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As (Cd-As) co-contaminated soils, the two elements Cd and As act either antagonistically or synergically, and their effective
concentrations are affected by soil pH, redox potential, and some other soil environmental factors, which makes it more difficult
to remediate the Cd-As co-contaminated soil and seriously threatens food security in our country. In this paper, a review is
presented to show the advantages and disadvantages of the passivation materials for Cd-As soil co-contamination, as well as their
effects and mechanisms. Common passivating materials include biochar, phosphates, metals and their oxides, silicon-containing
materials, clay minerals, organic fertilizers and some other new materials. Recently, a large amount of studies have demonstrated
that biochar is a good adsorbent for Cd, but modified biochar is usually used in combination with other materials, like metals or
their oxides, clay minerals, poultry manure, compound fertilizer, etc. to passivate Cd and As simultaneously. The mechanism of
modified biochar to passivate Cd and As was ion exchange, coprecipitation and surface complexation. Phosphate is mainly
applied together with iron salt or iron powder to passivate Cd by adsorption and isomorphic substitution, and to passivate As by
site-competition; metals and their oxides are mostly combined with biochar, lime or clay minerals to passivate Cd through specific
adsorption and coprecipitation, and to passivate As through redox and complexation. Iron silicon fertilizer, silicon calcium
fertilizer or silicon potassium fertilizer is used to passivate Cd via coprecipitation, and to passivate As through specific adsorption
and site competition mechanism. In clay minerals, sepiolite is widely used, mainly combined with metal oxide, calcium
magnesium phosphate fertilizer, etc., to passivate Cd and As through ion exchange, precipitation and complexation. Sludge and
animal manure, which contain organic matter with high degree of humification, are used to passivate Cd and As mainly through
adsorption, redox, organic complex and microbial interaction. In addition, the materials rich in sulfhydryl- and amino-groups,
glutamate, S and Se can also effectively immobilize Cd and As simultaneously. The passivation materials used in Cd-As
co-contaminated soil are reviewed and characterized in this study to provide some guidance for the remediation of Cd and As
co-contaminated soils.

Key words: Heavy metal; Co-contaminated; Passivation materials; Passivation mechanisms
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PIAFTE S 3T ed (1) AYWER 3G 3.0% ~
16.0%, X2t T A/ AR s B 8 = o R mids
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Table 1 Advantages and disadvantages of the passivation materials
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YR A E B RIRT Cd-As 15 Y[R 2
2B W R b R 23 5 AR ) T it s % AR
VIR AT R T RO . 3 2 JBAR T AW E R AL R
X} Cd-As HETALRICR -
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AR R TR, A AERE N BH B ac e, 2
#Cd (1) 5 CaCll) F1Mg (IT) SFHf72eH

