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Immobilization effect of mercaptopalygorskite and manganese sulfate on Cd pollution in alkaline soil

YONG Yingying, XU Yingming”, HUANG Qingqing, LIANG Xuefeng, SUN Yuebing, WANG Lin, QIN Xu, ZHAO Lijie

(1. Innovation Team of Remediation for Heavy Metal Contaminated Farmlands, Agro—environmental Protection Institute, Ministry of
Agriculture and Rural Affairs, Tianjin 300191, China; 2. Key Laboratory of Original Agro—Environmental Pollution Prevention and Control,
Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: To investigate the inhibition effect of mercaptoplagnite (MPAL) and manganese sulfate (MnSO4) on the immobilization of
alkaline soil cadmium (Cd) pollution, Cd contaminated wheat soil in Henan Province was collected as the test soil. Soil aging was
conducted for 30 days by applying MPAL, MnSOs, and both MPAL and MnSOs. The results showed that the Mn content in soil pore water
was mainly affected by the supplemental dose of exogenous MnSOs, and less affected by the amount of MPAL. With an increase in the
exogenous MnSO, supplemental dose, the soil DTPA-Mn content increased significantly; however, there was no significant difference in
DTPA-Cd content compared with the control treatment. The combined application of MnSO4 and MPAL on the immobilization effect of Cd
in weakly alkaline soil was better than that observed after individually applying MPAL and MnSO.. The maximum passivation rates of soil
Cd after treating with the combination of MPAL and MnSO., MnSO., and MPAL were 57.7%, 19.2% and 41.8%, respectively. In all the
distribution processing protocols and combination treatments, the addition of 0.025% MnSO, either had no significant effect on MPAL-
passivated Cd or tended to activate it slightly, while the addition of 0.1%~0.2% MnSO, had a promoting effect on MPAL-passivated Cd.
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During the promotion effect of a high MnSO, dose on MPAL-passivated Cd, MnSO, had the greatest effect on 0.01% MPAL, and the

promotion effect gradually decreased with an increase in the MPAL dose. The combined treatment of MPAL and MnSO4 with appropriate

dose could efficiently fix Cd in soil and was a good method suitable for the remediation of Cd—contaminated soil in alkaline farmland.

Keywords : mercaptopalygorskite; MnSO,; immobilization; alkaline soil; cadmium pollution

JASE A BEL P 50 A S e ok ) 4 3 S A b
B S R R Cd & AR AR AT
ARG Cd R AP O TG TR AT 25, AR Cd 1
IR AR R A AT R A AR A AR R R
HE Cd B, FEAR CFEFE T Bl O 9 SRR .
PR H A D A1 oy B B SR MBS AR AR
SE RS RASELAR, (R AT B S T AR ) S A T
W T E AR Cd {5 R LR R .
PR S TR Y A D R TR R S N U RN
AERPRLA B B R i Y A IR, 15 T X 3 v n] A2 S
Cd Jr o5 P 5 , S BUN A RPRL P Y Cd 5 b ™
5 Ay < A o 0 B R S e SRR RIS R
Y, A Cd E R L33 b s M 2R TR T e L (H
TERRE Cd {5 5% 1 HE A B/ N HFRL Cd 35 475
H 1 52 A PR AR v

H1 FAE 7 X /N AE - 3 T g L, S
HEL, AN [) 5 B 5 PR KR AT LA s 4149 38 pH {
KOS BRAE AR A TR A 4% LA RS Cd L B
AR AE B 5 B Cd {75 B /K A A B A RO 2 4
B b FORSEAEAC T Bk /N2 1 3 Cd 15 e Bia
It ANE R A0 AR B¢ R BRI A S 2k
AP BRI S A M AR S L AL D5 R /) A
HTCd 5 JeBTin HRCR A o (I, 5 2k — 2
Wi 1 AL D5 B e L8 Cd 5 BRI B IR AR 7 i
LR VIR B /INAE A e 7 5 AR

3 B Mn A Z R A X HOR & 48 A
IR IRAF- , Min 48469 4y 0/ NSOREAR 1 b A, AR L
ARG SR BEE 251, A BRI LR BRI &
TR, i 2 HA AR A 2 L i, G RT L 2 4R
P JEURIRE B /AL 0T o R i - 38 o ) B R P
A ST B P 5 A B X P A R
b BT B Jm Cd B HA BE B BRI (E AR

