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Introduction 
The EU Directive on the Landfill of Waste (99/31/EG) implies that a large number of old EU 
landfills should be closed and covered during the next few years. To meet these requirements 
more than a billion of tonnes of construction materials are needed. A commonly used 
construction material in the top cover of a landfill is clean soil, which can be replaced with 
chemically stabilised contaminated soil. Amendments used for soil treatment induce chemical 
reactions and immobilize contaminants in soil through such processes as sorption, complex 
formation and precipitation.  
The aim of this work was to evaluate the suitability of chemically stabilized soil to be used as 
a construction material for the final cover of a landfill from environmental as well as 
geotechnical points of view.  
 
Materials and Methods 
Soil was collected from a landfill where it had been transported after remediating a former 
wood impregnation site in Sweden. The soil contained (mg/kg): As 310.1±17.4; Cr 62.8±10.8; 
Cu15.5±0.2; and Zn 132.6±6.7. 
A steel processing by-product (Fe oxides) consisting of Fe0 28%; Fe3O4 69%; and Cr, Mn and 
Ni as impurities was used as a stabilizing amendment. The soil was mixed with 7 and 15 wt% 
of the material and stored indoors in 15 dm3 columns for two years maintaining a moisture 
level at 50% the soil water holding capacity. Soil pore water was collected using Rhizon soil 
moisture samplers and analysed for elements by ICP-mass spectrometer (MS). A mixture of 
grass and herb seeds was sown in the columns and plants were harvested one month after 
germination for As and metal analysis. Soil sub-samples from the columns with untreated and 
15% Fe oxides amended soils were collected for hydraulic conductivity and porosity 
measurements.  
 
Results and discussion 
Soil treatment using Fe oxides reduced leaching of arsenic, while leaching of metals was 
affected insignificantly (Fig. 1). Increased leaching of Ni was observed in the 7% Fe oxides 
treated soil. Similar results were observed in previous studies (Kumpiene et al., 2007). 
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Figure 1. Arsenic and metal concentrations in pore water of the untreated soil and the 
soil treated with 7 and15 wt% Fe oxides. 
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The main function of the top soil layer is to sustain vegetation growth so that the landfill 
surface is protected from erosion as well as infiltration of water is reduced.  
Although As is considered as the most toxic among the analyzed elements, other 
contaminants, such as Cu, Zn and Ni can have negative effects on vegetation. None of the 
metals exceeded toxicity threshold concentration (5 mg L-1, Sun et al, 1998) for vegetation 
establishment. No statistically significant difference in plant metal uptake for any sample and 
element was observed in this study.  
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Figure 2. Arsenic and metal concentration in plants grown in the untreated and soil 
and the soil treated with 7 and15 wt% Fe oxides. 

 
The porosity of the treated soil decreased about 1.5 times compared to the untreated soil (0.35 
in the untreated to 0.22 in 15% Fe oxides treated soil). It is typical that porosity of top soil 
decreases with increasing particle size. These changes are due to formation of soil aggregates. 
Aggregation of the treated soil was observed visually. A shift of the particle size distribution 
curve of the treated soil to the right from the curve of the untreated soil indicates the changes 
in particle size due to the soil treatment. Aggregation of soil causes higher resistance to 
compaction. This also implies that at the highest compaction degree of the treated soil, the 
geostatic pressure on the lowest parts of the landfill cover layer would decrease.  
Usually, a decreased porosity causes a decrease in soil permeability. In this case, the 
permeability of the treated soil doubled after the addition of Fe oxides (from 0.12 to 0.28 mm 
s-1). The permeability increase could be due to changes in particle size (aggregation) and 
shape. Further analysis of the newly built aggregates is needed to evaluate their mechanical 
stability during compaction. If the aggregates are unstable, it is possible that the treated soil 
would regain its previous porosity and permeability.   
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