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ABSTRACT 

 

 

 

 

Excessive amount of nutrients (nitrogen and phosphorus) released from 

wastewater may lead to degradation of the receiving water and can induce adverse 

effects on human health and the environment. The use of coupled nitrification-

denitrification can significantly remove major pollutants from domestic wastewater, 

however researchers only have limited understanding of the alternating aerobic-anoxic 

process in a single reactor and therefore needs to be verified. This study performed 

treatment using an alternating aerobic-anoxic (AAA) process in a single reactor to 

remove major pollutants from domestic wastewater i.e., carbon, nitrogen and 

phosphorus. Comparative analysis of the coupled nitrification-denitrification reactions 

was carried out to investigate different periods of nitrification-denitrification cycles 

and to analyse the effect of initial dissolved Fe/P molar ratio and pH on iron-

hydroxide-phosphate precipitation. The results indicated that 3-h aerobic digestion and 

3-h anoxic time was the best cycle to remove the pollutants where the removal 

efficiencies of COD and NH4
+ were verified as high as 97% and 87%, respectively, 

achieving the desired inorganic nitrogen concentration of less than 10 mgNL-1 in the 

outflow to meet stringent effluent standards. The denitrification/ nitrification ratio of 

2.1, indicates that denitrification occurs in the reactor faster than nitrification because 

it can prevail over nitrifying bacteria in competition for reaction kinetics. The AAA 

treatment process to remove soluble reactive and total phosphorus from domestic 

wastewater had a moderate efficiency. Two types of Fe4(OH)9PO4 and Fe5(OH)6(PO4)3 

precipitate may occur in different conditions of the AAA process. The results advance 

the understanding that proper AAA treatment effectively removes carbon, nitrogen and 

phosphorus pollution from domestic wastewater. The contribution of this study in 

removal of major pollutants from domestic wastewater will require future assessment 

in a prospective wastewater treatment facilities setting. 
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ABSTRAK 

 

 

 

 

Nutrien berlebihan (nitrogen dan fosforus) yang dilepaskan dari air sisa boleh 

menurunkan kualiti dan boleh menyebabkan kesan buruk kepada kesihatan manusia 

dan alam sekitar. Penggunaan nitrifikasi-denitrifikasi boleh menyinsihkan bahan 

pencemar utama dari air sisa domestik, pemahaman penyelidik terhad dalam proses 

selang seli aerobik-anoksik dalam reaktor tunggal dan perlu disahkan. Kajian ini telah 

menjalankan proses selang seli aerobik-anoksik (AAA) dengan reaktor tunggal untuk 

menghapuskan bahan pencemar utama dari air sisa domestik seperti contoh karbon, 

nitrogen dan fosforus. Analisis perbandingan reaksi nitrifikasi-denitrifikasi telah 

dijalankan untuk menyiasat perbezaan tempoh kitaran nitrifikasi-denitrifikasi dan 

menganalisis kesan awal nisbah molar Fe/P dan pH dalam mendakan ferum-hidroksil-

fosfat. Keputusan menunjukkan kitaran 3-jam aerobik dan 3-jam anoksik adalah 

kitaran yang terbaik dalam menghapuskan bahan pencemar, di mana kecekapan 

penyingkiran bagi COD dan NH4
+ adalah 97% dan 87%, mencapai kepekatan nitrogen 

inorganik yang dikehendaki kurang dari 10 mgNL-1 dalam aliran keluar untuk 

memenuhi piawaian efluen yang ketat. Dengan nisbah denitrifikasi/ nitrifikasi ialah 

