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Abstrad; Binary pblluﬁo;l o£ arsenic (As) and cadmium (C,d) has become tﬁ.!e main soil environmental p.rohl.elﬁl‘in China. T 4n addorbent or immobﬂizer,Ihodﬁie(llb@chm
is playig anjincreasing role i£1 the remediation of As and (id-con‘tamipaleld .soil. Here, the limitations regardi;lg the primitive biochar & an immobilizer for the remediation of
As an(}Cd-C(l)lxitaminated soil were highlighted by this study. Meanwhile, the bioch;dt modification methods for the remediation of As and Cd-contaminated soil were reviewed ,
and"the|main inferaction mechanisms were analyzed. Finally, the prospects ‘anduestions for the future remediation of soil contaminated with As and Cd using modified biochar
were proposed.~The Tesults showed that metal-modified biochar had a bette synergistic effect on the remediation of As and Cd-contaminated soil and thus had better application
prospects. The immobilization mechanisms of As and Cd using biochar material remediation were affected by its modification methods. For example,, the mechanisms for ( non)
metal-modified biochar involved the functional group-induced bonding complexation, co-precipitation, and oxyanion As redox; for microorganism-modified biochar, the
mechanisms were precipitation and As redox, and those for physical- and acid-modified biochar only included the physical adsorption and weak electrostatic attraction. In view
of the limitations of present research on the application of modified biochar for the remediation of As and Cd-contaminated soil, future research is suggested to study the
following: (D the effect of hiomass feedstock type, pyrolysis temperature, preparation conditions, cost, and soil aging; @) evaluation for stability and durability of heavy metal
immobilization by modified biochar remediation under different environmental factors; and @) insight to key remediation mechanisms of As and Cd-contaminated soil by
material.

Key words: biochar; modification methods; arsenic(As) ; cadmium(Cd) ; interaction mechanism; soil remediation
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Table 1 ~ Comparison of different pyrolysis methods for biochar
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™) R (T pH R A T T R
Pl s B e LI P T -0 R BUAS 0 e

SN T, 5. 4% , ikt 1 Cd 13 S 1590 %

A, S M T e SR i
5 T e RRAEE PR 13 (TCLP) 19 R B4,

RINASE D Cd {9 TCLP 452 Ui AR J5 A 2 0 3 e
Wik 90. 6% LA b LA b 45 RAESE 78 ToHLAE 4 Ja 2t
P, S SR A W e T As/Cd PRI RS 2 AL )
SRR, AT R A1 TS, T Pl A ) g
IHHE As V54 H IR R B RAE.
2.1.3  FRORMCE

P i st T 2ot 3 A 4 R M i L N R 2 AL
ZEHE  HET SSA 2 v X YL Py i) W B [ e .
H,SO, . HCl F1 HNO, BetEA= oy %t As Fe o B
LB BRECR O A I R T, R ST AR 4 KOH Bl
Je, H SSA JA132.9 m® g BN AL 818 mP g
PEFHT 12,7 F5, HXE As B0 B 7 A BE elovE R4
=110 A 5 0L R B, R B 2k M T 3G in—OH
F—COOH B REFI M F 1, $ i Hop K ik T
TR P R 25 5 AR PR R AR X pH (B 2 31
HRRH S AR AR 1 3 S0 b i el e A 4 e e L, S
X As/Cd [R5 [ |, 15 Y8 2 AR S 98 248
oL Y (B B A A e e (T g 4
H Cd 1A AT R PEREAIR 87. 0% , LR IR 32 202
TR BCME R 72 2% 14 SSA T 35 4 fin S 35 HL g

As( V) BN RE I AH LR dh 4t i T 3 A, X
LR ARl AsO) 5 H* Z [ FrHL 5| J1 358
ARDE) s A ) 22 A 0y i i P A+ 38 Cd
HRS R 52. 4% ~ 68. 6%, %45 R 5 b kit
FHER Y 58 pH R Cd UTiEA 512 A, BR ok
PEA WX As BORERE P I, T s v 24 49 25 ) g
S P2 X Cd 9 81 22 8 7. B 1k A 0 o A Ak
Cd By FEHL Z— T, X F LS 5 49
T P AN A o
2.2 YRt
2.2.1 SRR

