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Table 1 Basic physical and chemical properties of the test passivator materials
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Table 2 Basic properties of passivator
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Fig. 1 Scanning electron microscopy images of straw biochar (A,B) and sepiolite (C,D )
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Fig. 2 XRD(A) and FTIR spectra(B) of biochar, sepiolite and composite passivator

23 #UEFNLEHFIESRNE M

3245 d )5, 5 CKHMtL, B Fdlifb x5 4 +
HE pH (I 3A) 52 4 /IN , 148 pH 8 52 Bl Ak 771 it
TNAT R AR FEAA ;8532 90d 5, 5 CKAM
1B,S,.3B,S, il 1B,S, 4b B Y + 1 pH A B 4R

8.4r

M 1B,S, F1 3B, S, &b F 1t pH 5 3 & & F R
HA5d M, &3 90 d ¥R E L pH ¥ B T
0.2 8A; , Horp DL 1B,S, 4 BEAS fb f5c ok 8 3%, H pH
KF]8.16, MLAh, AT kb PG 3 pH ¥4 Bl % 2 Bl
ATt o P 185 T S22 SRR AT £

100~

A 454 B [ 145d
V. 190d A v 90d
8.2} A 2 80 % A
%3_ C 2 D s B _2_7
D Q b
sor, 2 @ 7 B F % M 00 CD 7 D ¢ d%
= a 7 a a a g ¢ B £ % e
o A
7.8 2 40
@
g
7.6 20
7.4 0
CK lBlsl SBISI ]‘Blsz SBISZ IBZSl SBZSI CK 1BISI SBISI 1BISZ 3B152 1B2S1 SBZSI
AbPH Treatment ALFH Treatment

CK: 25 FR G 1BS iR 106 B1S 5 3B, S i1 3% ByS 3 1B,S,: WS 1% B1Sy53B,Sy: TN 1326 B S,5 1B,S - ¥ 126 B,S,33B,S, : sl
3% B,S o ARVNG FHFRETFE A5 d AbBEZ i) 35 51 3 2 5 (P<0.05) s AR S FRHU KGR 90 d Ab 32 i) 15 51 i 2 5 (P<C0.05) ,
R, CK:The blank control ; 1B;S;:1% application of B;S;; 3B,S;: 3% application of B,S;; 1B,S,: 1% application of B;S,; 3B,S,: 3%
application of B;S,; 1B,S,: 1% application of B,S,; 3B,S;: 3% application of B,S,. Different lowercase letters indicate significant differences
between treatments at 45 d culture time (P<C0.05) ; different capital letters represent significant differences between treatments at 90 d culture
time (P<<0.05). The same as below.

E3 $EiEFR45dFA90 dfFEEpH(AFIE SR (B)
Fig.3 Soil pH(A) and electrical conductivity(B) after 45 d and 90 d of passivation culture
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Fig. 4 DTPA extractable contents of Cd(A) and Zn(B) in soil after 45 d and 90 d of passivation culture
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Fractions of Cd (A) and Zn (B) in soils after 90 d of passivation culture
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Fig. 6 The stability (/z) and mobility (Mg indexes of Cd(A) and Zn(B) in cultivated soils
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31 ERHUFAEHNEMJMLIECIMZNHNE

48 pH 2 5 ) 4 48 T 4 JE Y A 0 A R G
ERCR I R R . ARG LI, R A W) ¢ Rt
WA R SHEREK(36.69,1.02 g/kg) .Ca®"
(17.20,9.35 g/kg) F1 Mg*" (5.01,2.85 g/kg) , HAT LU
5+ H R AT scH N, 95 HCO, RAER
7, 3 v g pHUS L A CK, 38 pH 78 Bl Ak 15 5%
45 d AL AR 2 B AL 5 3% 90 d s, 88 pH A
¥ ETHT 024800, St L 1B,S, A B AY + 35 pH 2 T}
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ek 7 5 IF HL A 8 pH 25 il in 2 3 AT BRI
B, e pH B4Ry, — Iy TG I - R A SR T Y
UL, A7 AT Cd A1 Zn A A AL 4 BB 1R 3k 17T
VE L 53— 7 TR 1 A 45 BH B T 0 S S W A
T A 4 e T AR X Cd R Zn R4
AE 7, TR AR 35 Cd Fl Zn A 3 A S 1017180 4
HECHS 8 pH A & BE MR, 7T LU i 3 in
R A % T A e e DR R pH Y, FE
A5 HE EC B 25 52 0 B0k 70 14 il n i 2 42
1, B 55 3R 1] (90 d) it i (3%6) B34 i
BEAN (K 3) o Bt S5 P35 25 R BIF ST M — 550, LA
FE A W BE R 15 U8 1™ T A A W ak BN, A= 4
FE B SRS R o AR B R R
BB T S B e SR SR T

