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ABSTRACT 

 

 

 

 

The aim of this research was to investigate the potential EZ enzyme in treating 

leachate by removing boron and reduction of chemical oxygen demand (COD). Two 

experiments were carried out (1) using a conventional biological treatment method and 

(2) using a sequencing batch rector (SBR) with additional of EZ enzyme in both method. 

The purpose of the first experiment was to obtain the optimum concentration of EZ 

enzyme to be used in second experiment. Results showed that the optimum 

concentration of EZ enzyme was 50 ppm, with the reduction of COD and boron was up 

to 70%, with the initial values of both parameters were 373.8 mg/l and 25 mg/l 

respectively. In the second experiment, two reactors (R1 and R2) were used, where R1 is 

a control, while in R2, EZ enzyme was added and the initial values of COD and boron 

were 433mg/l and 34mg/l. Both reactors showed a reduction of boron and COD. 

However, R2 was more efficient in removing the parameters. The reduction rates of 

boron and COD removed in R1 were 57% and 30%, while 84% and 69% reduction were 

recorded for R2. 
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ABSTRAK 

 

 

 

 

Tujuan utama kajian ini adalah untuk menguji keupayaan enzim EZ dalam 

merawat air sisa dengan mengurangkan kandungan boron serta keperluan oksigen kimia 

(COD). Dua ujikaji dilakukan (1) menggunakan kaedah biologi biasa dan (2) 

menggunakan kaedah sequencing batch rector (SBR), dengan penambahan enzim EZ di 

kedua-dua kaedah. Tujuan ujikaji pertama yang dijalankan adalah untuk mendapatkan 

kepekatan enzim EZ yang optimum untuk digunakan di dalam ujikaji kedua. Keputusan 

yang diperolehi menunjukkan bahawa kepekatan enzim EZ yang optimum ialah 50 ppm 

di mana kandungan boron dan COD dapat dikurangkan sehingga 70% dengan bacaan 

awal bagi kedua-dua parameter tersebut ialah 373.8 mg/l dan 25 mg/l. Dalam ujikaji 

kedua pula, dua reaktor iaitu R1 dan R2 digunakan di mana R1 sebagai kawalan 

manakala dalam R2, penambahan enzim EZ dilakukan dan bacaan awal bagi COD dan 

boron ialah 433mg/l and 34mg/l. Kedua-dua reaktor menunjukkan penurunan 

kandungan boron dan COD tetapi didapati R2 lebih efisen kesan penurunannya. 

Penurunan boron dan COD ialah lebih kurang 57% dan 30% dalam R1, manakala 84% 

dan 69% penurunan direkodkan untuk R2. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Research 

 

 

Pollution occurs when a product added to our natural environment adversely 

affects nature’s ability to dispose it. There are many types of pollution such as air 

pollution, soil pollution, water pollution, nuclear pollution and oil pollution. A pollutant 

is something which adversely interferes with health, comfort, property or environment of 

the people. Generally, most pollutants are introduced in the environment as sewage, 

waste, accidental discharge and as compounds used to protect plants and animals (El 

Sabahi et al., 2009) 

 

 

The method of sanitary landfill for the disposal of municipal solid wastes 

continues to be widely accepted and used although in recent years thousands have been 

closed. To minimize the negative environmental impacts, it is necessary to give 

particular attention to the selection of disposal site, which should be properly designed, 

constructed, operated and monitored (Qasim and Chiang, 1994). The generated leachate 

 



2 

 

 

can caused significant environmental problems and must collected and appropriately 

treated before being discharged in the environment. 

 

  

According to The Chambers Dictionary, leachate is define as a liquid that has 

percolated through or out of some substance or  a liquid that has been polluted or made 

toxic by percolating through rubbish. 

 

 

Meanwhile, the United States EPA has defined leachate as any liquid including 

any suspended components in the liquid, that has percolated through or drained from 

hazardous waste. 

 

 

Leachate generally generated from liquids existing in the waste as it enters a 

landfill or from rainwater that passes through the waste within the facility. The leachate 

consists of different organic and inorganic compounds that may be either dissolved or 

suspended. An important part of maintaining a landfill is managing the leachate through 

proper treatment methods designed to prevent pollution into surrounding ground and 

surface waters. 

 

 

There are several factors that affecting the composition of leachate. The factors 

are the type of the waste that was put into the landfill, landfill condition including the 

pH, temperature, moisture, age as well as the climate and finally affected by the 

characteristics of the precipitation that entered the landfill. 

 

 

Flows change based on the weather which increasing during rainy periods, 

decreasing during dry and waste concentrations can change dramatically over the life of 

the landfill.   As a result, no landfill leachate is constant over time, and no two leachates 
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are the same. Leachate can consist of many different organic and inorganic compounds 

that are typically either dissolved or suspended in the wastewater.  High concentrations 

of chemical oxygen demand (COD) associated, BOD, nitrogen, phenols, pesticides, 

solvents and heavy metals are common in these systems. 