T HA R IR BB RL R 25 A B, WA T
HAEBB BB B . Tk 2% MnSOL M 4% (B
WF5E 2 B X v + 3 5 4R Cdi5 Yo B — 2 1
VR AT, Hoad 3k XRD 43 B & 3L 32 B2 4% iy [R) A ]
DL ikl Ak + 39 5 4 R Cd 10 Fe . Zn 255046901, i HL
LA, X IR AR I kTS Yo T RE 4/ o
I, W5 S 5 2 3 26 A1 RHS MinSOL & FE XA P -+
B 4R Cdi5 YL P IR Bl Ak B4 1 T, Xk — 25
TRBRIL T RE AT RHE F I S AR, £ 5 52 Be Ak X
B 1 8 4 Jm Cd Atk SRk BE AN HAT
WE S, T HHA S bR FH A

A AR T TR A S
MnS O, A [ &2 Fi 7] 8 6 it 3L Bk o Cd R B 1)
SZMARRAE , LA SO 1358 CA Bk fE A 22 5% il T+
BEARRIEAS Cd 2041 B A RS Cd A Mn 35 5t 152 R R
HE, /R HXF 3 E 4 Cd BlAL 5 IR a9 7R L,
At mEE 4R CdiE e in Rt — 2 i E R
XHE

1 #MEEFE

1.1 fk#t e

HEI R AR A B & T CdT5 g /A2 1
T -, AR T LR 1

PRl b A4 R 3 BE B 2 7 (MPAL) S A A1 A B
FWER A, Al e 2% BT T AR5 A8 FH 1) MnSO,
R ral W B i s A AR A BRA F
1.2 R

HER B MPAL F11 MnSO, (9 it 10 7 5 LA A9 21
HHIR IS 25 A 2%, & MOk 5300 5 1 e i BEH
VAL = o B R e B A W LB L = E RN )
IR L2 20 AR L% B 25 AN b B, A4 B R
H3.

R UL T EEARE AR

Table 1 Basic physical and chemical properties of the tested soil

pH1E Hcd ARG Cd & Mn P T2 i AL
pH Value Total-Cd/(mg-kg™) DTPA-Cd/(mg-kg™) Total-Mn/(mg-kg™) CEC/(cmol-kg™) Organic matter/(g-kg™)
8.05 2.72 1.32 117.12 13.22 20.01
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Table 2 Different soil treatments
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Figure 1 Mn content in soil pore water under different cultivation times
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Figure 4 Cd content in soil pore water under MPAL and MnSO, treatment
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Figure 5 Cd content in soil pore water treated with a combination of MPAL and MnSO,
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Table 3 Soil pH values under different treatments

MPAL i 5438 MnSO. 5t 5 5344 MnSO4 mass fraction
MPAL mass fraction/% 0 0.025% 0.05% 0.1% 0.2%
0 8.07+0.05a 8.15+0.02a 8.100.02a 8.02+0.11a 7.81+0.03b
0.01 8.00+0.04ab 8.010.03ab 8.06:0.03a 7.89+0.01bc 7.85+0.11c
0.02 8.030.02ab 8.09+0.05a 7.95+0.06h 7.94+0.07h 7.74+0.01c
0.05 8.0120.04ab 8.11+0.01a 8.1120.02a 7.95+0.05h 7.87+0.04c
0.1 8.04+0.01a 7.95+0.07ab 7.92+0.08ab 7.96+0.02ab 7.84+0.05b

FE AR50 K 58 ZR B Test coefficient of intersubjective effect
Pyrar=0.107>0.05, Pwns0,<0.001 , Puparxmns0,<0.001

VE [ T ANl NG R A R Ab B ) 22 5 1 25 (P<0.05) .

Note: Different letters in the same row indicate significant differences at the 0.05 level.
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Figure 6 Morphology distribution of Cd in soil under different treatments
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Figure 7 Soil DTPA—Mn content under different treatments
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Figure 8 Soil DTPA-Cd content under different treatments
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