KA 58 W, A= o R0 30 0 Pl T LA By B
P A S (R, o 1) 5 S0 BT Si—OHL, He 3
AR, 25 BREE R 2 H 26 ) 720 AT UM N B R IR
SRS YL BB AL R R . ASHIRST o A B 5 R A L
A K B b T RURI 8 22 0 S FL 2 4, HLH 3 kL
Hi AT LUK 54 [ 5 B FLBR G 202 v
Cd 1 Zn 7= R R E P 2 W AR RS AR A
VY Ay DAY [t A R 3 1A 4% T 4 488 i ) T 4 )
R BEERICSR 22 e A, A W A 0 A % T Y R
Bl 54 8eb g OH JLFIFEA , (2 ik + b & 4 )8
Cd 1 Zn 7E H AT MR 1) &8 s SR RS
DLvE s HAEY & L&A KEWNCOSS ity LEh
CA*" FN Zn* T WBR BR AR DLV , W90 5 A Ky Si-
OH 7] LA 5 1 4 J8 25 5 T8 e PE ik BR 3L U TE , FEAIG
A RS Cd I Zn 1Y B B

PR, 78 AR BF 9 o A2 T B Ak 300 A Ak AL 1 T LA
PAGE AR 5ANJ5 1 = (1) By BRI [T, 2 9 05 360 A7 52
Pt J5 LR 25 A 45 2 e 38, T LR K 4R B
T ()BT W ULTE | 5 e Bl A7) 2 K= 5 4 o
X 42 R I TTIENE T (3)m B FAH AR R R 6
T A R ) 7 R i ) B 4 e 7 A e R R 5 (4)
T, R EAEAL ERE KT Ca®" Mg 4%t +
WP E A BB TR ()% AEM, B R Eifk
T KA —OH ., —COOH %5 & 8 B A X 5 4 i 2

FRIZAEVER
32 EffiFEHTEFHESCAFMZnEIEE
L

I i A 7R A B 9 RGP A, 52 TG B AL ) i 3

i AR e Cd AN Zn I TRAFIE 2, DT R AIG £ 48
Cd 1 Zn W) B8 sl M RUAE WA 20k o AW 9% bl i A=
Yok 5 20 1 B Bl AL RE 95 90 d, 15 Y L 5 vh
Cd A=A BOE A5 (55 PR H USRI AT IR B2 ) ) 5
BHAL, HARHE A Cd 5 Herh 49.4 %0 3874 2 58.1 %, Fifi
it o0 A 3 KRG K s 3 Zn AE 1B,S, 4b B A
PRREFE T A FERUy R B, FL Zn 1 55 R $ S Frn]
RS 22.6% M1 53.4% 43 ) F B E 16.0% Al
44.1% , FRiEAR Znth 16.2%0 #TFE 27.0% (E15) . AH
FEX R & 8 G b 4 Cd BB 2800 i Kk A2 75
b, SR PRI | nl iR JE A A n] A AL Cd 1 e RE
%, R AT RS2 (DB E ARG, 3 pH Y
PEFH BB RS Cd Fr B AG, ff Cd @i 255
UUVE SR BB AL 5 (2) 259 o R0 10 A % TR |
B Z2 LB AT LU B0 B Cd, BRI A A 2
Mo BRI AR ) e A 2E 2 e Cd A
Zn I PEZS (55 BR 4R S N nT 38 52 1) JE TG PR S
(AT AALS FERIE ) F5 1k