SR T E AR A
TERRIEAL | 28 G AL R B ETE AL . R AR 4 1 3
25 A5 B B RIAE 0.5 ~ 3 o A i PRy
FHAARIEAT 353 15 A1) 78 MR Ak BT 5
LRI SSA | T IY SRR IE | P FFL bt kA
ST SI, TI DRRRER 1 S R, A T REASPE 4T A
AU (AN B LRR 48 ) J2R 7Y, SEATE,
RTE A 4 5 TR G B (R ) TR L 5
FE A P Y PN 18 . ) W, Uchimiya)
S 2R I AR A B 5%, S SO SSA R
336.0 m3- g7 AHLECPERTSIN T 3 i LA L R
R BB AT, i X LA R Cd [ R0R A
80% LA . Fristak 25" il 6 25 A 1A B A AR
R, AR Z AL A S fin 53 B, SSA I & 48 =y, Xt
As T BE I AH AR TG L AE D 4t = T 8 A, I8 3
39.4 mg-g . Fang 2" F CO, WHiLIlZ kA
B, R SSA AH LL el VERTHE n T 58 %, 35 474.0
m” g ™" R AR Bl X Cd % B R 4 L
K Rt 4 52 £ 358015, 0 mmol-kg_l.
DL 25 U SRS AT 4 R A Wy e AL R S5 F -4
15 SSA, X 5 ARG TR KR RS IO
BORRZEF 0 335 5 TEAR A L (B RTE X A
BRI B 3 2 SR PR T 3R TR S0 AL A5 ) A2 4k,
HXE T2 Wy e 3R TH B B A = BE A A A Ak Y 5
WA R, BRI AR LG T A e vk, SOAE Ao A W dc
Wt 4R (AR ) BTERR S, Tk, A A
AF 5 B Ak 27 0Pk A AU IS AR D7 3R AT BCH,
Ippolito %' K KOH ¥ 55t F1 7 703 1k 180 47 166 FH LA
il 28 ek LA Ak 52 2R W e, JF % L F oK Cu
B IR, 4f S R o H i KW B g 73k B 125. 2
mg-g "G T AN A Wy e i I KT g
2.2.2  HUbcHE

BRSO 2 o AL, 7 6 A= 9 7 ) 26 T
SR PR FLBR AT BB M 5 A 5 kD H LAY ML
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Bk T AR v AR A . R R v 1
BRI A R A — A T 1 25 o Bl e % 1 [
o, 2 RS BRSPS B R A,
SRRk T A S5 B o o R 52 SR P BRS
A A A ORI Ui/, 32785 SSA |, B b ek it
SR VERL A BRI 1 B T 262 W e b 0y
AR BRI MR T LI E SR (K 4)R) &
52 TEBIRBFIEA B BT Zhang 2515 4 BRI 5
P FKFEFF A, H SSA (147.0 m?-g~") #H LR AR A=
Yo (85.4 m*-g~") B3 pH (B AL, R f
SE TR N K SR FLIN UKL % R T Cd 15
Pt HiE A, SRR Cd AT R A AR T
45. 4% 1 3 HON BRI AL BRAR B AR W R Y P R
MRS P 5 Cd B945 4. Li 255 HIsk s 1L kA
W W B As, B As B B Ok W% B B (20. 1
mg-g ) ML JE IR A MR AR 7 14. 8%, X E BN N
BRISHE N T A= 400 5 55 T 1F oA R B TS MR
VETTHETR As 551k 2 16 0 0 o 0 5 | R 385 55 4
TR AL BIF AL S5 Bk B 1 1T AT R e A 0 5
AR LI 5 H HERE T e J v 2, 1R % P AR T
HUGE T AR , BT 280k 5 2 AT BRSO
R I R T R e S T
R (I R — Moo A e 3 S 3
AT 7 i, 3 B i ok Ay %

