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Remediation effects of a new type of silicate passivator on cadmium—contaminated soil

WU Cheng—hui'?, LI Liang?, YAN Bo", LEI Chang', CHEN Tao', XIAO Xian—-ming'

(1.State Key Laboratory of Organic Geochemistry, Guangdong Key Laboratory of Environmental Protection and Resources Utilization,
Guangzhou Institute of Geochemistry, Chinese Academy of Science, Guangzhou 510640, China; 2.University of Chinese Academy of Science,
Beijing 100049, China)

Abstract: A new type of heavy metal passivator was prepared by activatingsilicon (Si) in montmorillonite, which can passivate the heavy
metals in soil and provide nutrients for the growth of crops. The effects of the silicate passivator on the pH of soil, the forms of cadmium ( Cd)
in soil, and the biomass, plant height, and heavy metal content of pakchoi were investigated in pot experiments. The possible immobilization
mechanism of Cd was elucidated. The results showed that the biomass of pakchoi increased and the Cd content of pakchoi decreased obvi—
ously after addition of the silicate passivating agent. The biomass and Cd content of pakchoi were increased by 25% and decreased by
59.17%, respectively, after 5%o passivator was added to a Cd content of 3 mg-kg™ in the soil. The soil pH increased about 1.4 pH units, and
the contents of weak acid—extracted Cd decreased by 19.8% and 9.40%, respectively, after 5%o passivator was added to Cd contents of 3 and
5 mg-kg™ in the soil. Thus, the silicate passivating agent could effectively reduce the content of migrating Cd in acidic Cd-contaminated soil
and promote the growth of crops.

Keywords: soil; heavy metal; cadmium; silicate passivating agent; montmorillonite
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FUERAETRT 5, AR, 38 T RSN P

W BB R 32 2 R AR R R R A TR
5% o RERREL BEALI S AP A L HAT R A
WA sl . ok R ME LRSI A 5 45
DL TR AR — P B SRR R IR I
JEBR T RESG N A= ) 5T D BE i AR Pk 20 BT AL T
e O it 4 J 10 B 5 AE P L X RARAER 38 o S A= T
AAYERA BRI , Ah, 3 1 i it
TR FRER AR HAT A SRR IR A A 7 1) S =
BRI, FEAEFIRE Pt b A R R R Bl A7
REAC QAN A AL Bk i re N S5 HAT B 15 i AT
R, BREAEREAE AR I, ) HAT M v RS, B
F TS5 H 7 TR AEGRBE , W RRHE BE AN B 1SS iE 1 %2
B0, AT PR E R 32 B BRI % 1
WY Z N T LR E SR T YR B HE A
REE VIR E T ST 09 e LA P A i
FIH o PRI, B RERRER BRI RSV AE PV , AR 3R
T [ A - T G 15 e Sk A BRI
JETS RANE S SGAAN IR = S, T A )R
HA W TvE S A Shae BATH TR A K
AR AR AR LR - 4 AR A EE B

AHTFE LA & R A )-SR g SRR
TR AT i AT R R ER AL, LU R asE AL
TG YA I A A Cd AR T & s> R
BRI A, S RERRER AL AT e B i e
H RSB SR B LA IR A

| HREHE

L1 RIe#r L

HHABERAEY A/ s, il IR A T RS
TN AR XA Af B 2R b 2+ 33 (0~25 em),
BT, LBRZed), o S ok 2 mm G925 . T3
pH 5.71(7K:+=2.5:1), A HLE & & 13.2 g-keg™, A

0.78 g-kg™ , A %M 39.0 mg- kg™, HAH 127 mg-ke™,
RN 0.25 mg-kg™ o HEASMIA A IR
TR FERTH AN 20~40 m?- g™ 43 HIFREL 2 kg
RUT 2R T 190 mmx140 mmx170 mm fE 75,
WAL I CA(NO; ), 4H,0 P75 W il - ARk BE 2 (3=
0.05)mg-kg™ FI(5£0.05 )mg-kg™ W5 JerKkF-, it
5y, HAR R T iE — 1A 2 H.

