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Effect of titanium gypsum on the availability of arsenic and lead in agricultural soil under paddy—dryland
rotation conditions

70U Li—na’, XU Jing—jing', CHEN Zheng—zheng’, YUAN Hong—hong’, YUAN Feng', TANG Xian—jin’>, ZHAO Ke-1i"", YE Zheng—qian'

( 1.Key Laboratory of Soil Contamination Bioremediation of Zhejiang Province, Zhejiang A&F University, Lin’an 311300, China;
2. Institute of Soil and Water Resources and Environmental Science, College of Environmental & Resource Sciences, Zhejiang University,
Hangzhou 310058, China)

Abstract: In this study, a pot experiment simulating a paddy and dry crop rotation was conducted. The effect of different doses (0.15% and
0.30%) of actual titanium gypsum material (ATG) and simulated titanium gypsum material (prepared by mixing calcium sulfate dihydrate
and iron oxide according to the mass ratios of 7:3 and 9: 1, referred to respectively as TG7 and TG9) on the remediation of arsenic (As)
and lead (Pb) co—contaminated soil was studied. The influence of titanium gypsum material on the accumulation of As and Pb in Brassica
chinensis L.(dryland) and Oryza sativa L.(paddy) was also investigated. This study will provide the theoretical basis and technical support
for the remediation of As—Pb co—contaminated soil. The results showed that the addition of titanium gypsum material reduced the dryland
soil pH(5.22) by 0.11~0.49 units and the paddy soil pH (6.35) by 0.27~0.69 units; however, it had little effect on the yield of the two
crops. The addition of titanium gypsum material had no significant effect on the available As in dryland soil, but it reduced the As content
in the aboveground parts of B. chinensis L. by an average of 39.2%. The addition of titanium gypsum material reduced the available As

content (11.96 mg-kg™") in the paddy soil by an average of 19.9%. At the same time, the As content in brown rice decreased by 28.9% on
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average. Titanium gypsum material significantly reduced the available Pb in dryland and paddy soil by an average of 12.8% and 17.2%,

respectively. It also reduced the Pb content in the aboveground parts of B. chinensis L. by 32.5% and the Pb content in brown rice by

21.9%. The titanium gypsum materials were more effective in paddy soil than in dryland soils, for As and Pb immobilization. Higher

addition amounts (0.30%) of titanium gypsum materials were more effective than the lower addition amounts (0.15%). The most effective

immobilization amendment for soil co—contaminated with As and Pb was 0.30% TG7.

Keywords : titanium gypsum; arsenic; lead; availability; paddy soil; dryland soil
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Table 1 Physico—chemical properties of soil and gypsum materials

PR ¥} Material BHR Index £ 1t Content
145 pH 5.5
Soil As/(mg-kg™) 141.3
Pb/(mg-kg™) 736.8
HHLFT Organic matter/(g-kg™) 30.2
H R Available nitrogen/(mg-kg™) 147.7
F W% Available phosphorus/(mg-kg™) 13.6
HELA Available potassium/(mg-kg™) 129.4
TG7 pH 7.7
Cal% 10.0
SI/% 8.0
Fe/% 21.0
TGO pH 77
Cal% 12.9
S/% 10.3
Fe/% 7.0
ATG pH 8.6
Cal/% 20.2
S/% 13.6
Fe/% 7.5
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kg™ KHoPO., 7K A5 43 BE 1) A1 25 491 43 51 it FH 0.16 g -
kg CO(NH,),#10.08 g-kg™' KH,PO,.
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HER T PO AR b ) ST E 1 7 I A B4, As 19 Tl il
20 101%~103% , Pb 1 [RICE S 102%~108%
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61 A S ih Dryland soil
a

st ]t e S 4 LA
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T 3t
N
L
0

CK TG7-L TG7-H TG9-L TG9-H ATG-L ATG-H
Kb Treatments

81 B./KH Paddy soil

a
1 be b be ab be
6 = _CI_ = - ™ ——
T o4t
2 -
0

CK TG7-L TG7-H TG9-L TG9-H ATG-L ATG-H
Kb Treatments

AR NG TR AR BRI 22 57 8.3 (P<0.05) . T [A)

The different lowercase letters indicate significant differences among treatments (P<0.05). The same below
1 KREREEHTHRAEEN LE pHHIF N

Figure 1 Effect of titanium gypsum on soil pH under paddy-dryland rotation conditions
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Yynl g iE e B A g | R U BRI AR, SRR ER |
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Table 2 Effects of gypsum materials on the fresh weight of crops