x2 HEYBRMIIR Cd-As BIFELR

Table 2 Effect of biochar materials on Cd-As passivation

Ak bR e BN 900N BARR BHRIEY S25 30k
Dosage/
Passivation materials ek ) Method Passivation effect Plant  References
200°CHI 350CHl& M5, 30  AARIRE  350°CTF Wil A 1A W R Y e A RS R RIRE R R Cd M KR [26]
AE A 5T R TLAE W 5 As & i, o5 RAEY IR ASTAK b As BYEEIL R BT,
ik F 88%
YPORBEMPRBMERREY 1 AR Ak od SRR 0.16 mgkg! FHEE 0.13 mgkg!, T K [27]
IFiv/d T 18.8%, As S IRAT 0.21 mgkg™ FFEZE 0.06 mgke™,
TRET 71.4%
RO 2 A A R 40 AL WP Cd A As B RS BIREAR 42.9%F 45.2%, EYER DASE [28]
= 71.4%
PR AR . B 20 AR HIBRIKN Cd AT As RSN SIREAR 80.8%F 42.9% UNEP [28]
BRECHE (1:1)
RIERER KA . WafK o5  A#iA  HHRERREGES Cd FEEIK 7.3%~32.6%, AHLEGA Cd K [12]
AT (2:1:2) 1 HETN 6.8%~49.5%, FIAZHAS As T EFEIR 12.2%~55.1%,
2 BEEAD As R 34.1%~93.4%, JEHEE 0.05%~
0.20%3EH B, AKFEHY Cd Fl As 7 & i 3 FRAR
REPKA . WAMBER o5 AR TGS Cd F K 6.5%~22.9%, AU A CAdE K [29]
FFA 9 ¢ S BliAR R 1 TN 2.5%~56.5%, SCIRA As IR FFEK 7.0%~39.5%, A
(2:1:2) 2 EPEAS I As SR 2.8%~53.3%, REK Cd T As B
S BIREA 38.6%~75.0%H1 3.6%~64.7%, 7 0.2%}ti /K F,
KFEREK P Cd il As FRIHMET 0.2 mgkg!
WERAEY R ARECME(4: 1) 7.5 HERE  RREMlKEGT  KRROR T CA R As B/ IR 41.9% /KA [30]
H120.0%
BRI R 40 BFAE HHEAES Cd A As BB ECR IR 42.9% 13.5% — [28]
SR M AR 10 HFEEE W DRSO R A IR I, RS — [31]
R M AT . R A Cd FE MRl AL, A%E As EE AL A BT
WG (27 :23:50) Bk, ARE cd M As FRAMEZE 0.97 mgkg!' M
0.26 mg-kg ™', 5 {E R
BN F AR AW B 10 HERE  HEPRIERE od HEWD 3.6%~13.4%, JELPERFE — [32]
50 As JH/P 19.0%~58.8%, AR Cd FIFRIED As 53

BN 4.3%~43.3%H1 44.9%~53.5%, HIE 5% F k%5
KW, Cd-As YRS 2 7 B A 85.7%H1 62.1%
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TR, Cd-As TERRME P AR HE RIS TR X Cd-As
AR AR AR BE A 5T 2 P Y R K B B mT
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b, e TEEESmEAS (X (6)), 5 H/H,0
AR Fe (1) (X (7) F1ak (8)), it AE¥yeg
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Fez*JriOﬁ%HzO—>am—FeOOH+2H+ (9)

