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Evaluation of Phosphate-Containing Amendments on Remediation Effect and
Influential Factors in a Lead/Zinc Mining Tailings Contaminated Soil Using TCLP

and Forms
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Abstract A pot experiment was conducted to evaluate the effects of phosphate-containing P amendments on the toxicity and bioavailability of
Pb and Zn in a soil contaminated by mining tailings using toxicity characteristic leaching procedure TCLP and water soluble exchangeable
leaching procedures in order to find out the appropriate P application rates to reduce the soil TCLP exiractable Pb to below the USA EPA’s
regulatory limit levels. The results showed that TCLP extractable Pb concentrations were significantly decreased by up to 93.3% for MPP
treatments and up to 68.5% for SSP treatments after P application. The dose required to reduce leachable Pb below the EPA’s regulatory limit
level was found to be around the molar ratio of vpp, = 0.6 for MPP and 1.8 for SSP. It was also found both MPP and SSP could reduce the
exchangeable Pb and Zn concentrations that all bio-available Zn forms including water soluble exchangeable and TCLP extractable forms in
soil were significantly and negatively correlated to soil pH values indicating that the content of Zn in the soil was mostly controlled by soil pH
value even after P application. These results suggest that P as MPP and SSP could successfully decrease the toxicity and bioavailability of Ph
and Zn in the contaminated soil .
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Table 1 Properties and heavy metal contents of the tested soils
pH /g kg’l /mg kg’l /mg kg’l /mg kg’] /mg kg’] /mg kg’l
5.81 21.8 27975 1305 19 564 852 10.1
% <6.50 250 200 0.300
» 24.5 84.8 0.202
1.2 1:15 250
P P rmn' 2h 30 min
KH, PO, MPP Pb Zn P Ca ICP-OES
Ssp P 152 IRIS/AP USA ICP-OES 10
g kg 73.6 g kg™' pH 3.09
5 P 1005 %
0.6 1.2 1.8 3.0 40P P/Pb Pb Zn
mol/mol : P 1:10 1 mot L™" MgClL, pH=7.0 250
) B I kg Pb rmn' 1h 30 min
19 564. mg kg. 12.9 ¢ KH,PO, Pb 7n HovAA 300
monobasic potassium phosphate MPP Analytik Jena AG
PI/(Pb MPP MP]?I"?.Z MPP 1 MPP 1.3.2 Tep P Zn
C 0.6 . .8 TCLP TCLP
3.0 MPP4.0 SSP0.6 SSP1.2 SSP1.8 SSP3.0 ’ q
SSP 4.0 11 4 P
pH<5 1
15 em x 12 cm
5.7 mL 500 mL 64.3 mL
12 ks 1 mol ™' NaOH 1L H
20% 4 mo a p.
150 g 4.93+0.05 pH>5 2 5.7 mL
1 m 1L pH 2.88 +
0.05 pH 1 mot L'  HNO, 1
1.3 mot ™' NaOH 20
1.3.1 Pb Zn P Ca 20:1. 302 r min'
18 h+2h 1 mot L™
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Fig.1 Effect of P application on soil pH
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21. Pb 7Zn Ca pH
Z/n  pH MPP  SSP
r =-0.917 p<0.01 Zn Zn . Pb  Ca
pH 1021 r =-0.85 p<0.01 Ca P
7 Zn 2 Pb
/ pH 2.3 P Pb/Zn
2 ! /mg kg™
Table 2 Effect of P application on the water soluble content of some elements in the contaminated soil solution/mg kg ™'
Pb 7Zn Ca P
CK 2.45+0.21° 0.255 +0.024° 204 £ 3" 1.38£0.00"
SSPO.6 0.024 + 0.000° 1.47 +0.08" 398 £ 2¢ 8.34+0.12°
SSP1.2 0.49 +0.002° 6.46 + 1.60° 441 + 6/ 74.6+5.9"
SSP1.8 6.46 £0.23 469 = 2% 218 £2°
SSP3.0 0.76=0.01" 10.4+1.13 476 + 3¢ 351 +3°
SSP4.0 8.51+0.84° 478 £ 2¢ 400 £ 2
MPPO.6 1.1+1.0 0.405 + 0.030" 199 + 2 96.3 2.2
MPP1.2 16.3+3.3° 0.757 +0.029° 135 = 4° 288 + 244
MPP1 .8 16.7 £0.4° 0.247 +0.017° 220 £ 20" 1186 + 58¢
MPP3.0 12.4+ 1.4 147 + 28° 1703+ 118"
MPP4.0 12.2+0.8¢ 0.064 + 0.000" 221 £33 2423 = 149
1 p<0.05
P
Pb Zn 2 Pb Zn P
39.4% ~99.6% 17.1% ~93.6% . pH Pb P
-0.662 p<0.05
3oz 7n pH P
P -0.785 p<0.01 -0.741 p <0.01
Pb Zn Pb
0.6~4.0 P P
P Pb MPP Pb sSSP
MPP 74.6% ~99.6% > SSP 39.4% ~ 72.9% Zn p
p MPP Ph pH
SSP 2 P 2.4 P TCLP Pb/Zn
P . MPP TCLP Pb Zn 3.
Pb P TCLP Pb
2 ©) 0.6 <P < 5.0mg L™ 2.
1.8 Ph P @
P > 1.8 P
Pb 3 MPP  SSP
p <0.05 TCLP Pb
Pb P 7n 66% ~93% 26% ~ 69%
MPP 50.2% ~ R
93.6% > SSP 17.1% ~29.9% 2 p
Pb 7n Theodoratos »
Zn MPP SSP Ca H,PO, ; HLO 0.6 P/Pb
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Table 3 Effect of P application on TCLP extractable Pb and
+ Pb 9100 ~ 7n in the contaminated soil
-1
10907 mg kg™ . MPpP p , p TCLP Pb TCLP Zn
0.6 SSP 1.2~1.8 P/Ph /mg L~ /mg L~
TCLP Phb 0 10.8+£1.02"  0.52+0.04%
0.6 7.96+0.61°  0.83+0.01°
MPP
1.2 5.16+0.180  0.90+0.01
Ssp
SSP Pb . 1.8 4.28+0.15  0.99+0.04°
P 3.0 3.48£0.09"  0.97+0.01%
. 4.0 3.40£0.14*  0.97+0.00°
7n 871 mg kg_l 0 10.8+£1.02"  0.52+0.04%
_ 0.6 73 +£0.44¢ .54+0.02%
TCLP Zn 0.52 mg kg~ 3.73+£0.44°  0.54+0.02
. 1.2 2.42+0.10°  0.47+0.09°
25 mg L /n MPP , \
1.8 1.39+£0.08*  0.58+0.02"
MPP 3.0 1.01£0.48  0.49+0.02°
TCLP Zn SSP 4.0 0.72+0.22*  0.53+0.00%
TCLP Zn <5.0 <25.0
SSp TCLP Zn
7n 2.5 TCLP
7/n
21 32
. SSP Pb 7Zn Pb 7Zn
7n TCLP Pb Zn 3.
7n Pb TCLP
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Fig.3  Correlations between TCLP extractable content and water soluble or exchangeable contents of Ph and Zn in the soil after P application
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