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Remediation of lead contaminated soil by organic and inorganic phosphorus materials
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Abstract: Background, aim, and scope Recently, the contaminated sites are seriously threatening the safety of
urban residential environment, and the problem of lead contamination soil is more prominent. In order to study
the stabilizing feasibility and efficiency of phytic acid (PA) for remediation of lead- contaminated soil, the
leaching toxicity and corresponding chemical morphological changes of Pb contaminated soils treating separately
by PA and disodium hydrogen phosphate (DSP) were studied. Ultimately, it was used to offer a theoretical
foundation for further practice of solidification/stabilization remediation of lead-contaminated soil. Materials
and methods The lead-contaminated soils, collected from a battery plant in southwest China, were treated by
DSP and PA with different proportions (0, 1%, 3%, 5%, 7% and 9%, all of which were mass percentages). The
lead chemical forms and its leaching concentration of Pb were analysed by BCR sequential extraction method
and Solid waste-Extraction method for leaching toxicity-acetic acid buffer solution method (HJ/T 300—2007).
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Results The results showed that the tested soil pH were significantly different with DSP and PA, and the
leaching concentration of Pb decreased obviously, which met the maximum concentration limits (0.25 mg-L ")
defined by Leachate Treatment Project Technical Specification of Municipal Solid Waste Landfill. The results
of BCR speciation analysis showed that both DSP and PA promoted the transformation of Pb from active state
to steady state in tested soil, and the effect of PA is better than DSP. Linear regression analysis showed that the
positive relationship between the leaching toxicity of the experimental soil and the acid-extractable states, and
correlation coefficient in the PA-treated soils were better than DSP. Discussion Although the variations of pH in
the tested soil with PA and DSP were obvious different, the leaching concentration of Pb in tested soils decreased
significantly, and the maximum drop was up to 98.3% and 98.4% respectively. The main reason was that the
chemical forms of Pb in the original soil were reducible fraction (41.0%) > acid-extractable fraction (38.9%) >
oxidizable fraction (10.9%) > residual fraction (9.2%). However, due to stabilization by PA and DSP, the
chemical forms of lead in tested soil changed significantly. When the ratio of DSP was 7%, the residual state
accounted for 52.3% and the acid-extractable state was only 1.4%. When the addition ratio of PA was 9%, the
residual state accounted for 67.1%, and the acid-extractable state was only 1.5%. Conclusions Therefore, the
leaching toxicity and chemical forms of Pb on contaminated soils stabilizing by DSP and PA showed that the PA
was an organic acid, but its unique phosphate group structure made it immobilize effectively Pb, and keep the
pH fall between 4 and 6. Recommendations and perspectives This research would have found that PA has good
stabilizing efficiency on lead contaminated soils.

Key words: disodium hydrogen phosphate; phytic acid; lead contaminated soil; leaching toxicity; chemical forms
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Tab.1 Physical and chemical properties of tested soils

g FALBT & i Pb i
Soil ?Ct pH Organic matter Pb content
P content/(g'kg!)  /mg-kg)

W+  Sandysoil  7.89 21 2197.5

1.2 K&t
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Tab.2 Different ratios of phosphorus materials
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¥R CK Contrast CK 0% XfHE CK Contrast CK 0%

D1 1% P1 1%
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D5 9% P5 9%
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(RF) | Al%AfbZ (OF) | 3% (ResF) PUFh
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Tab.3 Analysis of the relationship between soil lead form and leaching toxicity after DSP addition

AF RF OF ResF 12 Leaching liquor
AF Pearson fH5&:  Pearson correlation coefficient 1 0.451 —0.732 —0.640 0.993%x*

BEME (XU ) Significance (bilateral) 0.369 0.098 0.171 0

RF Pearson f1J&PE  Pearson correlation coefficient  0.451 1 —-0.297 —0.935%* 0.360

M (X)) Significance (bilateral) 0.369 0.568 0.006 0.483

OF Pearson fH5&:  Pearson correlation coefficient —0.732 —0.297 1 0.561 —0.772

BEME (XU ) Significance (bilateral) 0.098 0.568 0.247 0.072

ResE Pearson A& Pearson correlation coefficient —0.640 —0.935%* 0.561 1 -0.578

BEPE (X)) Significance(bilateral) 0.171 0.006 0.247 0.229
BB Pearson #H5E1E  Pearson correlation coefficient  0.993%* 0.360 —0.772 —0.578 1

Leaching liquor & 2& 1 (XU )  Significance (bilateral) 0 0.483 0.072 0.229

HTE0.01 AR (RUI) B REEAR,

**: significant correlation at 0.01 level (bilateral) .

4 PA MBS HEVR S S RN FRER ST

Tab.4 Analysis of the relationship between lead form and leaching toxicity in tested soil after PA addition

AF RF OF ResF 12 Leaching liquor
= Pearson flJ&PE  Pearson correlation coefficient 1 0.699 0.936%*  —0.939** 0.997**
EE (X)) Significance (bilateral) 0.122 0.006 0.005 0
- Pearson fHJ&:  Pearson correlation coefficient ~ 0.699 1 0.819%  —0.861* 0.646
M (X)) Significance (bilateral) 0.122 0.046 0.027 0.166
o Pearson #1J&PE  Pearson correlation coefficient  0.936%* 0.819%* 1 —0.943%%* 0.918**
WM (XU ) - Significance (bilateral) 0.006 0.046 0.005 0.010
ResF Pearson #1714 Pearson correlation coefficient —0.936%*  —0.861* —0.943* 1 —-0.916%*
EPE (XU ) Significance (bilateral) 0.005 0.027 0.005 0.010
2w Pearson #HH:  Pearson correlation coefficient ~ 0.997%** 0.646 0.918** —0.918** 1
Leaching liquor WPk (MU )  Significance (bilateral) 0 0.166 0.010 0.010

6 AE 0.01 K OB ERFEASG; *: 7E0.05 ¥ (XU b WEHE.

**: significant correlation at 0.01 level (bilateral) ; *: significant correlation at 0.05 level (bilateral).
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