Kb PR T 3% Brassica chinensis L./(g-pot™) IKFE Oryza sativa L./(g-pot™)
Treatments iy F 3 Shoot R Root ¥ Root Z£ Stem I Leaf K&K Brown rice

CK 34.0+2.9ab 0.8+0.1a 12.6+1.7b 16.8+1.3¢ 6.3+0.4c¢ 5.5+0.7b
TG7-L 36.6+5.6ab 0.8+0.1a 12.5+2.6b 23.9+2.1b 7.3+0.8bc 6.8+1.4ab
TG7-H 35.0+8.5ab 0.8+0.2a 11.6+1.4b 25.2+2.0b 7.8+0.8b 6.8+1.1ab
TGY9-L 31.8+5.6ab 0.8+0.1a 12.8+2.5b 27.1+4.5ab 8.3+1.2ab 7.7+1.4a
TG9-H 28.4+1.4b 0.7+0.1a 18.0+1.2a 30.7+4.6a 9.3+1.0a 7.5+1.1ab
ATG-L 38.7+3.2a 0.9+<0.1a 16.0+1.7a 30.6+1.8a 8.5+0.8ab 6.3+0.9ab
ATG-H 35.4+4.7ab 0.8+0.1a 12.0+2.0b 28.4+3.4ab 8.1+0.5ab 6.5+0.6ab

1 ANEVINE PR FOR AL B R 25 57 8 25 (P<0.05) . T IH].

Note: The different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
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Figure 2 Effect of titanium gypsum on available As under paddy—dryland rotation conditions
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Table 3 Effect of gypsum materials on As accumulation in different parts of crops

gyt B ¥ Brassica chinensis L./(mg-kg™) JKFE Oryza sativa L./(mg-kg™)

Treatments Hb 17 Shoot Hi B Root 2 Root =% Stem I Leaf B K Brown rice
CK 0.375+0.016a 6.865+0.076a 1 021.514+50.794a 11.895+0.417a 37.363+4.209a 0.461+0.008a
TG7-L 0.166+0.021b 5.927+0.146b 199.911+10.016b 7.200+1.022bc 19.786+0.530bc 0.318+0.035bc
TG7-H 0.162+0.012b 4.662+0.501d 109.740+4.436¢ 4.444+0.352¢ 12.482+4.006d 0.275+0.001¢
TG9-L 0.324+0.002a 6.469+0.124ab 203.559+12.879h 8.220+2.191b 23.780+2.118h 0.344+0.060bc
TG9-H 0.196+0.040b 5.805+0.089h 188.316+3.274h 6.479+0.833bc 19.403+1.276bed 0.318+0.026bc
ATG-L 0.271+0.076ab 5.621+0.057¢ 202.675+7.198b 7.392+0.454bc 26.363+1.288h 0.396+0.019ab
ATG-H 0.202+0.023h 4.787+0.086¢cd 185.563+12.218b 5.363+0.342bc 13.921%2.334cd 0.314+0.021be
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Figure 3 Effect of titanium gypsum on available Pb under paddy—dryland rotation conditions
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Table 4 Effect of gypsum materials on Pb concentration in different parts of crops

Qb3 T 3% Brassica chinensis L./(mg-kg™") JKFG Oryza sativa 1../(mg-kg™)

Treatments it 13 Shoot b Root i Root Z£ Stem " Leaf F&K Brown rice
CK 2.734+0.055a 88.596+8.626a 326.281+9.414a 4.620+0.127a 4.581+0.185a 0.102+0.001a
TG7-L 1.770+0.210b 69.805+1.879b¢ 57.745+2.750cd 3.187+0.074cd 2.499+0.473bc 0.088+0.005abe
TG7-H 1.534+0.432b 49.785+2.688d 49.103+7.672d 2.512+0.063d 1.636+0.488¢ 0.069+0.004d
TGY9-L 2.171+0.162ab 82.780+1.229ab 80.146+5.766b 4.178+0.436ab 3.546+0.074ab 0.094+0.005ab

TG9-H 1.788+0.356b 70.420+1.478be 78.245+3.358hc 3.416+0.125bc 3.324+0.037ab 0.072+0.002d
ATG-L 2.235+0.110ab 62.384+0.693cd 77.939+6.511bc 4.187+0.017ab 3.594+0.262ab 0.081+0.006bed
ATG-H 1.574+0.236h 56.943+2.001d 54.179+5.246d 3.621+0.496bc 2.748+0.715bc 0.072+0.007cd
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