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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 
of the requirement for the degree of Doctor of Philosophy 

ADSORPTION AND BIODEGRADATION OF POLLUTANTS FROM 
LIVESTOCK WASTEWATER BY AGED REFUSE BIOREACTOR 

By

ANIJIOFOR SANDRA CHINENYENWA 

September 2018 

Chairman :   Nik Norsyahariati Nik Daud, PhD
Faculty   :   Engineering 

This study investigated the characteristics of landfilled solid wastes, “aged refuse”, for 
adsorption and biodegradation processes, as an affordable livestock wastewater 
treatment option. Presently, the UPM dairy farm discharges about 2000-2200 L/day 
of untreated wastewater into a nearby river, raising serious environmental concerns, 
especially regarding water pollution. The parameters studied were pH, chemical 
oxygen demand (COD), biochemical oxygen demand (BOD), total suspended solids 
(TSS), total dissolved solids (TDS), turbidity, total nitrogen (TN), ammonia nitrogen 
(NH3-N), total phosphorous (TP) and total coliform. Three sources of livestock 
wastewater (Dairy farm, chicken slaughter house and fishpond), were examined, while 
the aged refuse was collected from Air Hitam sanitary landfill, Selangor, Malaysia. 

The results revealed aged refuse characteristics such as pH 7.14, moisture content 
29.5%, organic content 9.90%, total coliform 7.1 x 106 CFU/100 mL, which are 
suitable conditions for biodegradation. Hydraulic conductivity 0.31 cm/s, porosity (n)
51%, and bulk density (ρ) 1.23 g/cm3, are suitable conditions for free water flow and 
air diffusion. The available exchangeable cations (Ca, Mg, K, Na), will promote ion 
exchange while low metal concentrations of (Pb = 0.858, Cr = 14.0, Cu = 1.10 and Zn 
= 12.16 mg/kg), will reduce interference. The scanning electron microscopy (SEM), 
showed available pore spaces, and BET surface area 3.376 m2/g, which are suitable 
for adsorption, while the Fourier Transform Infra-red (FTIR), revealed functional 
groups of carbonyl, carboxyl and hydroxyl groups, with strong adsorption capacity. 

The batch adsorption study indicated the effects of pH, dosage and contact time on 
removal efficiency, and optimum conditions were; pH 6, dosage 2-4 g/100 mL, 
adsorbent size  ≤ 2 mm, contact time 10-180 minutes, agitation speed 250 rpm and 
ambient temperature conditions. The maximum removal efficiency were about 94% 



© C
OPYRIG

HT U
PM

ii

(COD, BOD), 91% (TSS, TDS), 97% colour and 88% NH3-N. The correlation 
coefficient R2 (0.9026 to 0.9999) for Langmuir, and (0.9422 to 0.9999) for Freundlich 
isotherms, fitted well to experimental data.  

Furthermore, an aged refuse bioreactor (15 cm diameter and 80 cm height), was 
developed and used for livestock wastewater treatment at a loading rate of 4 L m3/day 
and flow rate of 0.1 L/min. The reactor was very effective after over 10 hours retention 
time which resulted in high removal rates >  90% for COD, BOD5, TSS, Turbidity, 
Colour, TP and total coliform, TDS = 62%, NH3-N = 60% and TN = 46%. The effluent 
quality for most of the parameters meet the Malaysian effluent discharge standard B, 
while alternating aerobic and anaerobic systems were recommended in future 
development for enhanced nitrogen removal.   