http://pedologica.issas.ac.cn



842 + o 58 &
#x3 EBRRESLKMI Cd-As H#HL1ER
Table 3 Effect of metals and their oxides on Cd-As passivation
AL AR N
H it STk BEALAUR BURIEY % 30k
Passivation
Dosage Method Passivation effect Plant References
materials
iR 50 gkg! AR PRI R P Cd & h 0.078 mgkg ! 1 0.445 mgkg ! MBI K4 [47]
(Fe &HE 21%) [%%5 0.015 mg-kg ' A1 0.093 mg-kg ', 737l FAK T 80.8%F1 79.1%, B wH
As TR BIH 3.59 mgkg ' 1 5.39 mgkg ' FHAZE 1.89 mgkg !
1419 mgkg™', AT 47.3%F1 22.2%
A IRA 20 g'kg’: FARE HHEP Ca (NO;) L $RHUSHY Cd H 0.959 mgkg ' THEZE EA= [48]
TR IE 20 g'kg 0.018 mgkg™, As H % BRI 0.113 mgkg FHEZE 0.046 mgkg ™',
Cd Al As &85> BIREAR 58%F1 98%, BB APy Cd & & i 4 8
By 4.24 mg'kg” FFEE 1.19 mgkg™”, FHET 71.9%, As pixf g
By 4.36 mg'kg” FFEE 0.57 mgkg”, THET 86.9%
Fe (NO;) ; 5gkg! AR FERBEAEANETY, HHALEUKLL EOKRES Cd Rl As iR KA [49]
B A U8 AR FEAR, EBE Fe (NOs) 5 it FH R AYSE N, TB B 2k BE A 55 45
BB EIETEAT Cd AT As (B L RR
RiEw sz 10 gkg! AR ROKH Cd Al As i H 2 mgkg M1 0.4 mgkg ! SRR E KRG [10]
IEIP S ey 0.15 mg-kg ' F10.17 mg-kg ™', Cd Fl As 5 543 BIFEAK 93%H1 61%,
B(Fe &1 5% ) BE Fe & B AYIEIN, X Cd-As %0 Ak 20CR 5 hn i 2%
TN SR 2250 kghm > XS L DTPA 2 Cd MIBSRRER RIS As SRS T, B KA [17]
A A AL FEokh Cd 1 As i H 0.35 mg-kg ' 1 0.99mg kg ' 4 HIRE =
(12.5:87.5) 0.19 mg-kg™' A1 0.38 mgkg™, FIET 45.7%FH1 61.2%, HLFEREAK
Cd 1 0.50 mg'kg ' FFEZE 0.25 mgkg ', FHET 50%, AsHi
1.14 mg-kg” FREZE 0.48 mgkg™, FHET 57.9%
Tk 10 000 kghm® K% kokith Cd 1 As 25 0.009 mg-kg ' A1 0.347 mgkg ' FIE%E JKAE [50]
(Fe &k 98%) 0.007 mg-kg ' F1 0.161 mg-kg, MBI T T 22.2%F1 53.6%
ERAMEAA 10000 kghm?  HENKE  AFR Cd B As S48 f 0.009 mg-kg ' Al 0.347 mg-kg ' TR KA [50]
e (Fe it 64%) % 0.007 mgkg ' A1 0.239 mgkg ', AMBITFRET 22.2%F1 32.6%
Wit 20 000 kgthm™  H[EE  FERT Cd I As & HEH 0.009 mgkg ! Rl 0.347 mgkg FHE  KiF [50]
(Fe #Ht 20%) 0.004 mg-kg ' Fl 0.234 mg-kg ' 4F 3 FFE T 55.6%F1 32.6%
L il 4% V0 10 g~kg:1‘ KR HHEPE TS IR R R A A A Cd T As i 2 5 AR — [51]
R T 2eke 28.44%F11 10.81% , A7 HLAIBLALYS: 4 45 LA BRI Cd I As o
B G 40.89%F1 1.89%
TRk 438 g-kg:: RFRE  EHPAES CdM As &R 3.2 mgkg ' M09 mgkg ' F — [52]
80 gke W% 0.3 mgkg ' Al 0.3 mgkg ', Cd Al As B AR K 96.7% ~
98.4%F1 62.2%~64.0%
TR it B 1R 7k 5 g'kg i Riks L HE pH FRE, AHUBRAIHE Facfemlm, HHASEs cdm  — [53]
V5 Seke As B IR 33.32%F1 33.75%
Akt 10 gkg'! BEHRE SR FREN g5 Y, ) R R RS, Bk RIx cd e — [54]

As [ E 5E R 510 58.09%~89.06%F1 87.63%~93.81%
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Fe?* +%N0; +%H20Mmm -~ FeOOH

1 9 +
+— N,(g)+-H (10)
10 »(8) 5

14Fe*" +S0; +AsO3 +14H" — FeAsS+13Fe’ +7H,0
(11)

Jr VR AG G W) 5 B T 0 R Rk I it ke e
Al A A R sife Cd-As, HABISEEM, BOTEAE
Al RE SN A R RN A R, AR b i il Al Ak
RS GRS Cd S PHES T AW R T K TRk
ALY, TR ALY As (19 W FfHEE D032 K T4 S Ak
Y, AU R AP S A KIS IE, RER AL
BEASKARE T Cd A As Fr&B . e H s Sk,
AV 0 4 B AL e B3 AR R R, SRR e
(1) 4 J8 E AL 9K 0k, QNGRS F Fe/Mn —J0 %
fRaE, DT SR 4 M R 15 4 JB LR AR Cd-As
AL RE 7100,
24 SEEEMH

[61]

[62]

