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Abstract:  Objective The coexistence of cadmium (Cd) and arsenic (As) in soil and water has emerged as a critical global
environmental concern due to the significant risks it poses to human health through the food chain. To address this pressing issue,
a novel silicon-ferric modified biochar (CMSMB) was developed using a co-precipitation-physical mixing method. Method The
study aimed to comprehensively investigate the remediation capabilities and underlying mechanisms of CMSMB through a series
of batch experiments and soil incubation trials in environments contaminated by both Cd and As. Result In batch experiments,
CMSMB exhibited an impressive maximum adsorption capacity of 272.73 and 17.59 mg-g™ for Cd( ) and As( ), respectively.
The adsorption processes on the CMSMB surface were intricate, involving a simultaneous interplay of antagonistic and
synergistic interactions, and the relative strengths of these interactions were found to be controlled by the concentrations of Cd( )
and As( ) in the solution. The antagonistic effect primarily originated from the competitive binding of Cd( ) and As( ) to
hydroxyl and aromatic rings. Conversely, the synergistic effect relied on electrostatic adsorption, Cd-As co-precipitation, and the
formation of ternary surface complexes. Soil incubation experiments conducted over 20 days revealed significant positive
outcomes. The application of CMSMB led to a substantial increase in soil pH and dissolved organic carbon (DOC) content.
Consequently, there was a noteworthy decrease (ranging from 64.86% to 74.25%) in the concentration of available Cd in the soil.
These changes were attributed to the impact of electrostatic adsorption, precipitation, and complexation resulting from the
intricate interplay between CMSMB and alterations in the soil physicochemical properties. However, in the short-term soil
incubation, CMSMB exhibited a negligible influence on the bioavailability of As in the soil. The concentration of bioavailable As
showed only a slight decline with increasing incubation time which suggests that the remediation effect of CMSMB on As in
co-contaminated soils may require a longer duration for observable impacts. Conclusion In summary, CMSMB emerges as a
potent environmental agent with remarkable efficacy in remediating water contaminated by Cd( ) and As( ) co-contamination.
Furthermore, it demonstrates the ability to passivate Cd in co-contaminated soils, leading to a substantial reduction in the
bioavailable Cd. However, its influence on the bioavailability of As in the soil during short-term application appears to be limited.
CMSMB demonstrates applicability in the remediation of farmland soils and wastewater contaminated with cadmium and arsenic,
found in sources such as mining tailings and agricultural irrigation. However, its long-term remediation capacity, encompassing
migration, transformation, and microbiological mechanisms, requires further in-depth exploration and validation.

Key words: Heavy metals; Iron-modified biochar; Silico-ferric composite material; Adsorption mechanisms; /n-situ remediation

TR ARG ME RS, RIRAREREY
ST A . (4 S ORI A A it )
(LUFfaifr CHAAHR)) Bav, 2014 454 10
ROERFEN 16.1%, Hi 82.8%:k H &4 854
YIBAR . AN X} A7 3 8 4 JE V5 Y A B e T
BB, I P I 55 Ak i A At e 1 B BB 2 )
B (Cd) e (As) JEAEFEEK . ISY R 1
HEBEE RN, CRANR ) F S bR %S
SIS — G = X FP T H AR 5 el X
JEh A 1 3R R K, Cd. As SEEIEAKIKG,
Sy 8 f MR B E s A R, BRI DT
FRW R AT K A 2R R P9 2 2 v RS P rh g

e 203 i B W B B IR KB A AR (B, T
mf, KFEA B RGRAY Cd. As BAERES, it +3E-
IKRE- AR T Rl Cd ek A IR, ST
WA, XPEE . IR AR E D, it i As W)
ST MMM IEF AW, FumrEm fA b i,
i K A A TR EE KRS AR PSR, 7EBRIT
=M. WA KR I X E 2 B TSR R
FIKEFI L4 Cd. As HAT50, MEAEREY
4 B AREEREDS), Cd. As B B E R,
MELLH B — M F BB . 4 pH FHEnt,

WIS SUTEER,, SRRIL Cd AR, 3 As
A A M pH M THE B R, As 5 5 i
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ANIKREFFRLE SR o KR MR I 322 D WK 26 1%
LI Cd 7RI JEPE AR R RES B (S) A% 8h
PEARAY CdS VLIE, BRI YA R, B As N
23 TR AR 0 )0 i A T R B A
AL TIRZS s e LIS F R, SO AYib Jgy
Mk, 2 Cd AT TR R, A L Y SR AL
Yo i, As BEMERTIE 2 o fEK AR, RS BT
T HLATXT Cd A As L= AR T ESRAR B R AR
Jio Wi, JFPk—FRER BERAFIBEE Cd.
As AT REIEOR T BOFR AR HAEZ LA, 7
N 3215 YK A TR A8 A2 T A 4R A S R B R 52
f, EBTEEERTR

