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Remediation of Multiple Heavy Metal Polluted Soil Using Different Immobilizing Agents

YIN Fei, WANG Hai—juan, LI Yan-yan, LI Qin—chun, HE Shu-juan, WANG Hong-bin"

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, China )

Abstract: Four immobilizing agents, namely phosphate rock, charcoal, palygorskite and steel slag, were separately added to a soil polluted
combinedly by five heavy metals to evaluate their effectiveness of immobilizing heavy metals. Soil pH and bioavailable fraction (single ex—
traction) and chemical fractionations (sequential extraction) of heavy metals were measured. The phase composition, specific surface area
and pore characteristics of four immobilizing agents were also analyzed by X-ray diffraction(XRD) and specific surface area—pore size dis—
tribution analyzer. Results showed that bioavailable fraction of five metals decreased significantly after additions of palygorskite, steel slag or
phosphate rock at a ratio of 20%. The treatment with palygorskite resulted in the greatest reduction of bioavailable Pb, Cd, Cu and As, which
was 54.3%, 48.8%, 50.0% and 35.0%, respectively. Applying steel slag also decreased bioavailable Zn by 43.7%. Exchangeable Pb de—
creased, while residual Pb increased significantly by addition of 20% palygorskite. Exchangeable Cd was decreased by applying 20% paly—
gorskite, steel slag or phosphate rock. Exchangeable Zn was also decreased by additions of 20% steel slag or 20% phosphate rock. Carbon—
ate—bound Zn(a fraction easily taken up by plants) was decreased by 20% phosphate rock or 20% steel slag additions. Residual Zn signifi—
cantly increased by application of palygorskite. Similar result was also observed in residual Cu when steel slag(5% and 20% ) or 20% phos—
phate rock were added. The Ca—As fractions, an inert fraction for plant uptake, increased significantly with applying 20% phosphate rock.
The main immobilizing mechanism of charcoal and palygorskite was adsorption and surface complexation due to their large specific surface
areas and pore volumes, while chemical precipitation was dominant immobilizing mechanism for steel slag and phosphate rock because of
their high pH values.
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Table 1 Concentrations of bioavailable heavy metals in soils after additions of immobilizing agents(single extraction)

+ e 4 @ WA A5 & i Concentrations of bioavailable heavy metals in soil/mg- kg™

AbFE Treatment
Pb Cd Cu Zn As
Bk 5% 363.67+18.35b 3.16+0.038b 39.67+7.01ab 74.00+7.21abe 66.30+6.14abc
Phosphate rock 20% 240.50+8.89¢ 2.44+0.02¢ 29.83+0.58cde 63.33+7.08cde 53.83+2.52bed
AR 5% 407.83+25.32ab 2.86+0.13¢ 36.17+3.79abce 82.33+0.57ab 69.22+1.72ab
Charcoal 20% 399.67+7.97ab 2.64+0.063d 33.00+1.80bcd 64.67+4.73cd 60.64+0.22abed
Wk 5% 307.50+16.93bc 2.82+0.039¢d 31.33+2.93bcd 67.17+8.73bc 61.35+1.41abed
Palygorskite 20% 225.67+21.01c 2.09+0.01f 21.83+0.58e 49.33+4.19de 49.41+9.30d
Wi 5% 362.17+27.44b 2.96+0.03¢ 31.83+1.26bcd 63.50+5.29cde 58.98+2.81bcd
Steel slag 20% 301.50+14.91bc 2.37+0.104e 24.50+3.61de 47.50+7.50e 50.91+7.08cd
X B& control 494.17+104.27a 4.08+0.036a 43.66+2.31a 84.33+3.25a 75.98+8.48a

T [RIFIR R T RER0R 22 57 .35 (P<0.05)
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Figure 1 Effects of immobilizing agents on soil pH values
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Figure 2 Effects of immobilizing agents on lead fractions in soil



442

80
70+

(a)5% TR

Cd i 5B 5 E/%

RAIFERZZHR RS
80+ :
o | (b)20%5 KT

Cd fir T B 43 He %

A A ﬁi/i%?ﬁ'; BEA AP sRiEE

B LS WEE

I:IB'%T‘% BEAy Sans Bygn ExE
B 3 St 18 Cd S RFEHZ M

Figure 3 Effects of immobilizing agents on cadmium fractions in soil
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Figure 4 Effects of immobilizing agents on copper fractions in soil
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Figure 5 Effects of immobilizing agents on zinc fractions in soil
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Figure 6 Effects of immobilizing agents on arsenic fractions in soil
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Figure 7 X-ray diffraction analysis of immobilizing agents
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Table 2 pH values,specific surface areas and pore characteristics of immobilizing agents

60 80

£lifk 77 Immobilizing agent pH {H pH value

LML Specific surface area/m*+g™

fL% Pore volume/cm® g™ fL4% Pore diameter/nm

Bk Phosphate rock 8.79 0.004 3.59
AR B¢ Charcoal 7.45 0.03 3.22
kA Palygorskite 7.38 0.04 3.22
i Steel slag 8.80 0.008 3.60
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