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REBEMRIRMNKPFFHE ., ZERFERRES KA
IR; Bf 14 A 5

7 e 12 x| 12 21 124
R, BEF, TN, & E AT

(1 RS S ARl AT 7 e [ S A S 2 (P [ R B g LTS BT, st 2100085 2 PEBABER:, Jbat  100049)

= EBOKENEME, 7£ 500, 700 C il a4 YR Erich MX500 1 MX700), R86% 58 T R RPIHE pH A4 4 s 4
SRR RR RSN, JERI TR 3h F12% . TR SRR L B A B AR LTSGR (FTIR) S T-BL, P58 T ARJELEW) T s /K s i
3 FiORRIZE RN B S AR 2 PR RIAL (ATR) . T8 R (CAR)FINE BUMK(ACE) B I S LT, S5 5R %8 . IR EE 700°C,
pH 3.0, AEWIBRBINGEN 2.0 g/L BF, AJBAYBHXT 3 A 25 i & AR fcdf . MX700 %F ATR. CAR F1 ACE A e KW fft
HAMIIA 402, 50.4 F144.9 pg/g, 90 MX500 1Y 1.4 £ ~ 2.2 £, WS MR ARA S R BR, WEZHE) 578 Bk
W BT R A Langmuir 5 R AEE AL A T S . FTIR 4528 o, ARJE AW £ 20l e S AR 25 B e LA B 5
M5 Bk ATR .CAR I ACE o A5 A= ) i s 5ot A 245 O W BRED LB B 5 LV 7 L 0S8 PR 0 B o SEAH EL AR R 7 o 78 100 pg/L
W, KEEYFRNT ATR, CAR Fl ACE & AR 2 (MW SR AL S A 25 RIS . 25 1, ANIBAE R SRANE N R A2y i5Y
KA L 18 I B 390 EL AT A A 8 o VS 7

KR AJE; AW EARA; LS
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Adsorption of Atrazine, Carbendazim and Acetamiprid from Aqueous Solution by Sawdust

Biochar

LIANG Maoru'?, LU Yufang', MA Mingkun'?, HUA Yao', SHI Weiming'*"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Biochar was prepared at 500°C(MX500) and 700°C (MX700) with sawdust as raw material. The effects of initial pH
of solution and the dosage of biochar on adsorption properties were studied. The adsorption characteristics and mechanism of
sawdust biochar in the aqueous solution of three commonly-used pesticides: atrazine (ATR), carbendazim (CAR) and acetamiprid
(ACE), were investigated using adsorption kinetics, adsorption isotherm and Fourier transform infrared spectroscopy (FTIR). The
results indicate that when sawdust biochar was prepared under pyrolysis temperature of 700°C, pH of 3.0 and the dosage of
biochar is 2.0 g/L, it has the best adsorption efficiency to the three pesticides. The maximum adsorption capacity of MX700 for
ATR, CAR and ACE are 40.2, 50.4 and 44.9 pg/g, respectively, which is about 1.4 — 2.2 times higher than those of MX500. The
results of adsorption kinetics and adsorption isotherm show that the adsorption process can be well explained by the
pseudo-second-order kinetic equation, intra-particle diffusion equation and Langmuir equation. FTIR results show that sawdust
biochar removes ATR, CAR and ACE from water mainly through the complexation of oxygen-containing functional groups such
as phenolic hydroxyl and carboxyl groups and the aromatic ring structure. The adsorption mechanisms of sawdust biochar to
pesticides including electrostatic force, hydrogen bond force and n-n bond interaction force. At the concentration of 100 pg/L the
adsorption effect and mechanism of sawdust biochar for ATR, CAR and ACE are similar to that of pesticide monomers. This

study indicates that sawdust biochar has great application potential as an adsorbent for the purification of water polluted by
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composite pesticides.

