR5REE

1.1 SRR
S 56 8 WOR U5 T 4= (4 #2 7 (Trametes versicolor) Y EL A i (Laccase, 500 U-g™"). E2(17B-estradiol,

>08%) . — KPR . —IKFFBERREN . 2,2'-F ALK (3-2 F 8 - WE W k-6 i ) (ABTS) . WB(KLIZ

<300 H). BB(Fif£<300 H). CNT S0 E- T T35 (k) ABRAF,

1.2 RESEMREM R EREE

T 3 W R [ A T, AR IR TR RN A oV AT e, TR 50 mg- L' EBHATR , 20 9
100 mL #EEHAH S 100 mg WB. BB, CNT #1754, 25 °C T THEIKTIRY 12 he FFREEE)S,
AT ES, 83T 0.22 pum RS RN R) —FhE e fLARARL, CE T 4 °C vKAR R FIFH RS s
T WB I, fii5 A~ AWB-L(Adsorption Wood Biochar-Laccase)., HAKX#5 A ABB-L 1 ACNT-L,

T A I [ R, B 100 mL 7Y 3% SARESIEIKS 100 mg ) WB. BB, CNT #17RMES, &
730 min J5, £ 25 °C{RFF 24 h, i 3 FPmRBIA RS Ca* Fuorib AT 3 il . 15 o 0T b4 R 35 1fT 7543 W T
Ca™' &, MTRENETES, i 0.22 um JERASE 3 MRk, 7€ 60 °C FHET. HUK 100 mL ZREHATR
(50 mg-L™") 5 100 mg & Ca™ B 119 3 Bt Bl st i A TEFEIRTPHRY 8 h )5, B 20 mL &34
0.5% MEESETRENI IS AT BHITR G A R, B TIRRIRMUEARY 4 he F5, YHALRIEEERR
PEAIMEIE AR R 2T 3 A SRk b, U TRENE S, At 0.22 pm JEREARAS 3 PR e AR R
Bl BE T 4 °CUKFET RN o R AL B 20 1 T WB i 5 25 EWB-L(Embedding Wood Biochar-
Laccase), HAKIXHS 4 EBB-L 1 ECNT-L,

1.3 RESEEWREMRIIIRIE

fE T B0 (SEM, S-4 800, Hitachi, Japan) FRAFFEE(LATG WB. BB, CNT MO R EIESRL,
¥, i {8 21 43 (FTIR, Varian 640-IR, USA) 7E 400~4000 cm™ N34 & € LT /5 WB. BB,
CNT W EREAL,

1.4 SREGRENE

ABTS [1] ABTS" A HEMFALH T2 BB IGTE . — 7 BB TG M 2R OB 8EAE 1 umol
ABTS Frs s, BRI, B 0.3 mL 1 mmol-L™' ABTS 5 2.7 mL BBHAM A /MBS, [HiHILEsh-
Al WA EEE T (Ultraviolet spectrophotometer, UV-Vis) T 420 nm AbM HIW G AYHEIE, 2 min NAYIK
TR, R 15 s 105 1 IR MRS AMOCRE, THREREERTS , TR A=t (1) Bk,

AA-10°-V,

e-AT-m M
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Hp, KACKEHEG, U-g';s A4 ABTS'7E—BifRINBMCEEAUAE; vV, MR RE BT, L; e h
F ABTS HIFE/RIDEEEL, 36 000 L-(mol-cm) ' AT KRNITE], min; m MEHOFE, go
1.5 EEREsHiREMFEEFIAM

7£ 25 °C F, ¥ 50 mg-L™" iiF B A BE AT 40 mg & E AL F A2 B 40 mL A7 468 R #7462 R 1 ik
(pH=5) ", FHorHlfE 24, 48, 72, 96, 120 h i}, M RGBT T e (LERRAE 25 °C MKk 25
d WfiBfERS ek, JRLA 120 h M (RIFEIE R AEPE . #ad ABTS 1E MR, WF5E T b fLig i Y =42 fi
Ve, BHTT 5 ANEENER.
1.6 E2 B9EPRS1EIRCLE