2.1, ini menunjukkan bahawa denitrifikasi berlaku dalam reaktor cepat berbanding 

nitrifikasi kerana ia boleh mengatasi bakteria nitrifikasi dalam persaingan untuk tindak 

balas kinetik. Proses rawatan AAA untuk membuang fosforus reaktif larut dan fosforus 

daripada air sisa domestik mempunyai kecekapan yang sederhana. Dua jenis 

mendakan Fe4(OH)9PO4 dan Fe5(OH)6(PO4)3 boleh berlaku dalam keadaan proses 

AAA. Keputusan kajian rawatan AAA efektif untuk menyingkirkan karbon, nitrogen 

dan fosforus daripada air sisa domestik. Sumbangan kajian ini telah menyingkiran 

karbon, nitrogen, fosforus daripada air sisa domestik dan memerlukan penilaian pada 

masa hadapan dalam rawatan fasiliti air sisa. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

Water as medium for waste transport would be easily contaminated by 

human activities. Many methods have been proposed to treat contaminated water to 

protect human health and the environment. In order to upgrade the existing 

wastewater treatment facilities, the typical advanced technologies have been 

proposed to remove many types of pollutant, effectively (Tchobanoglous et al., 

2004). The development of wastewater treatment plant need to be considered 

leading economic indicators to having low operational and maintenance costs 

(Shammas et al., 2009; Lewandowski, 2015). Aerobic digestion (AD) has been 

known since 1950 as biological wastewater treatment process to remove organic 

compounds, colloids and suspended solids to avoid the excessive pollutants released 

into the receiving water (Shammas and Wang, 2007). Currently, the most popular 

wastewater treatment techniques include  extended aeration, sequencing batch 

reactor and oxidation ditch. The use of activated sludge in biological treatment 

processes under aerobic, anoxic and anaerobic conditions can remove carbon, 

nitrogen and phosphorus due to the presence of microorganisms and air (Tsuneda et 

al., 2006; Fulazzaky, 2009; Romero et al., 2013). 
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Nitrification has two successive processes of converting NH4
+ to NO2

- by 

Nitrosomonas bacteria and then NO2
- to NO3

- by Nitrobacter bacteria. 

Denitrification is the biological reduction of NO3
-to nitrogen gas (N2) by facultative 

heterotrophic bacteria (Risgaard-Petersen et al., 2006). During denitrification, some 

chemoorganotrophs are capable of replacing O2 with NO3
- as the terminal electron 

acceptor under certain conditions. The overall process of reduction of NO3
- to N2 is 

carried out by a variety of bacteria such as Alcaligenes, Achromobacter, 

Micrococcus and Pseudomonas (Caldwell et al., 1979;Mara and Horan, 2003). 

 

 

The removal of nutrients (nitogen and phosphorus) has become the priority 

in treating domestic wastewater because of the excessive amount of these elements 

might affect human health and the receiving water body (Sedlak, 1991). The 

important things for improving the quality of water and living environment are to 

remove the major pollutants of carbon, nitrogen and phosphorus containing in 

domestic wastewater (Fulazzaky, 2009). This study used a laboratory scale 

alternating aerobic-anoxic reactor to remove carbon, nitrogen and phosphorus from 

domestic wastewater. 

 

 

 

 

1.2 Problems statement 

 

 

Effluent of domestic wastewater treatment plants contains high 

concentrations of nutrients that may lead to the degradation of the receiving water 

quality. The excessive of nutrients in aquatic ecosystems can induce adverse effects 

on human health and the environment (Camargo and Alonso, 2006). The immediate 

removal of contaminated wastewater from their sources, followed by treatment, 

reuse, or dispersal into the environment, is necessary to protect public health and the 

environment. There are several types of wastewater treatment plants to remove the 

pollutants from domestic wastewater for instance trickling filter, extended aeration, 
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sequencing batch reactor and oxidation ditch; however, these types of wastewater 

treatment plants are using more than one reactor to remove the pollutants. The 

design of secondary domestic wastewater treatment plants is usually based on the 

need to reduce carbon, nitrogen and phosphorus to limit pollution of the 

environment. Most domestic wastewater treated in wastewater treatment plants 

includes a variety of physical, chemical and biological treatment processes. Even 