RERCE A ) SO A R L AR R 2 212 SR TE R
— R FORFEI BT RER RL . A=W 5 e — Tl il
YRR AR IR B A T PR RIS % . £
FUBRATRHS, VR —Fi b R 13 e RR) L DR 4G
PRI R 4F, RIMBUK, AREAWHHE, SR
Mk BB SRR, Bl IR . UINE . K5
BT HE I, ARG ESRENTRER,
MR R A AR, kBB A s g e
BRSPS e £ 1 2 i L R B RRAR 11 52
G, YIRS (Sb). As FELIEEAE A
FENESRBEMLEAE. Wi, SAUTORE
8. FMEk . B A SFE R4 o) 0 3 A W
T3 2% 18 ) 6 R AP A W o o, DT S B A B 5
4 00 R I R R, e o it n SR 4
SR PR BRSBTS AR
Qi v A R R T E K A S A R
AsPl ISk, BRI RN A S R A, A
A R 5 23 WO YR AE A W e R, R
AR RE E, MR RO . ATIIT S B,
o B AR ) T REA R RS L R SR
oAs i, SRIMTERMORHEAR T 28 Cd 1A
Bk, HeSEELEKD Cd &8 ETF, SR
THkPRR Cd BIRRER; R E AL T, 2
AL XK R P LR TR o DN IR BE— 2 0
B BOR AT R, SETHBEEERE, FEIRAEY)
HHE.

it (Si) EARRERFTLTFRITR, e
FLZERTS S RIDTEIRAE S o & A RHE % pH 805,
WL SE A AR 1) 2 0 FH B T SR A T,
RE 722 /K R A2 K g IR B 3] Cd i RE R0,

Si WS INAE IS E T Y A AR BE R Y ST i, R
Cd X7 ARG 0975 M IF 1 s K RS Cd Ay pohErsT, )
it EERE , REOE A MK AEFFRIT Y Cd. As &
R e — e R L Rk & AR T
MIEENE, DR AR T R Mk B A 1T, BeAbh, i
7 O 8 g 7K VR B O TR IR R T, R R
CaSiO; WS fIn B WG EA Y B A bbb, R e ik
PEAEY R AT Cd Al As B RES (KEF ). M4
HOXT TRt A Y ok B2 B 4R is i, £%
EhE -t Z I FE L E WKk R B
52, MRS BH B A Cd i As BAT5 Y
LB RO B g e = 100y IRy, X y5 e 3 Rpis 2
WAL A i OBk, A B0 380 3 o R S 1 T A 75 3
TERER B W TR E R A MR, (B4
PRI T I BER K W B — T R 1Y W B RE ) FA T
i, IR E S IR RFATIE E ARG & E A,
ARG B EM RS RUEZ MR, IFE Cd. As
5 AT YL W IR I RN - B SRR, IR IZ M RHE
KR B RO AL . 5, e ek -akek
PEA W) i e ( CMSMB ), i it W fiHi 5 #4898 CMSMB
XFCd Fl As FUWCFFTRE J) . A7 R AIAILER, JfAE LAl
TR 30 d ) R HER R, ) iR Ak
P . EaEABENNE, S5 BEEERIE,
#E— I CMSMB Xf 3 Cd. As BifLRUR I
PLEE

1RSIk

1.1 s R 7

TR 50 T FH AR 0 5 SRR T VL5 3 2 v S b gk
v SRR REREFE . T AR S FeSO,-7H,0
(AR, HEz254E 220 A AR ). FeCly:6H,0
(AR, LA TAFRAFE ), NaOH (AR, EZy
L AE2A AT A BR A A ). HCL(GR, KB B0
FBRAF] ), CaSiO; ( AR, L sutkA LA BRA
il ). Cd (NO;) 4H,0 (AR, & sibk b R
/3] ). NaAsO,( AR, SIGMA-ALDRICH Co ), HNO;
(GR, PUBkRl=RmABRA TR ). CiHsOs (AR, H
EPM AR A R/AF] ). CHN,S (AR, FEZj4E
Ak A RS 7] ). NaBH, (AR, FifEdk AL
SRFNABRAF ). CaCly, (AR, g apkAfb A
FRZy &) ). NH4H,PO, ( GR, [EZ44E L2285 R
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1.2 ##EE

ARSI (4 A2 1 5 e LUK RS RE A R skl Wi e
it 20 HFFARAE . ¥ FeSO, 7TH,0 5 FeCly6H,0 IR
Hifi, o Fe* (0.1mol-L') 5 Fe’ BE/RIRIE L
12, BBwe)E MRS FIRAG WD, mEw
I 5 mol-L 'NaOH 4 +F & Z W pH N
11~12, 4Z25i 4k 0.5 h J5#fE 24 h, U8/ B
BT £ LRIEESYTImA 20% (i A 5
Fb ) Y CaSiOs, BT Hifidr, 400°CIREAf# 2 h,
REEZREHIEDL 10 B, 530R-2stEEy
s (CMSMB ), {5471,

1.3 Cd () As () E&5WHMHKXLE

PRI pH XTI BN 25 BR FR Ry S ma e . 15
pHHN2. 3. 4,5, 6.7, 8 f)10mgL 'As (1)
( NaAsO, il 1 000 mg-L" (4 fif £ W B FT A5 ) AN
(30 mgL' Cd ( I ) (Cd) (NO;) ,4H,0 Fic il
1000 mg-L™" (i s R BT S ) MR AW (56
T E & BV FROR TR MR ), A 25+
0.5 mg CMSMB, J&#% (25 C, 180 rmin') 24 h
J&, fHF 0.45 pm JEREEEE, W@ LVEW T Cd. As
WeBE . BEHN Cd. As KBRFE MM pH (pH6) A
WG PIUh pH, T IRLLilK .