TF pH=5 %14~ , ¥ 40 mg WB. BB, CNT LK & @b RHINAZ 40 mL 1) E2(50 mg-L™") %,
FIH 0.22 pum jFPELF 4T FE 20, 40, 60, 90, 120, 240, 480 min MR R FFHUE 0.5 mL A E T
2 mL B8/, FFIA 0.5 mL F BRI ORI N 16 . A REm I —3X =0y, R S (gL
(HPLC, ZHE(E 1260), & EIEAHFIR E2 MITEWE . K 480 min J5, #H1TEVRE, EHIMA 40 mL
E2(50 mg L") . ZABIGAESR 5K, BRIBGEARIARZE 0.22 um A IEERHIRE . TR A7, BT FE
mnd—X =4y, M HPLC e orRIAy B2 (B .
1.7 £REFHTEEWREEELR E2 FISN

PIFFESIR-FTE IR AN R s S (pH=5), ZrllEcH] 0.5, 1.0, 5.0 mmol-L™" AYRSERER (KNO,) Fl—K i
24 (MnNO;(), H,0). 7E K'Fl Mn*™ B T A4, 3 5 R 40 mg Wz B A6 1 3k 81 7 1 4% 1l % it
40 mL MR EE R 50 mg L™ B2 W, ZM9ITE 20, 40, 60, 90, 120, 240. 480 min HH{THURE, FrAREN
¥—RX =15, A HPLC IS HokRIAY B2 (R .

2 HR5TH

2.1 EEREERIME R

T R W 0 15 52 pH S R, BRI 2 T RTR] pH 250 T BRI E . W 1(a) B, 7E
pH=2~8 MR, UFS BB ATk 303,75, 381.05, 384.65, 413.58, 119.31, 36.24, 580 U-g',
pH FARAb AT AP s il 2 R i L BRSPS M LA R A I VR B PERE S pHL 1947,
BEGIN T pH=5 i 2 AR WS e de . BEAE pH 4822 Th s, REGAIE MR BRI TS . Y
pH=7 I}, UFESBRERITETEREARE 36.24 U-g™', (UM EBEE M) 8.76% TERRIE KA g e 4k kT
HIEPE. X ATRESE T2 R B B 1 SR BRSG PE AL s T2/T3 4R%5-G i A, Al 7 A T1 3]
T2/T3 R A5 P L TG A 25200 A T1/T2 A T3 3RS BNEWE R, 83 4k i, TR e A B AL
AN A T o TS M TR R AR B A A T ORRe T LA AR, S [ A i B T AL
HiftEfb A AL . I6Ah, 7E pH =5 B BSRIHIB AR T 458 24 48, 72, 96, 120 h B, ¥iFES
R BRI A AR S0 3R 70.40% . 72.78% ., 61.92% . 55.85% . 46.78%(/ 1(b)), AILAK IR, FifiHa]f

500 100
400 | 7 7 7 80 -
- g NN
w300 7 5 o0r T\ .
2 e N
g 200 F B 40t \
100 | % 20 |
0 D e AN\
1 2 3 4 5 6 71 8 24 48 72 96 120
pH i i) /h
(a) WIUR pHX R FESE (b) BRMEGEE PERET A7 8] A2 1k

1 pH XM ERBEE RS R RN AT E AR E M
Fig. 1 The effect of pH on the activity of free laccase and the stability of free laccase with time



552 FRERAE: AR AR A 18 AT 2 R K VAR — e 495

B, WA TR YL R X TR R NI I TR E RO R D, RSP GL SRR AR S B
IEPEREARR2 WS iR o — Rkt A, MELIEA MU R B R A T I, Rt iH., %
PEFRIRGAE PR S5 FHAS R BR ) T AR S U . PRI, WFSE A EE AT R s e 2, 42
TR TR B AR L B T AR A D BRSO AR AL 2L
22 BEIEWREBHIFRIE