Key words: Sawdust; Biochar; Composite pesticide; Adsorption mechanism

A2 AN A PR s AN T A B A PR R FEVEY)
s L BT LA R e TR AU AR A R R
S ol FH 1 R 24 38 8 T K e ) R b 2 A% O A O e A
IR, Sk A=A 25 R G0 N N R s ™ B M,
B R A b TR TS e Y B ORI B
(Atrazine, ATR)YE At 545 s lb A 7= v di B A0
SERERRR], BAAAWEE, S TR, RHERK
i Rk EREEmBBRERNZ P, ZHRA
(Carbendazim, CAR)J2&— FfH WL A8 I DR Ml 28 X 1
M, FEHTKRE. GEERUKRERER G, a2k
kA A B WA AU ™ . mE HL K (Acetamiprid,
ACE)& 5l 12 A8 FH R BT R ms S 28 U, BT
27, MG £ BERHARER B A TS ER . K AR SR
B R DE A1 P E AF 7 o F ATR
CAR il ACE S5R 25 Kt i T, L8R B 5 e ek
WG R, g IRl kIR,
[ e 2k A ATR . CAR Hil ACE 455 &k 2%
B e J3E 0 R 23 IAE 0.67 ~ 3.9, 0.075 ~4.172, 0.153 ~
8.895 /L. 7% A B X Z R M A i3, ATR
TG BRI R, BRBEAR T ATR ik
JEk 3.452 mg/L™, ¥ F [ ] AMK TS Y i il br i,
KA 2G5 e g e . L, iR TR EE T A0
MRS B AR 2575 Y i il AR o

A= T S A R DR R i R R AR SR B R B
SR E I E AR, BABEN . 290, EOEE
REFI SR HRE, B 2N T HEERE | IR E S REHE
FUKIAEER L, XA . 4 . PR
A 25555 Y H B LA AR B B 1 HRTOG
T A= 1 A K A 24 W B R T 9 R S T L — R 2
o [A] — AR 2 WEIR R, R AR T K
KRS AR K ACE HA RAF B MR, BBt
FELF A U G B 3 f2g Rt 2R mE A S
() FeCls MU 5 e A 4 J5 ¢ Xof K Hh bk Rk i) 25 BR AR
Ak 93%!", SR, AW AT KR 2R SRIA 2y
AT Y 0 I R R ML AR 9 4R GE 5D

BEAN, A= AR (4 W B R 5 R SR R AN 25 4
VIR . AR R ORI 12, LAY 3222
JEATHEAR G IRAL R FAKE 22 AU RS FE T BOS TR
Sy B AARESE ) KT R AR AR S, [
it 2 T B AR ) SRR, K R SR 2R A bR ek
FEH 3 T PRI S RIS Y L B AR i A A
I 2 A TS PR 5 R R B 2 — A G o

TR, K B R R M AR R B A S X A
2557 F LR RER ATR (WU B BE e 3 T LA 4 R
LN F R R Wik, mARES
A B AW 0k Rl e LA = R 2 BR K A 275 s
V) o WIS G M JEAA AL, FEAS [R) I 1 5
A B AW B R, BN R BRI T A AR
J& AE W BNk A& ATR . CAR Fil ACE & &4 2575 Y
AW B R S HLED, JEERIT T pH S AR RSN
XU A 25 s, LA R 526 A4k 24575 ek iR ik
PEULBBARIE 5 H AR %

1 HRS5HE

1.1 FELFESNE

I T A 2A AR UE SR BT R R L (ATR, 99%)
ZWR(ACR, 99%). WEHK(ACE, 99%), WLT
Sigma-Aldrich 7] 5 H ({1 400 S I Vg 28 ik 5
BB A AT BN 7] RIS, el B R 1 /L
PR 2GR, AR T EM B H . ATR,
CAR. ACE ‘RZ5 ARG BCH] . 43 BIFRHC ACR
CAR., ACE FrifEfh 0.1 g, BT 100 ml &+,
5 ml B HEEE IR B TRKER 228, 75, 15
1g/L MR . B8 RAEWECH : /725 1 ml
ATR. CAR. ACE lg/L Bfitigs T 100 ml A 2550,
HEBETFRKECREZZE, $5, 15 10 mg/L RZ
VWL, FIRRRE 100 5, BZA9 518 442 ATR(100 pg/L).
CAR(100 pg/L)F1 ACE(100 pg/L)VA K . 4% 285 B A
W2 1, 35 I =2 AL« 205G (Nicolet
iS10, JemAXAR AT, FEHE) ., P o 5 o
3 {X (Prominence UFLC XR, S YA AR, HA).,
175 3 25D ML (Centrifuge 5430R, Eppendorf, 7).
fEIRIR G 78 (ZQZY-75BN, LG TR 2225 PR
Al T EDSE,

