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1. ABSTRACT: 
Improper dumping practices may consume more land and contaminate the surrounding environment. There is a necessity 
to design a proper sanitary landfill in order to control the environmental effects. If a locally available soil meets the 
criteria of landfill material, the locally available material can be used to construct the compacted clay liner (CCL). This 
paper presents the feasibility study on the utilization of the locally available red earth as a landfill liner based on its 
contaminant sorption capacity. The potential for retention of Lead (Pb2+) by red earth from the Warangal city in India is 
examined. Lead solution of varying initial concentrations and pH values were used for the analysis. In addition, an attempt 
is made to observe the influence of organic chemical (EDTA) on the retention capacity of red earth. Batch sorption tests 
were conducted for a single salt solution with and without organic chemical and results were presented. From this study, it 
is revealed that with an increase in the initial concentration of the Lead solution from 10 mg/l to 30 mg/l, the percentage 
removal was decreasing. Whereas, with an increase in pH from 2 to 7, the maximum increase in percentage removal was 
observed as 23% at maximum initial concentration (30mg/l). With the presence of organic chemical, at neutral pH value, 
the decrease in the sorption capacity of soil was atleast 36 % at maximum initial concentration (30 mg/l). 

Keywords: red earth, Adsorption, Heavy metal, EDTA, Lead, Batch sorption. 

2. INTRODUCTION 
Landfills are designed and constructed to 
contain discarded waste and they play a 
significant role in the waste management 
practice. But soil and groundwater systems 
are still getting spoiled due to the ingression 
of toxic heavy metals from the leachate 
generated within the landfill system. To 
reduce the pollution caused by leachate or 
industrial effluents, there is a need for an 
effective liner material to contain the toxic 
heavy metals in terms of their less 
permeability as well as good sorption 
capacity.Also, physico – chemicalproperties 
of the liner material such as redox potential, 
pH value and moisture content will affect 
the rate of adsorption of heavy metals. 
Sorption studies done by Adamcova (1999) 
suggested that, sorption capacity of 

geomaterials in real time was better 
predicted by composite heavy metal 
solution rather than a single heavy metal 
solution. Later desorption studies by Gomes 
et al.(2001) indicated that under certain 
conditions such as metal complex 
formation, changing the acidity, ionic 
strength and redox potential, desorption of 
heavy metals occurs. Research studies by 
Pickering (1986) revealed that addition of 
complexing ligands to the standard salt 
solutions of heavy metals can cause the 
mobility of metal ions through soil. 
In the present study, efforts were being 
made to understand the sorption capacity of 
the red earth for the heavy metal “Lead” 

combined with a complexing ligand, EDTA 
with varying concentration and pH values. 
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3. SOIL AND CONTAMINANT 
SOLUTIONS 

Red earth available in the Warangal city of 
Telanganawas used for the present studyand 
properties are shown in table 1. 
Table 1 Physical and chemical properties of red earth 

Physical properties Chemical 
composition (%) 

Gravel (%) =  6 SiO2 = 61.9 
Sand (%)    = 27 MgO = 0.34  
Silt(%)       = 41 Al2O3 = 8.40 
Clay(%)    = 26 CaCO3= 24.98 
Liquid limit (%)= 38 
Plastic limit (%) = 21 
Plasticity index (%) = 17 
Soil classification- CI 

Fe2O3= 4.38 

MDD (g/cc) = 1.80 
OMC (%) = 19.7 

  

FSI (%)     = 5   
K* = 0.141 x 10-7 cm/s   

K- Permeability 

The properties of red earth are conforming 
with the specifications required for liner 
material as detailed in studies of Daniel 
(1993) and Rowe et al. (1995). Research 
data on contaminated site by Prasad(1995) 
reported heavy metal concentration values 
ranging from 10 mg/l. In this study standard 
salt solutions of known concentrations 
ranging from 10 to 30 mg/l are prepared 
from Lead nitrate salt of analytical grade. 
EDTA is chosen for this study owing to its 
properties of complexing ligand as 
suggested by Pickering (1986) and its 
considerable presence in leachate (nearly 30 
%) as reported by Europian Amino 
Carboxylates producers committee.  