W 3 SR8 #F 10 mg L' As (1) A
30mgL'Cd ( 1) WIRAEIS 25+£0.5 mg CMSMB
RE, ZREAMT (25°C) fEfE pH T BlEdR
% 1 min, 5min, 10 min, 0.5h, 1h, 2h, 4h, 8h,
12h, 24 h, 48 h J&, LM [R] 1o 2 O B -
BAEEGIE (24h), HTIEZRE.

W B A 250 B RS 1L 10, 20 mg L
) As CID) BB IMZBERGIEE R 1. 2.5, 5. 10,

20, 40, 60 1 100 mg- L' fy Cd ( 11 ) ¥, 75
pH £ 6. fX 25 mL {R 55 25 mgCMSMB i 5,
PR¥% (25 °C, 180 rmin ' )24 h, ¥4 EJh K ] 0.45 pm
PEEEUE, M LW Cd (1) HeBE . Wikl 5,
40, 100 mg'L 'y Cd ( 1T ) ¥R INE WA L N
0.5.1.25,5,10, 15, 20 mgL™' iy As (I )
W, AT pH £ 6.8 25 mLIBEAEK S 25+0.5 mg
CMSMB {4, Hk% (25 ¢, 180 rmin') 24 h J&,
H B ] 0.45 pm JEREEE, W5E B As (D)
14 MBRIEFE

R B A v 2« BRI AR W Bk | kBRI
YA R e, R 100 Hf, 408 RA7. WS
MORMERT Gl R B T B, IS oE O R i
Je B REBR AP AR W SR B RL ¥ VR TR S I Aot
100 HIififA 47 . #4458 ( Scanning electron
microscope, SEM ). X HJ£kfi7 8} ( X-ray diffraction,
XRD ) $ AR Kl B £14h 643 ( Fourier transform
infrared spectroscopy, FTIR ), X W Ffiaija 44 ka0 %
458 . BREH . 0 AT BT A E .
1.5 THRE

BERUKAE R AW S i, 4k
PERANER 1 s o K AT IR 10 B, #H.
PRI T kg XUT/KAE L, & TEBHEIRE T, 2 5lE
M 0.5%. 1%, 2% (B A srit, T Bk
YA iR (CMSMB) FIAEYI R (SMB), $idf
IR T 40%0 H B ReK i, ZiR (25 °C) [T
Bidt, 7ES 1. 3. 5. 10, 15, 20 RRELFIF5)
SIWHE S 10 HAT 60 Hf, W H -3 pH, "I¥%
A MUK ( Dissolved organic carbon, DOC ) #l Cd.
As ARGEE &

F1 #ittiERICd. As2EMEAREBLMER

Table 1 The total amount of Cd and As and the basic physical and chemical properties of the tested soil

N ki Sand/ ki Silt/ Fki Clay/
+3 Soil  TCd/ (mgkg') TAs/ (mgkg') pH SOM/ (gkg ")
(gkg!) (gkg') (gkg")
KR4 0.98 73.01 5.28 22.29 10.85 583.7 307.7

. TCd: 4%3; TAs: 4ff; SOM: +HEAPLF ., Note: TCd: Total Cd ;

+3 pH 19 E B 2 g i 10 HIFHAES SmL
A KIEA, &% 2h, @H pH 3 E & pH.
IR DL E . B S g i 10 B+

TAs: Total As; SOM: Soil organic matter. (DPaddy Soil.

FE5 75 mL M4 KIR SR 1 h, 5000 rmin ' &5.0
5 min, FH 0.45 um JEEBE , # H TOC M 21 TOC-L
CPN, Shimadzu, HZA) Il IEWA HLEK & & .
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AR Cd HEME: % 30 mL WA
0.01 mol'L 'CaCL AW 5 1 g it 60 H +FERAIED
2h, F10.45 pm JERETUE, WE IR Cd MR .

AR As ENE : B 25 mL WREHN
0.05 mol-L 'NH,H,PO, &5 1 g it 60 HLFRA
PR 16 h, FH 0.45 pm JERETUE , 05 8T As WRE .
1.6 HENESFHITHH

KW As () K HIHEARES As Sl
i 5% CeHgOg/CH4N,S TRAK . i £k HRKs 17 W
SERFRE 10 £5, JFECHE NaBH, 200, i SGE R
FHENET (AFS-2202E, JLETEEALES ) ME
Frim; KW Cd (1) M BHEARES Cd & ailse
A 2% MR R R EREWRE/NT
100 gL', ffi B A7 28 00 SR T Il 43 O Ok B
( AA-7000, SHIMADZU, HA) flE &, pH %
A pH it ( SevenExcellence Cond meter S700, Mettler

