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Effects of combination treatments of mercapto palygorskite and hematite on remediation of Cd-As

contaminated soil
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Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs / Tianjin Key Laboratory of Agro—Environment
and Agro—Product Safety, Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)
Abstract: A pot experiment was performed to investigate the remediation effects of single and combination treatments of mercapto
palygorskite (MPAL) and hematite (Fe;03) on Cd—As contaminated soil. The soil pH value, availability and speciation distribution of Cd
and As in the soil, biomass of different parts of rice, and contents of Cd, As, and Fe in the rice parts were determined. The results showed
that all treatments significantly increased the biomass of rice grains by 2.37-2.45 times in comparison to the control. The DTPA-Cd
content in the soil was reduced by 16.94%-22.57% (P<0.05). The combination treatment of MPAL and Fe;O; increased the proportion of
amorphous iron oxide—bound Cd/As in the soil, as demonstrated by sequential extraction results. The combination treatment significantly

reduced Cd and As concentrations in roots by 7.14% and 25.13%, respectively. All treatments reduced the Cd concentration in grain by
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40.00%-60.00%, but they had no significant effect on the As concentration in grain. These results showed that combination treatment of

MPAL and Fe;O; can effectively reduce the available Cd and As contents in soil and the Cd and As concentrations in rice, indicating that

the combination treatment has potential application value for remediation and safe utilization of Cd—As contaminated farmland.

Keywords : mercapto palygorskite; hematite; rice; cadmium—arsenic co—contamination; soil

Bl Tl A A T i Pk i, + I 4 TS
YRy ) A (), o AR (Cd) 5 (As) 23K
B R AR T 28808, A AR 35 53k 2
7.0% F12.7%", Cd As FEREF TR &JRIA
PR AE LT By, R TS K HEE A A 2545 & $1 it FH
AN TG Bl , LA P R = 5 A A TR A o 5 T S A
ARG . iR E A R Y ATk Cd-As
PRt ™, Cd ] S8R IE B O F 2R RS
PRI, T IIEE A As TSI R S0 R 40 M4 &
G55 R TR B NI EREL R BUE A ]
B, R T T Cd I As 3275 e ik A6 5 TN ad 4

RIS -
TE Cd-As & A i5 Y« L3 | pH K S AL A SR o A7

X e 4w Cd AT As 16 PRS2 2 AN ) R 4, Y
38 pH BEARES , Cd B & RIS N, As 5936 PR AR, 1M
pH T B AR S5, 2R A T Cd i TE PR
As BTG VEREAR , 788 J5 258 T AR, Cd i As
FEKAE - AE R B Bk A1 TR H175 Cd-As B &5
Yo+ HE G AFAEME R o AR R A AE A A AR
I BT SAT BB AL 5 SR A FEAR 5 e 1 4
HERAE TN Y, &R LA B
LGNNI Y PSR- S  9ri I B R U/
B AR R 2% G R TE SR AR E LI R 4
JET. TR R B TR i AN A B As
(M)/As( V)5 Fe(T) Z (014 3R ZI 25 A1F S, B bk
Sz R As V5 s R IR 2B A kL, o AR ARk
X As HA A i W B B AR I RS e AR SR, &
Wik 5 LR W) S RN Cd-As B A T5 YRk P Cd.
As F AR AR 75 1K 50.2% F11 35.6%"", E i T A fita i
TR AE PR b3 SRR 2 R —FlOR T
B PR EE AR R , X R R 3 i 4
Cd ¥4 B A W B AL ROR, Liang %% B 0.1% i
FEE S S i AT DL 2 OB K Y Cd B L B
35 76.92%., Wang 250143 %% I 0.1% #i BE 3 26 41 7
i AT DL - 8 DTPA-Cd % 1 1 25 14115 73.92% ,
T 5% 2 WH 0 5 o5 P 3 28 i A Ak 2L )5 0 S Ak P 45
A A CAFPh (4 7 i 2 00, 4 3 v iy 2 A
WIHE S S 2 A B e B e R T VR,

