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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-iron 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(1I) and As(II)), respectively. The adsorption processes on the CMSMB surface were intricate, involving a simultaneous
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interplay of antagonistic and synergistic interactions, and the relative strengths of these interactions were found to be
controlled by the concentrations of Cd( II) and As(II}) in the solution. The antagonistic effect primarily originated from the
competitive binding of Cd(Il) and As(II) 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(1I) and As(II) 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; In-situ
remediation
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X} 52 B A a5 iR BT A R R, R IRIE IR AR A R R ) R . R (Cd) AR (As)
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UK, ARG HOR R, AR E AR . BB, JiE. e BEHE S, KNS
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WA, BME. B ALY RENE oy B EE R TR 3 T 1) 5 G SO Ve A A i, AT S B%oF A B 2 1 4
J FC TRV W B B4k, 3 AT S St I AR, SR BRI B R 40, B U — P AR — PR, Gt R
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(S RAKRAERKFTL TR, fe s AR RIGUEIRAE ). S REMRLE R pH B, FHE i
LT 0 2 Tt B 5 5 EAT IR BT, R E SR E KRS AR K 1 R 0) Cdl (O REPER e Si 7% I Al s 1
AUfuBErR G Sifr B, R Cd X KRE I B IE SRR Cd MBTHEDS, MR FHREAE, B85 AT KRR AT
Ry Cdy As &M, HAE— @R LT SR K S0 T IR FIOEE, RIS AOREIT Y R ek i Y.
UEAt, A Cal R AR O PR e 1A RS e, IE RS CaSiOs Wi E #ESUE AE VI BUR MR, RENS SR TG
PRI R RT Cd A As FIBERES) (RAEZRD o T T B EYI FURE B E G a5 St /e, FREHAE—
JCENZ TOBH BT 4 (K KV RAE S, T X BT BH B 73547 1 Cd Al As 5475 Y IB SEHLEE (K BF 7 cioh = 0,
I, {5 G IR AL B FUAT Fr Rk, QAT it 78 I 2R EEA ] & 15 2 T Bk R - B RUR - R
AR, ABAURTE T IZAMRD KB R S — T R I e I RAT A, IR R3S S Rk R TIE IR T 45
EATIR, AW BTEME RSB AR, JRE Cd. As FATT IR FHRLS A LR IR, IRUE Z AR
FEKAE, BIRPEEROR KIS B 5, W& -SRI UK (CMSMB) il R 5048 58 CMSMB X
Cd A1 As (WP BE T AT AIHLER, JFAELEIEA_EIT e 30 d 1 35 IRk, JHIE xS R B R T .
JEA RN E, SEBENEERIE, D CMSMB X 3 Cd. As Blifb AR KALEE.

1 AR 5

1.1 AR Rt 7

RIS BT FH A= 0 s R HEUM TV 950 = s 3 RO IR 77 /K R s . BT AL 227 L4 FeSO,-7TH,0 (AR,
HEME AT ARAR D  FeCly-6H,0 (AR, LFifFE AL TAHRAR) « NaOH (AR, EZEEHML2AA55A
IRAF). HCI(GR, KA IRAT). CaSiO; (AR, i itk LA R AF]). Cd (NO;),-4H,0 (AR,
FHFETMRAEERATD . NaAsO,(AR, SIGMA-ALDRICH Co). HNO; (GR, PHBRRI=BMAHRAT) |
CeHgOs (AR, EZERMARFIER AT « CHN,S (AR, EZGEREXFIERAF) « NaBH, (AR, I
R AT AR ARD « CaCl, (AR, il wMAEMFIRAF) « NHH,PO, (GR, EZGERILARFIE
BRAFED .
1.2 MR &

ARSI A R LUK TSRS AT N JERE, Wrie it 20 H i fRAE . % FeS0,-7H,0 5 FeCly-6H,0 TR &AM,
o Fe® (0.amol-L™) 5 Fe¥ BE/RIKFELL N 1:2. B E MR K TIRAER T, MEmhZEminA 5
mol-L™"NaOH -9t +F B E= 7 pH A 11~12, 4kZ4iHE 0.5 h J5#FE 24 h, U85 SR TR .. 76 LiRIR
SR 20% (FiEH k) 1) CaSiOs, B TS ipd i, 400°CIREMM 2 h, WHIEZREHIELL 10 H i,
B3 R (CMSMB) , {51745 1
1.3Cd(1D). As(Il)E & WMt ae

VEWATUE pH X B = BR R ARt W B pH 2. 3. 4. 5. 6. 7. 8 [y 10 mg-L "As(Il) (NaAsO, it
#1000 mg- L™ I fif 4 TR B 743 ) A1 30 mg-L™*Cd(11) (Cd (NOs),-4H,0 Fiii] 1 000 mg- L™ il 45 W W B T 45 )
(VR ErVEM RIS E 4B IR E Ron o R MR , A 2520.5 mg CMSMB, #&#% (25 °C, 180 r-min™)
24 h J5, {4/ 0.45 pm JEMEEJE, WE IEW T Cd. As W . HEEUN Cd. As R & pH (pH 6) N
EYIGE pH, H T e 256 .