— CMSMB
— CaSiO;
— Fe,O,

3139

SEiE Intensity/a.u.
B SR Transmissivity/%

Iquw

T ¢

Toledo, Fii+t:) M. Fedg b PR Excel 2013,
OriginLab . Origin 2018, Jade6.5 #4175 da 5115347
IR

2 ZER5HE

2.1 RIEMRLRAE

WA 1a Fros, B oS CMSMB F]
S AMNIMEE AT Y 2, RWIMELEA RAF#ETE
AR A CMSMB (43 LB S I 26 B, #1
RER A AE R FLBRZE ), v A= 0 B 1 3% 12 IR
i, &P CMSMB K AR, fLE
ik e (B 1b, Bl 1c), HTE CMSMB i®f{a3
T B 6 R (R ) o L A5 SR 2 B A W I e 3 Thi
DR T REVEI BT, Y B N & R 2L X
LATH AT T

TM3030 2022/03/10 16:19 N D7.4 x20k 30 pm

—— CMSMBIf} i CMSMB before adsorption

—— CMSMBIff}5(Cd) CMSMB after adsorption of Cd

1738 —— CMSMBWZ /5 (As) CMSMB after adsorption of As

€€ —— CMSMBIHf{F(Cd, As) CMSMB after adsorption of Cd and As

1610
1401 1093

CMSMB
— SMB

5 R Transmissivity/%

f)

20 25 30 35 40 45

40003 5003 0002 5002 0001 5001000 500
20/° P Wave length/cm™

500 1000 1500 2000 2500 3000 3500
K Wave length/cm™

¥ : SMB H1 CMSMB 43 51l 24 A= 9y i Jie Ak —4k 2O PEAE 9 0 7% . R [l Note: SMB and CMSMB are biochar and silicon-ferric modified

biochar, respectively. The same below.

1 APEERAE (a. SMB 5 CMSMB 324151, b. SMB 3 HUEE R (R 2 000 £ ), c¢. CMSMB H#i LR KIS (JOk
2000 f{% ), d. CMSMB {1 X HTEAT I 3% . Fes04 15 CaSiOs BIBRMEMARATS KA e. SMB 5 CMSMB H i HLIHZL ML IA],
f. CMSMB Wi Fh i1/ B 8 B H-2L ARl 1A )

Fig. 1 Image of SMB and CMSMB (a ), scanning electron microscope ( SEM ) pattern of SMB (b ) and CMSMB (¢ ), X-ray diffraction of
CMSMB spectrum and standard powder diffraction file of magnetite and calcium silicate ( d ), FTIR spectra of SMB and CMSMB ( e ), CMSMB
FT-IR spectra before and after adsorption ( f)
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CMSMB i) XRD [l s i &6 e & 1d ),
508w bR R R AT 9~ B ( Standard  powder
diffraction file, PDF 99-0073 ) H{ii F 30.091 0°,
35.443 1°, 37.075 1°F 43.074° M IE ISR W) 4
WG B 6 3 7E T CMSMB AU 1T . B4Rl
FL P BRE AT RS, BT
CaSiO;, H7E CMSMB AYJ XRD Eljr, MEH|T
7T 25.324°, 26.889°, 28.889°. 30.043°)fikFRES
FROEWE, IEYEIR G S, RS WAAETEAM
R Fem . R, 8 LU TE - B A T R
TR AE W) R AT T AR

W 1e i, AP TR FTIR EigEd, O-H {f
AEREN AR SR RT3 136 em ™ Ab; 7E 1 768 cm!
IR C=0 Mhagatesh =L s . 5 blReS, 7
1610~1 401 con ' F1 1 401~1 091 cm ™' &Z4H#AE s )
A3 i 5 ER AL A H  B C=C B 3R I C-O 1 45 3% 5
FeHE ., CMSMB #J) FTIR EiEH, 1 091~905 cm™'
B] AR B T Si-O-Si J5 X FR A 4 % 3 068 ) 4R A
W AR 567 em ! bR AR T S A A 46 4R Bk 04
J& Fe;04 iR A HEA K Fe? v Fe—O A 45 4R 3l 10 45
FEWAE 200 RERAE 3 136 em ! A 1 610~905 cm ! 4b
W e 1) BUABLTE 52K Fe 41435 1o 306 0, X SRR
VI E EA BRI T K& ¥R, Fe-OH Al il
HEGIE . JAENLRISEE Cd (1) 5 As (1),
Wkt Cd. As JGEAMEEES (B 1f), "7
1085 cm™' kbW H] As—O 25 B IR S AGIEATT | 1X 2
T As FI-OH Z 3@ o R 4451 HTE L T —J0E
=ILHEY (Fe—O-As, Fe—-O-As—Cd) ">, f:4
R L HRER S Cd AYM LA FAAL G2 A VB F R
-CEMER, HpRRERREg AR PkER
TAEMPY, MifE 3 143~3 128 cm™' £b—OH HYIE(ETE
W B 5 A% Bl AR, 3R W B AR CMSMB 2 IfI
IS Cd BT RN S BUE N R
22 CMSMBXt Cd (1l ). As (Il ) PR PBiEISR A