IR Ry OB AR R R A WB . BB FI CNT b, R i S A T W P SO A5 4
sl 2(ay~(c) Bz, WB. BB ASHRHEIFFA A FRIALRG Y, 102t TARBEER A s flid B At g
FALPTEL, T CNT A& ARG T2 5 TR A KU B BRAA . 15T 2(d)~(i) 2 81 BB 4 HL B
K, PR W RIRIESI A2 XA REE M TERMEE A (60~90 kDa) f/NUTHE T/ 5 nm
A, XA ROTHARMEROR 10 nm OGO RN 2, SR, 7EMEIEEL/S, AWB-L, EWB-L 4%
TP EOEHT, XATRERH T WB. BB, il CNT REATERZITEY . AWTERM], IR 6 2
ey IR s/ ST ESEE] 5 s X G b i e

v Sl

SRR, W

T -

(g) EWB-L (h) EBB-L (i) ECNT-L

B2 WRFEEREIREMREMRE E O REE R R
Fig.2 Scanning electron microscope images of immobilized laccase by biochars or CNTs through
the adsorption and embedding methods

ABFSEFIH FTIR 404 1 BEE E1LRT /5 WB. BB Fil CNT BIZ5H 7254k, 408 3 Fran, 7E 3 420~
3450 cm™ A NRELH (I —OH MZEIR I, 2 924 em™ b By I P T4 355 [ A A X FR C—H FIXTHR
C—H#RENPT, 1626~1 641 cm™ ZbAIRIKIE T BE S5 AP HHRIEIN) C=0 R I -P A/ E A IR R feh
iR AT 0T, 1 148 em ™t AR AYIEXT I T R REZE I C—O—C MiZaiRsh™. 1050 cm™ A1 1 071 cm™
Ab AR I A M e IS R C—H BB T 1026 em ! AEMICFE C—O HF R H4ETRsh2>, 5 WB H
BB AL, CNT [EZkA E 5 9 LA B REA AR shide 54 firksdai , 2 i TR 0 05 38 0 1 B Re AT A9 7
CNT L:figft, B, WB A BB SR, —OH WA FIREAIC; 1l ONT G ili/s—OH WellHgsR,
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OTH C-H C=0 C'H.,C‘O
EBB-L ,
D AWBL 4 A~ ABB-L A___ N ACNTL .
4000 3000 2000 1 000 4000 3000 2000 1000 4000 3000 2000 1000
WeH/em™ WHem™! WeHem™
(a) WB . AWB-LHIEWB-LZI /Mg (b) BB, ABB-LHIEBB-LZ[ 4G E (¢) CNT ,ACNT-LFIECNT-LZI /MG

3 IRMEEFNEUEEMREMEEE W REEHY E ELIMEEE
Fig. 3 Fourier transform infrared spectra of immobilized laccase by biochars (WB and BB) or
CNTs through the adsorption and embedding methods

CNT [ElZE B RGN, Ik 2E WB Y C=0 Il C—H EfeA I 238 m, %4k, 780 cm™ Fff
IR L, HE—UF IR I 27 WB Al BB il CNT P,
2.3 ElEREREEMESFERMN

BRI MR E A Y A R e A BN 2R, ] RS [ S S B S R O R AR, R
FEANIRNE 2 7 AR AR . ABFGRTE 25 °C FBFF 120 h ki e (LR, A5 24 h e H
AAXTRIATEE . W R R EE AR E AN R 4(a) Bz, ATUL, 120 h J§ AWB-L Fil ABB-L B3 AT 73

125 ¢ 077 AWB-L 100
B2 ABB-L V] AWB-L
100 1 NN ACNT-L R ABB-L
< X N N N\ st N N N ACNT-L
X I
= 75 F o0 KX
Jaesd e £ XX
o W PIRS g5
& & S0FPAS B N
= = 9% KX A K TR
| r o X K] K%Y ol
. N N N N7
NN AN AN AN
. LN 76N 8N 76N 76N
24 1 2 3 4 5
B/ TRFRUCHY
(a) WP s P O i 2 (b) BRI i e g 2
1251 7 EWB-L 100 V) EWB-L
EBB-L @EBB-L
100 b XY ECNT-L R ECNT-L
N N 75+ 3
S s BN NN N £ .
N N AN VAN & 21 o N
§ é»&: g é»::: é:z: é»:g: & 30 g:;: \
= %o k< R 5% R = o K&
= BN RN AN AN = 7 EN
= 1N AN N A & B 7 A\
% % N % 25t 7 EN
5NN N A 7 EN
N N N AN & = EN
24 48 72 96 120 1 2 3 4 5
BTl TRARUCER
(c) AL i AL P O B ) (d) A2k R A e BT 1