W Bt 5 727386 . K 10 mg- Lt As(IID) A1 30 mg-L *Cd( 11 fIR-& ¥4 5 25+0.5 mg CMSMB & &, =i 2k
T (25°C) fEHE pH N4 {EPR% 1 min, 5min. 10 min. 0.5h. 1h. 2h. 4h. 8h. 12h. 24 h. 48h /5,
VMg A b B BT A B fE R I TR (24 h) , T R 85K
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W PR )2 R U 1. 10, 20 mg-L ™ i As(LID SR N £ 9144 B4 1. 2.5. 5. 10, 20. 40. 60
H1100 mg-L™ g Cd( 1) % e, P75 pH £ 6. 25 mL VB &AW 5 25 mgCMSMB Y24, $:3% (25 °C, 180 r-min™)
24 h, ¥ EMIE T 0.45 um JERUE, ME BT CA(ID)WRE . Kk N 5. 40, 100 mg-L™ g Cd( 1)V b
EWIEEWE S 0.5 1. 2.5, 5. 10, 15. 20 mg-L™* i As(IID) %, 75 pH £ 6. HX 25 mL IR &R 5 25+0.5
mg CMSMB &4, #&% (25°C, 180 r-min™ 24 hJ&, KEMIEFH 0.45 pm BEMLIE, W5z L350 AsIIKE
1.4 MRIFRAEF &

W B A R 2% ARBUE B AW R « RE-BRE AR, BHEE IS 100 B f, 020847 W B S A R &
IR BT B RSSO PR IE i -k O AR R R AR, AT RS I EEE 100 H AR . i
fiF 8% (Scanning electron microscope, SEM) . X HfZkfiT4} (X-ray diffraction, XRD) AR {8 H k21 4h i

(Fourier transform infrared spectroscopy, FTIR) , XtWRBft A /G Rl IIRH M FRER . P T i e .
1.5 THERLE

HER/KRE R T A i, B R AER 1 s KB EREXCTEE 10 B, %M. FREL L kg
REKFE L, BT aRHEEa T, 29180 0.5%. 1%. 2% (& 5 4r b, TRED k-t 4 25 % (CMSMB)
AEEDT R (SMB) , 3577 B £RFF 40%1) H (Al RF/K &, =i (25 C) %M F&9%. #£5 1. 3. 5. 10. 15,
20 RRLETFEHH DIBFEEE 10 HAT 60 H i, % H 3% pH. %4 HLEK (Dissolved organic carbon, DOC)
M Cd. As BRESHE.

3 pH Ol E: B2 gid 10 HifHFES 5 mL H4iKES, % 2h, 5 pH 11 E B i pH.

I AE A HLREOME . B 5 g3t 10 HiwHRES 75 mL @4k IR &4R% 1 h, 5000 r-min™ &> 5 min,
F 0.45 um JEfRIL 3, {# /] TOC ME{X (TOC-L CPN, Shimadzu, HA) W52 sEBA LIRS &

IR Cd ZEIIE: ¥ 30 mL Kk Ey 0.01 mol-L*CaCl, ¥ 5 1 g it 60 H HFEIRATR 2h, F 0.45
pm JEREITBE, e e Cd R FE .

IR As S EINIE: B 25 mL #E A 0.05 mol-L*NH,H,PO, AW 5 1 g3 60 HEFRATRY 16 h,
FH 0.45 pm JEMIEE, W2 S8 As R EE

1 i HER od. As 2EMEFEBHMER

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

+ 15 TCd/(mg-kg™)  TAs/(mg-kg™) pH SOM/(g-kg?) 2 Brki ZEy A
Soil Sand/(g-kg™)  Silt/(g-kg?)  Clay/(g-kg?)
KLY 0.98 73.01 5.28 22.29 10.85 583.7 307.7

W TCd: &4; TAs:  4fifi; SOM: 3 PR . Note: TCd: Total Cd ; TAs: Total As; SOM: Soil organic matter. WPaddy Soil.