e Cd F Zn B9 RS E M (I) M sl it (M) 5
HAE - rh AR S/ B YR, 0l DL e
4R 7E I S AR ARG T Rl
SBCEEAR (B,S,) Wit i, He I (6 T+, M (EFEAR,
F U5 Bl Ak 50 mT LA 5 £ 49 Cd A Zn R E M
FEARILES sl | ik 5 L AE 1 38 P IR AE TR 45 1 7 A8 AR
—H ., AMREH KETENAIGSSESR
REHE RN, SFEOLB st s =, Ak h "
C e e 380 B R A AL, 3T R R A T Bl Ak
FR e S0 B 8 A (3%0) Bief, L3 Cd Y M [ A (F%
MRS B 17.520) Fl T A T 55 (G R A 9.026) 1Y Ji AL o
+ e Zn 2 FCAT AR R 196 i, M
T AR IR AT EE Cd AL a3 s (F 2 i &0 3%4
B, MRS R, LA A AR . X RS LE Yok Fl
TELAT L 20 1 et A FRAG AL 15 5% 90 d 5, Bl A it i
B, X 38 b Cd M AT AL AR 38 T Zn. XU
HHEE 4 R R S — A A R Bl
)i Jin 22t 52T LU A9 R 8 S (]2 52 e = 38 v Cd A
Zn A RS B ) B, I LA R i A
e b 481 22 [ A7 W 3 1 B AR 00, (0 LA R AL
Tyt i — 25

ZE b R NI A AT R L 20 1SR L3 %6 it
I (3B,S, A3 ), X675 4 + 1 b Cd Fl Zn 9 ElAL AL
TARAS, v R B SR R Cd M Zn A
154 TR R — R B R ER . H R
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Deactivation and remediation of cadmium and zinc contaminated
soil by combination of biochar and sepiolite

ZHOU Zhen,HUANG Li,HUANG Guodi, MA Haiguan, PENG Gang

National Key Laboratory of Environmental Protection Soil Health Diagnosis and Green Remediation/
College of Resources and Environment , Huazhong Agricultural University, Wuhan 430070, China

Abstract Two kinds of deactivators including biochar and sepiolite were used to study the deactiva-
tion effects of different compound ratios (mass ratios of 1:1,1:2,2:1), application amount (1% and 3% )
and deactivation time (45 d and 90 d) on the content of Cd and Zn in contaminated soil to restore the cad-
mium (Cd) and zinc (Zn) co-contaminated soil around a landfill in Sichuan. The effects of compound deac-
tivators on the availability and speciation distribution of Cd and Zn in contaminated soil were analyzed. The
changes of stability and mobility of Cd and Zn in soil were investigated with the stability index (I value)
and mobility index (M value). The results showed that the deactivation effect of Cd and Zn in soil signifi-
cantly increased with the increase of deactivation time and application amount. The deactivation effect of Cd
and Zn in soil was the best when the ratio of biochar to sepiolite was 2: 1, and the deactivation rate was
31.1% and 23.1% , respectively. After the application of compound deactivators , the proportion of weak ac-
id extractable and reducible fractions of Cd and Zn in soil decreased while the proportion of oxidizable and
residual fractions increased. The application of compound deactivators enhanced the stability and decreased
the mobility of Cd and Zn in soil compared with the control. When the ratio of biochar to sepiolite was 2:1,
the M. value of Cd in soil decreased by 17.5% and the I value increased by 9.0%. The M; value of Zn in
soil decreased by 6.1% and the I, value increased by 18.7% at 3% application amount. In general , biochar
and sepiolite mixed at a mass ratio of 2: 1 and a dosage of 3% had the best remediation effect on the con-
tent of Cd and Zn in the co-contaminated soil.

Keywords biochar; sepiolite; heavy metal; co-contaminated soil; compound deactivators; soil re-

mediation ; environmental protection

(A 2 45 - X AR )