The Malaysian aged refuse has very significant characteristics such as adequate pore 
structure and surface characteristics, huge bacteria population, high porosity, high 
moisture and organic content, and has shown efficient adsorption and biodegradation 
processes in different livestock wastewater treatment. Moreover, it is a simple and 
affordable wastewater treatment technology, and therefore proposed for UPM dairy 
farm to experiment on a larger scale, for future development and application.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah

PENJERAPAN DAN BIODEGRADASI BAHAN PENCEMAR DARI AIR 
SISA TERNAKAN MENGGUNAKAN BIOREAKTOR SISA BERUMUR 

Oleh

ANIJIOFOR SANDRA CHINENYENWA 

September 2018 

Pengerusi :   Nik Norsyahariati Nik Daud, PhD
Fakulti  :   Kejuruteraan 

Kajian ini menyiasat ciri-ciri sisa pepejal yang ditanam, “sampah berumur”, untuk
proses penjerapan dan biodegradasi, sebagai pilihan rawatan air sisa ternakan yang 
mampu. Terkini, ladang tenusu UPM melepaskan kira-kira 2000-2200 L/hari air sisa 
yang tidak dirawat ke dalam sungai berdekatan. Ini menimbulkan kebimbangan yang 
serius terhadap alam sekitar, terutamanya dalam pencemaran air. Parameter yang 
dikaji ialah pH, permintaan oksigen kimia (COD), permintaan oksigen biologi (BOD), 
jumlah pepejal terampai (TSS), jumlah pepejal terlarut (TDS), kekeruhan, jumlah 
nitrogen (TN), ammonia nitrogen (NH3-N) jumlah fosforus (TP) dan jumlah koliform. 
Tiga sumber air kumbahan ternakan (ladang tenusu, rumah penyembelihan ayam dan 
kolam ikan) telah dikaji, sementara sisa berumur telah diambil dari Tapak Pelupusan 
Sanitari Air Hitam, Selangor, Malaysia. 

Keputusan menunjukkan ciri-ciri sisa berumur seperti pH 7.14, kandungan lembapan 
29.5%, kandungan organik 9.90%, jumlah koliform 7.1 x 106 CFU/100 mL, yang 
merupakan keadaan yang sesuai untuk biodegradasi. Keberaliran hidraulik 0.31 cm/s, 
keliangan (n) 51%, dan ketumpatan pukal (ρ) 1.23 g/cm3, adalah keadaan yang sesuai 
untuk aliran air bebas dan penyebaran udara. Kation tersedia yang boleh ditukar (Ca, 
Mg, K, Na), akan menggalakkan pertukaran ion manakala kepekatan logam rendah 
(Pb = 0.858, Cr = 14.0, Cu = 1.10 dan Zn = 12.16 mg/kg) akan mengurangkan 
gangguan. Mikroskop elektron pengimbasan (SEM), menunjukkan ruang liang sedia 
ada dan kawasan permukaan BET 3.376 m2/g, yang sesuai untuk penjerapan, 
manakala Penjelmaan Fourier Inframerah (FTIR), menunjukkan kumpulan fungsian
karbonil, karboksil, hidroksil dengan kapasiti penjerapan yang kuat. 

Kajian penjerapan kumpulan menunjukkan kesan pH, dos dan masa sentuhan terhadap 
kecekapan penyingkiran, dan keadaan yang optimum adalah; pH 6, dos 2-4 g/100 mL, 
saiz penjerap ≤ 2 mm, masa sentuhan 10-180 minit, kelajuan goncang 250 rpm dan 
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pada suhu ambien. Kecekapan penyingkiran maksimum adalah sekitar 94% (COD, 
BOD), 91% (TSS, TDS), 97% warna dan 88% NH3-N. Pekali korelasi R2 (0.9026 
hingga 0.9999) bagi Langmuir, dan (0.9422 hingga 0.9999) bagi isoterm Freundlich, 
sesuai dengan data eksperimen. 