1.6 HIRNE S8+ 54

IKIEW As(IID) B 35845 204 As S 8IE: 18T 5% CeHgOe/CH4N,S VR A i Bh BKs 435 I WUE B
B 10 £, FFECE NaBH, #l, {FHXGE R 76T (AFS-2202E, Jbntiguisds) e & &; KiE
W CA(IT) B 34T 23S Cd S &ilE s {8 290 il K A5 IR B s R ik /T 100 pg LY A
WP RIS e e EE T (AA-7000, SHIMADZU, HA) i & & . pH KA pH it (SevenExcellence Cond
meter S700, Mettler Toledo, i) & . #i#zibPKH Excel 2013, OriginLab. Origin 2018. Jade6.5 #1T
ARG HAEEL

2 4R it it

2.1 IR R SRAE

wnlEl la fios, VR 5E BRI ) CMSMB WIERE AN 34T 1E 70 18, AR MIRPRLBA R 17 HOREYE -
AR AN CMSMB 4l F 85 P ISR B, APRER A A2 K BALRR S M, He b AR ORI 2 IR 1
1, BT CMSMB R AT 2, FLERESHER A (K 1b, B 1c) , HAE CMSMB IR R b
FRERR O R S5 R AN R R RS T 1R, R SO 28t e 2k X AT
BEAT 7307 o
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CMSMB ¥ XRD I 7~ (38 40 W (BT 1dD, SREE ARy R AT R Fr (Standard powder diffraction
file, PDF 99-0073) fii T~ 30.0910°, 35.4431°, 37.0751°F1 43.074° (IR IE MM &, SOREZRE™ R Dt
FEAE T CMSMB W . A RH 2 P BRI 6138041, B RIS IN T CaSiOs, HAE CMSMB (1)
XRD Kb, W3] T AT 25.324°, 26.889°, 28.889°. 30.043°(\EMR A HENE, IEMIWIRG)E, R
AR TR AMRINRT . Kk, 83T - PR AVE R R GG AR AT 1 -kt

WK Le frow, AW FTIR BiE s, O-H M45dRs0 4 M 5 i BT 3 136 cm™ &b 7£ 1 768 cm™
WAFAE B C=0 MRS A R . SN, 76 1 610~1 401 cm™ #1 1 401~1 091 cm™ AbARAE I 1) 43 51
M5 A C=C 4281 C-O I 4iHRzh 4. CMSMB i FTIR i1, 1 091~905 cm™ Ji] i 7
HILT Si-O-Si A FRARER SR AE e, 78 567 om™ Abp A TS MR IR B, FesO4thi
e Fe® i Fe-O IO IR BN ORI, #PRI7E 3 136 cm™ Fil 1 610~905 cm™ Ab Uk i 1) LLARL7E 71 3%
Fe oy 5 BN, XR\YEAIMEEM BRI SN T KEFREE, Fe-OH mlIEIILYINE . 455 5L
ghfy cd(I 5 As(Il). WRF Cd. As JRHIE SRR S (K& 16 , AI4E 1085 cm™ A WA S As-O 25 #hik
T, X &M T As MI-OH Z AL R4 G EHTE R T sl =u4% &%) (Fe-O-As, Fe-O-As-Cd)
U5 24, AW e T B BE A5 Cd (A T S A A n-Ca® (B, Pt S At f
g mEAE P, T 3 143~3 128 cm™ 4b-OH KIS EWR N RS 3 E R, L WIS CMSMB %
IS Cd KB T %4 B S BUE A fs .

TM3030 2022/03/10 1452 N D7.0 x20k  30um TM3030 2022/03/10 16:19 N D7.4 x2.0k  30pm

—— CMSMBWH iif CMSMB before a
CMSMBUE} f5(Cd) CMSMB after
——— CMSMBWH} J5(As) CMSMB after S
CMSMBYH J(Cd. As) CMSMB after adsorption of Cd and As

—— CMSMB
\ CaSio,

-
]
L jwwww

HiiE Intensity /a.u.
B 5% Transmissivity/%
BN # Transmissivity /%

1401 109
—— CMSMB
SMB

d ) ] o e) | , , ‘ f)

-

7 1 L L L L L L )
20 2 30 35 40 15 1000 3500 3000 2500 2000 1500 1000 500 500 1 000 1 500 2 000 2 500 3 000 3 500
20/° P Wave length/cm™ #%1& Wave length/cm™

