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ML IEAT TR . 450 R B, BC500 R H AU K, H C=C.C=0.-CO0 F1-OH J& BC500 /) 3= 2 B Be Al .
BC500 X Cd** \FLU.PHE ,FLT.PYR #l EFX % °F- 34 & B %} 549%~90% , 24 45 AU RQ {E s )X 0. 85 [ K 5
0. 33, B BC500 A= 9 e % S B K 7 FR A K A2 515 YR 22 BR AR R Ao TR SR 5l g 2 R g o 6 0 S A 7
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W B A5 T SC 3, O 5 A 4T R BE A IO 3 Y
(SEM-EDS) \£LAMG3E 53 Hr AL (FTIR ) Fl X 44T
SHL(XRD) SERAE T, W1 E W e 2 4
75 Y% B R B LB, DA AR S B FE 4 IR
A B[] I A7 20 42 ) 5% B 7K R85 09 7 e, £ T
K= i B4 i B

1 MRS IE

1.1 £YRHEERELERRE

KA A (LA S 300 00 8 b 35 v 9 0 K A
PPAR B o ORI S I SR BN 32 ) o 1A 5 A i
Ja i, A R KT 5 BT 85 CHLAE kT
(24 h, 255 e BT o i 45 LR A (E D L 4
e 1 100 H (0.150 mm) 7 J5 , 78 5 3 4 (KSL-
1200X, H [ ) 1 2L 10 °C/min 1) 3 R T+, 78 B
FEHI £ i E 500 “CTF #i# 2 ho il 45 BC500 (THR
HE S  E FEA 2 5 R B AU LR R PR 4R
SR o BE SR AT Y A2 B e BT 200 CCHY
B2 HEAE BV 24 b, DAV DHE R VEAL S Y
S, B, K BCS00 BT 4 CIR v AR
k28 h)F % H .

BC500 G & 43 (C, H, N, 0) e & 4
Mr AL (VarioEL Cube, £ [& ) W 15 o J 24/
Autosorb-1Q3 & A fL P& ¥ 1T (Quantachrome
Instruments , 3¢ [E] FE$E ) I i Hb 3% 11 A2 (SSA ) FlfL
2o 8L 7 2 UBE (Vega LaB6-SEM, £
7 TESCAN) W 2% R 1w I 25 o 40 4h )6 3 X
(Nicolet 6700, 32 [ ) I3 BC500 2% I A9 & BE AT,
[) 5} FH X 5 26 A7 5 (XRD , Mini Flex600, H 7<)
Y S AT
1.2 BC500 X4 3k B 3% 58 7K {4 79 B Bft

T8 I ] AR S i A 7 B X B (A BT UL
I VL LTIV R AR A A AR T ) 3R FE b B K
PRME R BFFE R4 (S1~89, n=9) , F2FH % 4 1 25 B
EN RN N N RN (NN S = DO
MR A8 A5 PP % A A T 3 R A R AR
AT FHE, RFRANRFE T N AEW M. K
[v] 35 58 7 3K v T e 0 1 R 5 A 4 SR 5 2E K L
TR IR VTR LA K 3758 1 72 o 4R RE R 32 A
sl PR FH 55

