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A smectite-OR-SH compound for reducing cadmium uptake
by pakchoi in contaminated soils

ZHAO Qiuxiang ™" HUANG Xiaochun LI Yuanyuan CHEN Yagang LIU Wenhua LI Xikun

( Guangdong Province Research Center for Geoanalysis, Guangzhou, 510080, China)

Abstract; A smectite-OR-SH compound was prepared in lab. The adsorption capacity of the

compound for cadmium was up to 37.82 mg-g'in 0.1 mol- L™ KNO, solution and 69.13 mg-g™" in

water. Pot and field experiments were conducted to investigate the immobilization effect and

mechanism of the compound for reducing cadmium uptake by pakchoi in contaminated soils. The

results showed that the cadmium of activated fraction decreased by 64.51% in raw soil and 80.37%

in 3 mg-kg ' Cd soil after adding the smectite-OR-SH compound. The cadmium of Fe-Mn oxide

fractions increased by 176.66% in raw soil and 418.31% in 3 mg- kg ' Cd soil. The compound

inhibited the adsorption and accumulation of cadmium in pakchoi, and the cadmium content

decreased by 57. 14%—60.64% comparing to the control. The compound also promoted the growth

of pakchoi.
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GEPRDUII AR 234, T B G o 5 A TH R AR OR EL AR 8 P BE S 3 20 1 PRt i phe v 2 B2 2
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AR A S50 A BRAL PR B AR S TS A LSRRG 02 LR B i R 1
Je LR RN IRz R L, HOAT SRR B0 BRIR RS B e Tl 2R SR
HUEEAAE S 0] T B A DA ™ iys e A S W B AR 8 S 0 U5 i 45 e
TIEGEYVE I ARG AS TG R OU R, fe R B 8] w1 F A9 S8 T R ) B R s e —
B AR B — O IG Re A BUIR X - BT A B A SSOR PR AR O , — L8 0 22 PR R A 2 1 Bl
W FIEEE A0 T 4 i 75 e h B 0 3 AR AR 7 B T b S A — 2R
Fha Wy, A S P Si—O PUTIAH [E) e — 2= Al—0 /NIRRT B 2RSS, T2 5]
GUEAR 0 A7 AT 00 PR 4 J2 R AT, Ry 245 P P48 020 A ] L) B 1, sk B FH 2 - A T 52
otk DR S 0 A 2 D) EL A AR Y S T M, FHAS IR S5 0 1 5 94 A G 0 A IO P 345 AR [R] 42 1 1
B 772 it LA R, ] P G/ e A 52 i A oS B KT o 4 Js T 25 D7 T AR 07 DR 9 A BB T
B OR (BRI S8 T AR A AR 3k 75 T B MR T S A D RE P A B A Y £
FUBERG TR A A AR < ) I8 5 AR TH A BR s AERRE L 77 18 FR T 0 B S 5 /R
=N AR AR/ A SEPR N T AT

AHEFE BT IS A7-OR-SH S & A4 B LA R AR B L0 W S B A7 D 648 IR AL I | A AU 4 T g
—SH 1175 RIHARE g Bl A 70 , 30 e R A T8 M A o < U )/ 1 3, B 3¢ i 41 -OR-SH
EAAWAESERTT /N 3 L PR A WOBCRIAR 2R, IR B SCR AT IS, Ak L A 5 e 1
AR BRI SCH.

B

1.1 ARt

P I E ) AR AR SE T Ll XS 2 2 + (0—20 em) , 13 Cd & &4 0.55 mg-kg ™',
pH {4 5.86(/K:+=2.5:1) , AT HLIE K 2.80% , FHES F 25kt (CEC) 4 16.7 cmol -kg ™, &%H N 0.17% , 4=
BER 0.21% , 2804 2.09% AR Z WA B A ) RA WS CORERZTE T, A8 IS M A, pH E N
8.68(/K: +=10:1) . 75 #k 56 IR A 41, B Cd3 BAT5YL +, BIFE 5544 + LA CdCL,:2.5 H,Of¢
AT VRN b b Cd A8l 3 mg-kg ™ BERITS Y HIET 1 S H R AR