Yao 13 3gkg! 6gkg’
10 g-kg ' BT R REATRE, /NFISEH Cd Al As
4 WA 38.0% ~ 87.0%H1 84.0%~94.0%, 7
6 gkg ' WIMAET, ARE As S FFRZ, 4
MR 10 gke ' BFARES Cd FHRZ, X 4§
it ( XRD) s Mr R B EREEA BHE#E Cd FiT As TE AR
MEGS I RERRER . BEMRER . A Ak MRk &,
RERREGHE = pH , i 15 Tb 7 W% BFHRITICTE HIL ) 0E— 253
5, ARIE T8 R R A A AT 3 A B BT AR AL A il
Rk 2R R R AR i AR S, it AR
HUE I FEAL 30 kg-hm 2 Fl 200 g-hm 2, FF 75K A5 4> BE
WImE—k 3.3 gL' EREIE, 7K, 7
ik IS RT3 5 e AL DL K T b e S ) 245 5 289 ] A R R A
FEK Cd N As & i, Hoh IR RERC 25 &R Icdr
Bk Cd A As F i s HIFEAR 65.1%F1 47.6%, F
22 AL ONE o SR SE 6, 3 gk AN AT RE AL B

13 pH, Tk M EE Cd Al As 5 IR 31.6%
1 24.76% o S8 0A O 13 FAR LK, BLILER A1,
R 6 gkg ' BREEM BRI 20 gkg ' MG W R
& (350°CH1 700°C ), AIAG ACHLAH PR’ B AN R 520,
T4 Cd Al As AR S EERKATRER 70.0%F1
64.7%, HZEHL FB Cd FI As i B E AR, HRE
A= IO SR PR T T o S R R AR AR 9 55 . T
RAEOIEIRT 4 a K HRE , Wit 7 500 mL-hm >
B “BEMRT, Rk Ccd M As &5
0.59 mg-kg ' Al 0.21 mgkg ' FEZE 0.32 mgkg ' Hl
0.15 mg-kg ™", FEIRA M 45%H1 27%, Wang %5168
253m o W e R, KA A 900 kg-hm ™ Al
9 000 kg-hm > FYFEEGAL . FEAPAC | FEAD AL BTN |
FERR BN FIREAT ( &5k 50 gkg ' ~100 g-kg ™) XK
BHEEW M Cd Al As PIRRER & Bk 45 I 7 it FH 1
4 900 kg-hm > 19 000 kg-hm 2 /K R FEhi H Cd 4351
FEARR 71.5%711 48.0% , fik AP AEAEN F &4 9 000 kg-hm
BEKAEFFRLH As & B MK 20.1%, BT LA [R] A it T
PRk I T[] B AR R FE AR TR Cd Fl As
Greger il Landberg'**Vjifi i 500 kg-hm > I FE R4 |
B (AESL R Si0,) LA K CaSiO;. Ca;Si,0; Fl CaO
PIRGY, RMAG . 81% b WARNEN &
RS Cd F1As S IFER 10.0%~25.0%F1
20.0%~40.0%, Si &I 12%~28%, +HETAH
A Cd M As i o 284k, Si Fr s 10 4%,
FIF LA 0 S80S Si S 5 9 B mT BEARAR 4 % Cd A
As W I,

FRESE R BHRE S = 1 pH, A RURAR T AT 5K
A Cd FaIIG LA A LR ALY 25 & B Bk ik
A, PURGE i i O O8RS Sk
M REXT As AL 32 B 0 L vk I B AR LB
BEAh, SilE DURERRAR B S oA il , X FpE
S REMRAR T T, s P 5o
T HER A A R e, — R D As FELL)
HM IR, BN RIGTE , et A,
ZUGUEZRAEY T As 238 1 B A0 5532 1R R Pl
Py SR ALY KRS As (T ) 3 i ik e i 1
HEAKAS, 53 A W R L K AT As CTT ) A9
Wt (Bt R AR B AR G, e R S, A
DA ARt H o
2.5 FHEu WK

