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Abstract 
The contamination of our aquatic environment by heavy metals is a major 
health concern. Current methods of removing these metals from solution are 
relatively expensive. This study therefore, looked into the use of rice husk, a 
cheap agricultural process waste, in the removal of lead from solution. The 
effect of contact lime on adsorption and the adsorption isotherms were 
studied. The adsorbent exhibited good adsorption capacity, and the 
adsorption data fitted the Langmuir isotherm better than the Freundlich 
model. 

Introduction 
Heavy metal contamination in the aquatic environment is a major health concern. This is 

because metals are non-biodegradable. They accumulate in living organisms. When their 
concentrations exceed allowable limits, they lead to various disorders (Quek et al, 1998J. Lead, (Pb), 
for example, can lead to brain damage if present in the living cell at high concentrations. 

The waste- water streams of industrial and agro-based processes are the major sources of 
heavy metal pollution. For example, the aqueous waste streams of plating, mining and tanning 
industries introduce cadmium, nickel, chromium, lead and mercury into the aquatic environment. In 
many cases, these waste streams are discharged directly into nearby watercourses without any form of 
wastewater treatment. Wastes from industries constitute about 62% of aquatic heavy metal pollutants 
(Okuo and Oziokolo, 2001). Metal poisoning in man results from feeding on aquatic animals and use of 
contaminated water (Friberg and Vostal, 1972; Gulli et a/, 1997). 

Recently, there has been an increase in the awareness of the negative health impact of heavy 
metal pollution in our aquatic environment. Therefore, there is an increasing demand for the 
purification of industrial waste- waters before they are discharged into our natural watercourses. 

Conventional methods used for the treatment of metal contaminated waste streams include 
chemical precipitation, ion exchange, ultra filtration, electrochemical deposition, carbon adsorption, 
and solvent extraction. These methods, though effective, are often not economically feasible because of 
their relatively high costs. For example, activated carbon adsorption method is very important for the 
removal of heavy metals from solution (Cheremisinoff and EUerbush, 1979), but large-scale use of this 
method in developing countries is restricted due to the high cost of activated carbon (Vinod et al, 2003). 
When metal contamination is at low concentration, it is difficult to remove. The process of adsorption 
becomes one of the few alternatives that are available (Haung and Morehart, 1991). Natural 
materials or certain waste products from industrial or agricultural processes do exist which may 
possess potentials as cheap and effective adsorbents. Since these materials are cheap, they can readily be 
disposed of without expensive regeneration (Susan et al, 1999). 

The purpose of this study therefore, is to look into the use of rice husk, a cheap agricultural 
process solid waste, for the removal of lead from solution. 

Rice husk is a waste resulting from the processing of rice. It has a structure similar to that of the 
green algae (Susan et al, 1999). Rice processors generally dispose of this waste by burning, a method 
which constitutes environmental pollution, since it throws up participates into the air. In some instances, 
it is thrown away and allowed to litter the environment. 

 

 

 



Materials and Methods 
The rice husk was collected from a rice- processing mill in Auchi. Before use, sand and other 

materials were separated from it, ground, dried in an oven at 100°C for 2 hrs and sieved through a mesh 
to obtain < 150 p,m particle size. The sieved rice husk was stored in an airtight plastic container for further 
experiments. 

The adsorption experiments were carried out in capped 250 ml conical flanks maintained at room 
temperature (about 28 UC). In each case 0.1g of the adsorbent (i.e. rice husk) was thoroughly shaken with 
50 ml of the metal ion solution. The effect of contact time and adsorption isotherms were studied. In 
determining the effect of contact time, the adsorbent was shaken with a known c once rural ion 
of the metal ion for 5, 10, 30 and 60 min. respectively. Adsorption isotherms were obtained by adsorbing 
different concentrations of the metal ion for a prescribed contact time. At the end of each contact time, the 
reaction mixture was filtered through Whatman filter paper (No. 1), and the residual (i.e. equilibrium) 
metal ion concentration in the filtrate was measured. 

Metal ion concentrations were measured by atomic absorption spectrophotometer (solar 969, 
unicam series) using an air-acetylene flame. Absorbances were measured at 217.0 nm. 

Results and Discussion 
Table 1 is a summary of the results obtained from the adsorption experiments. The data for the 

adsorption of lead against contact time for a fixed adsorbent dose are shown in Fig.l. The plot -shows that 
the residual metal ion concentration becomes asymptotic to the time axis. This shows that after about 30 
minutes, there was no appreciable change in the concentration of the metal ion remaining in solution. 
This is taken as the equilibrium time at which the equilibrium metal ion concentration is attained. 

Adsorption Isotherms 
The adsorption data for lead were analyzed using the Langmuir and Freundlich standard 

isotherm models. 
The Langmuir adsorption isotherm often expressed as: 

Qe - XmkCe/(l+ kCe) (Casey, 1997), was linearised in the form; 

Ce/Qe=l/Xmk + Ce/Xm Where: 

Ce      - the equilibrium concentration of the metal ion (mg/1) 
Qe      = the adsorption capacity (or sorption uptake) at equilibrium (mg/g adsorbent) Xmand K are 
Langmuir constants; Xm is the maximum adsorption capacity while K is a coefficient related to the affinity 
between the adsorbent and the metal ion, and is also related to the energy of adsorption. 

Fig.2 shows the result of the plot of Ce/Qe against Ce. The plot shows that the adsorption of lead 
followed the Langmuir isotherm. The regression coefficient, R2 (Table 2), is very close to one, which 
indicates good linearity. This confirms that the adsorption of lead by rice husk follows the Langmuir 
isotherm. The Langmuir isotherms, Xm and K, calculated from the linear equation are given in Table 2. 

 

The Freundlich equation, Qe    = KfC1"1 (Casey, 1997), was linearised in the form: logQe - 
logKf +  1/nlogCe Where: 

Kf and n are Freundlich constants related to adsorption capacity and adsorption intensity 
respectively (Weber, 1972). Fig.3 shows the plot of logQe against logCe. The plot shows that adsorption 
of lead by rice husk does not fit very well to the Freundlich model as much as it does to the Langmuir model. 
The Freundlich constants, K-r and n, calculated from the linear equation are given in Table 2.The value of n is 
greater than one, confirming adsorption of lead onto rice husk. 

 



Conclusion 
This work has shown that rice husk is a good adsorbent for lead. The adsorption of lead by rice husk 

satisfied the Langmuir and Freundlich isotherms. Rice husk is an inexpensive and effective adsorbent for the 
removal of lead from solution. This study therefore recommends it for utilization in the treatment of lead 
contaminated water before discharge into the environment. Its use in the removal of other metals from 
solution should be investigated. 

 

 

 

 

 
  



 



 

Fig. 3. Freundlich isotherm for lead. 
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