Seterusnya, bioreaktor sisa berumur (diameter 15 cm dan ketinggian 80 cm), telah 
dibina dan digunakan untuk merawat air sisa ternakan pada kadar pemuatan 4 L 
m3/hari dan kadar aliran 0.1 L/min. Reaktor sangat berkesan selepas penahanan masa 
selama 10 jam dan menghasilkan kadar penyingkiran yang tinggi, iaitu > 90% untuk 
COD, BOD5, TSS, kekeruhan, warna, TP dan jumlah koliform, TDS = 62%, NH3-N 
= 60% dan TN = 46%. Kualiti efluen bagi kebanyakan parameter memenuhi piawaian 
pelepasan efluen Malaysia B, sementara itu, sistem aerobik dan anaerobik adalah 
disyorkan untuk pembangunan di masa hadapan bagi mempertingkatkan penyingkiran 
nitrogen. 

Sisa berumur Malaysia mempunyai ciri-ciri yang sangat signifikan seperti struktur 
liang dan ciri-ciri permukaan yang mencukupi, populasi bakteria yang banyak,
keliangan yang tinggi serta kelembapan dan kandungan organik yang tinggi telah 
menunjukkan proses penjerapan dan biodegradasi yang efisien dalam rawatan air sisa 
ternakan yang berbeza. Dan lagi, ia merupakan teknologi rawatan air sisa yang mudah 
dan mampu milik. Oleh kerana itu, kaedah ini dicadangkan untuk ladang ternakan 
UPM dalam skala yang besar untuk pembangunan dan aplikasi di masa hadapan. 
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CHAPTER 1 

1 GENERAL INTRODUCTION

1.1 Background of Study 

Due to the rising population rates in developing countries, numerous challenges are 
being faced to contain the threat in increased solid waste generation. As a fast-
developing country, average solid waste generation rates for  Malaysia ranges between 
0.5-1.9 kg/cap/day, depending on the province, (United Nations Development 
Programme, 2008; Manaf et al., 2009). Meanwhile, landfilling is the cheapest form of 
solid waste disposal in Malaysia, and accounts for over 80% of municipal solid wastes 
disposal. However, the National Solid Waste Management Department, stated that 131 
out of 296 existing landfills in Malaysia have been closed due to congestions and 
construction of new landfills is practically impossible due to large land required and 
high cost (MHLG, 2014). These problems have necessitated the on-going search for 
reuse of landfilled materials, which has benefitted the exploration of “Aged Refuse” 
(AR). Aged refuse are solid wastes deposited in the landfill, which decomposes and 
become stabilized over a period of placement, mainly after 8-10 years of placement,
(Zhao et al., 2002; Wang and Zhao, 2004). 

On the other hand, the 2011 annual report of the Organisation for Economic 
Cooperation and Development (OECD), in partnership with the Food and Agricultural 
Organisation (FAO) of the United Nations, stated that livestock prices will increase 
by 30% between 2011 and 2020 (OECD-FAO, 2011). As a result, Malaysia has 
experienced significant growth in the livestock industry due to the increasing demand 
for meat and other livestock products. However, such activities produce large volumes 
of highly polluted wastewater mostly organic, inorganic and nutrients. According to 
Mukhopadhyay et al., (2003) and Sarkar et al., (2006), livestock wastewater consists 
of faeces, urine and water used in washing animals and livestock farming. Thus, 
depending on the type of feed, the degree of processing and many other factors, 
livestock wastewater has high concentrations of Chemical Oxygen Demand (COD), 
Biochemical Oxygen Demand (BOD), Oil and Grease, Total Phosphorous (TP), Total 
Nitrogen (TN), Ammonia Nitrogen (NH3-N), Total Suspended Solids(TSS), Total 
Dissolved Solids (TDS), Colour and Microbial Population (MP).  