1.2 AYR&BEH &

AT I8 T (5 FH A A 300 I e S A i A= 0 I e, Hh I
IR AL B2 B Al B8 5 -5 PR S I 5 T s AT
FE O R . R AW 53T 500, 700°C
e U AR A AR B, BT A 00 AR W T R A3 e
MX500, MX700, il kT B EM B S ik
NG, SRIF U E FHREE N 5°C/min, FF5
1£ 500, 700°C F{#4FE 8 h, HJEFFELL 5°C/min [ 3
RE R FIREUERL (100 B), BHrare ke T
s, AR
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%1 ATR. CAR. ACE MEKIR
Table 1 Basic properties of ATR, CAR and ACE

V&) 7 F I I FEE R pK, R g/L (25°C)
HN" ~CHs;
ATR CgH,sCIN 217.7 GHs N7 1.64 0.07
86 5 ch*N*N/ -
N
CAR CyHyN;0, 191.2 C[}i >7O/ 4.48 0.03
N O/
CHs
CAE CoH11CINy 222.7 -0.44 4.20

‘ X l}l)\\N’CN
P CHs
Cl N

1.3 MR IE

130 WBEh 2 A8 S0 ml #EFEHLR, A3 A
0.05 g A=W 5 e Fl 25 ml VR BE A 100 peg/L IR AR 257
W, TEE 25D CTHEMAET, EHEHRRE & LU
180 r/min HRES HARY; , 5000 0.25. 0.5, 2.
4. 6,10, 16, 24 h J5, FFWHHE FJZEIA 10 ml &
LT, INEEE7EE.OHLTLL 8 000 r/min Y4 B
AL> 20 min, ZRJFHL 3G 0.45 pm JEECRELTA PES
PUALUERR, AL KBRSR B A A e, DI UE TR
TR BRI IE L e, I ME— Bl i 2E R
() MRS g2 5 R (R(2)) B R T O R
GEQR)YMAEPIRNARE EW B X ATR., CAR., ACE
4R B L A

In[g.. —q,]=Ing, — Kt )
t/q, =\/Krq] +1/q, (2)
q, =K% +C 3)

K gee: TEPRPHETWRME, pg/gs ge: VAT &
PIEME, ne/g; q: tWZIMWHHE, ne/e; Ko HE—
W F MR, W Ky WESREN R
B R B AL, e/(ugh); Ka: UKL Y B8R,
g/(ugh®); ¢ WBHEFE], h; C. #EE, S5HRZE
AT
1.3.2 WEREERZE RSB 25, 50, 75,
100, 125, 150, 175 pg/L i) ATR, CAR. ACE &
RGEEWE 25 ml B 50 ml HEIE P, FREX 0.05 g A
J& A=W RO A B _E RS b, B pH TN
5.0 £ 0.1, RIGEFIRTLL 160 r/min @R 24 h
J& . B FEEA 10 ml BT, N R T7ER
LHLPEL 8 000 r/min AYFEH By 20 min, ARfFid
0.45 um JEMEUEI5E B 00 2E W Bk, I D8 R R
AR . B o R ALY Langmuir J7
2 (X (4))F1 Freundlich J5 2 (2 (5)) %] 45 i W B 25 4l
AT o

der = 4K L Co /(14K C,) ()

92 = KFCel/n ®)

