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ABSTRACT 

Presence of heavy metals in aquatic systems has become a serious problem. Heavy 

metals such Cadmium (Cd) and Lead (Pb) are mostly resulted from industrial activities 

and adverse effects on environment as well as human health. As a result, there has been 

a great deal of attention given to new technologies for removal of heavy metal ions from 

contaminated waters. Commonly used treatment technologies were mostly effective, 

except for their high operational cost. Thus, this study proposed Microwave Incinerated 

Rice Husk Ash (MIRRA), locally available agricultural waste for the removal of Pb (II) 

and Cd (II) from synthetic wastewater by batch adsorption process. Adsorption involves 

separation of a substance from one phase accompanied by its accumulation or 

concentration at the surface of another. Influences of pH, initial metal concentration, 

contact time and absorbent dosage on the removal efficiency of those metals from 

aqueous solution were studied. pH 3.0 and 4.0 were found to be optimum condition for 

maximum adsorption of Pb (II) and Cd (II) ions from aqueous solution. The removal 

efficiency of both metals correlated with the contact time between adsorbent and 

adsorbate, initial metal concentration as well as adsorbent dosage. Adsorption of Pb (II) 

and Cd (IT) were reached equilibrium after 60 and 120 minutes respectively; with both 

found to be better fitted with pseudo second order kinetic model. The maximum 

removal percentage of Pb (II) and Cd (II) were achieved at an adsorbent loading weight 

of 400 mg and 200 mg correspondingly. The equilibrium adsorption capacity of 

adsorbent used for Pb (II) and Cd (II) was calculated to be Langmuir and Freundlich 

respectively. The experimental data were found to fit the Langmuir isotherm for Pb (II) 

(R2 = 0.9991) and Freundlich isothetm for Cd (II) (R2 
= 0.7951 ). 
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CHAPTER I 

1.0 INTRODUCTION 

1.1 Background Study 

Environmental contamination with heavy metals arises mainly as a result of industrial 

activities, especially in industries using electrolytic treatments, in engineering processes 

and in the manufacture of plastics and pigments, although other sources, such as 

agriculture and waste disposal also contribute to this kind of contamination. Cadmium 

and lead are examples of heavy metals from industrial activities which are extremely 

toxic even in very small quantities. These heavy metals are discharged into the 

atmosphere, water and land-based environments and may reach high concentrations, 

especially near the discharge site. 

Various treatment techniques have been employed to eliminate or reduce heavy metals 

in water including precipitation, adsorption, ion exchange and reverse osmosis. Studies 

on the treatment of heavy metals bearing effluents have revealed adsorption to be a 

highly effective technique (Chand et al., 1994). Biosorption is an alternative technique 

for removing heavy metals from aqueous solutions, based on the property of a certain 

class of biomass to accumulate this kind of pollutant through physical or chemical 

adsorption. The most commonly used natural biosorbents are totally renewable, their 

cost is low and their use and handling involve no additional risks; they may also be 

specifically selective for different pollutants and are generally disposed of by 

incineration (Khan, et al., 2004). 

Research in recent years has focused on some natural biomaterials including agricultural 

products and by-products. The use of agricultural products and by-products has been 

widely investigated as a replacement for current costly methods of removing heavy 

metals from water and wastewater. Some agricultural materials can be effectively used 

as a low-cost adsorbent and can accumulate high concentration of heavy metals. 
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Modification of agricultural by-product could enhance their natural capacity and add 

value to them. Adsorbent generated from these biomass are cost effective and efficient 

(Kumar, 2006). Some previous investigations on the removal of heavy metal ions with 

many agricultural byproducts have been reported (Isa et a/., 2008; Chuah, et a/., 2005, 

Ghani, eta/., 2007). 

Therefore, this study is to explore the possibility of using microwave incinerated rice 

husk ash, one of the low-cost agricultural waste products, to be used as adsorbent for 

removing heavy metals; Cadmium (Cd) and Lead (Pb) from aqueous solution. The 

influences of various factors such as pH, contact time, initial heavy metals concentration 

and absorbent dosage on adsorption efficiency will be studied. 

1.2 Problem Statement 

Trace quantities of many metals, such cadmium, chromium, copper, iron, lead, 

manganese, mercury, nickel and zinc are important constituent of most water. Most of 

these metals are necessary for growth of biological life and absence of sufficient 

quantities of them could limit growth of algae. 

However, excess1ve release of heavy metals into the environment due to 

industrialization and urbanization has posed a great problem worldwide. Many of these 

metals are classified as priority pollutants. Unlike organic pollutants, the majority of 

which are susceptible to biological degradation, heavy metal ions do not degrade into 

harmless end products. The presence of heavy metal ions is a major concern due to their 

toxicity to many life forms. Heavy metal contamination exists in aqueous wastes of 

many industries, such as metal plating, mining operations, tanneries, radiator 

manufacturing, smelting, alloy industries and storage batteries industries, etc. (Khan et 

a/., 2004). 

Several episodes due to heavy metal contamination in aquatic environment increased the 

awareness about heavy metal toxicity. Lead (Pb) can affect harmfully the nervous 
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