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Assessment on the Transition of Arsenic and Heavy Metal from Soil to Plant
according to Stabilization Process using Limestone and Steelmaking Slag
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ABSTRACT

This study estimated stabilization efficiency of As and heavy metal contaminated agricultural soil in abandoned mine
through pot experiment. Also contaminants uptake of plant (lettuce) was compared as function of amendment (limestone,
steelmaking slag and the mixture of these) addition. In soil solution analysis, concentration of contaminants in soil
solutions which added limestone or steelmaking slag were lower than that of the mixture. Especially in As analysis,
concentration with 5% (wt) addition of steelmaking slag showed the lowest value among those with other amendments.
This seems that As stabilization happens through Fe adsorption during precipitation of Fe by pH increasing. Leachability
of As in stabilized soil by TCLP was represented similar result with soil solution analysis. However leachability of heavy
metals in stabilized soil was similar with that of non-stabilized soil due to dissolution of alkali precipitant by weak acid.
Contaminants uptake rate by plant was also lower when limestone or steelmaking slag was used. However this study
revealed that concentration of contaminants in soil solution didn't affect to the uptake rate of plant directly. Because lower
R? (coefficient of determination) was represented in linear regression analysis between soil solution and plant.
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Table 1. Arsenic and Heavy metal concentration of studied soil (mg/kg)

pH As Cd Cu Pb Zn
Standard® Concern - 25 4 150 200 300
ndar
Countermeasure - 75 12 450 600 900
Studied soil 6.86 1,796.15 26.55 95.97 1,228.71 959.30

(1) Criteria for agricultural soil from Soil Environment Conservation Act of Korea

Table 2. Chemical properties of amendments used in this experiment (%o)

Amendment SiO, CaO MgO Fe,04 AlLO;
Limestone 3.00 50.5 227 0.64 1.66
Steelmaking Slag 15.5 359 6.91 312 5.45

Analyzed by Korea Testing & Research Institute
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Table 3. As and Heavy metal concentration of soil solution as a function of amendment added (Mean(mg/L) + std)

Element/date Control Limestone Steelmaking slag Mixture!)

- - 3% added 5% added 3% added 5% added 3% added 5% added
Jun. 28 0.810+0.023 0.781+£0.002 0.841£0.039 0.786+0.056 0.789+0.003 0.842+0.060 0.817 +0.047
Jul. 12 1.067£0.090 1.005+0.051 1.060+0.115 1.135+0.035 1.084+0.009 1.011+0.026 1.041+0.083
Jul. 26 1245+0.059 1.591+£0.046 1392+0.052 1219+0.138 1.138+0.114 1.078+0.106 1.249+0.056

As Aug. 09  1.430£0.101 1.506+0.035 1.358+0.007 1.179+0.033 1.012+0.040 1.172+0.028 1.208 +0.044
Aug. 23 1.005+0.022 1.195+0.007 1.052+0.005 0.786+0.050 0.784+0.033 0.984+0.062 0.945 +0.031
Sep. 01  1218+0.045 1.350+0.147 1249+0.009 0.930+0.073 0.868+0.027 1.087+0.019 1.076 +0.048
Jun. 28 N.D® N.D®? N.D® N.D® N.D® N.D®? N.D®
Jul. 12 N.D? N.D? N.D? N.D? N.D? N.D? N.D?
Jul. 26 N.D? N.D? N.D? N.D® N.D? N.D? N.D?

cd Aug. 09  0.029+0.003 0.032+0.002 0.026+0.000 0.019+0.002 0.013+0.001 0.020+0.001  0.020 + 0.002
Aug. 23 0.022+0.001 0.028+0.000 0.023+0.000 0.011+0.001 0.011£0.001 0.019+0.002 0.018 +0.002
Sep. 01 N.D® N.D® N.D® N.D® N.D® N.D® N.D®
Jun. 28 0.003+0.001 0.001£0.001 0.003+0.001 0.001+0.001 0.002+0.001 N.D@ 0.001 +0.001
Jul. 12 0.002 +0.002 N.D® 0.004 + 0.004 N.D® N.D® N.D® N.D®
Jul. 26 N.D® N.D® N.D® N.D® N.D® N.D® N.D®

Pb Aug. 09  0.010£0.005 0.009+0.005 0.010+0.002 0.014+0.004 0.014+0.002 0.013+0.006 0.008 +0.003
Aug. 23 N.D@ N.D@ N.D@ N.D@ N.D@ N.D@ N.D@
Sep. 01 N.D@ N.D@ N.D@ N.D@ N.D@ N.D@ N.D@
Jun. 28 0.109+0.005 0.165+0.137 0.062+0.033 0.022+0.006 0.0424+0.021 0.038+0.010 0.179+0.161
Ju. 12 0230£0.162 0.126+0.088 0.049 +£0.015 N.D? N.D? 0.019+0.019 0.070 +0.054

70 Jul. 26 0.024£0.001 0.107+0.016 0.061 +0.061 N.D? N.D? N.D? N.D?
Aug. 09  0.052+0.002 0.070 £0.005 0.060 +0.006 0.004 + 0.004 N.D@ 0.012+£0.005 0.033+0.018
Aug. 23 0.033+0.001 0.038+0.008 0.034+0.001 0.002 +0.002 N.D@ 0.010£0.010 0.011 +0.011
Sep. 01  0.024+0.014 0.018+0.001 0.025+0.002 0.007+0.005 0.019+0.000 0.027+0.016 0.037+0.017

(1) Mixture : Limestone + Steelmaking slag (1:1, wt)
(2) N.D : Not Detected
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Fig. 2. The variation of pH and contaminant concentration of soil solution.
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determined by TCLP test.
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