though a better removal efficiency of suspended matter (SS), biochemical oxygen 

demand (BOD) or  chemical oxygen demand (COD) can be achieved by many 

types of conventional biological wastewater treatment plants, simultaneous 

removal of nitrogen and phosphorus from a domestic wastewater need to be 

verified to meet a stringent effluent standard regulated by the law. In order to 

remove the three major pollutants (i.e., carbon, nitrogen and phosphorus), this 

study proposed the alternating aerobic-anoxic (AAA) using a single-sludge reactor 

to remove the pollutants from domestic wastewater. An understanding of AAA 

treatment process for removal efficiency is crucial to investigate, because of 

limited understanding of AAA treatment process in a single-sludge reactor. 

 

 

 

 

1.3 Objectives of the study 

 

 

The objectives of this study are as follows: 

 

1) to have a configuration of pilot plant with a design that can be applied by 

using activated sludge to reduce carbon based on typical characteristics of 

domestic wastewater and to ensure the possibility of using the AAA 

conditions for the removal of nitrogen and phosphorus. 

 

 

2) to assess the efficiencies of the AAA treatment process for nitrogen removal 

by comparing two different AAA time periods that drive the coupled 

nitrification-denitrification in single activated sludge. 
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3) to define the empirical formula for complex solids of iron-hydroxy-

phosphate (IHP) precipitates caused by simultaneous precipitations of 

FePO4 and Fe(OH)3 in different experimental conditions and to assess the 

overall performance of the AAA process for the removal of phosphorus 

from domestic wastewater. 

 

 

 

 

1.4 Scope of the study 

 

 

The scopes of this study are: 

 

1) to monitor BOD, COD, SS, NH4
+, NO2

-, NO3
-, PO4

3-, pH, DO, salinity and 

temperature to having an insight on the characteristic of raw domestic 

wastewater collected from Indah Water Konsotium (IWK) wastewater 

treatment plant at Taman Impian Emas, Skudai, Johor Bahru, Malaysia. 

 

 

2) to perform the treatment of wastewater  under the AD conditions until it 

reaches a stable rate of COD removal. 

 

 

3) to conduct the experiments under the AAA treatment conditions with the 

different operations of same anoxic time (AT) – aerobic digestion (AD) 

period and different AT - AD period for the selection of the best AT - AD 

cycle.  

 

 

4) to condition the best AT - AD cycle of AAA treatment system for assessing 

the possibility of using this new biotechnological treatment process in the 

future. 
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5) to verify the application of AAA treatment process for precipitation of IHP 

of added FeCl3. 

 

 

 

 

1.5 Research significances 

 

 

The significances of this study are summarised bellow: 

 

1) The use of AAA treatment process in a single reactor to remove carbon, 

nitrogen and phosphorus can be operated with low operating costs because 

it can reduce capital investment, energy consumption and human labour. 

 

 

2) The conditioning of the AAA treatment system can have an insight on the 

application of this new biotechnological process in the future. 

 

 

3) The precipitation of IHP can enhance the usability of AAA treatment 

process in removing three major pollution elements (carbon, nitrogen and 

phosphorus) of domestic wastewater. 
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1.6 Organisation of the thesis 

 

 

Chapter 1 discusses background, problem statements, objectives, scope, and 

significant of the study. Chapter 2 reviews the related issues of carbon, nitrogen and 

phosphorus removed from domestic wastewater under  aerobic, anoxic, anaerobic 

and alternating aerobic-anoxic conditions. Chapter 3 elaborates the materials and 

methods  for the use of AAA treatment system to remove carbon, nitrogen and 

phosphorus from domestic wastewater. Chapter 4 discusses the applications of 

aerobic digester to remove organic matters and AAA treatment process for the 

selection of the best AT - AD cycle. Chapter 5 discusses the conditioning of the 

AAA treament system to remove inorganic nitrogen pollution (INP) from domestic 

wastewater. Chapter 6 attempts to precipitate the IHP for enhancing the usability of 

the AAA treatment process. Chapter 7 concludes the recommendation of the 

research study. 
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