At 78 A R Eh Bl AL 7] (MMT-SC) DASE B A1 Ry
SRR, $2 IR S5 FL RN 25%Na,CO; A 25%Ca(OH),,
W FE 57,800 CHEE 5 h, 415 F 0.5 mol - L' Fidh
FROEATALFE, AT pH 2= 7 247, £ 2 A0ty
B JE ME TR EE S, PR . X SR 2615 0 A
(XRF)Z5 R, 52 AT Si0, &k N 54%~57% , #
RURE R Eh Ak 7 Si0, & &R 27%~29% . FH 0.5
mol - L 5 £ 2 $2 B4t £k 70 Hh A ok | ek 4H 2 1L 8k
R 52 158 A7 A R 3 N 2%~5% , 1 HT B Al AL 7
AR B IR 17%~21%7; 524 1) pH 2k 6~
7, R RRERRER B4 A pH Sy 7~8,

1.2 iR H*E
1.2.1 @Ais it S5 ab

FEARRE T g 1R AR TS YL Wk B R (3+0.05)
mg-kg™ F1(520.05)mg kg™ P EEREEE , Bl 1Y
B 430 A TG e 4 51 0.02%0 1%0 . 5%0 3 4
I EW AN TG Y e BE R A3 iABOG) B A 2 i i
8 MAbFE, AL PR AT 3 UK, A G5y - Cdy . Cdat
Tow.Cds+T,.Cds+T5.Cds.Cds+ Ty Cds+T, . Cds+Ts,

BRI AL B i A Ak R R B I 36 Y ST
A 30 FUINFISERE, B H BRI ek, DR RISkl
H ] e KRR 1) 70% . /NSRS 4 em J5 2
PR, BEAL 3 Mk, T 10 d S5 il hn 2B 2 A IR (L8
BAE T AR, 25 5 <0.25 mg-kg™), —IK
1.5 g kg™, SR S ARERAS I 38, 5557 35 d JE IR
H o SRAR M RE YRR i T 25 8 oK T, 40 )
TC SR E A A IFIC AR R R BT
/N ISR R B T 105 CHEAR H 2% 7 60 min, [REF
70 CHEZAE T, A, 3 0.5 mm 57 W, (RAE T T 1R 5%
HAE PR ICRFIN . /NI SR S B a5 A
fb SRR RS L 3 0.5 mm 7 AR AR
1.2.2 itk

Y h4 Cd & E R A HNOs-HCI0, 75, 1
TRFREL 1.000 0 g(/INFISE)FE LT 50 mL 47 55 2 PO 91
TR A 25 mL YR ASER , B25) , i B 1%,
P AR ICE T 80 CHIFAR FfE I 30 min, JIA 5
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mL Z3Hr ol SR, IR PR 2 200 T & 2
WA B HPIR VR A E AT 25 mL 250N .+
Hirh Cd 8 FF R HF- F 7K (3 HNOs:¥k HC1)-
HC10,=2:4(1:3):1 {HEIED, 3 POB3 Cd iR BCR
WALAAAE IE BCR U 3 B2, AV 4 B ss) 2 V4 1
A, AR, ARSI A

VU Cd 2 i I s et - WS o3 Dl O B
M52 (H Az ZA3000 251
1.2.3 Fdlasb 3

B % F Microsoft Excel 2010 g4 A BRANVEA ,
K il SPSS Statistics 17.0 Duncan 7= 5 i 2 4 23 7 il
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2 #REW®R
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PR AH EL B 380, NN 1%0F0 5%olst 4331 X
HESEIN 14%F1 25% ., 3% W] BE2 F TRk R AR Ak I3 n
T AR S E AN S AE K, 4 Cd
Tl 5 mgekg BN 1%0M 5%ohEFRERElAL ) 5
INFISEA PR AL LR BRAE T 1.23%F11 1.03% . Cd; il
Cds %t FRZH 575, B 38 Cd e BE 38 I, /N (34 1
TN T 7.18% o 3k W] RES2: B R KA AR 25 - 5c e s
Cd MM T 3 ik EW B FRoo R, (el
YEYIW N 3SR 53, XN SRA K B — R ik
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2.2 FHUFINEFRKRE Cd SEHFMN