K g : Langmuir J5 BRI 245 1P 0 Bt
ng/g; qe,: Freundlich J5 FRALIIAR 24 )1 i 0 fff 1,
neg/gs gm: AAF BN B R B &, ng/g; Ki : Langmuir
TR EL, SWHEEM S, wng/g; Ke. n: Freundlich
TIRREE, S MR R A OG; Co: MRIT
BT I R R AR AR 2 Y BT ERVR EE , pg/L.
1.3.3 WA pH Ko A= W 5 e #5040 J5 e e
B2k msgm) (DEL100 pg/LIRA A2 ATR
CAR. ACE ¥ 25 ml, flA 50 ml #EHH, H
0.1 mol/L NaOH 5% HC1 ¥ H: pH ##457H 3. 5. 7. 9
F11; 205 0.05 g AEW Tk BT 50 ml IHEIE = A
i, wEEEERIRS 25T, 60 r/min) NREZ
24 h; ZJa, BUEZE 10 mlERT 15 ml .08,
FEOHLFLL 8 000 r/min B.L> 10 min, FFE EIHRK
i 0.45 pm JEE LA L BRGR R B A W e, D g T
BR AR MR . 43 IFREL 0.025. 0.05. 0.075.
0.10, 0.15 g A=Wk, & T34 25 ml 100 pg/L IR
B 150 ml HEJE =ffiH, FH 0.1 mol/L NaOH
B¢ HCUBHAW pH HE 5.0+ 0.1, FEGEHEIRIED
#+(25°C, 60 r/min) WHEP 24 h, ZJFHL)Z 10 ml
BT 15 ml B8 T, TELOHLPEL 8 000 r/min
B30 10 min, FRHCETERGT 0.45 pm SR DL L BRGE
AP BT o, 000 U AR T B B AR 24 VR B
1.4 DHFE

K 4 sl e b 2% AL B 2 B AU (BET)
(ASAP2020 HD88, Micromeritics, 35 [ A1y 5 5
A LEERTAR, FUARTRRIPEI LR s SR A 4 H 3)
SHT(ZX 2019, Thermo Fisher Scientific (Bremen), i
DAY F s €. Hy O, N & SRA pH i
R vk U 7 A 0 I8 e ) 2% a5 L Al (pHzpe) ;SR B L
AR LT MG (FTIR) A3 HI6 MX500, MX700 W fff
ATR. CAR. ACE HiJ5BFHIEE REA S L7 &
FIHEIEFE K 4 000 ~ 400 cm ™', 433K K 0.4 ecm ™',
4l KBr fE A 5.

W2 BT i AR 245 SR R DRk ey B A €23
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W5, M5E S : BEH-C18 (AiE%FE(2.1 mmx 100 mm,
1.7 um), VEhAH A HHEE . B KR, 6B
25t WA 10% A5 0~ 1 min, 10% ~50% A; 1 ~2 min,
50% ~ 60% A; 2~4min, 60% ~80% A; 4~ 8 min,
80% ~95% A; 8 ~9 min, 95% A; 9~ 12 min, 95% ~
10% A; ik 0.8 ml/min; A1 : 35°C; #EFER 20 pl;
Wi K R 245 nm.

2 HR5iTiE

2.1 KREBEYR&M ST

MX700 FI MX500 PEFHA: 95 % i S5 K R AE S
Bonge 2 s, M BET 43Hr4h &, MX700 1Y 3%
HFR 5.45 m¥/g, FLIARLR 0.102 em’/g, 251
MX500 # 2.71 £5 1 3.92 %, vl &bl & i
e, ARJEPERYERR | AR R S L R A A i Al
A REFLBRES T &Gk, XA R T4 R MX700 X
AR B 25 B . MX 700 5 MX500 B2 5 B i 43 1)
1 7.04 i1 6.82, MX700 A MX500 i H, O. N JT
R EmT 73.7%. 68.6% #il 8.6%, Mijt# C
FHEIEANA, HIL, H/C. O/C. (O+N)/C ik,
W it A I B T v, R A ) T e 3R 1 D A
JE SRR R P g g e
22 KREEWRKIIKAEES ATR. CAR, ACE