:: SMB Il CMSMB 435Il A= 9 o o3¢ Rk -k e 1 AR 40 7 %% - T ] - Noote: SMB and CMSMB are biochar and silicon-iron modified biochar, respectively. The
same below.
1 MOBRAL (a. SMB 5 CMSMB [{JSE)E, b. SMB 434 FUEE &1 (K 2 000 1#%) , ¢. CMSMB 34t LB i (ilCK 2 000
fir),d. CMSMB 1] X S AT 5T B . Fes0, 55 CaSiOs IARHER RATHS + i e. SMB 5 CMSMB [ LI 2L 4635 &, f. CMSMB
USRI N EAR A A D)
Fig. 1 Image of SMB and CMSMB (a), scanning electron microscope (SEM) pattern of SMB (b) and CMSMB (c), 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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2.2CMSMB 3f Cd( 1), As(IT)AR B35 R4 HE
2.2.1 WEWAIEG pH HIFZH CMSMB [RIR IR Cd(1D)s As(IID 2% BRr Z K T W BT #2— It 2K . CMSMB X Cd(1)
) 25 B R H 40.63%~75.66% | [% & 22.87%~60.86% , *F As(II) i 2% & F I 1 61.64%~66.13% F [% &
38.65%~58.39% (& 2) , AL AEKZST Cd(I). AsU)FF TG R Z AIEES SN KR . AHFRKEIN,
76 CA(ID AT As(II) A7 AR R, 52445 PR IR AL 2 B A7 ZE 1), B CA(IT)A0 As(IT)FE A CMSMB 13543 W it
B A SO R M AR S B Y B VATRWIAE pH BIRSN, CA(IDMIERE SR FTHES (B 2) . #
¥Igh pH o~ 2 I, P KRN H S5 CA* P A sa 4, (4K T CMSMB 5 Cd* [sE A1 /1, RN i 3%
7 pH /T CMSMB 2551 5 (pze=6.7) , Kt CMSMB Fitiy IE s i 32 7, HR It Cd® i s 5 112 K
TR, SO ERIR. FE% pH fThE, W HREEFRIR, CMSMB R IEBARD, 5 Cd i
L B P85, DREXT Cd 125 BR OB N, Z2BR%FALE pH N 6 M shu BN Efae, #—ST & pH 5,
Eiaﬁﬁ'rié%[ﬁ]?, OH 5 Cd(I) N 4774 CA(OH), UTiE, 115 CA(ID)RI I AZSIKEE %, Z2BR3%1E pH v 8 i
BT

Removal rate/®
—mh—
-
A
/
S

HBE

20 {

= SO 44 5Cd Cd adsorption in single-adsorbate system

|—®— LA % 7 Cd Cd adsorption in muti-adsorbate system
A UG5 & As As adsorption in muti-adsorbate system

. I ET'—“&H‘IIU-L i %A‘i As adsprption in single-adsorbate system

2 3 1 8 6 7 8
pH

e KIS 25 °C, 250 r-minT, HIdh As(I)IREE A 10 mg-L™*, CA(INBIEGKRE Jy 30 mg-L?, 2 24 %R+F7iEiR (n=3) . Note: Conditions:
25 °C, 250 r-min’, initial concentration for As(I1) and Cd( II) was 10 mg-Land 30 mg-L™, respectively. Error bars represent + standard deviation (n=3).
Bl 2 Z LR A R TGRSR pH X CMSMB FR Bt Cd( D). As(IT) 52
Fig 2 In the multi-adsorbate system, the effect of initial pH on the removal rate of Cd( II) and As(II}) by CMSMB
2 pH /N 41, CMSMB X As(II)iI &R 25 T A NEERES (B2) , % pH v 21, il