vy e g . it st
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A MR, REWEL . WA, WHXTES
JBEA AW FPERE . SRR | AR S
PN AT A RBETY, T AP i Ak
5, RIPIFPAECR R CAKA . A A
bk (8 :4:2) IREW; KA. WA MG R
(8:4:2)IREY) FHEA 16 gkg ' BRI AT,
+HEF cd HEh 041 mgkg! AT R
0.11 mgkg ™' F1 0.20 mg'kg ', As & 1 0.08 mgkg
TR 0.05 mgkg ' H1 0.04 mgkg ™', it JTEH—Fhd
e ol B BE K Cd Al As & 20 31 R [ 64.7%F1
40.7%, Jitn S A B ek R AR Cd FT As
IR 34.1%F1 36.2%. 1R 2758 1 4
HERT IR, KB 20 g-kg ! BOhE RS
i, 42 d 5 HHEAA od i 388 mgkg ! FHEE
20.6 mgkg ', FRET 47.6%, AME As &h
42 mgkg' FFEZE 1.4 mgkeg!', FHET 67.0%, £
HE U205 oo Z R, A PO 0.5 gkg 'L 1 gkg !
M2 g-kg ™ ML AERAE 2 A ALY, 158 pH Al
PHES FAc i diihn, 347308 Cd Al As & it i 3
FEAK, Rk Cd Al As & BIFEAL 28.1% ~ 56.5%
F126.2%~82.9%, 2 gkg ' jifi HE FRUR A, Yang
ZEIBIE i AR, M 2 gke ' MALAHER] (F
W | BRIRES AR ALES BEREAL ), K&K Cd A As 1Y
i WL AR 43.6%F1 32.0%. Yu ZEU5E i S
56, & BRI R i ol e — R e el S 1 e
XA Cd-As A7 W E MBSO, HXF Cd i F %
[ E ML BH 2 7 3c 4B, X As YRR E DL &
PRI BRI S 7

TR0 W R B R E R T 3g
B (Si-OH ) FEMY ) Al 38 i 8 58 i fiT
VE AR RN SEET Cd MBI BB+ % As L
-G BRE T, BT LA w4 T S A A A
R i WL €O £ e e w7/ D0 s R g 0L O 2
HAER, SHTERRENE LY, P2
EEE RO, Wb AR, BRIRA, R ER
W PR S P AR TS e B A K )
R ek -
2.6 BHMEZE

AU FBEAG LY R R R Sy 2 AT . A=
Yy 144 J2 7 A 33 2E TR 2 5 0 o R v 7 A Y AR R
#, ShYRE N R BRI . M A
GREIME, HETHEE K5 YA BB R 0 28 s

JKAEFRT Tl K 43 B, 2B ) A R )y 4 25
ISR S RAW N, THTRERS B RBEEDY,

AL AT oL RS, R B 15 thm?
EPRAPUAE, T KKK Cd i 0.038 mgkg' R
% 0.031 mgkg ', FEAKT 18.4%, As i 0.35 mgkg
THZE 021 mgkg ', FHET 40%, & iRAEE75E it
RS, R ITCIE RAK R ERR AR Ak
TGUER E PTG, AR pH B2
ThEr, Cd Ml As (IR VR 35 B AR, P
IKAHE A TS P EC AR e b, Cd Fl As A2 H %
SR 72.2%H01 72.0%. BhI3AE QX A S K
AR —FRAT A R PR BR, AR
KEFAE R LI T A REE, (H2HE8IE =
o AR o AL, IS K & 2Eh
IKIEE Cd A As vk BERR AR R TS & Bl
RERRER . S0A= W R R BILARHES 2GR0 4 8 A= )
BERAG U ZE EN SRR, Rk w Rk
+HE Cd-As AR R HEEAR I 45 A A .

A B HE 55 Bl 2 4 DA R A A AR R £
BHLUE, B #4585 138 pH ., CEC MUBFIRR Y & 5
G, B E S ERER . AT LA
TEFHIMAE Cd JERS, Cd ( IT) my5 e fr e
YRRt R R (WK, Ca, Na %), XIHiskHEA
AR A RN 7, AT 3E 2 B A R U AR SS &0
LFonE™, cd () AT IEREERS
WA SR . BRIRER AR S W R e AR i
o A P A R e R v S e A e B R 2R
FBR S5 s i b T SRR R Y B B T 4 B 3
A1, HEsmx; Cd MG RES . A i E AR I
F LAk A 2 F Sk i A i A 2 830 R A B 2E A AT
WA Fe (1) J5, 7EMSNREWIER T 400 3%
B L TC 2 Bk () AL AIKRR T, XT As (V)
(R B RE R i T LA AR i b T AL
Sl A BT IR R A PR, ARG As B9 FEHERT,
WIMFEFRREE b, BN, ARPR 148 As
) R AL 2 i 2 IR g0
2.7 HRE WA