FRFH /KR HARTS 44 Cd* \PAHs FIEFX 1Y
W B WL BT IR 5 B SR E A S 4
45 pH (7.2~9.5) (U5 i 48 (2.2~11 mg/L) | i J&
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(19~36 °C ) 1 DOC (0.67~1.2 mg/L) . # 0.2 g
BC500( % F& W BF 25 12 F1T5 G4 ) S PRk B ) $5Jm
#1200 mL PR FRFE KR, BT 25 “CHE % R
N SBE YR 72 (180 r/min) 8 h L £ 0k 21 W FfF -1y
5.0 (3 000 r/min) 10 min J5 3 0.22 pm f3FL 8 i
M2 CA> MR , PAHS Al EFX HEFT [ AH 2% BOAk 47
ERZE I mL 5 EALKEI . DL BC500 78 467K iy
B SR R A IR IR
1.3 B4 EsRLg
WAL T Z MG Y [Cd  FLU (%)) \ PHE
(4F) \FLT (%) .PYR(EE) \BaP(ZEIf:(a) EE) 1
EFXIRG Y 3 AF 0 5 5 R MR & FE At i 50
(Y SEAE b HEAT TR B Bl 7 2 R B A R A AR
BARZ TS YW R e B A= i S I
FAERIW R, W s )27 +72E 48 h(0.5 min,
15min.30 min.1 h.2h.4h.8h.12h.24 h 48 h),
W B AR 2R 8 h, T 180 r/min 1Y 25 “CHH B #E
IRINRECHR o T A IR B S 96 3 1 1 3 AP AT A
fir, 33 0.22 wm SALIERRE S HE T 347
1.4 HESH
141 15 NK T
i FH US4 (Risk quotient, RQ) 2R IVAL & &
BTG Yy i AR S RS AT
RQ=MEC/PNEC (1)
PNEC=EC,/AF (2)
A MEC 2 S A BE e B, RIVAE K A v iy 52
DV B, ng/L; PNEC Ay T00I G 450 07 v B, 2 76 9
AN A B i A Wl A S R g 4k
AN R B 0 B KW B, ng/LS 5 AF Sl F
T EC M O MR B ng/L, M AEFEZ A E
iF, U /ME . DA ESEOASCER RS IE 81 T3% 2
i
R Al XU RS RQs A HAE K I 58 Hh A A
ARG RQs<0.1 AR s RQs 4 0.1 ~
1.0 o~ B AR S RUES 5 RQs=1.0 4 & AR 2 KL
(AR
1.4.2 WM B) 727 e W B 4 i e A AU ASE 41
FRAEE — 9 5 I 2406 2 A 15 YL 7E BCS00
B 15
W W )12 g=(Kqt)/(1+K,qt)  (3)
A2 g, .q 53 0 R W VA8 K o B 200 R W B 3, g/
g5t WL RS TR] , min K, A 1 2% W B T 5 0 4,
¢/(mg*min) ,



6 1 HEER- , 85 AL BT TR KA 52635 G 1) BB RICR 5 W B HIL A 44¢ 1371
®1 BC5003 £ 575 38R M5 1% 5L%6 (pH=7. 0)
Tab.1 Adsorption characteristics of BC500 for combined pollutants (pH=7. 0)
Uipsd 159 bide A R
Types Pollutants Concentration Volume/mL Dosagelg
HMs Cd> 10 mg/L
FLU 1 000 p.g/L
. PHE 1 000 p.g/L
jﬂﬁfﬂn‘l;mm PAHs FLT 200 pg/L 100 0.08
PYR 100 pe/L
BaP 100 pg/L
Antibiotics EFX 1000 pg/L
HMs Ccd* 1.0, 2.0, 3.0, 5.0, 8.0, 10 and 15 mg/L.
FLU 100, 200,500, 800, 1 000, 1 500 and 2 000 pg/L
W P2 PHE 100, 200, 300, 500, 800 and 1 000 pg/L
Adsorption PAHs FLT 20, 50, 80, 100, 150, 200 and 250 pwg/L 200 0.10
isotherm PYR 10, 20, 50, 80, 100 and 150 g/l
BaP 20, 40, 60, 80, 100, 150 and 200 pg/L
Antibiotics EFX 100, 200, 500, 1 000, 1 500, 2 000 and 3 000 wg/L
x2 BIRBSERUNSIERE
Tab.2 Toxicity data of the studied chemicals
1594 Pollutants PNEC /(ng/L) EC,, /(ng/L) AF
HMs Cd* 7300° - 2°
FLU 11 000 ¢ 1 100 000* 100°¢
PHE 30 000 3000 000" 100°¢
PAHs FLT 6 160° 616 000" 100°¢
PYR 7000° 700 000 " 100°
BaP 14¢ 1400°" 100°
Antibiotics EFX 1 000 000" - 1 000°

T BRI T PARK A5 100" B U8 T LIANG 45 PO Bl I T CUT A 21, RV T sl ik 22, o e ok 8 XIE 462
Notes: *Data from PARK et al, " Data from LIANG et al, ¢ Data from CUI et al,  Data from ZHANG et al, ¢ Data from XIE et al.