WIE
2.2.1 WAL pH AIRZIH CMSMB  [a] i} 1% i
Cd (). As CIN) AYFRBERFIGMT WM —ITTRK .
CMSMB X Cd ( I ) AELFRZEH 40.63%~75.66%
TR 22.87%~60.86%, X As (1) fyZ=ER=RN]
i 61.64%~66.13% T [% % 38.65%~58.39%( [&] 2 ),
KRS A T cd (), As (1) PifcRZ
[ FEAESE IR B e R . AR LM, fECd (1)

M As CID) HAFRR S, 25 BRI B m 2
WAFFERY, Bl cd (1) #1 As () H£/H CMSMB
S 3 R 57 A5 A ) W A 7 S o

BEE VR LR pH B93En, Cd (1) My LBRF A
5 EAEHE (K 2). 7RI pH o 2 B, W7
EREM HEY od™ = A g, FBIET
CMSMB 5 Cd* WAy, [l %R pH /N T
CMSMB %:H1 5 (pze=6.7), HIt CMSMB Jififi 1E
L SO AR T, LR m X Cd> iYL R I B K
o, SO R, BEE pH MFE,
W H M B B A, CMSMB 26 [f 1F B i 20, 5 Cd®
) e R TR R PR SR , DRTIEE XS Cd R 2 o 3R i 14
e ZBRFAE pH b 6 LB RE, H—
ATt pH 5, B FRMERM4T, OH 5 cd (1)

RpigsreAE ¢d (OH) , UiyE, fifs Cd (1) il
EASHE I, EBRRAE pH N 8 Bt — 4T m 20,

= wn D ~
o [ (<] (=
— T T T T T

(5]
(=3
T T

%% Removal rate/%

[
S

== A B A Z2Cd Cd adsorption in single-adsorbate system
|—e— Z W[ ifA Z2Cd Cd adsorption in muti-adsorbate system
—A— ZI A R As As adsorption in muti-adsorbate system
N A BTA Z As As adsorption jn single-adsorbate system
2 3 4 N 6 7 8

pH

(e

T ISR 25 C, 250 rmin”, WA As (1) e
M 10mgL', Cd (1) MIRWKEE R 30 mg L', IRELFIR 45
#Ei% (n=3 ). Note: Conditions: 25 °C, 250 rmin', initial
concentration for As( Il )and Cd( Il )was 10 mg-L 'and 30 mg-L',

respectively. Error bars represent + standard deviation ( n=3) .

K2 ZWH B R oG pH X CMSMB Bz Cd
(I1). As () A2
Fig. 2 In the multi-adsorbate system, the effect of initial pH on the
removal rate of Cd ( II ) and As ( Il ) by CMSMB

M pH /NT 4 B, CMSMB *f As (1) 125
RS DTG TS (B 2), M5l pH b 2
W, BT pH &4 F CMSMB i gk B b &4k
FRPEIRBE TSR, ot As (1) B9 BB g 32382
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AL AR AL R Xt As (T ) Ay EBRR S
BARIK-o 4 pH BT & 2 3 B, BRI X4k
ALY R AR R E R, BWW pH KT
CMSMB %5 Hi 5 (pze=6.7 ), PHRIFE AT IER, K
X A As (T ) A ERM 51 Iy, [RIRS h 6k
PR AR B F 6% pH 25 Fidftese Kk, 5 cd( 1)
KA RN, M CdSiOs MR AR TLTE, IR T
Cd (1) #fppERY, 5 cd (1) -As (T0) [a) 4
PO ZE, NIRRT As () BRI 22 55% .
M pH 4T 4 BF, HEF X Cd (1) R A4
HIAREREZE, Ccd (1) WERBRRERKIFETE, HiLS
O EFEPUE G E, 15 CMSMB X As (1) 1
FERATRE. MWL pH AL T 4~6 Z (A, h
TAEW R BEA S 92 vh Pk, (75 I B a5 v R
pH &b F— g (6.11~6.18), i Cd (1)
W) T2 AR Cd (OH ) LT Al LX) 1 B s 037 F)
TS TR, MORHERT As (TT) B9EE S AT TE,

M pH 4kZETHE Bk T CMSMB 251 )5, HEEH
FoHL g, FECT As CIN) #H HEF/FH B3R
Th, XTRLAZBRFE TR 255 % MM ITE R 26
R ASBR N A SEY pH TR, %8 pH 6 1E R 54k
24 W B 256 1) e A pHL

2.2.2 WS WE 3 s, CMSMB 7E
I 10 min PIXF Cd (1T ) AYWZBAEE R4 8, JF7E
0.38 h PYPRIELA B W - (3% 2). XFF As (1),
CMSMB W7 fe 4] 4 30 min P EFT BRI BFF, %% o
SEAFFRIA 2.16 h (3 2), #E—Z 51 —gR ki sh
712 R R 8% A 0 Rl R AL B W B S AR, Hop
HE By 3h 12 AR R % B AP HLA Cd A TR B o
(R*=0.907) DA M As (T ) MM BFid 2 ( R*=0.910 ),
Bt CMSMB Xt €d ( 11 ) A1 As (T ) B IR =%
B W 6 0] 28 o R S S A R A R
R U2 R b )2 1 114 P 5 7% RN B R 1A A A A
W BAEAIL A i U