B bR P2 A0 F ULEELE R Ah , A —LEmf
FF 2% Bl kR R AL ), X Cd-As &2 & 15 YL 4
8 3K BIAR G 1 36 BRALCR o 51 G 3 od 2 1 A& 4 R
Wit . AL Be AR B LA SR A L,
B E R LRI Cd F1 As M RFHEET, T IR
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GFEURM AR EEE R R EEREEN, ©
1) FEZE o R AR, A 1 W B % b A
FRRE T, Bfit 1 s I T WAt W L R SOR T,
SMER S R MR | BRI AL AR, Pl
B . A SR N L SR . X I AR
Tk . AR RN AR SRS U S A EL, RE R
AR L3R Cd 1 As BB, 1S AARZEPN
CO(NH),. KH,PO,. K,SO,N 5K A KA Na,SeOs 1k
Na,SeO, Jifi A T3, fhBLET— ], T3EFITHKAL
M, KRR RIS B E &R B AL, Fk Cd
I As FE i H AL, SR SRS e — 2 e AR 4
Fim . FREEBERREG . JEIARRET . o-FAMIKE . RERE L
FFA PR G H BT, B 72834 . 485 A
DUREVE Sl fb Cd Ml As, RIS AE Rl + 1B
PR o ) AR T DR AR T 1 A A1
TR AZ Kb BT Y Ry AN SR IR A, K BIX Cd
H1As BYWEEERIGTE 91.2%LU |, i BEA RN HI W fF
TR A W A A it PR R A PR
R it At R AR R K R AR R IE U, 5 i AR B
KAEL Cd Fil As FIRAATEA, MHIKFEX) Cd-As
AR o XA ST 12 55 R 4 D T P Tl s e A e R
VS VR B ZE ) R IR A W T L e WA A RN A 1 U G
GeREARVBIAL R, B0 8 AR ) B R AR R T
BALRIOR nT RS 4 AR, 2B R 5K b 3
I+ WAk siEE RO Y B . I R R
WAL SR A e MR Bl AL Cd Fit As, RO% & H A
AR E

3 mESREE

TR A Y LR T KA EAER R
e, TEARREMEEBEAA pH M EHEREEh, %
Sy AR A TG PR T A K B S, ARSIl T
PEH LU LA A

(1) S mmiEE A=Y R . B0k, &8
Sya By . BSETEEAR . VA HLAC . R
I BRL R T R B Alf A A, (R A AR OR AR, oA
BlAL AT RN UEAT RO AE S otk IR i A )
WK R TM A . BRI K A . R REA R
DA T Bt oy 05 ¢ R Ak 5 e 5 SR At X e 1
BEALR AT IR F] 50% LA I

(2) A TR bt i 64 Bl A 590 m] 3 i 1 A
Pesh 4 —af ) = e W R AT R, G
3 B A 3R 25 g P it S BT A 4 [ o el
o XA IE I F 2R DO . BT
e, BEVERAKBUEYE RIS, Xral ey s A qE
EEREI IO . SO BETER. Ak
i JEL A R A= e T A%

(3) XTMAYMSESRAOMEA, HILA
SIRZHRE, FERERUEY) . BALRI LR G Jm 2 6]
PRI EAERT, TR A BYAR SCHIFTE AT S 4 b o A G 6k
EX7/Es N AR T CCRESEE S ute 28

(4) #oaiferr gl &6 —E /R E SR IT
R, AT AR A TR R, BT LA SR SR
L (5 RN PRI A 1 1O BT B Bl AR B A2 A L iS4 77
WA B

(5) HHEDSERSCRAITL, REZ R
AT, MELLS e E] i SR 0, (HX T
Ji& T e AR B, AT 6 Bl AR R Ak
PERRRE PR T A, , RIS I B i, el ™
AT, SR BT A A A AR B OR AL
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