Sk HI R A A 45 it W B A5 BY ( Langmuir
F1 Freundlich ) % BC500 5 i W [t %5 P 2 47 #1

AS
= o

s Gnm K.C,
Langmuir :¢ = T+KC K.C. (4)
Freundlich :¢ =K.C" (5)

s C A AR ST U U W B BT ) R B2, mg/
L; g, 0 V- W B 5, mg/g, g, 0 A AT B 5, mg/
g, A W B PR B 1 AR A 5 K, WG BRHREAE 4
L/g , 2 FAE W B 5510 5 i B I3 22 T 53 A T 1) — A4~
SR K AR, TR B 2 F1 D R S K Ry W A
e 1250, (mg/g)/(Limg) ", 5 W Bk AH B AE H
I B 75 1A DG, K {18 7 3 2% B O o6 8 ) 7
n oK) R B 5T 43— 5 8 BT R0 2% T A P 5 B A OC
M

1.5 YLK

5 YWy I 22 PR A i IR g,
K W5 6 6 B T (TAS-990) ] 2 7K i
Cd> 1 ¥ J& ; %FF PAHs, ] C18 SPE /)N hE 25 Bt
UEJE BIIKAE SR VR A = 2 AT e &
I mL F-20 ‘CLRAE, IF FH A0 3% BT g (L (GC-
MS, Agilent 7890A/5975C , 3¢ [& ) #E AT 45 43 #T o
X F EFX, 7K RE R4 5 76 24 h 58 AR B, R
e 5 A FEL % 25 R 5 R 11— S K L A AT R T R
FRASGIN 5 , 7 1E 25 1R DAZ SO W I (MR M)
AT AT -

R S1E

2.1 BC500 £ ¥ HIIBIL %R
YR T E TR (R 3) RN,

2
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BC500 %L C L% M F(80%) ,H.O . N.STC
R mBAt. A, I H/C, (0+N)/C K
0/C 4351 24 0.041 ,0.079 F10.070, 5 [F] & B T 7k
FEFEFF1(0.49 0.2 F10.18) . £ K FT(0.29 .0.17
F10.15) 12 FF'27(0.44 ,0.19 F10.17 ) 1 & 19 &
Yy 1< AR L 240 ARG, Ui I AR SC 48 19 BC500 J5 7
PETE S, FE I R LA AR R, X R
IR TS Gl W 0 W B B A . [RDE, BCS00 AR 4 g
[ e 2 18 AR 150 m¥g, L2454 0.10 em’g, -3
fLA2 M 2.7 nm, KW BC500 A L L4, 5
[F] 45 25 1F R 28 /N2 RS FE A W e AR LB, Ll
2 T FURN P ¥ L AR R, BT T AR Y W M R

116
2.2 BCS500 &3 LBRIFFEKEHESTTH
90 B R B 2 Bk

S B 35 5 L 3 2K AR FR Y Y W e BE A WL 2%
4, 4@ CA* A e BEYE BB 1.1~11 pg/L, #8455

R (S2.S6 Fil S9) i o [ 5 i b gk BT bk
(5 wg/L, GB11607—1989) ; > PAHs ¥ & yii [l
841~3 226 ng/L, #43 Hb X B Ab T 1 25 i =5 75 Y
JKEBY S EFX M ¥ o 4.8~521.0 ng/L, &b T 46
15 YA A et b R K W B
FLU .PHE .FLT .PYR A & EFX fJ°F 2 4 £ 43 5
M 5.0 pg/L . 1100,500 130,110 ng/L 1 104 ng/L
TR 2.3 we/LL 140,56 .13 .16 ng/L 132 ng/L,
T &5 5 R 54% . 87% . 89% . 90% . 85% FI
69% (% 4) . AN, B A T5 YY1 RQ L AH N B
IRCE 1) o W AT, A BRI RQs KF 1, A
PLFLU Fl Cd* k78 78 Az 25 RURSE 19 32 22 STk 4
T o W bSPTIR BE K AR B RQs 34 B 2] Af
$2 22 1 K F (RQs<1) , RQs V- FJ{H 5 J& )\ 0.85
FEARE) 0.33, TREE N 61%. H Ik, BC500 7] LA
AR 5 BRAK SRR K AR T A5 G, A
17 AR AV L A 25 XU o

&3 BC500 EAMIEINL 4
Tab.3 Basic physical and chemical properties of BC500

TCRAM I5 A Mt IR BET W ECR
Elemental composition Aromaticity ~ Polarity ~ Hydrophobicity Mineral element
B bE xR
Biochar AR Pore Pore
C% H% 0% N% S% H/C (0+N)/C 0/C . K% Ca% Na% Mg%
SSA/ volume/  diameter/
(m*g)  (em’/g) nm
BC500 80 3.3 5.6 0.78 0.12 0.041 0.079 0.070 150 0.10 2.7 24 0.14 0.010 0.050