Consequently, disposal of such highly polluted wastewater into the environment has
become a fundamental environmental issue of enormous concern. Most chicken 
slaughterhouses are located within residential areas, and wastewater from such 
activities are disposed into sewerages without pre-treatment. Also, most farmhouses 
are in rural areas without adequate facilities to control wastewater produced from such 
activities. Therefore, water pollution from animal sources has continued to generate 
global concern, calling for stringent measures for livestock wastewater disposal, as 
most rural populations depend on groundwater sources for domestic use. 
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Furthermore, livestock wastewater treatment has been a growing challenge over the 
years because of the varying influent concentrations coupled with high discharge 
conditions for effluent. There are variety of options for wastewater treatment such as: 
chemical precipitation, coagulation/flocculation, aeration, filtration, ion exchange, 
electrochemical treatment, adsorption and biodegradation (Al-Shamrani et al., 2002; 
Rivas et al., 2003; Wang and Shao, 2004; Kurniawan et al., 2006; Babarinde et al., 
2006; Gupta and Suhas, 2009; Bashir et al., 2013). Nonetheless, due to high 
operational and maintenance costs, excessive use of chemicals, reduced efficiency 
with time, large sludge production and complexity in the use of some of the methods, 
adsorption and biodegradation processes have become more efficient and preferred 
wastewater treatment methods. 

Adsorption is a physiochemical process which occur at an interface between two 
phases (liquid-liquid, gas-liquid or liquid-solid), (Barakat, 2011). The main 
components of adsorption are surface characteristics and pore structure and adsorption 
equilibrium is a fundamental factor in designing adsorption operations (Ushakumary 
2013). Moreover, the advantages of adsorption are numerous and include; low capital, 
simple design and operation, limited sludge, high effluent quality, favourable at wide 
range of pH and effective in removal of metals even at low concentrations (Devi et al., 
2008; Ali et al., 2012, Gupta and Nayak, 2012; Ideriah et al., 2012; Foo et al., 2013).
However, the efficiency in adsorption also lies on the development of cheap, 
affordable, abundant and environmentally friendly adsorbents.  

Biodegradation is the process by which organic substances are broken down into 
smaller compounds by living microbial organisms (Marinescu et al., 2009). Numerous 
microorganisms, comprising fungi, bacteria and yeasts are involved in biodegradation 
process, which can be aerobically (with oxygen), or anaerobically (without oxygen). 
Some microorganisms have natural ability to degrade several organic pollutants due 
to their formation and can also adapt to unfavourable environments. However, their 
efficiency depends on many factors such as; chemical nature and the concentration of 
pollutants, their availability to microorganisms, and the physicochemical 
characteristics of the environment (El Fantroussi and Agathos, 2005).  

Filtration on the other hand, is one of the oldest forms of water purification, which 
involves a solid-liquid separation process in which the liquid passes through a porous 
medium to remove suspended solids in the water. This removal of particles within a 
filter bed involves; transport of the suspended particles to the filter and attachment of 
particles to the surface (Yao et al., 1971). There are several filtration methods, 
however, the selection of the appropriate method is based on design.

The Aged Refuse Bioreactor (ARB) has the configuration of a trickling filter which 
supports bacterial growth, and allows the wastewater to seep down by the force of 
gravity. The ARBs developed earlier were rectangular or square shaped however, 
modern ARB’s are cylindrical for easy water distribution which has been a major 
drawback of the former, and has a filter attached at the bottom so that the suspended 
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solids not trapped at the top of the column as the wastewater trickles down are further 
removed at the bottom by filtration.  

Indeed, ARB advantages include; low investment and maintenance costs, simple 
construction and operational processes, low sludge production, high efficiency in 
pollutants removal, availability and environmentally safe. The effectiveness of the AR 
from regions within China have been reported (Zhao and Shao, 2004, Zhao et al., 
2007; Sun et al., 2011; Xie et al., 2013; Wang et al., 2012), for leachate treatment,
however, its application in livestock wastewater treatment is yet to be maximized.  

1.2 Statement of Research Problems 

The alarming rate of disposal of untreated livestock wastewater into community 
sewerages and flowing water, has become an enormous environmental issue. 
Slaughterhouses and dairy farms generate large volumes of highly concentrated 
wastewater which are discharged into water bodies or sewerage systems without pre-
treatment, and results in blockages of wastewater pipes and reduced lifespan of such 
materials. Such practices are harmful to aquatic life, poses environmental problems 
and present challenges for the relevant authorities in sustaining the quality of surface 
water used for domestic activities as well as for recreational activities (WHO 2012).  