25 ) b)
~ a ~
o i o - I
o 2n
£ 20 30 S s I 220 (f I .
E‘ & i I b T 1 E“ ....................................................
£ kst ]
< T <
g 15F =3
Q Q
8 g
g 10 Ef
3 3
< <
st " ]
-L(iu u i Data « » i Data
£ —— WE—2% 5 112F Pseudo-first order kinetic = | | WE— 5 112 Pseudo-first order kinetic
= oF & e 251112 Pseudo-sceond order kinetic = (| — WE 28 712 Pseudo-sceond order Kinetic
1 1 1 1 1 1 1 1L 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000 0 10 20 30 40 50
15} 16] Time/s fsffi] Time/h

e HWEAE: 25 C, 250 rmin', #IEG As (1) ¥REH 10 mgL™,

Cd (1) WIHAWE N 30 mg L', pH N 6, RELFER

+FRr#ETR (=3 ), Note: Conditions: 25 °C, 250 rrmin"', pH 6, initial concentration for As( Il )and Cd( II ) was 10 mg-L ™" and 30 mg-L',

respectively. The error bars represent & standard deviation ( n=3) .

K3 ket E Y BoR T Cd (1) (a), As (1) (b) BHRRsN 221G
Fig. 3 The adsorption kinetics fitting of CMSMB on Cd ( I ) (a) andAs (1l ) (b)

Fz2 CMSMBxf Cd C(I).

As (IID WM D FHESE

Table 2  Fitting parameters of adsorption kinetics of CMSMB on Cd (11 ) and As (IID)

EER E—2 3} J12% Pseudo-firstorder dynamics W23l J1%# Pseudo-second order kinetic Y-y ]
Heavy metal ¢/ (mgg™") K, R? g/ (mgg') K> R? Balance time/h
Cd (1) 14.00 7.364 0.821 14.94 0.5980 0.907 0.38
As (1) 1.880 32.12 0.906 2.123 16.30 0.910 2.16

g NVMRT MM AR Ko K 00— 5 B sh 2 5 IR B R R 4 R® ARG R4, Note: ¢. represents the

adsorption capacity at equilibrium; K, and K, denote the rate constants for the pseudo-first order and pseudo-second order kinetic equations,

respectively; R’ stands for the correlation coefficient.
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2.2.3  SFERRFT Kl4 AR CdC ), AsCIT ) IR &, CMSMB 2 Ifi T A3 W B a5 28 o
W HR v X CMSMB 1 Bt 19 o B 453 i 25 £ ) 520« W, TEAER AR R B v Tl B i i S5 T AR 31, Bl
H AL B Freundlich F1 Langmuir ARG 155 FCd (1) WwItRMk R 0 #9N= 100 mgL ',
e 2 frs . 7R B ELEAN, /K cd  CMSMB Xt As (1T ) By R &# i 2.13 mg-g
() WETF, As C(IT) MEIMESET CMSMB Xf 42 JFE 23.23 mgg'. WZHP—IKZH CMSMB X
Cd (1) MRt B od () WIS, As  As (D) Ao RIFE 755 8.31 mgg™', BEAIKZAT
(I ) BYEsAnmE T CMSMB X Cd ( 11 ) AW 5 Cd( 1) B AEET CMSMB XF As (1) (W Fff .
M cd () WEFE—EREE, REWER As A M, CMSMB %1 4 &8 AL Prxt cd ),
(1) ¥4 T CMSMB X Cd (11 ) AYWzRt 2. As (1) R FIVERIA90 R : (1) CMSMB 38
SR INASFEIVREE R Cd (1) ¥R EREAL TR I FR S S Cd (1), [FRmIERmH I, 3
As (1) MyMeRtZsaE, 4 Cd (D) MBIEE S ST X As (D) MsRAME; (2) WP ILER As
Smg L' W, As (T0) W& PR 28 5 B IR B ok B 2 (M) A cd () a3 m Ukl Cd-As
MpEE AN Cd (1) FREF &, s mes  Z40Ey™); (3) CMSMB ik 48 Sk e ik
T—EBREZM. W RXTFATEAMIFER As (), Cd (1) Bl A B (&8 FHETFEm )
FETERS B P [F/E . o, B A ( (ISR Rm ) PRl = ek m A0,
BEERR T HFREMHA SR 3 Pir, 1 £ CMSMB M5 4> B RAES 219 XRD &l
G K AR, MR EEHRE (B 5), T 20=26.85°.28.77°.34.92° ,41.33°,51.87°,
TR0 I e B R S AR R AR B, APREXT As (T ) 11 62.26°4L K B T CdSiAs, [IF#iEIE ( PDF19-0182),
Rtz 2 Cd (1) dsmagsnddl, masm As (1) EERFW cd () Al As (1) 7E CMSMB [
AR BT Cd (1) MMRR AR i, X FEZRM T BT Cd-As EPijE, FILILDijEE CMSMB [F] i
PRI G S B R B A R o BT TS WA E & s i E L —.
—a— 711 mg-L'As(TM) 1 mg-L™'As(Ill) addition
[a) —o— #M110 mg- L' As(M) 10 mg-L"'As(Il) addition