R4 AR BMEIESERRFREK G RIS RMERE

Tab.4 The concentrations of contaminants in the real aquaculture water before and after adsorption

FES Cd*/(pg/l) FLU/(ng/L) PHE/(ng/L) FLT/(ng/L) PYR/(ng/L) EFX/(ng/L)
Sample WgRftEy  WRHHE  WEERT  OWRBRR ORBHET W WRBHET WGBSR OREET OREDR WD WS
S1 3.740.16  2.0+0.17  528+46 79440 21131 14+0.07 71+4.4 4.8+0.77 54+8.5 2.9+0.04 180+22  36+5.1
S2 6.5£0.24  3.3x0.77  900+59 99+9.4 465+37 52+42 119+4.4 19+0.78 77+2.1 15x1.7 521x115 120+40
S3 1.1+0.04  0.84+0.02  541+60 34+2.7 265+35 130.05 61+9.4 4.6+0.54 50+5.1 2.7+0.07 59+10  29+12
S4 5.9+0.34  2.3+0.24 1956+45 230+80 849+10 190£0.08 199+9.1 7.2+0.11 209+60 2.7+0.06 39+0.42 27+1.4
S5 2.1+1.1  0.63+0.15  607+48 58+0.1 209+19 7.8+0.04 56+11 3.0+0.08 48+2.7 1.7+0.02 34+49 24+1.5
S6 11+020  4.8+0.59 1857+91 180+3.4 808+37 42+1.9 20312 3.1+0.15 181+23 1.7+0.13 33+53 12479
S7 29+041  1.8+0.13  967+60 150+12 424+16  65+0.12 103+7.8 16+2.4  91+1.9 22452  15+32 5.9+0.79
S8 33£0.73  2.3+0.21 1030+17 120+9.0 496=11 58.+4.6 14718 - 118=1.1 - 48+12 2716
S9 8.4+0.43  2.6+0.23 1873+33 260+9.5 81019 59+4.1 212+6.1 47+5.1 168+2.7 78«18  50£5.7 32+6.1
jji{wg 5032 23013 1100£60 140+7.8 500+26 56+5.5 130463 13+1.5 110+62 16+2.6 104x19  32+3.4
Removal 54+16 87+3.0 89+6.1 90+7.6 85+15 69+19
rate/%
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2.0 ot arees = TR BK, BRI A W R, BCS00 fY
L5l W f 38 % K, Ak T 0.40~130( 3K 5) , 1o T B — 1%
R ZR (0.17~4.90) | LW B 0% 50 1A 22 B PAHs>
L EFX>CA B #a 3, B E R SR R A LG 4y
2 ol bl T 4 J B 2 8 0 0 PP X nT B S SO T
' iR BC500 J5 7Pk By, B AT ) T K 1k 75 e i

0.1 Sl

B AR A G . A, 5 LA A W e A RLAR L
0.03 1 ARBEIE I K, T RE R T R AT AR
SR T A RS FE AR Y BRI
BC500 X 5 A4 22 15 4L 0 1 W B o EL A Ak

0
$ & & & ‘953%

R
(Jg 12 T
1 BC500 B 3 BT/E 3R A 7K R P 534 RQ B —
Fig.1 RQ before and after BC500 application in 107 ., v . !
aquaculture wastewater g ¥  —8— Cd* 4~ PHE <~ PIR "¢ EFX
/ ‘e FLU—v— FLT —» BaP
6m ‘
2.3 BC500 4 ¥ 75 B R B4 1 Gy
2.3.1 WEMEh Syt <
12 LR TFUA 19 30 min P4 , B 25 102 I 6 7 2 - ——3
1 BCS00 15 ) 9 Bk ZURI34. 2 h s I
T2 40 5 2 T O 7 58528 T 06, D 3 3¢ il =, =
G2, H A 4 hFEA KB (K12) . b, 1

TR R E SR R T 0.95(5K5) ,
AF W% F6F 2 R O 5 L Ak 22 0% B 35, X B

i% ‘ &Kﬁﬁ&%%u“ﬁ% &M]:j‘j Hiﬁ 9 RAO B2 BC500%F Cd*-PAHs-EFX £ & W HiEh = dh 2k

SF UNGUYEN 45 Fl SAYEN 45 g A= ) J5e X Fig.2 Adsorption kinetic curve of BC for Cd*-PAHs-