TAK pH 4T CMSMB 3K ISR EAY) SR IE IS AR, iy o As(LI) IR Bt e 7 3 2 Bk W did
AL, R As(TD ) ZBRF R IEMLK . 2 pH BB TR 3 I, BRSNS i a5 M BiaR e
PG, HEW pH KT CMSMB %5 it (pze=6.7) , PR} IR, BRI 7 s 1) As(II) A e
W5l 73, (RIS T RERR AR B T 7EAR pH 25 SVEMIEECR, WS C(I) KA RN, TE K CdSiOs T & AL
UUGE, BRART CA(IDEMAERS, (643 Cd(I)-As(I)alFEHilE Humksz, Mimim 1 As(UI IR LERrE. =4
pH -T2 4 I, FHUF Joxd CA(IDWR IR RIS 22z, CA(IDAI B KIETH R, PRI BN E RSPl
FIHG58, {815 CMSMB X As(LIDHZFRFE T . MIERAIIE pH AT 4~6 Z I8l , i TAMI BRI R A 5
FIZrt i, AEAFIR TSR pH AT —MEERIVER (6.11~6.18) , 1fi CA(IM i FZ#i 4= Cd(OH),
DUSE A IR B s 1) 55 77 R R, MERIIR B As(TI)fIRE 1A Frde . 4 pH 46827+ m 2 KT CMSMB %5
Ha, HERm AR g, B0 As()if e R EIRT, XNAERERE TR, ZZEaH BT
R ERRA R SEBR N TP pH Y Fl, 63 pH 6 11 9 ) 22 & W S i) e £ pH
2.2.2 Wi tsh /1% il 3 fras, CMSMB TERHI 10 min P9XF Cd( ID) AW it s 245 v, IF7E 0.38 h A B
BB T (3R 2) o X T As(IT), CMSMB JUFEFRAKT 30 min PYREAT PRI B, IR BT 5]y 2.16 - h

(R 2) o WG HE R Bh ) AR H RN B M R R AR R B AR, FErp itk sl A i 2k e
WA Cd WP FE (R2=0.907) LLA: As(II)EM P2 (R2=0.910) , Pt CMSMB %t Cd(Il)F!
A (LT AP o 25 =3 S 2 W 750 28 1T WS S RS2, 7 2R WS e 5 U pl iRk 38 1T P FL - 6 A% M
14 P 5 A 2R AL 1,
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Conditions: 25 °C, 250 r-min™, pH 6, initial concentration for As(IT) and Cd(IT) was 10 mg-L'land 30 mg-L'l, respectively. The error bars represent +

standard deviation (n=3).

P 3 -k etk R et CA(IT) () As(IT) () FTR Bt 3l 0 40 &
Fig 3 The adsorption kinetics fitting of CMSMB on Cd(II) (a) and As(II) (b)
< 2CMSMB 5t Cd(1T).  As(II)AIR Mzt HF A S HK

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

B4R 1 —2¢5) 712 pseudo-firstorder dynamics 1 2 2) 1% pseudo-second order kinetic P i 1)
Heavy metal e/ (mg-g™) K1 R? 0e/(mg-g7%) K, R? Balance time/h
Cd (ID 14.00 7.364 0.821 14.94 0.5980 0.907 0.38
As (IID 1.880 32.12 0.906 2.123 16.30 0.910 2.16

e ge APTER ORI A R Koy Ko S09— M5 B sh /15 R R 4 R? AAIGME R %L, Note: de 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.

2.2.3 &R B 4 AR Cd(ID). As(II)VWILEH EXT CMSMB W b 95 R B 4> J 25 B (K 52 . &% Ab 3 R 1)
Freundlich F1 Langmuir BBA LGSR 2 Fron. ERKFTE FWREGE PN, (& CA(IKE T, As(I)
IR E T CMSMB it CA( IT) M bt s B Cd( )ik B 1 T, As(II) ROV I3 H] 7 CMSMB % Cd( TI) I B ;
MY Cd(I)k i —P4Em ), ARKRER As(I)I4Em 7 CMSMB X} CA( D)W & . SRTIEIIAS A
() Cd( 1D B PR 7 ARG As(U) WL T 25 5, 24 CA(ID AR EE A 5 mg- L™, As(LI)WR Ff 25 & 1) P A1 5%
NEZE, MEERN CA(I)MRETE, ZMGEaBER T — R M. LA R 9 R o 2 1 b [F i A7
FEAEHURIM R A

—m— {0 mg-L ' As(II) | mg-L ' As(111) addition ®— {005 mg-L ' Cd(IT) 5 mgL'Cd(Tl) addition
~ #lT10 mg L As(IIL) 10 mg-L™ As(111) addition ~Tr by~ 040 mgL'CA(ID) 40 me L' CA(I) addition
;jhh r fn20 mg-LAs(IIT) 20 nlg'!-:'mfll” additipn 4 A 100 mg L' Cd(I1) 100 me-L7'Cd(11) addition
E —w— B MAS(II) No As(IIT) addition E6F w— FEEMCA(IT) No Cd(I1) addition
Seof 2 A
= 2°[ »
2wt |4 4
g g4r
A
301 E.L
-] - { /

Z 4 . v/
oo = oL v £
5 z H - -
= = e - o
w0k & A
= = s
= = .
. L . . . . \ L L . .
a 20 10 60 80 100 0 5 10 15 20
CAYIHTRIE Initial concentration of CdAmgL") AsH)ESHERT Initial concentration of Asi{mg-L")