B4 R B B 7 2 0 B S R 2%
221 WS I2E ORJE A B X A 24 1 W B
s R AR 1 iR RAME—Ssh f12E 0y
FE LW S S5 RE L ORI R X R R 4
HEATHLA o DAL 1 RIAS, A A 4 o el 5 245 114 R o
IEFERT AN 3 B B e DR L B SRS I L I
A HiT 4 h 24 R R B B, OF HAZ B Bk 2l

FIEBRFRIR AR 900% A7 RIS IR I B2
FRELE] 10 h, Bl AR BTl . R iS5G 00 Ffg
JERBIR B 7 2 5 SR W B sk R FE R T, 3 R
G I sl Jy 2t BB AR R, A SE R 3
No W HE#FET, MX700 % ATR, CAR. ACE I
B g KT MX500, T MX700 %} 3 fhi&2 4425 ATR .
CAR. ACE BYW M} #% K, fil K, ¥/NF MX500, X
A RESE RN MXT700 HAT B i FLIARR, R EGFEALER
T R T B ) Tk ) O A, R o A e R
K, i MXS500 BFLIRFRE /N, A 25 BRI R ik 5]
W B, S B0 R 2 ARG A BRI, tk4h, MX700
X} ATR. CAR. ACE WefftiyuE = zh Ji2¢ i Bl G
SZH(R* = 0.998. 0.970, 0.987), fm THe—2zh 12
HREIIESE(R = 0.996, 0.935, 0.973). Z5BlH,

MX500 %} ATR. CAR. ACE MR —2ah 1127
LA SR = 0.963. 0.975. 0.950)Usm TiE—2%
I ITRMESE(R = 0.811, 0.943, 0.911), T
H, W B A el g, BEniEE
TR MR BIE . L, sl Je e LU
TR M4 TR R B A= T e X K i A Ak 2 ATR

CAR. ACE Wit fe . = sh 12 fise 71k
I RS R Ao R A e R AL R, DR it
FRUIAC2EMRZ B o 355 A 0T Bkl B —4 245 P MR o
FRIEZAL, ANRDRIEAEY B .— ATR., CAR Fl
ACE (W B8 TEAF A o 2 B s g2 202,
U, AW e B2 A AR 25 1) B 1 2E BRI T e SR
2 R AEEAR DI AN o SR, ARBFSEANAE 3
Fh e 25 B —HRE (100 pg/L) FIFRIFSE, AJE AW
B AR B 5T G A 25 10 W BT R 2 75 5 A 24 B AR
—3, RS PWME AT — BT,

R2 KBEYERHIE LTI

Table 2 Physicochemical properties of sawdust biochars

PR HRTE LR TR F S HE M TCE Y (%) JRF- L
2 3
(m“/g) (em/g) (nm) H 0 N H/C 0/C  (O+N)/C
MX700 5.45 0.102 3.83 7.04 74.8 2.71 115 0114 0036  0.154 0.155
MX500 2.01 0.026 3.82 682 744 1.56 682 0.105 0021  0.092 0.093
BT #E—20Hr ATR. CAR. ACE fEARE4H) — AN A SRS LR, U B ASURL P TS S A o

B iy O R SR PO A 4 HIO R A TR
SR NE 1 C Fs o BoRn N4 B0 R et A
AN[FIELEE l #5 AR E AE W BT % ATR . CAR. ACE ¥
W BfE, MX700 Fl1 MX500 LA S5 R® 539018 0.954
0.975. 0.963 F10.914. 0.935. 0.954. ifiH., AE4
VIR IR G425 ATR, CAR., ACE YR Ih £k H