WE 1 Fos AR /NS B #8 Cd
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3 mg kg™ HENNZE 5 mg-kg™, XTHRZL/NASRIAN Cd &
H 1.20 mg- kg™ BN Z 2.65 mg-kg™' o AN[AlT5 Yeik

T, i R S AR Cd 2 i 34 Hoxd BR A A B
I TR INEL AL 5 2 5%l , /NIt 3B Cd & R
X HE 43 S AR 59.17% 01 64.53% ., X 1B +35 Cd
WREEHR, HrREIE AT Cd 78/ S A R
PO R B B, 5 E ARSI IR S R — S P
Fi5 R T /NSRRI Cd F 2 M B Ak 77 s
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WAL 22 i 4 B B AR X PR LI 6 R
A=Al R A LA B L,
2.3 §h{bFIxt 18 pH 20

B AT R R B Ak R 358 pH S AN 2 o
14 pH B b B AR T, B pH
Thm, TSR, H S5 RS B4R S T
AL TR N - R A 5 e B DRSS A R TR A
J& I ALY DUTE AR IR ER 25 & Ve 54k, fE i
4@ BRSO, B 2 m] %, R [F] Cd ¥
YeU BETT, 38 pH FXS BE Bl AR08 i 2 A 388 o i 34
L YA R IR 5%t 13 pH X IR T

307

Cd &/mg kg
-
n o

Z
He
-

Ho

<
o [0}

Cd;  Cds+Top Cds+T; Cds+Ts Cds Cds+Toe Cds+T, Cds+Ts
pOEL
AR R B B AN [ Bk s A B ] 22 S (. 25 (P<0.05 ), T[]
Mean values followed by different letters in the same Cd concentration are

significantly different( P<0.05). The same below
1 MMT-SC fEEgEh s FIXT/ B St L& Cd @200
Figure 1 Effects of MMT-SC silicate passivator on Cd

concentration in pakchoi

1 SEEFXTNERERKNFIT

Table 1 Effect of passivators on growth of pakchoi

Qb S Cd, Cds+ Ty Cd+T, Cds Cds+Toe Cds+T, Cds+Ts
KB /em 19.33¢ 18.67d 20.67b 20.67¢ 19.33d 22.33b 23.30a
fif T/g- pot™ 20.75ab 19.45b 23.66ab 22.24a 20.95a 22.51a 22.47a

T By = AT IME, AR R ERVR I3 R O ) 7 BE 2R Ak BB A7 S8 1 22 57 (P<0.05)

Note : Data are means of three replicates. Mean values followed by different letters in the same Cd concentration are significantly different(P<0.05).
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2 1.4 AP B T A K B BERE IE AR AT
ol B AT Cu Cd 15 44+ 38 4 R B B b &
P, AN 4%k N AT {133 pH {H 3275 0.57~1.65 M H
f7 o X UL PARERRER AL AT i R R 3%, A A T+
B8 Cd [ [R) A2 it fin A 0] J A 4 0T 46 R
i G N PR I TR = 5 7 AN i L Sy = A
FETE 3 v e A KA P 7 A P2 A L SRR ) AR
Fr pH A _EFF 5 s, S A R A A A S 7
F il T T TR Ak R R A ) A o R AR B s
fEmRER (45 B8 )5 L3R AP O A AR e 1 AR A E
FREAERREL AT RE 2 5 pH s 0 E 8 R A,

8.0y
70+

LS
&

ie

Qb p
B 2 MMT-SC EEEREh$E 4L 533 118 pH 893400
Figure 2 Effects of MMT-SC silicate passivating agent on soil pH