T SEBR A 25 °C, 250 r-min™, pH iy 6, 2R REARER (n=3) . Note: Conditions: 25 °C, 250 r-min™, pH 6, error bars represent + standard
deviation (n=3).
K 4 AT CA(11) As(I)X% CMSMB W Cd( D) (a)Fi1 As(IT) (b) 75 5 (i
Fig 4 The effect of different initial concentrations of Cd( II) or As(II)) on the adsorption capacity of CMSMB for Cd( 1) (a) and As(11}) (b)
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HERR THEWIIE S SH R 3 R, MEERARAEZERE, PR B RAE R TR
WV N ARARAE S, PRI As(LID MR B 32 21 CA(IDA Ik, s in As(IT) AT & TH44 1t Cd( D) oW B 2%
e X BRI LS T A BRI B 2 B A R T E TS A B &, CMSMB 2 T BT A W7
B G, FAERIAAURE TR T A T3 B CA(ID)BIRIEEEE | 0 #9024 100 mg-L™, CMSMB
% As(UI) e KW B 25 & i 2.13 mg-g ™t #27H & 23.23 mg-g ™. iz B —1k Zth CMSMB % As(II) I f KW ff 25 &
8.31 mg-g?, HaAR T CA(IDMIIMALEHE T CMSMB F As(LI) MR I . 454 AHCHE S, CMSMB Z1H 4 @ Ak
Yixt Cd(1D). As(U)WK IR EIVER A48 . (1) CMSMB @it & B 45 & Cd(1l), 82 1 E A hn, 4
o 70 As(IIDEEANE:  (2) WP 342 As(II)AN Cd( 1Dl 3ty it 7 R0 Cd-As 4™, (3)
CMSMB # i & B2t As(l). Cd(IDEk A B (&R FiEirRm) 5 B B (R EPFETEE) W
T = TC RS, £ CMSMB WL 5 43 25 FAE/3 1K) XRD Elitirh (&1 5) , T 20=26.85°, 28.77°, 34.92°,
41.33°, 51.87°. 62.26°kb kI T CdSiAs, HIHFEIE (PDF19-0182) , %4 B & Cd(IDAT As(II)E CMSMB %
HAERR T Cd-As LUTiE, PRI ILYTIE & CMSMB [7] Is WR Bf 7 Fh 25 4 Ja8 (1) = EEHL B 2 —.

B As() WA EE M 1 mg-L™* 390 ZE 20 mg-L™, CMSMB 5t Cd( 1D H KW b 28 & 1 272.7 mg-g ™ BRI
% 37.39mg-g", HIET CMSMB #—IK[ff Cd( 1) KW B 75 & 274.15 mg-g™t, HE—BAERA T H A6 R 2 1H]
TEAETEPUE A, EERIE XM R R T 45 A A7 354 . R Cd(1D) 5 As(UIDAE K VAW S B HI AR S iy e, e
o FEL B A B AAFE 4R R, B CMSMB W BT /S0 FTIR Kl vl 401 (& 1) , CMSMB W [} 5 4>
J&J5, MBI Si-O-Si ST FRPLERSNEFIIFIEIE . F5 b S ) C=C 5 53R sl & LA O-H {H45 R
SIS AENE Y KA T AN FIREEE RS, ELAE 1085 cm™ AL B T As-O iR Bh g (B 1) , £W As 5-OH 2
738 1o B 1A e AN A ELAE FH TR R T AL A 2% 5 (Fe-O-As) 2, [FliNf7E 3 143~3 128 cm™ b-OH 4
AEWELEIR B S R 5 AR 1 f), FWHE Cd(I)k4ETREMRBRES 5084 RNPEL, Hik, WiELSE
JCERIET S CMSMB RIHBRIEL A 755 n-n [ 57 AU W b [ s, A4S AR 32 BRI X I S5
LA sE 4 b ExE Cd(1D), 4y A 7 AE As(IDis, As(II)*F CA(IDAFSFL/E &8s 1 3 Sz, 475 cd(1D)
TR B 7 B A2 B 1T As(IT) e R B 25 AR Ak U 5 Cd( DA B2, 24 Cd( I A Inik BE i 5 mg- L #2715
40 mg-L' 5, EWREER CA(IfE75 CMSMB 1 I F A3 b, AR8E 7 3Lyiie M=o R S WA, Hithh
FER b 7 32 S, M KR B ey As(T) i KR R & . BEE CA( Ik E st — BT m, HT w4 )
ML SRR PUER S8 735, 85Ul AsI) M 2K .