PRI S AL G, A TS 6 85420 s

SR i A ) e 2 3 R R IR AR, ssAEE
503.6 i+ g~ M HL B G A MU AR T 36. 6% . FIH
AT AL A SR B Cu, 15 I B 7 35 20. 0
mg-g " A EEJE IR R 42 5 10.39% 7L iRl UL,
FEE AR A 5 3 T B R P B S AL R M i A
BR, R 2 4 5 . B 7 09 3 /.
2.3 ekt

e O T S A % B R D R
B B 0 e Ak 5 2 5 S R S R 2 5
MEFTIEH A B ) B o 0 0 I 2 A R
P 1, LA 5 e 9 DA 35 s B 555 1) ELA I 2
TRE A DIRETESE RS 5| A 5 T 388 3ot TR R
Bl A A ) RV MRS LA, S LRI
SCRTHE 1 PR AR 4R AL | 43 5 T e
HEW T A A G R G e, R DR g . —
T , A 5 1 20 FL 4 A T o Bl 0 1 2 K B
SRAEZSE] 53— 7 T, A P IR 53 T AR A
S IR B 5 R 22 A W K R R 5
ML) HCRESY E 4 B S T 4 R B A T g
BEY , AT As/Cd TRV M CE Y 8 3 B 45
1E$ H@ 4[%1 E ( Pseudomonas stmins) N j'ﬁj" ;J_i EE rilP E

(Ralstonia sp. strain) . & 3% ;= 0 B ( Alcaligenes
eutrophus ) . 4> 8% (048 % BK 78 ( Staphylococcus aureus)
A AT R B AT T ( Thiobacillus ferrooxidans ) 2%
LU O T AR W e kot s St L4 As/Cd
BB E. AR, EETE 52 E Y BT
B IRl 3D Cd 1A RS R AR 53.8%,
I#i] 7 BE ) 2 v T IR S SR W) 0% (35. 8% ) , iX
B B T VDA ZF AT TR RN S2 ORI B BRI TR AR A R
AT SO R AR UTTE A9 A i TR A v &
KAEFT A A 05 A B RE M - B ] o, HVR &
IR R AR W) e T, 2 Jm R N HT T As/Cd
Y AT AR LB R As [ E B GR
30. 2%, Cd [ 52 CRIE 60. 4% 3 8 T 5 AR A P e
X5 A YR JEPbAs, 0, FI1Cd, (AsO, ), TLTE AY A4 K
A1) TP PR 2% A B TR T 3 b1
KXt As( ) A1 Cd Rt IR 0% BB 7 400 5.1
me-g ' i1 20,00 mg -~ FUA ISR PR g A o
WEPE, F AT RS As A ed AR ST
As—Cd—F0 Mg Ve 1 o 0 i WL % e T
1, B P A A/ Cd 15 A
BRI R AR T 4 B 6 0, T 4R e
B (ELHL R B A T 8 ) 20 T 5 B A
etk R AR M LU HEBE R, L TR B T A
S (10 25 DU 208

3 MEYIRE RN EZERIE

R AE R EE P AR M S A B g
V£ RE | 095 R RN IE £ L fap 2R AL DTAH 56
&2 VI KR W e 1) Z2 R sCHE T vk LB, X As/Cd
15 E R R ROR s X B AR
SCPE RN A et Herb, 4 T ekt A i e 4 it o
B S AU E AR E B A R R A | SRR
ERFRERR 5 S5 T, -3 o - 498 5 T E H T, 2R
PEASAL A F T L3 As/Cd 5B BEH B S I, 0
Yy S L OTE A S 28 4, L SO LA 5 B
As FEA RS | TR A S A A 1) IO U ]
FEHHEPWESE (LR BN REERI, 8
R0 Ty B8 T AT Ak 2R W ok R TR BEMT S As/Cd 1Y
B Aoz =k He 30 3 A 2E 1T 5 2 As/Cd P ) [ 2. 1t
Hb, DIRETH AR T 78 Y T R AR HE As 14K
ik 5. TEEAEAR T AR TR, M SSA ek V2B
AT As/Cd 14 3R BAAE FH S0 3. T AR TS AL AR
PR A ) e X As/ Cd 1 11 22 ML =8 22 95 K 55 4 B
W BFHVE FH. ER G TR0 3 A A A 9 ] E 438 As/
Cd LM S AR AR 2 Rl hr . Ak
W () DLTEMER . BB T 3c i Mg i 5] )
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3.1 ERmEECAAEH