ST -OR-SH B AR R4 KIREEILSEWA ZFRIEIL)S , P ATE KR VR A LI ) o s
A3 B AR e IR ], DAVE R 43 B il a% th PERB A R B 42 (Cd) R 771

BEAE Y/ R (2 R SR
1.2 SEEGIRITH S AbHE
1.2.1 BHESENA R RIE

KA Bruker 23 7 B9 X 5 28 A7 5% 35 A % ol M 52 i £7 #E 4T XRD FAE, AL 2% % 5. DS
ADVANCE , £145 1 FE (260) 2y 2°—70°, #8945 204 0.02°, A HEZE R 0.1 s, 8 40 kV, B i
40 mA , Ko ST 2L /M1 R FH 2€ [ Thermo-electron 23 7] B ZLAMEHEAY, SR KBr & |, HEE LBl
300—4000 cm™".
1.2.2 W ftsesgs

FREL—E AT RE, I ACE] 50 mL #ETEIR, 43 3 5.00 mL 19 50 wg - mL ™" S ALHRVE W, [ L
1:100, 1 1 mol « L™" KNO, &7 {4 2 2§ T3 & SRS FRF R B R 0.1 mol - L™, 45K R pH {H % 6,30 C1H
PR 1 h, B0 30 min, BB KA IR F I 6B (AAB00, S5 PE A H]D) MIE Cd He .
1.2.3  Zakidse

BB IR TSNS A FS A -OR-SH & A& EHE 6 4~4b 3, 01,02 .03 735 3R Ji 1+ Ji
TSN A R+ A IRMEE R, C1.C2.C3 7l FR0R 3 mg kg™ Cd FEifb 1,3 mg kg™ Cd &
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WAl +ES IS M AT,3 mg kg ' Cd R T +E S HRIBEE R 4% 2.5 ke T4, it MEIE 0.3 ¢ BEAE
0.25 g FIBIAL 0.3 g, B e T HEE 1Y 1.0% 55, B AR A 3 IS IR 1 J5 R84k 2 il
JEREE 3d B/NASEANE A S bR A AE R E S A SR 2 3 R N TR L R ES IR R T
DEKILI , AL 6 R S K B B W D K7L, T /N SR A K () G — A 45 B, 46 d S5 IRk /N
EB3

1.2.4  HIEL:

TG YR A FTORAE SR PR AR Cd 15 Y B B I E X3 (A B X)) JTF & H [R5, 3R 52
A7 -OR-SH & & B 50 ) L Prati b e R 3t 9 A/INX B NX ALY 5.2 m*(13 mx0.4 m) 15443
HSERE IR FEF], 258508 R B ZEFE R ML, B/ iR R 0.42 kg AT BEFRES 1.23 ke SILHF0.31 ke,
BT ML ZY 1 R 2Z 54 S em (BRI ZVENREIMARHREE DL 38 L 8o a7 J5 oK 1 i Ha B X
PRSI B AT O R SN 1% A5 IE S Wi AN 1% 2 5 RMB 5] 3 b8, SN b PR 3 Ik, -4t
&G MPRLE FE /N 32, /N S AE R IR S TR K R BV S — W RIAR R R 41 d SR ISR/ R,
1.2.5 Xt+4Ep cd TS0

T3 4R TR AW R B IE Y Tessier SR (LD WL) |, /i B il A B K — B fED)
R AE R M4 RE , Hp /KRS FH ICP-MS(DRC-e £ PE 2 w]) il , HABIEZS FH ICP-OES ( Optima 2000 3£
PE 2 F)) W2 . A0 BIXT AN T 5 B4 -OR-SH & AR M BE 1Y J57 + FBi Ak 4 Cd AT S AP ST
JEHEAT Tessier LB ZARBUM > il Cd 76 3P F AR S AR ORBEHE B MR 48 Cd 1
BEALHLEE.

1.3 MEdRbrS5 ik
1.3.1  HHER Cd Bl

PRI — 7 B0 R LLERIR A IR | o SRR A U UL o TRA A o, AR B M O B el ok 5%
AR R VA TR SR T Vs i, T — A2 ], ICP-MS( DRC-e, 32 [® PE 24 #]) PI5E I H Cd .