Malaysia, does not practice a centralised livestock farming system and is faced with 
many challenges regarding livestock wastewater treatment. The Minister for 
Agriculture and Agro-based Industry, Datuk Seri Ismail Sabri Yaakob, noted that 80%
of the 2,000 poultry slaughterhouses in Malaysia are not licensed with the Veterinary 
Services Department (VSD). The 1998/1999 outbreak of Nipah disease originating 
from pig farms, placed numerous restrictions on pig farming in certain areas, regulated 
by Veterinary Services (Mohd-Nor et al., 2000). Most disease outbreaks and 
epidemics experienced in developing countries result from the effects of surface and 
groundwater pollution, especially from livestock wastewater sources. The principal 
inorganic compounds found in livestock wastewater are nitrates, nitrogen and 
ammonium nitrogen which are incredibly harmful to human health. Therefore, 
strategies for economically viable and affordable treatment processes for such 
wastewaters must be developed and put into practice.  

Conventional livestock treatment methods are becoming obsolete due to variations in 
composition and volume of different livestock wastewater, coupled with high 
operational and maintenance costs, complexity in application which has limited their 
usage. Interestingly, the use of the ARB could be a better alternative as notably been 
focussed on landfill leachate treatment as shown in the extensive data available in 
literature (Zhao et al., 2002; Wang and Zhao 2004; Xie et al., 2012; Sun et al., 2011) 
but, its application in livestock wastewater treatment is insufficient and limited.
Moreover, due to the varying characteristics of solid waste generated from region to 
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region, there is a need to investigate the Malaysian AR for adsorption and 
biodegradation characteristics for application in livestock wastewater treatment.

Previous lab scale investigations on the applicability of the aged refuse bioreactor for 
leachate treatment in Malaysia faced numerous challenges. Abu Mansor (2013) used 
a square shaped aged refuse bioreactor of dimensions (40cm x 40 cm x 60 cm) for 
landfill leachate treatment and recorded low pollutant removal rates of only 33-49% 
COD, 25-48% BOD, 31-48% TSS and 39-67% TDS. Also, Nik Daud and Misban 
(2015), recorded only 45% NH3-N removal from landfill leachate and the reactor 
experienced clogging and fouling problems which deteriorated effluent quality as a 
result of the size of the AR used. The following drawbacks were summarized from 
previous studies involving the use of ARB in Malaysia; (i) parameters investigated 
were insufficient to adequately assess its efficiency (ii) no attached filtration device at 
the bottom (iii) poor water distribution due to square shape in (Abu Mansor 2013) (iv) 
insufficient retention times due to low AR height (v) clogging and fouling problems
(vi) inadequate characterization of the AR to streamline its applicability.

Therefore, this study focuses on addressing some of the drawbacks and development 
of a modified AR bioreactor for enhanced pollutants removal. Therefore, a novel 
material characterization of Malaysian AR is intended in this study, for detailed 
characteristics such as pH, porosity, density, hydraulic conductivity, organic content, 
moisture content, bacteria population (total coliform), functional groups FTIR, cation 
exchange capacity CEC, exchangeable cations, carbon content, heavy metals 
presence, surface morphology SEM and EDX and surface characteristics, which are 
ideal requirements for adsorption and biodegradation. Furthermore, a modified lab-
scale AR reactor would be developed and constructed taking into consideration 
suggestions for improvement and further works by Abu Mansor, (2013). The ARB 
will be investigated for effectiveness in livestock wastewater treatment as a novel 
study, and is intended to cover a wider range of pollutants such as organic pollutants 
(COD, BOD), inorganic pollutants (TSS, TDS, Turbidity, Color), nutrients (NH3-N, 
TN, TP) and microbes. Also, this wide range of pollutants covered in the treatment 
design will comprise three different livestock farms (Fish farm, Dairy farm and 
Chicken Slaughterhouse), for effective exploration of variations in different livestock 
wastewater.  