iREE R R, CMSMB ftig g Ratxt Kk d cd(1) 5 AsI)EEAT B . B8 &R fErh, BEFELE
DL LI B Cd-As FLUTHE I =0 R M S WIE G P FMER . NAFTEXT RS A A S se S ER , 1 PFR A
AR BRI 58 55 T Cd(ID)5 As(IT) I FE -

£ 3 CMSMB xf Cd(IDF As(II)E &2l MIlE S8
Table 3 Thermodynamic fitting parameters of CMSMB on Cd( I1') and As(lll) composite adsorption

bOsE] Langmuir Freundlich
Treatment Qu/( mg-gY) KL R2 Ke n R2
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-L?*As 37.39 0.115 0.900 5.494 0.472 0.862

FE: QIR RIRIIAR R KU AT Ke 4251287 Langmuir A1 Freundlich 5% (0 B 2R3 s n (BB R %5 R? ARG 2240 Note: Qm represents the
maximum adsorption capacity; K. and Kg respectively denote the adsorption rate constants of the Langmuir and Freundlich models; n is the adsorption

coefficient; R? is the correlation coefficient.
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CMSMB
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va v
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Fig 5 X-ray diffraction pattern of CMSMB after adsorption of Cd( II) and As(I1]) and standard powder diffraction file of CdSiAs,

2.3CMSMB M HEBUHRERESEBAYM

2.3.1CMSMB X} i B AL P seme 5 CK AL, AP BiR AT CMSMB B I 2 5 mr 1 L35 pH (& 6a) .
CK [ pH B £ 2T AW N R, Tasin 7 A9 5 CMSMB ¥ pH Wil 25 15 7% R B 3s i v, 9693 31
FE5 3. 5 RIAFNEME . IR pH BEE FTds I AE Y57 A CMSMB (¥ EL 4 i i, — 7 it T 2BV R
BEE B RO, RS AS 3 IR P - SR A % OHY, AT SEI 1358 pH $2 /&5 o — 5 AR TR BT & iR e R
HZMEATERE, ST H S, SR HURERK, RARTHLIE pH.

FEAEWI T R F1 CMSMB (AL T 1597 20d J5 (& 6b) , 3% DOC &8 &%= T CK (P<0.05) , H 0.5%
IR AV FUR A CMSMB 2 BEZH h DOC &4 3G 1 490.27%H1 414.77%, A=) Finx 1213 DOC K42
FHCRBSALT CMSMB. ¥ CMSMB J&, T3 pH Z#i &, 5808 5T i R i s S g m, {2t 1
DOC s, T AR A S S, BinESENR RS T ESRAMCE SR TR, @ iEm
AR T E SR, BRI B SRR S BeA, AEMITUOR B B KB 5 0 R TS L
i, ARG o — R MBS A N S S n R, Ssn T Emh R S ERA, FR, AR A
AR HIEIR A N RE ), A S AR G S IR ISR B T AR A, BRI TR A bk ok B,
A SH DOC & ET .
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the legend is the mass percentage, CK means control with no amendment addition, Error bars represent + standard deviation(n=3), the same below.
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Fig 6 Changes of soil pH (a)and concentration of dissolved organic carbon (DOC, b) with culture time under different treatments
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2.3.2CMSMB X LI H & @ A A S ER#N 5 CK AL, Win CMSMB 42 i) 3 CaCl, #2 LA Cd ik
FEBRIK T 45%~74%, HINEMIFURACHL + 3 CaCly #2HUAS Cd IR E A —ERENRE (K7 , £
Ji A CMSMB AR -3 R A5 20 Cd (MR8 J7, BEVRIN LGB 3E KM 3 o . 7R85 721058 10 KNI 0.5% A4 F ok
Al CMSMB AbFE 384 302 Cd IRE R R (P< 0.05) (B 7a) . fERFEHIS 20 K, CMSMB 4bH A 42
Cd MR RK T 64.86%~74.25%. [7]—15 551} /6] F CMSMB 4bFE 5 CK A LL, HIEA % As S &G LT (E 7h),
HAEKRZABE TSR ORI EE R, BRGRM, WIN 2% & 575 i CMSMB 42 As 52 A
MIRTC R 2 5, %45 AR CMSMB IR IN7E 25 BA K 7= 16 (8] I AN e A 850t B 3% As B3t TTREE A2
FHRIE 3580k R Xt As (105 B 17 5 i e i Ak B,