1.3.2  /hE St SO Cd & il e

/N SR it B FHRR BRI AE K/ SR Uk KT 5 T 93 22— B AT RV L o o e AL 11
NESEFAEW I U0 )G AR R U EE AR RIS | SR 5 RO T A /N L S A T RTAR 3, Je s L 1CP-
MS(DRC-e, 3 PE 23w ) X H Cd & &A1l .

2 ER5iHE

2.1 APEHYRIE
2.1.1 XRD 43#Hr

K1 ARSI BRI AL 52 AT AN 52 i A7 -OR-SH &2 &K 59 XRD K3 | 45 5L 52 I A e 4 1% 1k
Jo, FOZE PR MG A B, 1,54 nm BEANE] 1.56 nm; 25 X4 HE— Lot )E 2R B E— 8k, i
1.56 nm3EHNE] 1.60 nm, YLEHA 7 F ol LA E AR T WA 2L H S A-OR-SH Z A KK d o,
S S2 AT d oo, WEWETR AR B8, W ()T 00 BE AT LA T A3 e A3 T S A 1) )= ).
2.1.2  FTIR 437

B IE SR Wi A LT AN REREAE S 2 % F—OH F1JZ BT H, 0 B HR 8l @5 4 X, 3450 em™ &b F& i WSy Sy
H, O 445 51,3630 em™ Ab4sim i W WSty 1 Jg O—H 44kl , 1641 em™ AbAsi o 45 56 B (1R IR IS A
H,0 430, 1471 em™ " 4b Sl C—O0—C %5 ¥R 30, 1054 cm™ Zb W WO ) g h Si—O0—Si B 45 4 31,
909 em™ AL MR AR AR, P B AL—OH S8 (125 i 9k 31, 837 em™ b IR IS 355 )8 T Mg ( Al) —OH
TIRZh,507 em™ N Si—0—Al Z IR, 456 em ™' N Si—0—Si 25 il 4iF 3h. £ MRtk M 5 52 i A 1 4L
AMECIERHER . 7E 3440 em™ &b BT A9 K 43 F B 52 JE A 4 4R 3l 06 ) w5 00 R S 5 1471 em ™ AR 1R
C—O—CIP4iRshiE R 3 1399 em™ &b, 376 Frisk 55 , T RE M A BRI ST, 5 3086 3 52 A7 i 43
CaCO, ¥ i 52 WA -OR-SH B AR B LM ERERAE N - 78 2300—3000 em ™' 2Z 8] H 38 1 P94~ B 4 119
I ,2930 em ™' T H 3k C—H 45 PR 30,2554 em™ J& T S—H 43R sh. Ik, B 40AMGIE B 8w,
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Fig.1 The XRD spectra of smectite and modified smectite Fig.2 The FTIR spectra of smectite and modified smectite

2.2 ZEAT-OR-SH &G 1AXT Cd AR AT B 25

SLIRFEANF R CA™ IR R 64T, S Wi A1-OR-SH & A RAH R 0.125 o, % pH HIH 2= 6, %t
TIEMEL, CA* IR LRI 1.2.5.5.10 .40 .60 80 mg- L™ X T et A4 R}, 0 A8 46 e BEAR Y 10
25.50.100.,200 300,400,500 550 .600 650,700,750 mg-L™" %W 1 h,JBCE 16 h. I 25 R 28 5k
BB 55 MOl A X 18 VA B 7 e A 0 %) 00 s YA B AT T 38 o Bt 5 38 80 0 R o o, 25 °C P B SR A
B AR IR R 25 5 R 1.05 mg- g™, TMSEMEAT-OR-SH & A VR B BEXT Cd™ A9 52 56 1 00 B 25 e i 17 40—
50 %, 4 37.82 mg-g~' (0.1 mol- L™ KNOJAZ, &l 3a) A1 69.13 mg-¢™ (N EBE FHRIE K 3b).
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Fig.3 The adsorption isotherm curves of smectite-OR-SH for cadmium

(a: 0.1 mol-L™"KNO, solution; b: water)

2.3 HCHEARERT N SR R W AR 1 Cd AR

T AE 3R AR /N R A SRR Cd B4, S T R S AT -OR-SH &2 &A1 kX Cd 1Y
[i] 72 28R, AW 5 iR FH B A b n o7 =08 < B sk 60 H i J 35 SJ A - 18 .
2.3.1 AR

