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ABSTRACT 

The discharge of metal contamination in wastewater from industries without compliance the 

acceptable value in schedule fifth of Environmental Quality (Industrial Effluent) Regulations 

2009 can disturbing the aquatic life and can harm the human health. Eight types of adsorbents 

were developed from the yellow colour of banana leaves to remove Cr and Cu ions from 

simulated solution. Within 8 types of adsorbents, first four adsorbents were prepared through 

physical treatment, while another 4 adsorbents were prepared through chemical treatments with 

an addition of vinegar. For every treatment consist of 1 uncalcined adsorbent and 3 kind of 

calcined adsorbent that carbonized at 3 different temperatures (350,450 and 550). By using 

atomic adsorption spectrometer (AAS), this adsorption by bio-waste were conducted to identify 

the optimum and effective condition for the removal of Cr and Cu ions. Adsorption was carried 

out in batch processes with 2 different simulated solutions (chromium and copper) and different 

concentrations, varying amount of adsorbents and agitation time. From the batch studies, it was 

found that at the condition of 100ml/50ppm stock solution of heavy metal, 0.5g of adsorbents 

and 120 minutes’ agitation, the highest percentage chromium ions removal was 86.62% by 

CCT350. While, 98.53% was the maximum removal of copper ions by CPT550 which achieved 

when 50ppm/50ml of solution and 0.5g amount of adsorbent used. The surface functional group 

(i.e., amide, carboxylic and alkyne) of adsorbent were examined by Fourier Transform Infrared 

Technique (FT-IR). 
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CHAPTER ONE 

INTRODUCTION 

1.1 Research Background 

There are three major sectors that contribute to Malaysian economic which are 

agriculture, manufacturing and servicing. The agriculture sector focuses on working of 

soil in order to produce crops while servicing is focused on providing or creating 

something that give convenient to others. The manufacturing sector is the sector that 

relates in processing and producing a product. Unfortunately, too many developments 

in the manufacturing industry can indirectly cause problems for the environment, 

especially water pollution, which due to the uncontrolled discharge of waste from 

factories. In addition, waste from the processing is one of current predominant 

environment issues (R & G, 2017). 

The waste sources from the electroplating industry, pigment, printing, fertilizers 

industry, thermoplastic, batteries, paper industry and others (Abirami, Shobiya, Anitha, 

Amutha, & Kalyani, 2016a) can cause water pollution due to the contaminants of heavy 

metals during the discharged in the water or wastewater. The examples of heavy metals 

are lead (Pb), cadmium (Cd), zinc (Zn), mercury (Hg), chromium (Cr), copper (Cu), 

Iron (Fe), etc. (Ashokkumar et al., 2016). Although heavy metals are one of the 

environmental pollutants (Bouabid et al., 2018) , but some of these like zinc or copper 

is needed by living organisms such as human for growth. However, excessive amounts 

of heavy metals can be toxic and give disadvantages to aquatic ecosystem. Hence, there 

is need to remove the heavy metal from the water in order to control the pollution and 

aquatic life.  

Recent studies have discovered several techniques in removing heavy metals in 

order to control the pollution, such as chemical precipitation, coagulation and 

flocculation, electrochemical treatment, ion exchange, membrane filtration and 

biological method (Pawar & Bhosale, 2018).  Bio-sorption is one of the methods under 

the biological method that used in removing heavy metals. Sorption is a process that 

relates to adsorption and absorption. Adsorption process has become one of alternative 

treatment for water pollution. Adsorption in wastewater can be defined as a method to 




