
Desorption of lead from a heavy metal-polluted calcareous soil 

 
Bocar A. Diallo (1), Antoine Karam (1) 

 
(1) Department of Soils and Agrifood Engineering, Université Laval, Québec, Canada. 

Antoine.Karam@fsaa.ulaval.ca 
 

1. Introduction – Contamination of soils by persistent and potentially toxic lead (Pb) is a serious worldwide problem [1]. 

In soils developed on calcareous parent materials, the presence of carbonates substantially limits heavy metal 

phytoavailability [2]. Organic acids dissolve carbonates and exchange heavy metals from soil colloids [3-6]. Desorption 

of Pb is crucial for a successful phytoremediation. Thus, phytoremediation of calcareous soils may require acid solutions 

to be added to the zone of contamination in order to increase the water-solubility of Pb thereby facilitating its uptake by 

plants. This study was conducted to evaluate the effect of the addition of 0.001 M citric acid, 0.001 M acetic acid, vinegar 

(0,7%) or concentrated lemon juice (diluted 10 times) to two chelating organic acids (0.001 M DTPA, 0.001 M Na2EDTA) 

on Pb removal from heavy metal-polluted calcareous soil. 

 

2. Experimental – A metal-contaminated soil containing carbonates from an industrial zone at Ste-Croix-de-Lotbiniè re, 

(Quebec, Canada) was used in this study. Concentrations of Pb as high as 750 mg/kg have been found in certain zones at 

this site. Several portions (50 g) of soil samples were mixed with 100 ml of organic solutions in 1 L flask and the soil 

suspensions were allowed to stand at room temperature for 7 periods ranging from 6 to 1176 hours (h).  Small aliquots of 

samples are withdrawn from the reaction flask at different time intervals and analyzed for Pb by flame atomic absorption 

spectrophotometry and the pH value of the supernatant solution (pHsupernatant) is measured immediately. The extraction 

solutions are: i) double-distilled water (PbDW), ii) DTPA + lemon juice (mass ratio of 1:1 and 1:2) (PbDLJ), iii) DTPA + 

citric acid (1:1, 1:2) (PbDCA), iv) DTPA + vinegar (1:1, 1:2) (PbDVi), v) DTPA + acetic acid (1:1, 1:2) (PbDAA), vi) EDTA 

+ lemon juice (1:1, 1:2) (PbELJ), vii) EDTA + citric acid (1:1, 1:2) (PbECA), viii) EDTA + vinegar (1:1, 1:2) (PbEVi) and 

ix) EDTA + acetic acid (1:1, 1:2) (PbEAA). Each treatment is repeated twice.  

 

3. Results and Discussion – The addition of mixed-acid solutions (pH 3.1 – 3.4) does not change significantly the pH of 

soil suspensions over time. At t = 30 min, the pHsupernatant values were in the range of 5.9 to 8.1. At t = 1176 h, the 

pHsupernatant values varied between 7.1 and 8.3, indicating the high acid-neutralization capacity of this soil. The average 

percentages of total Pb contents extracted from the soil at t = 1176 h were: Pb DVi (7.60%) ˃ PbDLJ (7.26%) ˃ PbEVi (5.77%) 

˃ PbECA (3.99%) ˃ PbDCA (3.36%) ˃ PbDAA ,PbEAA  (3.08-3.03%) ˃ PbELJ (2.92%) ˃ PbDW. (0.02%). These results indicate 

that a large proportion of total Pb is strongly adsorbed/ precipitated in the soil. Desorption of Pb negatively depended on 

the original pH value of extraction solution. The pHsupernatant values are significantly negatively correlated (P≤0,001) with  

the amounts of Pb extracted from the soil. In general, soil samples treated with DTPA and EDTA in the presence of lemon 

juice or vinegar released high amounts of soluble calcium into the liquid phase. This suggests that the mixed acid solutions 

partially dissolved the carbonates. It is important to note that lemon juice and vinegar contain high level of citric acid a nd 

acetic acid, respectively, two carboxylic acids able to react with carbonates [4,5]. 

 

4. Conclusions – Distilled water does not appear to be an effective solvent for extracting Pb bound at high -affinity sites. 

The pH of soil-water suspension and organic chelators are important factors controlling desorption and Pb content in soil 

solution. 
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