TR E SR AN R e B IR A SRS e . it P AR TR A CMSMB T R pH (A
6a) , M3 pH Fhmi, LIEEURL S M R R R A G SR, SRS T P T A R E R EA, Bk
Cd SR RIEFLE &, KRR EEAEP, 515 Cd AktERK. H5Z MK, pH KT mEmaimd i
FAMEL IR As Z (R E R I, e I As B s, S8 As GRS T. B4, 13 pH &
S5 Cdy As MIRAFIERS . M H38 pH Fh )5, Cd &R (b N MER &1 CA(OH),, 1T As T2 H AR o 1)
Gr T AL FOAT AR AR S AR AR, S BOLA STt . DOC IR FER SR RIFE s | LI E &R G
k. DOC WK HEm e e it Cd TS IEEAL, FIT2E R S WATTIE (iR ELe. A8y B, T DocC
5 As 75 D3RR TAFAEN 456 55 AL 524, DOC & BT 2 Z e g FE k], SBCEZ As i T35
L1+ VA ORI, DR % R RS VR A MR SR A AR R R AR B As B B 5 T A R B
M. REMERRNG, 3% pH 1 DOC & &M= T8 As A RMEFA = IER, (ARFFRId R b 2 40tk
FUMEHMEEE R 3 As HRMESTAMBEEE ER, HBFEEHRG 2%CMSMB 4bFE R As A 2 5 % iR AL 2 7R
TREER, XKV CMSMB A3l #ifi| i1 F - A M R 512 As BRETHma . FIR, BFRsR
IR ECRL, I IIARNE S 8T SO RIZL R T BB MR AR AL, 35 5 DRI i Rk BPEOIRAS, R B Et
1 As AN R EERE . CMSMB AbFE 3 As B S E S PRGN R TR, 44
ARG BT AR B AL EATHED, CMSMB. AT BRI S 3R A S IR B DiiE s 48 A S5 F Bovt g
P T B A 11 AR A TIRE TR As 3E47 W B AT &

MR IEREE L M Cd. As TS HA M. HIEESE I CRINRAES K SIS K S RE
SO 4R KA A . KERT AR, SO AR T B A R I Cdy As (IR AEEAS . Wan 2075t
ORIV R PE R I . DTIE 25 A . EAIE 5 B SR ERAL S ML PR 38 As Fl Cd Issh ik E
PRI ANt . Herath SE08VRIE I 2 B0 25 Tk 5 1 A W 5 ¢ T A 281 s AR B - 38 s sh ME B 1 As(TTD),  #AL
FERR R T Fe®* A Fe¥ J5 SEIt&, fEAEMIFURRIEIVEL Si P IRZ, 1 As(II) IR (E %4 &4 b, [
WA As (V)SEW. 1 Wu S5 SGE 1 B A= P 5ok w38t 3 in + 358 Cd Al As BRIERS . b iTVE A& )7
X PARHA R, FRSEENE T As(I)FENCAB S EARN As(V). Bk, ASH 7T A A -2k itk AR
YR, ST IES 2 A MR T R . B, i SR 4 Cd BRIE S SRR As TEA AL, A
T SEHU B A5 J bt . oAb, Gao Sl Fe e w], RERRERNT Cd AWM. Bk, BEESEAERT, e FRA%
T3 Cd ARG, BRI, BT HE RS TR0, SHEYNT Cd RIS, SRk AR RS 5L g
WIZ@AE, B L Cd A S REIRE, FRATE LR R R T RIUEE .

CMSMB [Fifs ik R ik 52 m L3RR E M BEVE 45 0 . Thise, o L3 Cd. As A 2. il A= i e
PRI AR T IR, Liang ST 7t R BUAEY R % 2 FL0E HLEER A E K, MRt T 8 )T
MAEE SIS, I8Nt A M 7e H3 b 0 . o IERCE Y RN [ B i T B R E Ytk
e, RIERCEY0E S W R B IRE & B I AR A B . ARSI E A 2K, BRI, RIRAE
HRREAW TR S BB KA BA RN, B R v NG A sk s et sE A, ik i T i Ak -
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A AL SR E s & B IRAE TS . W EXCFTiR, CMSMB Ab#i4i i | 1:4% DOC iRFE, 1 DOC nlff
T FR . B IMRECZ ARG 2RI, SR FMEM N S8 (Fe) SR R AEAE, [FIR 3G As 14
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Fig.7 Changes in bioavailability of Cd (a), As (b) with culture time under different treatments
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