FH e 2 AT, T A7 1 s i A 4 e R 11
As/Cd B EZHLH], X EZEHT As/Cd JR THA
R B e 51 X AT T R] R R R
A HE SR B SOrE AR e 0 R T B BEAT S As/Cd
Bef 454, vl 3o g B 115 58 7). B0z 4 H 20 A Y
BRGC A AN ANBR L7 P Fb 2 A P BRECAE 7T i ik 0 7%
R T2 E BRI S 2 AN TR S N
ERIE(IHY ) fa(an 07 ) i F oA B TR s A
PR R A2 BE R S N IR BT pH R A B A
HNERTCA 32 ZL48 15 Y ) B 4 W B e Ah i T2 1 O
3, H 3 2 G el W 5] RN S A A T B g
Y700 R, A FEANBREC AT, NERBCALXT As/Cd BT
F1R T o B A

S PEA R X As/Cd 1 W B 32 B30 1o P9 BRIEC
PR FSE I, Bt A 0y e 2 T 2 A — SRR 9K B ik
A U4 B B eI (LA Fe. Mg. Mn I Ca 229 )
MARG B ERER (LIS S, P AN HE) , X FHiE

P L A FIORT L T4 e e i As/Cd %?H‘Jﬁl‘):_d

ﬁtuﬁﬂ/ i%zEEI’JP‘JBML(ﬁn Fe/Mn/Ca—
Cd MnO/FeOJ—As—Cd Fl P/S—O—AS/(
Qﬁﬁzﬁiﬁ*iéﬁ@ﬂu% 19:20.30.31] i @Lf;%ﬁ
HIA A BE N (l—OH | —COOH FIC =0

_,.As/
#) hix
g
YHYF

JE, ﬁﬁbé‘%“ﬁﬁ‘élﬂ‘l?u 58 od FﬁiéﬁAﬂ? F

FZ . G—OH Mk, 534 El-Naggar SR
Fe BUPEE W15t As/Cd 9B RIS 52 AL R 5T 46 1 22
W O S AL 2 i X SR 207 559 W B RS 4 25 4 3
( XAFS) S FRAEH ARUE S B E L 5 As Z 18]
R M C A7 BE A ML, AN B 2R (arsenopyrite ) —As |
A ( goethite ) —As FIZKZR A ( ferrihydrite ) —As
(B A% 2 T As( V) 9 XU XUAZ 3 £ C 457 49
As () 1A =14 =42 1) 3 Ay BC A 30 19 TR Il R A e
J' X SRR WORE A0 45 F4 % (EXAFS) UESE'T . 41
PR R A B3 AT 5 T Al e Ak A ARy
HERTRLE As/Cd B 52 BRI B 77 DR B 7
YEHZLL Fe MARTR M 4 @ sUPEAE W X As/Cd
FE Y E ML
3.2 ULyEfEH

AW [ e S e R B EEE H 2 — R
As/Cd FLTE AT A B 54 4. 8 UL As/Cd IT
¥E, W CA(OH), . Cd, (PO,),. Cd, (AsO,),. CdS
As,S, . PbAs,0, . FeAsO,, FeAsS. Ca, (AsO,), #
Mg, (AsO, ), %5, EN T T Al (Wenzel $2HGE™)
4 ( Tessier L) AR B FR ik A Y 2 22
{2l oy miskiE SR E AR (AR RiaE

