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Abstract 
The removal of heavy metal ions, Cd(II), Pb(II) ions from aqueous solution 
by agricultural waste, such as groundnut husk modified with EDTA was 
examined by equilibrium sorption studies at 29°C. The sorption of the 
metal ions was studied under various conditions. The parameters being 
effect of pH and initial concentration. It was found that the rate of 
sorption was particle diffusion controlled. The present work concluded 
that modified groundnut husk have good metal ion binding capacities. The 
researcher recommended that the use of more inexpensive agricultural 
waste as a precursor to reducing the environmental load of heavy metal ions 
in aqueous effluents. 

 

The removal/recovery of toxic and valuable heavy metals from the 
aqueous effluents have received much attention in the recent years. Industrial and 
mining waste waters are generally considered to be the major sources of these 
heavy metals in the environment. There is the added concern of the use and 
manufacture of fertilizers, particularly phosphate based fertilizers on the 
environmental load of heavy metals. 

These industries pretend not be aware of the environmental hazards 
presented by the accumulation of heavy metals because of their huge economic 
interests. 
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Incidentally, deteriorating environmental conditions has aroused the need 

for cost effective and effective methods of using waste to treat waste through the use 
of agricultural waste materials that may be useful in reducing the levels of heavy 
metals accumulation in the environment. Many workers have shown that 
agricultural waste materials can bind substantial amounts of metal ions. The 
present work reports on the sorption behaviors of cadmium and lead ions on 
groundnut husk modified by the introduction of EDTA. The practical method used in 
the removal of these heavy metal ions is “Adsorption”. Hence, the relative polarities 
of the solute and solid stationary phases are determined by the rate of movement 
that the solute makes through a column across a surface. It is a situation whereby solid 
substances, molecules or ions on the surface do not have all their forces satisfied by 
anion with other particles; they tend to satisfy their residual forces by attracting 
unto and retaining on their surfaces, be it gas or dissolved substances with which 
they come in contact with. 

 
The ability of gases, ions or molecules to bind on the surface depends on 

the surface coverage of the adsorbent. In this case the free and the adsorbed 
substances are in dynamic equilibrium at a given temperature. 
 
Method 
Experimental: The experimental procedure includes particle controlled, diffusion 
using  pH  and concentration parameters. 
 
Apparatus: The apparatus used for the study are manual grinder, pH meter and 
molecular sieve. 
 
Reagents: Ethylenediaminetetraacetic acid (EDTA), sulphuric acid, deionized 
water and groundnut husk are the reagents used. 
 
Modification of Groundnut Husk 
The groundnut husk which was obtained from the open market was treated with 
EDTA.. 
 
Groundnut Husk 

Groundnut bought in the open market were dehusked and the groundnut husks 
obtained were powdered in a grinder and sieved through 425 and 300um screens. The 
portion of the husk meal retained on the 300um screen was steeped in dilute nitric acid 
solution (2%v/v) overnight, rinsed with deionized water and air-dried. A 10g sample of 
the husk meal was hydrolysed with 12 times its weight of 7% v/v aqueous sulphuric acid 
for 60 minutes. The mixture was filtered and the residue was washed with deionized 
water and dried at 50°C. A mixture of 8.5g of the hydrolysed husk meal, 300ml of  
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pyridine and 28.35g of ethylenediaminetetraacetic acid (EDTA) was heated under 
reflux for 30hr. The reaction mixture was filtered, diluted with 30ml of deionized water 
and filtered. The EDTA-modified husk was washed several times with deionized water 
until free of pyridine odour and then air-dried. 
 
Sorption of Metal Ions on Modified Groundnut Husks 

Equilibrium sorption of Cd (II) and Pb(H) ions on EDTA-modified groundnut 
husk was carried out at 29°C using various initial concentrations of the metal ions. 1g of 
EDTA-modified groundnut husk (sorbent) was dispersed in 100ml of aqueous 
solution of a metal ion of known initial concentration. The mixture was continuously 
shaken in a well-stoppered flask for 30 minutes at 29°C. The mixture was filtered and the 
residual concentration of the metal ion in the filtrate was determined chelatometrically, 
which is beyond the scope of this paper. The amount of metal ion removed from 
solution by the cellulosic sorbent was taken as the difference between the initial and 
residual concentration of the metal ion (making corrections for the amount of ion 
contained in the volume of the metal ion solution retained in the cellulosic sorbent). 
The sorption of metal ions was also examined as a function of time at 29°C under 
conditions of vigorous agitation. 