Cd* .PAHs Fll EFX (W BiH&5 R — 20, mnish EFX

t/h

RS BEZZRMEHNFMHRMEREERUSSH

Tab. 5 Fitting parameters of quasi—secondary adsorption kinetics and adsorption isothermal model

. R o 225l 2
e 2 e G Bl T2y -
Langmuir Freundlich
Pollutants
q./(mg/g) K,/[¢/(mg-min) ] R q,/(mglg) K, R’ I/n LogK, R’
HMs cd* 11 0.40 0.99 14 0.65 0.97 0.61 0.63 0.83
FLU 1.20 3.40 0.99 5.30 0.006 0.98 0.84 0.82 0.97
PHE 1.40 0.59 0.95 4.60 0.006 0.95 0.87 0.67 0.93
PAHs FLT 0.11 9.40 0.97 0.30 0.006 0.97 0.71 0.61 0.96
PYR 0.07 130.00 0.99 0.19 0.008 0.97 0.33 1.40 0.98
BaP 0.13 30.00 0.99 0.43 0.008 0.96 0.73 0.84 0.92
Antibiotics EFX 1.70 8.10 0.99 3.10 0.011 0.96 0.50 2.10 0.97
2.3.2  WEPAAE R4 M EFX [ ¢, 5 % 4 14 .53 4.6 .0.30,0.19,0.43

W B 45 3 40 A 1) 25 SR 2R B, BCS00 11 W
R AT 4 Langmuir B4 (R*=0.95~0.98) , 14
F ¥ BB K T Freundlich 77 & 14 4 6 R %k
(R°=0.83~0.98) , & B W [ L 227 4 2% 1T 1) 5253
JEW Rtk 1) cd*, FLU, PHE,FLT,PYR, BaP

mg/g F1 3.1 mg/g(FK5), H Cd* 1 ¢, HW & & T
PAHs Fll EFX (P<0.05) , 3 B BC500 Xt L 4 &
15940 £ AR A5 YK IR B A Y WG 2
o (ISR —KREML, ZE AR PTG
Y q, B BAL, W E SRR E 48 Cd>
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A HLTS Y2 ¥ (PAHs A EFX) 22 18] 47 78 5% 4+ 1
W R 3 R BE A R A Cd> T L5 AR ) 3 T 1Y)
Ko F I RBUE K G5, 46 -Cd A ge sl —
MEZ B K E TS, INZ T BT K
S Wi R I AT L5 PAHS 5 4 AR 49 5 26 18T 1Y)
W BRF 7 5 A, SR B R S PR R IR A S
H5&EE TR AR E MRS Y
B AE % BR Cu* F DY 3R 3 (TC) B o A 25l iy 2
2, EFX-CA™ L & W) 9 JE BT 8 5 B EFX 1Y
q., TR

Before—BC500

2.4 BC500 4 ¥ 7% B9 R B HLIB MR
2.4.1 BB

AR (B3) WoR |, Bl AE P A a4
EA L& LR, o] s Je e 4w i
W BRFASE AL 2 2 0 e W B i T B R S IR ot
&b, BC500 fLBRE5 M g b , HA SGH 0 7 2454 ,
AT RE R AR T AR TR R AR dE R 2R T, R
TS F53 060 T 8. W B I A= W o 3% T 728 A R A
H 2 17 B A 2 JURL ) 0T, FL BRRE s ) 2P
BEHA T BC500 XF SR A8 /K AR o (19 2 675 G W ik A 7
T AR

3 BCS00 RMRIEHEERER

Fig.3 SEM for BC500 before and after adsorption

2.4.2 XRDZ4rbr

XRD ElE ([ 4) R B, A ke S e 24° 72 45
LT T AT S0, 2R BT AR W R SR AR R A AR
SEH, T T B 45 K6 RIS I e A4 oz BT
BC500 7£ 28.3°~66.3° 315 Bl 4 H B Air e, 1
Sy ER (KCD) &l AR 1Y 17 516, B HH BC500 H 3= %L
WL 4 oh KCL, 3X 52 3 71 BCS00 87 [l 6 K K%
R B0 W KCUE S 5 IH B 55 , Ui
HKWRES S T B e . MREN, Y
RFT R K SRS MR E 5 5 Cd™”
R B AHRMT IAR, H A 5Y KCLE 5
VIS T RE S K S ESE Cd kBT
R P
2.4.3 FTIR4MHT