—a— 71120 mg- L' As(Il) 20 mg-L~'As(1Ill) addition
I —v—AEIMAs(IT) No As(1l) addition

—a— {15 mg-L'Cd(TT) 5 mg-L™'Cd( 1) addition
—o— 7R/140 mg-L'Cd( ) 40 mg-L™'Cd( 1) addition
—A— JRIN100 mg-L™'Cd(TT) 100 mg-L™'Cd( 1) addition
6 —w—AEHEMCA(I) No Cd( 1) addition

~
(=

b)

D
=

oo ~
on on
£ sof g
o) = 5f
RS )
=z 401 << al
g £ >
- I &
= &g 5t
=g § S
2 20 = .g 2k
g &
Z 10 g 1t
<
of ol
1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0 5 10 15 20
CAWIUAHE S Initial concentration of Cd/(mg-L™) AsHI UG HE Initial concentration of As/(mg-L™")

e SCEME. 25 €, 250 rmin', pH N 6, iRZEEFIR £ARUELR (n=3), Note: Conditions: 25°C, 250 rrmin”', pH 6, error

bars represent +standard deviation ( n=3) .

K4 AFPIGHEE Cd (1), As (1) % CMSMB MFff Cd ( 1) (a) Fl As (1) (b) ZE& A5
Fig. 4 The effect of different initial concentrations of Cd ( II ) or As (1l ) on the adsorption capacity of CMSMB for Cd ( I ) (a) and As (1) (b)

W& As (1) MRIERMBEN 1 mg L' 8% gF UM TR TR Z AR BUE T, 2k

20 mg-L™', CMSMB Xf Cd ( 11 ) AY e KW JF 25 BAEXS M B R A A E g, RECd () 5
2727 mgg | FERE 3739 mgg !, AWK T CMSMB  As (1) 7E/KIEW 90 AR R A L, R
BB Cd (1) M KM% 274.15 mgg ', W BT A5 P IR AN SR G R, CMSMB W fiff
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£3 CMSMB# Cd (1) #1As () E5%RWMIIESH

Table 3 Thermodynamic fitting parameters of CMSMB on Cd (1l ) and As (III) composite adsorption

Qb ¥ Langmuir Freundlich
Treatment O/ (mgg") Ky R Kr Un R
As+5 mg-L'Cd 2.130 0.416 0.858 0.642 0.398 0.739
As+40 mg-L'Cd 17.59 0.0199 0.897 0.347 0.916 0.947
As+100 mg-L™'Cd 23.32 0.00789 0.923 0.248 0.844 0.932
Cd+1 mg-L'As 272.7 0.00336 0.951 1.634 0.808 0.953
Cd+10 mg-L'As 247.7 0.00564 0.857 1.963 0.457 0.850
Cd+20 mg'LflAS 37.39 0.115 0.900 5.494 0.472 0.862

e Ow MKW 254 ; Ko M K 7303 /R Langmuir Al Freundlich B804 0 B SR8 4505 n (EM IR R B RE AR SCHE R AL

Note: O, represents the maximum adsorption capacity; K and Kr respectively denote the adsorption rate constants of the Langmuir and

Freundlich models; 7 is the adsorption coefficient; R? is the correlation coefficient.

=
<
=
R
5
E CMSMB
. |
7~
CdSiAs,

25 30 35 40 45 50 55 60 65
260/°

Bl5 Wt cd (1) A1 As (1) J5 CMSMB iy X H£:4iy

SR K CdSiAs, brifE &%
Fig. 5 X-ray diffraction pattern of CMSMB after adsorption of Cd
( II') and As ( Il ) and standard powder diffraction file of CdSiAs,

HIJE /Y FTIR E3EaT % (& 1f), CMSMB [ &
SIBJE ., MBI Si—O-Si F X FRAH 45 I 5l 1
TR | 7R A W Y C=C 5 42 i 45 PR shideaty LA &
O-H MgaRshFRfiF ey & 4 T AN FEREE M mEe, H
761085 cm A T As—O Z5 i HR Sk &1 £),
T As 5-OH Z[B)3 i3 25 T 28 # A SEAH BLA/E
R T #0245 (Fe-0-As ) 21, [@] W78
3 143~3 128 cm ' kb—OH HY4HF WAL Bt IS #5 3h &2
XA (1), RAHS Cd (1) K& T RIEMB
S HWNKAE RN, Wik, WAESETEY
AliEit 5 CMSMB R B G . 35 n-n JR 55
J5 20k R B 1, LS B A 2 B AR A ) X L
PEGE S TE S o 4% Cd (I ), 490 R e