Bt AR 0 e — PR 2R, T P AR BRORUURL N 4
BB A 4 20,

2.2.2 WERAEIRZ IRl R AR S A W
X3 e 25 I R AR NIl 2 TR, Langmuir A1
Freundlich J5 B8 i3 243k 4 Fis AT LUE
ARJE A=W SO0 )BT g B A 24 7 8 3 i
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55 4 BN . AJE AW BT K BRI | 22 TR RFINE HE PRI 5 AR 24 40 B 1R REBIF 5 797
s0p (A) a5 A a sol (B) M43
40 40
5 30 g 230
g s 2
< 20F = 20
ok & MX700-ATR o MXS500-ATR 1ol & MX700-ATR © MXS500-ATR
A MX700-CAR a MXS500-CAR 4 MX700-CAR a MX500-CAR
OF = MX700-ACE o MX500-ACE 0 = MX700-ACE o MXS500-ACE
0 2 4 6 8 1012 14 16 18 20 22 24 0 2 4 6 8 1012 14 16 18 20 22 24
¢ (h) ¢ (h)
(OF A/ e
50
40+
% 30F
3
< 20F
10 e MX700-ATR o MXS500-ATR
ob * a MX700-CAR & MX500-CAR
. = MX700-ACE o MXS500-ACE
1 2 3 4 5
tUS
1 KBEMFRRI ATR. CAR. ACE BB M zh 71 S FAFHRL P9 3 B4R B
Fig. 1 Adsorption kinetics and intraparticle diffusion models for ATR, CAR and ACE adsorption onto sawdust biochar
F3 KREEYRXI ATR. CAR. ACE BRI 30 71 2 FERL A 3 SR B FHES
Table 3  Adsorption kinetics and intraparticle diffusion parameters for ATR, CAR and ACE adsorption onto sawdust biochar
e oY 55 v} HE— 205 )% i P TURL PP RO R s P
1 o2
e KG) O gGge  kb)  F K IS it ik
(ng/e)
MX700 ATR 40.1 0.149 0.996 40.2 0.003 0.998 9.28 0.954 40.2
CAR 50.1 0.388 0.935 50.4 0.009 0.970 9.64 0.975 50.3
ACE 452 0.228 0.973 44.9 0.005 0.987 9.46 0.963 44.7
MX500 ATR 28.6 0.628 0.811 28.4 0.033 0.963 4.68 0.914 28.4
CAR 23.1 0.798 0.943 23.7 0.044 0.975 3.87 0.935 23.6
ACE 29.1 0.559 0.911 28.9 0.025 0.950 5.11 0.954 28.8
80 . 80 o
(A) Langmuirj7 72 (B) FreundlichJ7 2
70+ 70
60 60
_50F 50
20 b
% 40+ B 40
< 30r ;u 30
20 20
1ol ® MX700-ATR ¢ MX500-ATR 10 * MX700-ATR ¢ MX500-ATR
4 MX700-CAR & MX500-CAR 4 MX700-CAR & MX500-CAR
0F ¢ = MX700-ACE o MX500-ACE oF ¢ = MX700-ACE = MX500-ACE
25 50 75 100 125 150 175 25 50 75 100 125 150 175
C. (ng/g) C. (ng/g)

2 REBEHRE%EIT ATR. CAR 7 ACE MM %84
Fig.2 Adsorption isotherms of ATR, CAR and ACE adsorption onto sawdust biochar
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£4 KRBEWRRKI ATR. CAR 1 ACE MZBRM A IZSH
Table 4 Parameters of isothermal for adsorption of ATR, CAR and ACE onto sawdust biochar

2 B35 ey Langmuir 7S Freundlich /7 255X
q. (ng/g) K. R Ke n R
MX700 ATR 58.5 0.0013 0.947 0.578 1.096 0.933
CAR 73.4 0.0127 0.973 0.453 1.000 0.961
ACE 63.6 0.0281 0.989 1.310 1.310 0.987
MX500 ATR 30.5 0.0013 0.997 1.920 1.832 0.922
CAR 39.2 0.0014 0.987 0.633 1.220 0.897
ACE 27.6 0.0022 0.990 3.130 2.250 0.851