He W 5 W B T S B 2140 6% B (FTIR) A B
T — A P R R BRI R AR A A
FRIEIGAE I & & AR ARk (181 5) o Hodr %% 3 420
em b =TI i A1) SRR AR B 1Y -OH i 45 ik 3
FEAR ST R e DR , B R BCS00 T -OH

http://www.shhydxxb.com

Z 5 T 15 Y Wy (1) W ik B2 W0 -OH 7] 5 PAHs/
EFX A G B S5 (B A0 N, O FTF) 75 U5 1Y
T BN AR 2E 15 G Py i B, 5k cd> 5 2B W i
Y -OH & A 4 5 sl B s e E . AL T
1 618 em™ &b N (1) 55 B i C=C/C=0 i 45 B 3 1
W B i D iR 3 0, 26 W SRS Fr S5 M R A 10
BH I B B2 A AE Cd®/PAHS/EFX 5 C=C/C=0 &
el Z & m-m AHEAEH . 1384 em™ b HY TR
F-COO-HRBhIEF 1 249 em™ 4b 1Y 5% 7 i ik 48,
C-O-C AE X R 45 Bz 3 e W B I 0 5t 185 0, 156
B B I BCS00 A= 49 e 1) 5 8B RE AT 3G . 1
Hh, 749 em™ A 1) C-H A7 53 W AE WICTS e W ) ik
Bl EE 2K RS A S S Cdr I,
Wk AT Gl -m fEH & AN, Wk, BT
FTIR 73477, BC500 X} & 515 S« W () W Bt 32 22 LA 4%
G om-n M EAER HEF-m A £,
i C=C.C=0.-COO0 FI-OH /& BC500 4 ¥ 7% 1) 3=
BUE e
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Before—BC
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Preliminary study on the removal effect and adsorption mechanism of
biochar on combined pollutants in aquaculture water

ZHENG Yueping', XU Jianan', FAN Houyong', YIN Jie*”, LI Juanying>’

(1. Shanghai Aquatic Wildlife Conservation and Research Center, Shanghai 200092, China; 2. College of Oceanography and
Ecological Science, Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Engineering Research Center of River
and Lake Biochain Construction and Resource Utilization, Shanghai 201702, China)

Abstract: The combined pollution of heavy metals and organic matter in aquaculture water bodies threatens
the quality of aquatic products and human health. In this study, aquatic plants from aquaculture ponds were
used as raw materials to prepare biochar for adsorption and removal of heavy metal cadmium (Cd* ) ,
polycyclic aromatic hydrocarbons (PAHs) and enrofloxacin (EFX) in aquaculture wastewater. The
adsorption effect was assessed by pollutant removal and risk (RQ) reduction, while the elemental
composition, specific surface area, apparent morphology, physical phase structure and functional group
composition were characterized by scanning electron microscopy (SEM-EDS), X-ray diffractometry (XRD),
and Fourier Transform Infrared Spectrometry (FTIR) , respectively, and the preliminary adsorption
mechanism was carried out in conjunction with adsorption kinetics and isotherm studies. The results showed
that the specific surface area of BC500 was large, and C=C, C=0, -COO and -OH were the main functional
groups of BC500. The average removal of Cd**, FLU, PHE, FLT, PYR and EFX by BC500 ranged from 54%
to 90%, and the RQ value of ecological risk was also reduced from 0. 85 to 0. 33, indicating the excellent
removal performance of BC500 biochar. The results of adsorption kinetics and isothermal model simulation
showed that the adsorption of BC500 biochar on the composite pollutants was dominated by the adsorption of
chemical monomolecular layer, and there was a competitive adsorption between heavy metal Cd*" and organic
pollutants (PAHs and EFX). In addition, the adsorption mechanisms of BC500 biochar on composite
pollutants included oxygenated functional group complexation (Cd**, PAHs, and EFX), - interactions
(Cd*, PAHs, and EFX), ion exchange (Cd* and EFX) , hydrogen bonding (PAHs and EFX), and Cd*-
EFX complexation.

Key words: biochar; combined pollutants; adsorption mechanism; aquaculture wastewater
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