2.4 L FIxt HiEH Cd BEFERASRZMm

AN TR ARV B T 1) 95 Y - BV i AU ik g £ i1k
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B BB Ty B AR IR SR AR R N S
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mg- kg™ B, RASMELL VGO T , S5 RIS MR 5 it
A3 5 BRI 46.13%F0 43.79% , Ui A RSN E 1
e e £ L S IRIEBGS I U T L, 4
R AT R T 2540 5 e ARG R, AR 4 v e o i
A (1) e AL RIS LT, SR, -
Herp 55 R A Cd f it 2 Bl g Ak R0 R o 4 n 2
R TRk A, nl R SR Cd 5 it M B Al AL 390 R o
BB TR A N SR Cd ) B R
Pyt A e s T 2 s D (L 1), X
T TR R AR T H R S B RS
AR & JE A EY S E R B Y, s ie 2 ¢

& BrrESs O melRies

IV

80t

60+

U

T3 CAIBEFT A5 /%

20f ||

b
B 3 MMT-SC fEfgEh 4tk 73 118 Cd BER ISR E2 0

Figure 3 Effects of MMT-SC silicate passivating agent on

the forms of Cd in soil

HEAE TR AT BB 2 1 55 TR VA ik A i 1) I A AR 2 B
AL, 50 e EOMF R A5 R — 8. 7ERH 3 mg-
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FEo i 10.81% =S N2 14.63%;7E 5 mg-kg™ 15
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() 43.79% 5 KR 2 32.23% , [] I 7] 30 J 25480 2 i
H 39.07% % & N2 47.08% , T i) S8 A0 25 FH 3% i 4%
LI o X R BLH R RE R R Bl AL 0] = 2R
5% PR 55 R T AR A 1) T A JE S AT SR AL S e AL A 3k
A Cd M E R PE RN A A e, SEl T H3%8 Cd
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/TR RS i N 118 s R A T == R A /R TR |
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R HE ST, AT DAIE 2L W B 0 vE 55y 0K E A e [ e A
Bk FRH
25 TEpH MNAFGER CdEE . T1E Cd &S
[B1# Pearson #8& 145347

W 3 pH NASERIL Cd B8 AR HIERTE A
Cd Z [ AE A 7208, G5 R AR 2 B o S5 PR TS
fiftAS Cd 55 -3 pH (B 135 6 AH DG FHOC R E0-0.830
(P<0.05); ] if Ji 2 Cd 5 4 pH (B 2 35 1IEAH >, A
KZRHN 0.794(P<0.05) ., Z5HKH, pH THEREA 5L
AR - rp S5 IRV iR S Cd & I3 v b JE 2 Cd
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FH&, A2 R B0 -0.839(P<0.01) , 156 B 38 B fik FR 6
i A 79 T2 A e E 5 PR S A A 1) AT A RO AR
2. NASEARN Cd FLRE 5 5 A S Cd ki
A Cd 4 5 2 W2 DG, AHER B A -0.717
F1-0.757(P<0.05 ), F=E 52 K R Al SH AL SRS Cd
TG - P Y TR B S Cd S
REARG, SE A0 /I 1 S0 2 4 A I A o

%2 TEpH NEFEMERN Cd §8 TESHEC] ZEHEXHE
Table 2 Correlations between soil pH, pakchoi Cd concentrations,

and soil Cd fractions

oH PNEE S N a0 et
Cd &hit i E R O Y
pH 1
NASEHE B -0.564 1
#BCd it
BIRAEME -0.830% 0.539 1
AR 0.794% -0.119  -0.839%* 1
arEfks 0423 -0.717%  -0.600 0.118 1
FRi A 0.076 -0.757%  -0.342 -0.183 0.683 1

T ¥ FOREFRR(P<0.05) 5 ¥+ FoR il B E AR (P<0.01),
Note : * indicate significant correlation(P<0.05) ; ** indicate extremely

significant correlation(P<0.01)
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