A, Az R B, 2= 3 AT T T R K TAE. 4k
TN FRFEFF B (NZVI-BC) et i R K
FEFPRLH As/Cd MR 2R, H: 32 B2 Jit R Rz [ e 0 1Y)
Jit 42 1 158 pH, AR #EA4E i Cd(OH) , TTVE,
H NZVI-BC B Fe EALPE I FeAsO, -2H,0 UL
VAR RO RS 2k (PBC) BT R E AR Cd W
R AL kR 5 Cd P24 Cd, (PO,), Tt
VEIH] Cd B K BN AR BT f RS Ak ( BI@
BC) n] PrE RS 3 FLER K B As B Cd A& B, X
F % 5 Bl@ BC R EFHA P {Ei# Cd,(AsO,),
DUREIE A O M, Bk M % (S-BC) Al
PR R A CdS DITE A9 AR BN T KRG X Cd 1
M Rl O, (FR) 4 AR As/Cd DT
) FES 5y, H I, A Y ks /ﬁ}%’%ﬂﬂﬁm#
PR T RE A %lHE As/Cd TLVE M AL~
3.3 BTSCHAE o
BPERIEESE (KE)E) %?ﬁ&’ﬁ-ﬁtﬁ il
%nﬂ’]%%ﬁ%ﬁiwwu'ﬁ it 2. 5 ‘3—’(:(1 K
%?xﬁ%ﬁ%%3%@%ﬁﬁﬁ“%?¥&m
ca’* . K/ Mg“ﬂl N5l 55 5 As BEATEPF
ﬁ%ﬂﬁfﬁ%ﬂ%@ﬁ PO Cl- I COZ™ &) R Cd
E’Jr"ﬁ&?)@i‘f&@ﬂ?%mﬁ', (19 CEC 4k 5 0 6 S 4
2 AT, CHIE ) o S e e 408 0 2 ) R T 3
FArit WN | P Na Fil Ca | 3 sbdb 53 T 201 75
AW B ) pH AT CEC, R I 4 e A 9 ¢ it A - 358
JEA BT R AR CEC & i, e e
WK R, R R R EEWHE TS Cd 58k
W BRHASE a5t AT SE B Cd 4 R B T 2 7. A Ao 2
AR B RO 4 R A A ) (LDH ) AT 42 e A= ) o 1Y
BB 34 fie 77, H LDH Xt B 2 7 (49 3 Al ) 4G
NO; <Br” <Cl” <F <OH™ <S0;” <Cr0;” <
HAsO;~ <HPO;™ [IF™ . %F LDH 2 —Ff 21k
SEAGY, WA FE M2 R FAEF W Co .,
SO;™ . OH Al Cl~ , A FIT5 As W9 E T35 #e,
PN X As ELA #5109 3% AP Zn-Al LDH
184 % (Zn-Al LDH@ BC) 74 852 4 3 i
As, HFEFHLHIH HAsO;™ 5 LDH 28] CO3~ B 1
FROBF B 132 e/ Y T Ni/Mn LDH 7] A5 25 W% Fff
As( V) X [FFEAIRERER B 15 C1 8L NO; HYJZ[H]
ZHAE RS As [ 72 76 LDH A 6. i e nT
W B Fac Ve R B4 R B 2 6 4 ol A ) o
B2 As/Cd B9 EEHLH Z —. SR17, As/Cd 3 3 B
TSN FH [ AE AR R SR AR A e R 2R 55
LB 7, B ACHXT As/Cd 18R B B A 1 4
A RS - 58 e WL )Xo R A ok R B D S
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3.4 FAfeidfEH

WOPE AR R RE AT A Ay H - b A Bl 2 A 3 T
Yy kA E AR SRR F AT AT G 1 B8 sl
M. FHEAREE R As TELIAs(ID) FAs( V)
(T8 A7 T, EFE DR SRR A 35 o (0 25 1
As( V) W5 Z 1 A= 0 A 5 HL 7 28 AR 11 5% 1 17 5 )
HL T 0 06 5o As(ID). o T As( ) 19 35 # 22
As( V)9 60 £i5, HAs( V) 2+ As HinkaeE iiE
AU DR R A W R R As (D) 484k N
As( V) ZREAE As Az 25 KU 1 G B R 1 A7 e 28 K
LDH(Fe-BC@ LDH ) W FffAs () A FEZHLHI Z — K
Fe-BC@ LDH 2 I i 2k A AL W) ( Fe,0,) 1E R L5
B R As(ID) Hfb HAs( V), ZJFAs(V)
WE—4 5300 48 B R ECA, A4 M—O0—As it
PAREY MHE , Fe-Mn-La B4 9 5% ( FMLBC) [& €
As(MDWARA T HRME RN R, As( V) &Y
Fe SEALHITE 72 1, Fe—O—As FAA™" . BEME 12
A Wy e T 30 3 TR P R o s o R T R Ak

3R 5 As(ID) SAE™) . B Fe, Mn/ %01k 91 i TE

As(ID) FIAS (N )&% fsb B Ce) SR G2
ATt AL AR () 7. BT 3 Y 2 Fes
Mn il Ge) ek P %53 As FEE TR X i e
Her it s (L) s V) B9 RALAT B AS 52

Sy e e BRI T As I

Al A ST AL 0 O R b BR AL 22 IR X Cd s,
T G 2 HLRc R X PR B Bh 4P R R, Stk
W IEHLEIT Cd FaE fb Y BTk /.
3.5 @G ER

PR AR R L 5 R T SR TR B AT 1k
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