P 1%) WHARTY

AWFFE LT PG HE A B Cd-As 52475 G 35 1y i
FEMFG T T BRI S PRk iR — S R AR R
BiALAE MR Cd-As B 775 3 3 Al Ak 15 5 5
% o 2R DTPA 42 Bk Fl b 45 25 0 F R B 20 B
TARRFAL T +HE Cd L As A 808 i FTE S0 A
i, A B AR 5T B — J% A2 Tic A BT K A AR 90 1 DA KT
B TS RN AR R AR Y Cd  As i IR
FE T IKFEAS R B 4 1 5 - 3 b P T 2 ()
FIC R, LA S Cd As WIS G 3a A, LA Cd-As &2
G g H IR R R SO HE

1 #MREFE

1.1 ige#F et

AR - HER [ VTP KRS H 0~20 em A9 )2,
FERFRAL L . pH B 7.565 8 LT & R 31.55 g-
kg™ s B A 2R A Wl R R O o 43 i Ry 83.94
12.60 mg- kg™ F144.06 mg-kg™'; B Cd . As S50 5N
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skite, MPAL) /2 1 BA 3 =4 & 19— Fh 6 L MR8l 10 b1
R pH AR A 7.68, Cd 75 1t 4 0.12 mg - kg0 (2) AR Bk
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1.5 h, 150 CHn# 3 h, S8 J5 FHl R 2 ) 42 1 mL %
W, 228 TR EAR R 50 mLid 385 , FH ICP-MS 1l 5 114
B Cd As Fl Fe B FE . R 3 S A5 A (GBW
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HN 85%~105%.
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Table 1 The sequential extraction procedure for soil Cd and As

UL Step JEZ Speciation WA Extractant FEPZEAF Conditoin
1 IKEEAA+ T B (F1) 1 mol- L™ if5fi2%% (pH 7.00) FEIRPRY 24 h
2 BRIRER 45 575 (F2) 1 mol- L™ fi#2%% (pH 6.00) FEIRPRY 24 h
3 A A A A (F3) 0.1 mol - L™ R R ¥ M +1 mol - L' i B 4% (pH 6.00) FE A 0.5 h
4 ToE BgA N A A (F4) 0.1 mol - L™ HEFRELZZZ vl (pH 3.25) FiRIRZ 4 h
5 4 SR AN G TS (FS) 0.1 mol - L™ HLHR ML AR i +0.2 mol - L B R4 2% thifi (pH 3.25) 96 °C 7K 0.5 h
6 HIAEE(F6) 3 mL 0.02 mol + L' B§&+5 mL 30% BU4EK , 85°C /K& 2h
+5 mL 30% A K 85°C /K& 3h
+5 mL 3.2 mol - L™ B ER 54 (20% i 2 FEHEZ 0.5 h
7 BRIt (F7) FK TR T fie
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The different letters indicate significant differences at the 0.05 level. The same below.
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Figure 1 Effects of different treatments on soil pH , available Cd, available As and available Fe content
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Figure 2 Effects of different treatments on species of Cd,and As in soil

22 AEHULETKBENER Cd AsTFeHEE
2.2.1 IKFEAS RIS AL AR i

EEEFEAEYKETREEAARESE L
Fh e AR R R B 38 T 2 BOR R A 2 4
HEA N H ) E A S 5 | 1 o T R A A Pl R
SRFEAE NI, UM SR R AR i gk
T AT AR P 2 P P WSl b Aok 2 AT - 48
HE 4RI B SRR S TR A . A
WFFE AN Bl A Ak 2 6 2 Bt v 1R R AR i it o
B — i 2 A0 RN R Tk B R R 5 A ) R
14.90,15.20 g, 43 5l J& XiF B8 Ak BR (Y 2.37 . 2.42 5 (%
2) o BHAM S SRR LS AR A )
XiF HE P 2.45 1%, H A2 e Ak BRRCRE AR W) TR — A
FE3 2 AR B A B, 2R BHAS [R) B Ak A1 A 1 %
Tk 2K R 1) A B HLAT AR IR AR L X 5 R AR
W45 AR

2.2.2 KFEAIRIEAL Cd  As Fl Fe 75 2

IR R Cd & =434 A AR RS R >
ZENPSFPRISFSE (F3) o XTI A H, Fr g ik Ak
P IR 2 AR TR Cd R IR A 40.00%~
60.00% (P<0.05) . % 5 3% 26 A1 4b PR LA K I 55 SR gk
() 52 TE b B0 505 FITAR 2 v Cd 3 i A i 3 BRI

R2 AELGETREERMULENE ()
Table 2 Effects of different treatments on the dry weights of rice(g)

