2019,38(2): 325-332 R W ®E R FE F R 201942 H

Journal of Agro-Environment Science

FHUR, WHHOR, WRIEAL, 5 SRR R TS g H A B S RO IWETELT . Al BRI A2 2740, 2019, 38(2) : 325-332.
WANG Jian—le, XIE Shi-bin, TU Guo—quan, et al. Comparison of several amendments for in—situ remediation of lead— and cadmium— contaminated farm-

land soil[J]. Journal of Agro—Environment Science, 2019, 38(2): 325-332.

ZMHM BT RRT RN EH T RRAEERRBTR
FRR, R, REAR, kg
(L AERITE A L2 FRHEBE, M 5100065 2.1 7R BRESIE S P AL BOR QIR , 1M 510006)

& ORISR B TS YA R B AR ST A T B 0 R AR Y e AN TRI AL Rk (Diatomite, D) T £
(Bentonite, BE) .1 (Sepiolite, S) . A\ ¥ £1 (Artificial zeolite, AZ) 2385 K A1 (Hydroxyapatite , HA ) 4= 4 5% (Biochar, B) F: 74
++4: ¥ )% (Diatomite/Biochar, DB) 43 - +/F #) /i ( Bentonite/Biochar, BEB) V)1 +/E #) 5¢ (Sepiolite/Biochar, SB) . A& il A1+
Y% (Artificial zeolite/Biochar, AZB) DL & 32 JL88 K A7 +4= ¥ % (Hydroxyapatite/Biochar , HAB ) 2546 &2 A4 44X 4 FH - 38 /P 4548 19 I
16 52 BRI G B BT IR BT A5 o A A SR B AR AR A T T IRER . S5 R B R 21 AR, FRBBE MR B E E X
INIFAR YR H9 - HA>D>AZ>BE>S>DB>BEB>AZB>SB>HAB>B , X 8616 2 S K/ NMIFUFAK UK K : SB>AZB>B>HAB>BEB>D>S>BE>AZ>
HA>DB; &5 5 RIS BEIR M A ARARIE S (RO LB, LA HA SRR 107 W 78 S5 16 52 47535 Y I - 3847 W A3, & 2k
Y5 HIE A RHE JE 6 B 15 ek T -3 b A3 B B A 38, SB T AZB & & A TR R A 75 e I L 38, Ab T35 A T 4 He B Ak ok
JEAR B AR

SRR AT R A R B RO B R AR

hESHES . X53 XEFEED A XEHS:1672-2043(2019)02-0325-08  doi:10.11654/jaes.2018-0597

Comparison of several amendments for in—situ remediation of lead — and cadmium— contaminated farmland
soil

WANG Jian—le', XIE Shi-bin', TU Guo—quan', FANG Zhan—qiang"**

(1. School of Chemistry and Environment, South China Normal University, Guangzhou 510006, China; 2. Technical Innovation Alliance of
Guangdong Environmental Restoration Industry, Guangzhou 510006, China)

Abstract: Cost—efficiency of in—situ remediation of lead (Ph)— and cadmium (Cd)—contaminated farm soil using amended materials was as-
sessed. The effects of ordinary diatomite (D), bentonite (BE), sepiolite (S), artificial zeolite (AZ), and hydroxyapatite (HA) were compared
against those of biochar(B), diatomite/biochar(DB), bentonite/biochar (BEB), sepiolite/biochar (SB), artificial zeolite/biochar (AZB), and
hydroxyapatite/biochar (HAB) on the immobilization of Pb— and Cd— contaminated farmland soil. After 21 d of remediation by these meth-
ods, experiments with diethylenetriaminepentaacetic acid (DTPA) showed that Pb and Cd bioaccessibilities decreased by 25.7%~83.4% and
8.4%~34.2% respectively. The order of Pb immobilization was found to be HA > D > AZ >BE >S> DB > BEB > AZB > SB > HAB > B, and
the order of Cd immobilization was found to be SB > AZB > B > HAB > BEB > D > S > BE > AZ > HA > DB. Moreover, the sequential exirac-
tion procedure indicated that all of the above materials could increase the proportion of Pb and Cd residual states. HA, which is a clay miner-
al, had a distinct advantage in in—situ remediation of Pb—contaminated farmland soil, whereas the same was true for clay minerals and bio-
char with regard to the in—situ remediation of Cd—contaminated farmland soil. SB and AZB showed distinct advantages in the in—situ remedi-
ation of Pb— and Cd-contaminated farmland soil. After treatment, the farm soils’ physical and chemical properties did not change signifi-
cantly.
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Table 1 Basic physical and chemical properties of the test soil

i [ Ttems HeFE Value W 757 Method
B Total Ph/mg-kg™! 153.6 NEY A7
J5 Total Cd/mg-kg™! 2.57 TH ik
AL Available P/mg kg™ 58.6 HJ 704—2014
HHLFT Organic Matter/g- kg™ 36.2 GB 9834—1988
BH 25 128 ikt CEC/emol -kg™ 11.65 LY/T 1243—1999
Bif# & Available N/mg-kg™ 159.0 LY/T 1229—1999
pH{H 6.20 NY/T 1377—2007
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+ +4: ¥ 7% (Diatomite/Biochar, DB) i 1 + 4= ¥ ¢
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Table 2 Particle size distribution of clay mineral