 
Results and Discussion Modified Groundnut Husk 

The variation in the amounts of metal ions removed from solution by the 
EDTA-modified husk with metal ion concentration shows that more than 70% and 
up to 85% of the initial amounts of the metal ions in solution are removed by the 
modified husk. The amounts of metal ions removed from solution by the modified 
husk have about the same order of magnitude, but the amounts of Pb(II) ions 
removed are relatively higher than the amounts of Cd (II) ions. The relative 
effectiveness of EDTA-modified groundnut husk in the removal of metal ions 
from aqueous solution may be expressed in terms of the distribution coefficient D 
which can be defined as the ratio of the metal ion concentration in the adsorbent 
phase to the concentration in the continuous aqueous phase. The EDTA-modified 
groundnut husk is relatively effective in the removal of metal ions from aqueous 
effluents. It would seem that a 7-fold change in the equilibrium concentration of Cd 
(II) ions is accompanied by only a one fold change in the value of D, while an 
approximate 8-fold change in the concentration of Pb(II) ions is associated with 
one-fold change in the value of D. It has been suggested that such small variation of 
D with concentration indicates that the sorption process is not accompanied by 
complex interactions and that the sorbed metal ions can be quantitatively 
recovered. It would seem that the treatment of aqueous effluents contaminated by 
heavy metals with EDTA modified groundnut husk would require several 
equilibrium sorption cycles to reduce the levels of the metals to appreciable levels. The  
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maximum metal ion binding capacity of an adsorbent may be determined from 
column experiments by the use of large excess of the adsorbate. 

 
Table 1: Distribution coefficients D of metal ions at 29°C 

Metal ion Equilibrium concentration of metal ions 
(mmol/dm3) 

Distribution Coefficient 

   Cd(II) 0.020-0.420 0.623-3.264 

Pb(II) 0.03-0.165 0.898-6.257 
  

 
The ions are taken up independently on a single type of binding site in such a 

way that the uptake of the first metal ion does not affect the sorption of the next 
ion, then the sorption process would follow the Langmuir isotherm equation in 
which case the relationship of the form 
CE/aE=l/KAa + CE/As       (1) 

 
Allows the maximum metal ion binding capacity (As) of the sorbent to 

be determined. Here CE is the residual concentration, aE is the amount of metal ion 
adsorbed per unit weight of the sorbent at equilibrium and K is the binding 
constant. Figure 1 shows the plots of the data from this study as CE/AE versus CE. The 
rate of fractional attainment of equilibrium is an important item of 
information obtained from kinetic studies. The fractional attainment which is 
defined as the ratio of the amounts of a metal ion removed from solution after a 
certain time to that removed when sorption equilibrium is attained. The rate of 
attainment of equilibrium may either be film-diffusion controlled or particle 
diffusion controlled even though it is recognized that there is no sharp demarcation 
between the two mechanisms. Chanda et al used the linear driving force concept and 
developed a simple relationship 
ln(l-)=-Kpt 
 (2) 

For particle diffusion controlled sorption processes. Here  is the 
fractional attainment of equilibrium. K is the rate coefficient for particle-diffusion 
control corresponding to the particle size of the sorbent and t is the time. A semi-
logarithmic linear plot of (1- ) versus t should result if equation (2) is applicable. 

 
The result shows that the rate of removal of Cd(II) and Pb(II) ions from 

aqueous solution with EDTA-modified groundnut husk is particle-diffusion controlled  
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and that the diffusivity of the metal ions would be independent of the extent of 
sorption. 
 

 
 
 
Conclusions 

The modified agricultural waste with improved levels of metal ion uptake 
are thought to have resulted from ease of exchanging the heavy metal ions at the 
reactive sites. The modified cellulosic materials have improved binding metal ions 
capacity which could have come as a result of the incorporation of EDTA to the 
groundnut husks which provided the amine group for exchangeable metal ions. 
 

The unmodified agricultural waste, however, had some degree of binding 
metal ions capacity, even though the rate of equilibrium may be very slow which 
may be due to some heavier exchangeable functional groups. Generally, it was 
observed that at lower pH, the modified agricultural waste was able to sorb about 
70% of the metal ions. 
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The choice of agricultural by products for the removal/recovery of heavy 
metal ions could be due to their inexpensive nature in contrast to the conventional 
precipitation and ion-exchange techniques which require the use of expensive 
chemicals and synthetic resins. 
 
Recommendations 

The researcher recommends the use of agricultural wastes, especially the 
materials which do not have heavy exchangeable functional groups such as 
carboxylic, phenolic and hydroxyl groups which may have low rate of equilibrium. 

 
However, the researcher suggests the use of coco-nut shell, natural palm 

fibre, corn-cobs etc as veritable replacement of the conventional ion-exchange resins. 
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