HK, MX700 % ATR. CAR F1 ACE -7 fhf-
Sk 58.5. 73.4 Fl 63.6 pgl/g, & MX500 Y 1.92
f. 1.87 f5F1 2.30 £, 53155 —2. MX700
X ATR. CAR. ACE W45 2 Langmuir J7 #24
ABH(R® = 0.947. 0973, 0.989)t Freundlich J57¢
PIESH(R?=0.933, 0.961. 0.987)i% =, MX500 %}
T ATR. CAR. ACE By 452k Langmuir J5 FE 4L
HEBH(R® = 0.997. 0.997. 0.990)t I Freundlich J5
BEAESER = 0922, 0.897. 0.851)fH . A,
Langmuir 5 #2H Freundlich 7R Xd W b B2 A9 L&
PR AT, Bl A A AE AE Y TR R A4 2
ATR. CAR. ACE YWt 8. XA S A4
% ATR, CAR. ACE WL 322 80 12 %
Bt , DI f o 3203, X 50 R B 0y 2k Bl R
— 3, DMEEK . NEREFE AR B e B e A A 5
AW e FIAZ AR A W) T o 25 %) ATR . CAR FlI ACE
AR 24 PR B I A5 T R 25 SR TR AE B 7R, Langmuir J5
FLRF1S R? [t Freundlich J7FRfrfs R* Bk, %W
Langmuir J5 B X 3 Fir B e 24 W Jff 2t B ABTHEL A W) 5
P T 224 3 i B A W o e K A A AR 2 1) AR
W B 400G R AT R S A 2 SRR AR Bl L A, HE
Langmuir A, MX700 X4 250 Y K 6K TF
55r

A)
50+
45+
b 40+
oh
2
= 35F
30+
—e— MX700-ATR —o— MX500-ATR
251 —a— MX700-CAR —— MX500-CAR
—=— MX700-ACE —o— MX500-ACE

q. (ng/e)

pH

3 4 5 6 7 8 9 10 11

MX500, B MX700 X ATR, CAR Fl1 ACE K% F
J1H MX500 ¥, fE Freundlich A1, MX700 £
MX500 Y n fHIK 1, BEH] MX700 FI MX500 %4
B 23 W B T R I B

23 EWRRXKBRF ATR. CAR, ACE

B 9 52 i (] ==

2.3.1 pH WEm  REIWIG pH S0F T ARJEAEY
JO R X AR 24 (A W B 2SR A 3A T, R pH X AR
JE AP B R 3 R B AR IAL K . TE pH 3
T, PRSP iR X ATR. CAR. ACE [t
IR 43 pe/g VU b HTE pH 11 B, PIFIARIELEY
Jii %} ATR, CAR, ACE iYW iR =2 28 ug/g.
AL DL, R AR A S AL ST Xt 3 g 245 A R o R T
WS, AREAYIFR*T ATR, CAR, ACE W[
X pH AMRIE, X5 FRFEFFA W0 0 e R 1 414
T K A 247 5 e R R J DR A ) W 2R e v L B
SRS — "™ pH SRR P A 24 R i S R
AR R g . AFSE 3 R 2l pKa fHE
/N, 4391 ATR 1.64. CAR 4.48. ACE —0.44, ¥4
W pH KT 2y pKa fH, £ 25 FZ LB FIE A7
M L, T MX700 5 MXS500 B2 5 HLfaf 4351
h7.04 F1 6.82, FIL pH 3 ~ 7 B, AJHEAEY ik

50l B

0| %

10 —a MX700-CAR —— MX500-CAR
—=— MX700-ACE —o— MX500-ACE

0.025 0.050 0.075 0.100 0.125 0.150
B ()

3 FE pH FAEMBRRBMEX KBEMEIREH ATR. CAR 1 ACE 3§ R A %201
Fig. 3 Effects of initial pH and different dosage on adsorption of ATR, CAR and ACE on to sawdust biochar
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BT . ARJE LY IR K BT R |

2 T LRI L DKL R 25 0 LB R 799

R ER e, FEEAFHL T )M ATR. CAR
M ACE; HT 3 M2y F A R N
O JiF, et &4 T, MX700 Fil MX500
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