 

 

Study by Ehrig (1989) found that freshly generated leachates are usually having 

high strength wastewater, characterized by low pH (5-6), high BOD5 (4000-13000 mg/l) 

and COD (10000-60000 mg/l) values, as well as the presence of several toxic/hazardous 

compounds. 

 

 

Since leachate is considered as hazardous waste, it may affect our health in many 

ways. So, some studies have investigated the possible health effects caused by landfill 

sites.  However, there is no direct links among diseases, like cancer, and landfill have 

been found. Table 1.1 below shows the possible health effects of some chemicals from 

household waste and which are dumped into the landfill and if not properly controlled 

could leak out as leachate. 
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Table 1.1: Health Effects Caused by Acute Exposure (www.portfolio.mvm.ed.ac.uk) 

 

 

Chemical Source Health effects from acute exposure 

Toluene/xylene Glues and paints Euphoria, excitement, tremor, CNS 

depression, convulsions, coma  

Phenols and 

cresols 

Paint Burning pain in mouth and throat, 

nausea, vomiting, diarrhea, pallor, 

sweating, shock, coma,  

Benzene Solvent, starting 

material in chemical 

manufacture 

Single exposure unlikely to cause 

problem 

Nickel Manufacture of 

batteries, colouring 

ceramics and glass  

Skin – irritation and dermatitis 

Ingestion – stomatitis, gingivitis and 

possible diarrhea 

Cadmium 

compounds 

Paint and batteries Inhalation- delayed features 12-36 hrs, 

hypersalivation, metallic taste, cough, 

dysponea, chest pain. Pneumonitis and 

pulmonary edema develop within 1-4 

days 

Ingestion – small amounts ingested GI 

irritation, nausea and diarrhea  

Skin – irritation 

Lead Lead paint (apply to 

older landfill sites), 

pottery, cosmetics and 

some ethnic remedies 

Severe abdominal pain, diarrhea with 

black stools, vomiting, hypotension, 

cramps, headache, confusion, 

drowsiness, coma and seizures 

secondary to cerebral edema. 

Mercury Lamps, thermometers Bloody diarrhea, intestinal mucosal 

necrosis, dehydration, circulatory 

collapse, proteinuria and renal failure 
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Leachates are a potential hazardous waste from landfill sites.  If not dealt with 

properly they can cause pollution to groundwater, health problems and effect the 

environment. Several options have been applied for leachate treatment, presenting 

varying degree efficiency.  The main applicable methods are biological, chemical, 

membrane separation and thermal treatment processes (Forgie, 1988). Physico-chemical 

processes are generally higher cost and lower effectiveness. Biological processes based 

upon suspended-growth biomass, such as conventional activated sludge processes, were 

proved to be effective for the removal of organic carbon and nutrients content. 

Nevertheless, the problem of inadequate sludge settling has been usually encountered, as 

well as the need for longer aeration times, for larger volume of settling tank and for total 

biomass recycling (Ehrig, 1989). Therefore, a number of innovative biological treatment 

methods have been investigated (Zouboulis et al., 2001). 

 

 

 

 

1.2 Problem Statement 

 

 

Leachate consists of many different organic and inorganic compounds that may 

be either dissolved or suspended. Regardless of the nature of the compounds, they pose a 

potential pollution problem for local ground and surface waters which able to cause 

harmful effects on plants, animals and human. A number of studies had been conducted 

by researchers and experts in order to find solutions and overcome the problems. 

 

  

 Biological treatment based on suspended-growth biomass, such as conventional 

activated sludge processes was proven to be effective in removing organic carbon and 

nutrients content. Yet, some problem such as inadequate sludge settling has been usually 

encountered. As an alternative to prevent this problem, enzyme was used as an indicator 

to improves the sludge adequate.  
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This study was carried out to investigate the performance of EZ enzyme in 

treating the leachate. The performance of EZ enzyme was investigated through the 

reduction of chemical oxygen demand (COD) as well as boron in leachate sample.  

 

 

 

 

1.3 Objectives of Study 

 

  

The objectives of this study were: 

 

 To investigate the potential use of EZ enzyme in treating the leachate 

 To study the effect of different concentrations of EZ enzyme towards the 

performance of  leachate treatment, and 

 To study the performance of EZ enzyme in conventional biological 

treatment and in sequencing batch reactor system. 

 

 

 

 

1.4 Scope of Study 

 

 

 Several scopes of this study are 

 

 Study the potential of EZ enzyme in treating leachate using conventional and 

sequencing batch reactor 

 Study the performance of leachate treatment by using various concentrations of 

EZ enzyme 
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 Study the reduction of concentration of chemical oxygen demand (COD) in 

leachate by using EZ enzyme 

 Study the percentage of removal of boron concentration in using EZ enzyme 

during the leachate treatment 
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