4 [REEEFELEE WB-. BB-. # CNT-EEWRESHRE S MR EE MM
Fig. 4 The stability and reusability of WB-, BB-, and CNT-immobilized laccase through
the adsorption and embedding methods



S22 TERE RS AW B RN K AS 85 R e Tl 25 B K A — st 497

FREA T 85.82% F1 88.51% FlAxidith, 1 ACNT-L B hNFEEl s HARER R 268, AIIRAEH 96.60% [EZE11)
VRt o TR CARE [ AEREE GRS L AR BRRECRAT 71.2% MOTEIEDS, 1 e e 2 ST R b g R ok
IGRTHN RN 64.7% MITEHERT . Zad ke fbfs (& 4(c)), EWB-L, EBB-L Fl ECNT-L A4
TEYELE 120 h 543518 82.02% . 85.07% Fl 94.54% ., XEIHTE WB, BB Fll CNT A MRy EAR KCH2 5 1l
BRI, Bk T EREEE AR o BRI AR R A R T RESC T HNIME 2 LA5 ), BE
S =R AP BHER

F—hT, WEEEE, ©RNEE MR R YL R G TR [ AP e B S
AHFELL ABTS VERIEY), 78 5 IR A2 [ ARl vl S S (A . WFTR e e, Wb il
TR mEZ I 5 ARG (K] 4(b)), AWB-L Fl ABB-L (|4 {CRIWI G EHG I 27.81% F1 26.62%; i
ACNT-L HAVAF 37.99% MO0 o 3 AT RESE: Fh TR B £ 28 A R Tl -5 2 AR P 6 A 2 (B B 25 6 T ANBAR
Gt 2N ARG, KM E e AR mliys, SEEHXIHEGE FRECY, AT, ARk
PAIRBLINF IR MHE AR, RO AL [ AR i 2R T R G WA A [ Al , A EA)
FHWZ R EF5VE 7 [ 2 AR S, sl SRS HA BRI 45582 . WANG 258 FI 75 kedit = R Ak
B S A ALER (CTAB-KOH) BetA= W, Hmash W B e e, Al &2 B0 e AL AE 6 RIEINR R LT
29 55% M. 155 —IFoE b, KRR B ) e FERG A ke L, L AR RIA R 66%, i HLE & fh i
Lt 6 G R EMERRAE, REREIREE 40% MURTRTETEN . ZHANG 202 5@l et . Ui s ere Ze
T b e FEGORREVE A % (L-MBC) L, BERiA%] 2.25 U'mg™!, 44t 30 d i, L-MBC {EMEA RS
TE 64.40%. FUCAIAL, WERHEBSRIE DA T, (A e (b A R R e MR n] A2 (o AR 455 .
HEVE SRR OCE A A TR e, M EAR S T B (bR R R, A SRR R 75 7K
AEEr N R AR o
2.4 E2 B9EBRSMEIAAR