TiH A2k

—F#E FFT R Specific Dv(10)/ Dv(50)/ Dv(90)/

Items Range Consistency surface/m’-kg™ pm pm pm
D 1.895 0.582 673.1 5.34 19.2 41.7
BE 2770  0.907 705.1 5.56 28.9 85.6
S 6.720 2914 1808 2.19 16.3 112
AZ 1874 0.583 147.8 15.6 192 376
HA 1.850 0.552 842.3 6.69 423 85.0
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Table 3 Pb and Cd repair rate in tested soils(%)

A3 treatments 0.1%-Phb 0.2%-Ph 0.3%-Phb 0.1%—-Cd 0.2%-Cd 0.3%-Cd
D 82.1+0.3a 78.5+0.5a 77.9+1.5a 12.2+4.2bc 12.8+0.7¢ 16.2+2.4¢
BE 81.2+1.3a 80.9+0.4a 78.2+2.1a 9.5+0.9¢ 10.0+2.7¢ 13.6+1.5¢d
S 80.0+0.9a 77.2+£0.7a 72.4+3.5ab 8.9+3.0¢ 13.2+1.9¢ 14.8+1.7cd
AZ 81.8+2.1a 79.2+0.3a 77.3+0.2a 11.2+3.0bc 13.4+2.3¢ 13.4+0.3cd
HA 83.5+1.2a 75.8+0.2ab 72.5+3.1ab 8.4+3.1¢ 10.8+1.8¢ 13.2+1.2¢d

B 25.7+0.7¢ 31.4+0.8d 39.4+0.9¢ 31.9+0.5a 32.1+0.8a 32.2+0.3a

DB 76.7+1.5ab 79.3£1.0a 78.2+0.7a 10.3+1.4¢ 10.2+0.8¢ 9.2+2.3d
BEB 69.7+4.6b 78.2+1.5a 72.7+4.2ab 19.4+2.0b 12.4+2.0¢ 16.5+0.2¢

SB 70.0+3.7h 62.2+0.2h 64.1+2.4h 17.6+4.2hc 34.2+1.1a 31.4+2.9a
AZB 71.5+1.2b 69.0+0.5h 67.3+2.5h 28.4+4.6a 33.6+0.3a 24.2+0.9h
HAB 64.8+1.5b 58.3+1.5¢ 63.6+0.1b 24.9+0.5ab 23.4+0.9b 22.5+2.2he

T [RIB AR 38R 76 P<0.05 K- 2R B E . T,

Note : Different letters at the same column indicate significant difference at P<0.05 level. The same below.
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HA Zb 35 i X F A (i S o BT 8 . CB i il
29.3% % %2 5.8%~8.8% , AH IV RS o b FH 21.4% F+ %2
67.0%~72.0% , 4 i T HAUAE S AR AL RS 19 RSAH,
FH T B HA & A TS ek B 3R s .
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Figure 1 Changes of Pb and Cd speciation in soils treated with amendments
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FR RSO 1) S R AR A N2 4 TR, R IR 2H (CKO) R 85K
W o 58.6 mg- kg, AN FS LAY HR S L BR T
HA i 4358 i 3 R 0 10.7 mg-kg ™' 4h, D \BE .S \AZ
3 59 el R SR ek /0 T 28.7.12.4.18.0,16.5 mg - kg,
- A IR A AL RIS L BR T BEB 1 SB 43 %]
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mg-kg™'o HIULE I, B0 W S FEAL R R AL
{BAP BT LAFR AN — A A2, 0] DU R - 4 e 2L
A= e A v A B 20T B R L AT AL R A
EL ORI He SR TH R AT A B R W o, 5 b ] Fsf g 2
T PR, A R RS R U E ) 2R
JE R P2 3 T R, A I 5 I - AR AR R
2.4.3 ALK

A LR A T B SRR, ) AR

JIEAE Z 7 HVER . IR 4WTLIE 4 IR CK
B HLIE 5 R 36.2 g- kg™ B I AL B 3547 HL
i ETE T 1.2~54.2 g-kg', Horp  HAB 1 B AR FE XA HL
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FE 30 o A R A T K 4355 - AN IR IR S5
X - A LT R A FH R
244 FHEFcHE

FH 738 i (CEC) 1T DL ke Al 38 - i
TR A A PR B RE 1™, R4 LUE ), X IR
20 CK i CEC & 14 11.65 emol - kg &5 1 kHb 34
J&i 14 CEC % #2555 T 0.04~1.58 cmol - kg, D\ BE,
S.AZ .HA .DB.BEB .SB.AZB HAB B4t J5 43 i ffi
CEC37110.85.1.30,1.12.,0.34.,1.58.,0.65.0.97..0.91
1.15.0.08.0.04 cmol - kg™'o Zh 4 1y Bl b BEXT 1 18
CEC TR 2 3 T3 W A A W R TR A A
AT YR RS RN PSR (P<
0.05). B it A AN 3 CEC /= B 3 2 i (P <
0.05) , Al g2 o B 2 AU A0 A AR IR, Al A AR 1k
R, AN Ty KA A AR A W R A DAL AS BB S

x4 EERTENELER

Table 4 Changes of basic physical and chemical properties of the test soil with amendments