4. EXPERIMENTAL PROGRAM 
4.1 Batch Sorption studies 

A series of Batch sorption tests were 
conducted on red earth according to   
ASTM D 4646 (2008) to determine its 

removal efficiency for theleadwith and 
without EDTA solution.Sample preparation 
involves mixing of selected quantity of red 
earth (say 5 g) with 100 ml of Lead solution 
of varyinginitial concentrations (10, 15, 20, 
25 and 30 mg/l). Later, pH of the soil 
solution matrix (2, 4, 6, and 7) was 
stabilized to required value. The filtered 
clear solution obtained was analyzed using 
inductively coupled plasma Optical 
emission Spectrophotometer (ICP-OES)for 
determining the concentration of heavy 
metal retained by the Red earth.In the 
present study, the volume of EDTA added 
was 5 % of that of the volume of lead 
solution to prepare Pb-EDTA mixture. 

5. RESULTS AND DISCUSSIONS 
5.1 Soil contaminated with Lead solution 

Fig.1 shows the variation of the percentage 
removal of Lead with respect to pH for 
concentrations ranging from 10 to 30 mg/l. 
From this figure, it is observed that the 
removal efficiency of the soil for lead is 
increasing with an increase in the pH of the 
soil solution matrix. This is in accordance 
with research works of McBride 1994 and 
Sparks 1995where studies showed that, 
increasing the soil pH increases the cationic 
heavy metal retention through adsorption 
and inner sphere surface complexation. 
According to Chip Appel et al. (2002), in 
the case of lead, sorption reactions were 
nonspecific at pH  values less than 2.6 and  
evidences show that only at pH values 
greater than 5.9 solid phase Pb(OH)2 is 
formed and hence solid phase precipitation 
cannot generally be taken as retention 
mechanism. Also  removal efficiency of soil 
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Fig.1 Removal Efficiency variation with pH 

 
decreases with an increase in the initial 
concentration of lead solution dueto 
decrease in the number of sorption sites 
available on the soil with anincrease in the 
number of metal ions in the heavy metal 
solution.The increase in the value of the 
removal efficiency, with an increase in pH 
was found to be in the range of 7 to 23 % 
for all the initial concentrations. 
5.2 Soil Contaminated with EDTA mixed 

Lead solution 

Fig.2shows the variation of removal 
efficiency of soil upon addition of 5% of 
EDTA to lead solution (10 to 30mg/l).  

 
Fig.2. Effect of EDTA on variation of Removal Efficiency 

with pH 
In contrast to the pattern observed in 
figure.1(without EDTA), there is a constant 
decrease in the removal efficiency with an 
increase in the pH upon addition of EDTA. 
This is because,most of the lead ions will 
remain complexedto the EDTA species at 

higher pH values as indicated by studies of 
Vohra (2010). The soluble metal complexes 
thus formed can migrate through soil easily 
thus leading to lower values of percentage 
removal. 
5.3 Comparative studies with and without 

EDTA 

Fig.3(a) and (b) shows the influence of 
EDTA on removal efficiency of soil by 
comparing with and without 
EDTAconditions at pH values of 2 and 
7.Asobserved from the figures, the decrease 
in removal efficiency upon addition of 
EDTA is insignificant at a low pH of 2 as 
compared to pH 7. According to Elliott and 
Peters (1980) metal complexation process is 
highly affected by hydrogen ion 
concentration. Hence at lower pH increase 
in H+ ions promoted co-precipitation of 
hydrous oxides of iron which can adsorb Pb 
and prevent its complexation with EDTA. 
However at pH 7, due to chelation effect of 
EDTA soluble metal complexes were 
formed which could not be retained by soil. 
The phenomenon of chelation was best 
given by the studies of Farrah et al. (1977) 
and Peters et al. (1992)as the nature of 
EDTA to bond with the heavy metal ions by 
means of its six donor atoms resulting in the 
formation of a metal complex. 

 
Fig.3(a). Effect of EDTA on removal efficiency at pH 2 
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Fig.3 (b). Effect of EDTA on removal efficiency at pH 7 

6. CONCLUSIONS 
The following conclusions are made based 
on the laboratory studies conducted on red 
earth to retain lead. The removal efficiency 
of lead by thered earth is increasing with an 
increase in the pH value of the solution. The 
presence of EDTA resulted in the formation 
of stable metal – ligand complexes in the 
solution, thus hindering the heavy metal 
from being adsorbed onto the soil.Even 
under the organic chemical presence 
(EDTA), the removal efficiency of the soil 
towards Lead is about 60%. These findings 
are indicating thatred earth can be used as a 
liner material even in the zones where 
organic chemical ingression is present. 
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