T 3 R B A A R [ 2 /E WB . BB FIl CNT |, MITTBFSE AL RN B2 AR, 253 8 h
JR, 3 PSRN B2 AN EEE CNT>BB>WB, HMHhE /3 3lik%] 17.23, 13.01 1 11.32 mg-L™',
XA e T ONT B H R AR A s, & 5(a) firzn, AWB-L #Y E2 EBEHMF) 21.46 mgL';
ABB-L fJ E2 £ %] 23.83 mg- L', ACNT-L X} E2 R E, 76 8 h AT E2 RN 27.38
mg- L' 7o, FHEEE LR T B2 M RBRECR WA Sc. 7E 8 h N, EWB-L Xf E2 PR igng)
42.04 mg-L™'; EBB-L Xf B2 EEREHIINZ 43.60 mg-L™'; ECNT-L Xf T E2 KEREEAF] 43.93 mg- L', [HE
AR K R B2 W 2SBRRCR LY, PRk [ AR AN T LAWK A B2, T L o] DA e f A 4 Ak
Fff B2U91, S94h, AWF5RRM, AUk e (LR RRR B2 SO B8 m TR, nTRE i M b 12k
RIOTEF 855, DR AR R R i ) T PSRRI R S AR, X Faivkmis, hT
R o FARGTRER, 1R B D) TR BRI s o]y, HARER 0 PN S R A A4 i o7 i
BYINIH YN BT LAt AR S [RIN, 24T5 U)o PRIz s R, B et IRk = 515 etk
SEALTFEY . SHAO 25099 Sl it 23 DA FLBRGIK IR (HMCs) [ T RS IR, S BI04 [ A i e
5E, HMCs #kt F B i R IA S 835 mg-g o[B8 AL BT R AR DUBR 2 AER R TR VD 2 1) e BR %491
4 99.40% #1 96.90% .,

XFEE 5 NS (BHIEYK 8 h) JEH%T E2(50 mg L") MBIk, anld 5(b) fs, 23 5 IKAE
g, WCRESI Y 3 FhE e (L ER BT B2 1 LBRZFEHIAL. AWB-L X E2 i LBR%H 39.66% L2
15.38%; X ABB-L, 5 KNG E2 AUEBRFRMHE 47.44% 2 19.76%; 5 AG3 G ACNT-L X} E2 )
FBRRH 54.50% FFEIRE 34.84% , OB EEEER I IERIGA A NS, SO BLS 1A & A AR A S S5 14
TR, BERT B2 (Y RBRACRN, A e (LR 2B B2 MPE SR AS AN 5(d) s, X
EWB-L, 5 &MGE¥JE E2 BB 88.84% [FKZE 56.06%; EBB-L Xf E2 AYLBRRH 86.66% [k =
57.08%; X}F ECNT-L, 5 WAEHG E2 BIEERZRM 86.76% KR 59.66% ., Lt ZUE s, FIFtutisk:
[P R PR B 22 PR BE St S R PR ER UER BB IR e, oM Zeid 2R, SEIELSHAE BN,
NIRRT s, 78 5 AEAE, AL e AL ERmE 2% B2 BCRm T, nl Rl s
ERSRLTRIRBEAY PR PEROAEES . AT TR RS, AL e BT B2 ARCR LY, AEEME LBt
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75
077 AWB-L
~ 60 - B2 ABB-L
2 N S Y ACNT-L
;D ‘Q\Q 7474
E g Pr g
o - 4 PE XX
2 = SN
= a 304 RS B
& —=— WB —e— AWB-L = K3 K3 %
S —=—BB —e—ABB-L K 5 SN SN
10+ —0— CNT —0— ACNT-L 15F 83 £ 5% N
0 . . . . . o LIS % S = N
0 100 200 300 400 500 1 2 3 4 5
5[] /min TEARE IR
() WRRfHE 5 A B 25 BRE2 (b) MR BRF [ 2 AL RO 21 25 BRE2
0 100
U] EWB-L
\ BRI EBB-L
~ % 80F N NN ECNT-L
—
éﬂ 300 8 & g0l \ N
= —=—WB —e—EWB-L #r 7
g —=—BB —e—EBB-L % g
20+ —O0— CNT —O— ECNT-L & 40t 5
& K R
% 5
m o
10} I 20+ 3
. { KX
— 55
2
0 ! ! ! ! | 0 0% 1
0 100 200 300 400 500 3 4 5
i [f]/min PEIRB R
(c) {39k [ TR 25 BRE2 (d) A3 [ o AL AR G A 25 BRE2