ARG TP IOIR B/ LS A A SR AN 4 R 7R R K Cd3 Y5 4 A b g B SE i A
52 MiAr-OR-SH & A A RHE /N A SR i SRS A 0/ (R WA B 2R TR/ A sEmAE K E
BLAZ A SN T RN R 4 T B e S T S, 2 - A8 v E 4 SR A R B R R R TS I A 2 B R
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HE T3 SRR G SE MBS /N SR 2300

S WA -OR-SH & AR G/ NS Cd s SC e 25 R won (& 4) Rl 3 Cd & &
FIBEAN , NEZR A B Cd A N AR R0 Cd3 TS et Bt S B AT-OR-SH & A Atk
FIG /NEERH Cd g 50T BROAH L34 8 35 ARG, 0 il B A1 57.14% F11 60.64% , H T3 h i 48 Cd & 5
/N Cd A R . e #E R B S AT -OR-SH & &R Bk A5 /NS Cd & &
M 0.084 pg-g FEARE 0.036 pg-g ™', INEITCAE B 5 DAARE0.05 pg-g™) . BIFESTE e + K AN i
W 415 Y 3 NS4 -OR-SH &2 A AP RHABE 2 A0/ (33843 Cd 1975 &

OREMEER  BEFMGEZRE  Q FMZEA -OR-SH

100.00 - () 06 (b
a a
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he \ T a %ol I
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(n=3, 85 Z M1 1 3 M 2% 5 H Dancan K555, P<0.05)
Fig.4 The effect of modified smectite on the fresh weight and Cd content of pakchoi in pot experiment
2.32  KHIAL

R CR A /N 1 St 38 43 fef F G AR 5 TR, 76 A R B BER IR0 FE bt fin 46 32 52 i 4
SAT-OR-SH & A VAP RHARE S 238 in /) (1 3 04 ik . K FE R0 b/ s P S 9 2 K TR R A2 -+ 3R ) A
GBS R I AR, B TR B AR e SRR, (H B R AR 22, S R 5 i
A1-OR-SH & A ARG HE 7 XA AR 0 52 W A5 AR /R, BIF L7 H A0 /0N 1 33 i i ) Sl 88 . A P 6 A 3
M/NESE T Cd 255 (B S) R, 525 IR BRAR EL, 72 A 306 B 65 35 552 I AT s Bl ARG /1N 14
b Cd i HRECR AR s 7E B3R5 it i85 3 52 A T g 2 R/ NS R Cd B L 5 s
FEAH L, 76 A B K E IS 41 -OR-SH & & sl Ak A 3 B 143 W 35 MR A/ 32 rh Cd &, A K
B H/NA3EH Cd S 0.053 we g FIEE0.034 pg-g™, B il HAY/NASEH Cd & 4EM0.109 pg-g™

TR 0.051 pg-g™'.
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Fig.5 The effect of modified smectite on the fresh weight and Cd content of pakchoi in field experiment

2.4 PCHEMSEDG LR Cd FRAEIE S IR
SR LER BN, Cd 1 7 FIEZS KBS (WS) (B TR (EXC) BRIEREE A (CA) JBRIREE &



1876 B2 5% 1k 2 33 %

AD(HA) BREGEE A (CBD) GRAHLLEE A (SOM) FRIEA (RES) ) i Cd MIZKEDS B F MR 4E &
BERRK(E 6) S A -0R-SH & &R BRI G , 525 PO IR i g% 356 52 5t /1 4b SHAH L
T8 Cd A ACH A ORISR 13288 ) TR A 5 L AL, Rl aT R Cd MR SS & 8T &
Fo @R R R Cd BT AR STE S 5 HRAE T 64.51% |, k4RSS &SI & RS T 176.66% ;
3 mg-kg ' Wbt Cd BRI ZZ AL S (5 FURRAR T 80.37% , MEREG 45 A TE A G LN = T 418.31%,
HE 4 FIEAA —& AL A .1 Cd B7KIE S RE FAg e S Y i 5 W 7 T 2K,
BEFRATEPERS | X P P A 1) 3R e R R 45 B B A — R LBHAE T Cd @A PR R iy Wi
AR R NS R E 48 Cd ik H.
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Fig.6 The effect of modified smectite on the speciation species of Cd in soil
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