SOFE LigA F5e EUy LiEEA

Treatment Grain Glume Shoot Root
CK 6.28+1.10b  5.15+1.13a  22.60+5.19a  0.74+0.22a
MPAL 14.90+2.43a  5.92+0.94a 22.97+7.53a 0.71+0.18a
Fe)0; 15.20+1.66a 5.83+0.59a  24.83+2.74a  0.80+0.15a
MPAL+Fe,0; 15.40+1.39a  6.05+0.54a  28.17+0.31a  0.74+0.10a

TE : FIFIAE NG TR A R AL HLE 22 5 B35 (P<0.05) . R,
Note: Different letters in the same column indicate significant
differences at the 0.05 level. The same below.

R3 ARG T KRR BioE Er RABFRREKIR CA AsFIFe IR E (mg-kg™)

Table 3 Effects of different treatments on Cd, As and Fe content in rice, glume, leaf stem ,root and iron plaque(mg-kg™)

IR Kb Treatments FFHE Grain F5E Glume 251} Shoot HLZ Root HEZRERIBE Root iron plaque
Cd CK 0.05+<0.01a 0.03+0.01a 0.11£0.01a 0.14+0.01b 0.21+0.07a
MPAL 0.03+<0.01b 0.01+<0.01b 0.07£0.01a 0.07+0.01d 0.19+0.01a
Fe,0s 0.03+0.01b 0.03+£0.01a 0.08+0.03a 0.17£0.01a 0.24+0.01a
MPAL+Fe,0; 0.02+<0.01b 0.02+0.01b 0.06+<0.01a 0.13+<0.01¢ 0.12+<0.01b
As CK 1.50£0.16a 2.05+0.32a 11.26+0.41ab 23.91+5.78a 63.94+11.87a
MPAL 1.35+0.21a 1.60+0.11b 8.63+0.68¢ 9.04+0.50b 69.31+18.48a
Fe,0; 1.64+0.32a 2.29+0.02a 12.77+1.61a 13.93+1.07b 81.42+11.26a
MPAL+Fe 05 1.35+0.01a 1.52+0.18b 9.26+0.9hc 10.01+2.54b 72.78+12.01a
Fe CK 7.54+0.29a 2.65+0.85b 175.12+17.71a 4 288.05+662.06a 8 656.25+463.03b
MPAL 4.25+0.32¢ 8.32+0.33a 170.23+22.18a 980.40+158.10b 14 819.26+3 285.80a
Fe0; 6.33+0.67b 8.28+0.74a 186.44+26.95a 1 080.73+76.12b 15 634.10+1 392.12a
MPAL+Fe,0; 6.02+0.65b 3.95+0.97b 155.28+35.66a 1 083.91+168.20b 15 989.82+2 298.81a

www.daes.org.an
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TR 505 R 3 ) K 66.67% . 33.33% , K3 2 [ i 4 1)
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Figure 3 Correlation analysis between Cd and As content in different parts of plant and soil indexes
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Cd CK 0.77+0.10b 0.45+0.08b 1.07+0.22a 0.52+0.01a
MPAL 1.17+0.22a 0.74+0.50ab 0.57+0.28b 0.24+0.12b

Fe,0; 0.41+0.02¢ 0.67+0.24ab 0.42+0.09b 0.54+0.17a

MPAL+Fe,05 0.54+0.04¢ 1.21+0.05a 0.27+0.03b 0.28+0.08b

As CK 0.49+0.11b 0.15+0.06b 0.32+0.06a 0.44+0.08a
MPAL 0.96+0.17a 0.29+0.03a 0.25+0.08a 0.34+0.04b

Fe,0; 0.84+0.11a 0.27+0.03a 0.23+0.03a 0.29+0.04b

MPAL+Fe,05 0.96+0.15a 0.33+0.06a 0.19+0.07a 0.26+0.03b

Fe CK 0.04+0.01b 0.11+0.02a 0.41+0.09a 0.15+0.08b
MPAL 0.18+0.03a 0.14+0.05a 0.20+0.06b 0.39+0.15ab

Fe;0s 0.20+0.05a 0.10+0.03a 0.36+0.10ab 0.47+0.11a

MPAL+Fe;05 0.14+0.02a 0.11+0.02a 0.35+0.05ab 0.23+0.06ab
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