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Abstract: The synthesis of Fe-Mn-Zn modified biochar composite (FMZB) using the redox-coprecipitation method
with an optimal ratio of Fe, Mn, and Zn (3:1:1) was found to be effective in reducing the risk of combined pollution of

Cd and As in the environment. Adsorption experiments were carried out to compare the kinetic and thermodynamic
characteristics of Cd and As adsorption by FMZB and biochar (BC). Both FMZB and BC exhibited adsorption
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capacity for Cd and As, and the kinetics and isothermal adsorption experiments fit to the kinetic and thermodynamic
equations well. The maximum adsorption capacity of FMZB for Cd was 21.72 mg-g ™' and for As was 35.16 mg-g !,
which was 1.46 times and 6.23 times higher than that of BC, respectively. The main mechanisms of adsorption
included ion exchange, complexation, and precipitation. The effect of pH and co-existing ions on the adsorption of
Cd and As by FMZB was analyzed. The adsorption of Cd by FMZB initially increased and then stabilized with an
increase in pH, while the adsorption of As slightly decreased. Sulfate and chloride ions did not significantly affect the
adsorption of FMZB. However, phosphate and carbonate ions increased the adsorption of Cd by 89.78% to 94.85%
and 41.59% to 91.64%, respectively. In contrast, the maximum adsorption capacity of As was reduced by 39.32% to
59.55% and 51.30% to 69.86% in the presence of phosphate and carbonate ions. The results showed that FMZB was
able to simultaneously reduce the available Cd and As in soil. The highest reduction rate of available Cd (31.21%
to 40.29%) was observed after 21 days of soil culture, while the available As exhibited the opposite effect, with
the lowest reduction rate (3.52% to 8.95%) also occurring at 21 days. After 60 days of culture, the decrease rate of
available Cd in soil was 20.59% to 23.06%, and available As was reduced by 4.51% to 10.58%. The fraction of Cd

from CB-Cd to Res-Cd, and As was from specifically As to amorphous hydrated oxide As.
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METHE, 25 7 384NN RS TR AL [44],
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G5 RN PO HFCO AR e 4RI, Aok
AsIR &R/ PO, FICO 5 FCd4 &4
CdCO,. Cd,(PO,), 55 YT TE BE 1M e BE AL Cd T
F[18,45,46].

UbAt, HHFFRBPO, W 5 EDE B BR YA
&, PO IS M S B RS 1200, Yo DY T4
gikty, SEERE TSR R A RLER IS EAL AL, CO2
AT SRR & TR - Eh 4% S, I AsCO> .
As(CO,?*+ As(CO,)(OH)*, T BE A4 ] 5 7 72
MR N B2 5. A, KECO2AFAE
W, CO G /KR TE ipHEE MR 22, B9 VA W i) pH
E T 0] 1 AE AR AR o

3.5 tHigscis
3.5.1 RMEREENE

HE R A SR EYR &R BT DL 0k
FIFH B HE A2 s R B by e LB B R
() Z R AR[39,47]. SRR A5 4 LR RN
FMZBHM B K % T H 260 RN LA &
CAdFIAsg RanE 5~ . HXr AL, #m
ANE R E R FMZBM R, A 8] 35 77 I 31 1 58 o
DTPA-CdHINaH,PO - Asf & & LI H A [ 72
MIBEMK . DTPA-CARI N EIG NG MK, 21K
I BEAR A A K, 931.21%~40.29%: NaH,PO-As
RINER/NE I, 21 KN BIRR RN, XN
3.52%~8.95%. H 7% R He H TFMZBH kI Cd>
TER R, BEER AR, WG, Ak
I IE FAR BTG I, B S R er As PRI B 1Y
[17]. ¥37:60KJ5, DTPA-CAEH#M0.13 mgkg 'B&
fK%20.1mg kg™, NaH,PO,-As? & M4.23mg kg%
K %:3.78~4.04mg kg™, ANFEU NG & [RIDTPA-CAFI
NaH,PO,-AsfJFFAR KT Z 257

Tian%5 [48 ]38 i % 52 3 & H 48 347 Meta sy
M, RILVISINAEY R 28 L IR AT &I
2.39%, 1 AHE A it INFMBC A it RS As & & [%
1£4.5%~10.58%, 1] e NTEH T AsBIA 244
IRA G, A SERAE R T SR A e, B
R SR R S B 28 B B 1 A e MR T 2 1)
RSP PR A S5 5 A P R PR As -0 LT E 2544 Y

#1[35,39]. FMZB ] [a] iy FAR 55 i 52 & 75 G g8
MESEARGEE, WG ERNRME ST
TIEBEME, BAFEEERBEERE, UL R
B BIR .

352 fR. WIEERSHNTW

+ 55 S28660 K JE U INFMZBA R Cdy - AsTR AT
AR E6 i ~. E6 (a) H, CKAEE
FCAMER FEUN LA RmANMMEES
ARSI A7 . SCKAEL, IIFMZBA R
Ja, TIEPTIZHAECARERS.42%~9.17%, B
GG B IR IKT.36%~8.96%, Bkt & & s
N7 13.58%~19.51%,  HLBf A4 RHA Iin & () 38 i i 4
s BRBACIH /7 N 2151.04%, BKIREH%E S
DA LR L EGACAR) & BN . IIIFMZB
ML A BT L8 mr R B Cde 4k v AR e Bk
A, WCAE IR R .

IS IIFMZBH BLGT AR AT TEZS IR 520 A8 40 i FEl 6
(b) fir, S5CKAMLL, WINFMZBM kLG, +3EH
ASPITER R ENR M EE (7.75%~17.24%) |
TEMKEENME (39.45%~48.85%) . 455
SEMMEEET (23.12%~23.93%) DL RRER
(19.24%~22.67%) . SCKHMLL, FpRttgdams
i L FEA3.95%~9.4%, TG BUKAEWTERS & b
HN2.09%~9.40%, SR FTRE A G HL Y
IR BER /N o IR AR RE R it 2 AR R 1t 25
PRI TE S A2 e AsCE A AU R R R [19].
IEMZBA KL G, & SEAsHIFF RIS AR E
RUK &SI B Fe4k . TangZE[4910F 720 il (1)
WS Bt 3 52 LSRN R SR A A R T 4], W
IIFMZBM EHE, B3N T L3R Fefl HAth 4 &
FAI I B Fe. MnMIZn8 LY, 42 7 Asir [
SERETT; Matsumoto 5[ 50178 B i 14 R HHFe & mibl
AT As ] 58 RCRZ 4T, AR R A

4 &1t

(1) ¥4 A Fe-Mn-Zn 7 # 4 9) i R XF Cd A
AP BB BAF IR ER, B & HE—ZoRiE — %)
J1% 772, RIHFMZBIEE AKX CAF As I B 3
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LT [F] B A 3 A S CARTAs, 60d)E A
A CA PR N20.59%~23.06%, A A AsH)
PR R N4.5%~10.58%. [FIR, FMZB# KA BT
+ 3R R CdiE A A e LRI AR i &S Cd, W]
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§=RE R Cp
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41(8) = 2693-2702.
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