As (1) i, As () % Cd ( 1) FSHerE R &
TESHAL, 45 Cd( 1T ) F AR & A TR
M As (1) AR HA AR S cd (1) 44
K, % cd () WRMEEHR 5 mgL!' £ 2
40 mgL' 5, EHER cd (1) {#if5 CMSMB %
17 1E AL N, R R T AR TTE RN = Jr R 4 S WY
AR, PICEMEIER s T e, DT e
fem As (D) BRI %5, FiE Cd (1) &
IR BE i — 20 T, T AR B S B A T
ERESE T £, 2l As (I ) W7 A .
IREEHRFED], CMSMB BEMEAG R b X 7K A e
Cd (Il )5 As CIT) #47 R0 BT 76525 Wbt
o, BEAATE LU . Cd-As SEPTER =TT
RGN RER, AEEX RS G
SUSE AR, R R ORE B AR FH A A X 5 5 e
Cd ()5 As (1) AYMEEE.
23 CMSMB ¥ ET+EBUMREEEEAINME
2.3.1 CMSMB X+ BB Ab P 5 1 52 5 CK
AL, AEWRE A CMSMB B FR N i 48 i 1 1%
7 pH (& 6a). CK ¥ pH K% 5572 iE 1T AW N %,
MR T YT 5 S CMSMB ) pH 25 55 75 K
BB S, I AESS 3. 5 RiAFIEME ., +
Heny pH Bl BT ES InAE 9 Bk Al CMSMB /Y Fb 5] 4
mF R, — R T A R OR A B R
BN A4 R B - e Ak 1) OH, AT S8R £ 38
pH 42555 5 —J7 1 AW 0 BT 3 W R L R m 2 A
TEERA, feS LT G, SEEETD
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HRFERRAR, 42T+ pH.

TE 4 W) 7% Fl CMSMB {4 FE R 55 5% 20 d J5
(&l 6b), 13 DOC & % & F CK ( P<0.05),
Frfr 0.5%Ws Jin i 19 A= 9 J5t e Fl CMSMB b 3 4 rh
DOC &8I T 490.27%F1 414.77%, 44
5T % 13 DOC 1y $& A RCR AL T CMSMB., i
Jin CMSMB Ji5, 3 pH B Fh i, 5 80U8 58 5 ik
A 3 1 T SRR AT B N, {2 E T DOC M shY,
B A 0k B R0, WS 2 1 A 4 HE P
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76+ —o— 1% SMB
—— 2% SMB
7.4+ —v— 0.5% CMSMB
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i A e MR S T S P R R

BT A, BREERSOMRAD, HASHK
DOC & T+ .
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2001 o
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Note: The percentage in the legend is the mass percentage, CK means control with no amendment addition, Error bars represent & standard

deviation ( #n=3 ), the same below.

Ko AT 15 pH (a) FIAEMA N (DOC) & (b) BEREFRI A1

Fig. 6 Changes of soil pH (a) and concentration of dissolved organic carbon ( DOC, b) with culture time under different treatments

2.3.2 CMSMB *f + 3 i 43 J@ A R & 5 10 52 )

5 CK M, #hn CMSMB b3y +3 b CaCl, #2
HUZS Cd BOHRBE AR T 45%~74% , AN AE W I o ek
PR -3 rh CaCl, $2 UGS Cd Ak B A —E FEE
FEA (B 7a), AR A CMSMB F#AL 34
A Cd WRETT, BEVSINELGIG K . 7R R
M5 10 RESHN 0.5% A9 49 51 i Fl CMSMB Ab 3 +
AR CAWRE R E TR (P<0.05) (K 7a), 7E
FEFR4E 20 K, CMSMB AbBEAT S04 Cd e i AR
T 64.86%~74.25%, [A—3EF0 [ T CMSMB &b 3
5 CK M, HHEA As SREA T (F 7b),
BERZATT S5 X B REER, R
BF, BN 2%J5 5 4 He ) CMSMB AR BETT As A3 5%
PESZEAXNRIEEEER, X4 EKY CMSMB 1)
TN AR S 0115 25 0 8] NS RE AT R IR 18 As 75

B, AT AR IR KR M RHE T R R o As 1 I B
SE R BAEEY,

B A R A AN O R e B A
AR5 o il P AR ) BT e FI CMSMB 42 T 124
pH (&l 6a), 43¢ pH Fhmi, 580k 5 4k 2
T F PR R SR , BRTE T PH S T 4 R TR
MEA, HAZHE Cd SMRRmERAL S, T
w4 IR AT, (15 od AREREL, HYS
ZAR, pH MTHE S AR Rk
As ZEIFHF 107, 1R 58 As iR BT,
S8 As AR T 1bAh, HHE pH B S Cd.,
As IRFFIEAS . 24 3 pH JHEn . Cd &%k
JHMEEA Cd (OH ), 11 As W25t A X RS E 19 53
T AR Syl £ g R R AR 5 A R AR, SO
BRAEHTE . DOC e FE (AR Rl BRI 1 L i 4
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Fig. 7 Changes in bioavailability of Cd (a), As (b) with culture time under different treatments
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BN As B AR08 EORTRE L, DOC He B (Tt
PR T R A I i o AR R L, il & T R
Y1 As bl , SEEEPBREZH As, X
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HRem il i TR BSOS R As A REF
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