Ab 3 BT R A AL FH 18 7 S8 4t i
Treatments pH i Available P/mg-kg' Available N/mg-kg! Organic matter/g-kg” CEC/emol -kg!
D 6.64+0.10b 29.9+2.0g 144.3+5.9d 45.0+1.0f 12.50+0.23he
BE 6.61+0.10b 46.2+0.8¢ 136.0+3 4e 37.4+1.0gh 12.95+0.22ab
S 6.73+0.08a 40.6x1.0f 138.1+5.4d 44.8+1.2f 12.77+0.19h
AZ 6.73+0.08a 42.120.8f 136.0£2.3¢ 38.0+1.1g 11.99:0.10cd
HA 6.56+0.03c 69.3+0.4b 177.8+3.2b 50.0+2.1d 13.23+0.12a
B 6.64=0.10b 49.5+1.1d 205.046.5a 90.4+0.9a 11.69+0.12d
DB 6.5620.03¢ 20.8+2.4h 167.3+7.6¢ 58.8+0.4c 12.30+0.34c
BEB 6.57+0.02¢ 70.2+3.2b 182.0+3.1b 46.4+0 3ef 12.62:0.22hc
SB 6.59+0.05h 74.150.6a 138.1+1.2d 47,620 5¢ 12560 21hc
AZB 6.59+0.05b 39.0+0.9f 161.1+3 4c 46.8+0 3¢ 12.77+0.33b
HAB 6.53+0.01c 45.620.3e 182.0+3.4b 78.1£1.0b 11.73+0.09d
ZEF(CK) 6.20+0.01d 58.6£0.9¢ 159.0£2.0¢ 36.2+1.0h 11.65:0.21d
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+HECECH R, D BEWREH THA G SH —E &
) CEC., [R] B 2 = 398 pH A, fie $F A 398 e 4 2 1y BH 2
TR, NI 3E in 3589 CEC % ™, S AZ HA
D) AT RE 2 1 1o 45 5 4 pH i Sk 5 I - 38 Y CEC
T
2.5 AEIAIE IR

LI BEFERT R I, AR RE S ML D BE (S AZ.
HA .DB.BEB.SB.AZB HAB FI B, ¥fit i 2 R EL FI
A BIEA . D.BE.S.AZ HA F1 DB At H# X} 5 1Y
B2 R A A B EM2ER(P<0.05), XL
Tl kb B34 i S 2 B v AR T 3G pHL (AL, TR] B T LA iR
L A M BH B T ac i A ML i, AR
FHEEENE MR B4 HARE R ERER
FH A 98 S 0B R ki 0, D R PTG S AR AR B 1)
BRI o i LA L B HA Ab, A 20 4 25 B 35 TG
A FH - 338 SO BB AL, 23 %R H AR 7 AN 5
Wi, B.SBFIAZB &b BEX#A A& 5 R 5 HA A A A7 AE
W EYEZ R (P<0.05) , 3% JLAP AL FE35 A8 35 #2
FH 358 1% pH AELFIAG BILJST 5 5, SB L AZB A L) I 2 42
1A A M Y BH B T 28 L B R AZB fE B 5 4
HH T S A LY B i, A R AR AR P, B R AZB Ak
P2 REAR A A 8l 2wl 1 75 1, SB AL R AT D) g 2
PR AR H - O T i
2.6 MAZE

1 m? R )2 B B 4% 2.25 o A -
KR I 60% A, M 1 m> 32 bR EAs A 0 L3N
0.90 t, &2 ¥ BHE 0.1% (m/m) ~0.3% (m/m) B 4% 2
TR BB 1 m? A H 375 28 5 M K 0.90~2.7
kg-m'zO

REWE L U A ARG R KA
KECH B A% 43 51 4 3.00,0.80,2.00, 3.50, 2.00 JC
ke, RIHAE A 1 m® T IEHFEZ 098 5 pHkER 43 501
M 2.70~8.10, 0.72~2.16, 1.80~5.40 ., 3.15~9.45 . 1.80~
5.407C.

3 #ie

AR B TE LR B PR E 48D BE
S.AZ .HA .DB.BEB.SB.AZB . HAB #l BYEf&4% i T
X4 SR VG e R Y mRRIE RO . g5k
B, LA HA AR AES 0 e IR B S s e H L
ey A B B AL, & AR R s R RHE R E R
G e B -8 1A W A E, SB I AZBIE A T
WA A5 A 1 S FME R MBI A I REPE R AT

5k S (RS) Y L], Ak 2R A FH L e AR L R &
HERRAEAL o RBUIEE N (% L A=Yy 4l .
AN TR )8 5 e HIRIRALB AT G AT =
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