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Effects of silicon— and sulfur—containing materials on the dynamics of cadmium and arsenic species in com-

pound polluted soil

PENG Ou'*?, ZHOU Jing—heng’, YU Wei-lun®, TIE Bai-qing'**, LIU Yu-ling"*?, LI Dan—yang"**

(1.College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2. Hunan Engineering & Technology
Research Center for Irrigation Water Purification, Changsha 410128, China; 3.Key Laboratory of Southern Farmland Prevention and Con-
trol, Ministry of Agriculture and Rural Affairs, Changsha 410128, China)

Abstract: Dynamic changes in cadmium and arsenic species in soils polluted by silicon— and sulfur—containing materials under extremely
severe cadmium and arsenic contamination (such as in mines) were investigated. This experiment collected three kinds of soils with differ-
ent pollution levels (extremely severely polluted soils, severely polluted soils, and mildly polluted soils ). The indoor soil cultivation method
was used to simulate the application of silicon and sulfur—containing materials to research the effect of the single application (G, S) and
mixed application(GS) and mixed application combined with flooding treatment (GSI) on cadmium and arsenic occurrence patterns in light
and severe farmland soils. And also the experiment studied the effect of single application (G1, G2, S1, S2), mixed application (GS1, GS2)

and different application concentration treatments on the cadmium and arsenic occurrence forms in the polluted soils of exiremely severe
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mining areas.The results showed that the content of weak acid soluble cadmium in the cadmium—-arsenic compound contaminated soil in the

mining area could be reduced by 6.42%~13.46%, and the residual content was 89.84%~248.57%. The effectiveness of cadmium in the soil

was significantly reduced, indicating that the application of high contents of silicon— and sulfur—containing materials (GS2) was effective.
The treatment increased the residual arsenic in the soil by 4.74%~13.98%, reducing its availability; treatment with the silicon— and sulfur—
containing materials at low application rate (GS1) was the most obvious. The content of weak acid soluble cadmium in the mildly and heavi-
ly polluted soils of arable land decreased in the range of 10.14%~29.93%, and the residual content increased by 21.89%~60.8%. Com-
bined with flooding treatment (GSI), the effect was the best; arsenic in the residual state decreased by 16.51%~23.96%. Under the flooding
treatment alone, residual arsenic decreased by 16.51%~23.96%. Silicon— and sulfur-containing materials reduced the bioavailability of

cadmium and arsenic in the three types of soils studied. The treatment soils with a mixture of silicon— and sulfur—containing materials was

better than treatment with individual materials. The GSI treatment on soil cadmium and arsenic showed the best performance.

Keywords : cadmium; arsenic; soil; silicon fertilizer; gesso
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Table 1 Basic conditions of test soil
aee &=t T 5 g fift & i 15 L2 53
Soil type pH Cd content/mg-kg™' Cd pollution level As content/mg - kg™ As pollution level
RS Y+ Lightly polluted soil 5.94 1.11 R Slight pollution 67.34 2R Slight pollution
TS e+ Heavily polluted soil 5.51 3.23 Eiy;s Heavy pollution 118.14 H1 3 Moderate pollution
e TR 75 et X 44 Extremely polluted soil 7.23 294.57 ] Heavy pollution 143.58 T Heavy pollution
GB 15618—2018 bifi 5.5<pH<6.5 0.40 30
GB 15618—2018 standard 6.5<pH<7.5 0.60 25

(2) Ak o i e A B k) Bt J o g2
B85 A CaSO.o
1.2 R H*
121 O RE S GRS R 42 B A T G v e A 2
WIR7S
TN P 4 B N B VS e - 22 T R A 20 H O 4l
FH b 36 1 LA B 59 1000 mLBEAR , £ 4725 + 500 g,
FAS AL BRANAREBRA B, A AL IR =217, A
— B AR IR TRy iR B R . 15 dH—IK
FE AR 2R 2,
F2 SHAWMMBIE BEHME AR OES %
Table 2 Test method for pollution of heavy and moderate

cultivated land containing silicon sulfur-containing materials

®3 SEHSMMANT XIFERLERE T X
Table 3 Test method for contaminated soil in mining area with

silicon—containing sulfur—containing materials

ISP AR AR
Treatments Specific operating procedures
CK HRAR T, AN AL AT R
G Tl AR W (FE B2 225 kg hm ™, B2y
75 kg-hm™?) , HAth[H5] CK
S it FAATFS B3 (B2 7 1500 kg-hm ™, A2 A
300 kg-hm™) , HAh ] CK
GS G+STRA LI, HoAth[7] CK
GSI GS+IEK (Bt LJZ 2 em)

1.2.2 S REE BRI X 75 Gy 30 T ik

PR X 2T 50k 20 B 5, T
i FLOREE ) 1000 mL AR, B4R £ 500 g, AN
i) | R [|  Eeng W v N5 L\ LR e £ o
T — € ZEMRKAR S E KoY SRR R . 15 dI
— UCRE PRANAL B 7L L2 3
1.2.3 FES BTN E T

(1) pH 5 E LA S AL (Eh) I 5E < 2R FH FIA-6 75
AR LA R AR 4 B Shill s (U

(2) - B AT M & 8 15.30.45 d BUS ) 1
FEXT, 3 100 H i, 258 A B D48 fy . T
ARG IR BCR 319, 5 48 HE RO 55 12 1T $ B
A TR RS SRS S ICP-MS i

SEFRA TR BRI

Treatments Specific operating procedures
CK LK A3 B (LR -3 ) L ANt AT AT A e
Gl Jit JFI A 2 R IE O 225 kg -hm™) , HoAt 7] CK
G2 Jite PR 2 R M T 404 450 kg - hm ), HoAl [R] CK
S1 it AT B A T 1500 kg-hm™) , HoA[R] CK
s2 it AR R R 49 3000 kg hm ), Hif ] CK
GS1 G1+STIRA AR HL, HoAthA] CK
GS2 G2+S2 IR AT AR HL, HoAth ] CK

Ao Bl e o

(3) A HEAf IR 2500 5 - it FH 43 ) g TR T il
BURACH AT (AE-As) FRTUAN (Al-As) BRTUAH (Fe-
As) VEEFUR (Ca-As) BRI (0-As) . ] ICP-MS
AT AT E .

1.2.4 Fdliib e

iz FH IMB SPSS 22.0 X £ i 1758 1143 At ab B

iz FH Microsoft Excel 2010 34X B g 54 1 A FH

2 HRE5HMH
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=AU
201 PR R AR X B A R e A A A TS Y -
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P L] g0, ) BH R B S Y 4 pH AR IR (N
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Figure 1 Effect of silicon—containing or sulfur—containing materials on Eh and pH of polluted soil with slight cultivated land
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Figure 2 Effect of silicon—containing or sulfur-containing materials on Eh and pH of polluted soils with heavy cultivated land
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Figure 3 Effect of silicon—containing or sulfur—containing materials on Eh and pH of contaminated soil in mining area
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Figure 4 Effect of silicon—containing or sulfur—containing materials on cadmium forms in soil polluted by slight cadmium and arsenic
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Figure 5 Effect of silicon—containing or sulfur—containing materials on arsenic species in soils with moderate cadmium

and arsenic contaminated soil
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Figure 6 Effect of silicon—containing or sulfur-containing materials on cadmium forms in soil polluted by heavy cadmium and arsenic
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arsenic contaminated cultivated soil
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