5 IRMEEREIEE WB-. BB-. f1 CNT-EEWREEXIKF E2 BIERRREEIEIRSE
Fig. 5 E2 removal by WB-, BB-, and CNT-immobilized laccases and its cyclic experiments

o i, MR WB Al BB [E R AT B2 1R BRFZALT ONT [BE @ Egn 25R%, SR, mMk
CNT S5 AR B2 0 R BRRAEARCRARAL, Rt, ik P fadsmig nT IR E s lAs
) CNT [EI0HE, WaEREIMEAZBR B2 BB
25 EERETXEENEREELR E2 BI5

BRI PEE F A2 B oK S A e &R BRI, BE4)R BRI AR mA L. 5
n, Mo R AT 22 B R AR BEHE R B Leptographium ginlingensis WIGEES" Frllh Tik—4T
R e AR SEP RN R, 552 2 Fh e )8 BT (KRN Min™) X e fbigs i Ak B2 s

D) KB R, & 6 #iARTE 0.5, 1 15 mmol- L™ K'WEER, IREERE LAl A AR 2255 E2 Bt
SRR ML . 9T 2 BIAERT 100 min P B2 AYFEVR TG T, BEGRRF—a Vi, BEE KHWEH
0.5 mmol-L ™" ¥ NE] 1 mmol-L ™' i, [EEILEERENT T B2 B9ZBRIC R KA IS . (B2 Kk A #
5 mmol- L™ B, E2 M LBRRIBIEL. 48 s TriilfE A 320 Rt TR B L s v i R v i -
DU AT RESZ R B A TG P, DT 5350 81 52 AR X B2 (R 2B B AR, RIS SO 450 e B Na™, K,
Cd*. Hg*". Fe*", Fe’" 7F 10.0 mmol L™ ¥RE/KF T W EHMHIERREE . XLe4 )R 5 TRens- 5 R meas it
BHREMRIRES &, TERIGINEFINEY), FFREIE SEGRBEI TG . TR R R T 2 BRI SRR PO
WY Ao FHANEIRTE KM TRom T, AUk e (LR 22 B2 S22l s RO T b . — ]
TR R 22, SEEEZMED; 5— o] fE i T (O R i — e R Lz iw
W 4R B TR

2) Mn™ B2 o % Mo 5 [ 465 iR BB E B2 i b 3L M R 8 hjE (B 7)o Y Mn” MR H
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Removal of B-estradiol in wastewater using laccase immobilized by biochar
and carbon nano tube
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*Corresponding author, E-mail: gangchu@aliyun.com

Abstract Laccase is a class of Cu-containing polyphenol oxidase with high catalytic oxidation ability. The
immobilized laccase technique has attracted an increasing attention in organic wastewater treatment. In this
study, wood- and bamboo-derived biochars (WB and BB) or carbon nano tube (CNT) were used to immobilize
laccase by the adsorption and embedding methods for the removal of B-estradiol (E2) in aqueous environment.
At 25 °C and pH=5, 80% activity of the immobilized laccase on WB, BB, and CNT was preserved after 120 h
storage. After 5 cycles, the residual activity of the immobilized laccase was 27%~58%. Combined with scanning
electron microscopy and Fourier transform infrared spectroscopy, it was confirmed that laccase was successfully
loaded on carbon-based materials. Within only 8 h, 42.92%, 47.66%, and 43.92% of 50 mg-L™" E2 were
removed by WB-, BB-, and CNT-immobilized laccases using the adsorption method, while 84.08%, 87.2%, and
87.86% of 50 mg-L™" E2 were removed by WB-, BB-, and CNT-immobilized laccases using the embedding
method. The results showed that the immobilized laccase using the embedding method had a better removal
efficiency for E2 due to its stronger stability onto biochars and CNT. In addition, K™ and Mn*" ions could
interfere with electron transfer of laccases, then affect the activity of laccases, diminish E2 removal. The aim of
this work can provide a guidance for designing immobilized laccase for organic wastewater treatment.
Keywords biochars; CNT; immobilized laccase; B-estradiol; metal ions
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