Consequently, this study differs from previous studies particularly explored in China 
using different AR biofilters, and mostly centred on landfill leachate treatment. No 
investigations on batch adsorption study to determine adsorption effects of the AR, or 
AR bioreactor experiments on livestock wastewater, notably the fishpond and chicken 
slaughterhouse wastewater has been previously studied anywhere to my knowledge. 
Moreover, it is important to consider variations in different livestock wastewater in 
the design of such treatment plants for enhanced efficiency. Secondly, the material 
characterization aspect of this study, with regards to the Malaysian landfilled AR is a 
novel study which covers extensive research properties of the material. No detailed 
research work on AR characterization has been categorically carried out in Malaysia. 
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This characterization is very important in promoting potentials for future development 
of the AR bioreactor and also to initiate possibilities for bioreactor landfills. 

In addition, the specific research problem in this study is the discharge of large 
volumes of untreated livestock wastewater from the UPM livestock farm (Ladang 16), 
of the Faculty of Agriculture, Universiti Putra Malaysia into a flowing river source 
close to the farm. The study will also carry out investigations on the level of 
contamination of the river. Consequently, the development of this technology will 
provide an alternative and affordable wastewater treatment option for the farm and 
ensure safe wastewater discharge into the environment. 

1.3 Aim and Objectives 

This research is aimed at providing economic and affordable treatment alternative for 
livestock wastewater through the development of an aged refuse bioreactor. The study 
involved two major technological practices in wastewater treatment; adsorption and 
biodegradation. The first step involved batch adsorption study to determine the 
correlation between adsorption isotherms using aged refuse as adsorbents, while the 
second step involved the use of a laboratory scale aged refuse bioreactor for livestock 
wastewater treatment. 

The specific objectives are; 

1) To determine the varying influent composition of different livestock 
wastewater from three selected sources (dairy farm, fish farm and chicken 
slaughterhouse), over a period of time in terms of pH, TSS, TDS, colour, 
turbidity, BOD, COD, TN, NH3-N, TP and total coliform. 

2) To evaluate AR characteristics such as physical (moisture content, bulk density 
and porosity), chemical (pH, organic content, CNS, CEC, heavy metals, BET, 
FTIR, zeta potential), biological (total coliform), mechanical (hydraulic 
conductivity) and structural (SEM and EDX). 

3) To carry out batch sorption studies, determine the effects of pH, AR dosage 
and contact time on pollutants removal efficiency and model experimental data 
into Freundlich and Langmuir isotherm models. 

4) To develop a lab-scale aged refuse bioreactor for livestock wastewater 
treatment and assess the quality of effluent in terms of pH, TSS, TDS, colour, 
turbidity, BOD, COD, TN, NH3-N, TP and total coliform. 
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1.4 Scope of the Study 

This work focused on adsorption and biodegradation techniques for livestock 
wastewater treatment using AR as media. This involved a sorption study using the AR 
as media for the adsorption of pollutants, and also, the use of a laboratory scale 
modified AR bioreactor for column treatment.  

The livestock wastewater was sampled from three livestock sources; the UPM 
livestock farm (Ladang 16), the UPM Fish farm (Ladang 10), both located within the 
UPM, and a chicken slaughter house located at Bukit Serdang, a suburb close to the 
university. The AR was obtained from the Air Hitam Sanitary Landfill in Selangor 
which has been closed for 10 years.  

The investigations carried out for the wastewater were; Chemical Oxygen Demand 
(COD), Biochemical Oxygen Demand (BOD), Hydrogen ion concentration (pH), 
Temperature, Colour, Total Suspended Solids (TSS), Total Dissolved Solids (TDS), 
Turbidity, Total Nitrogen (TN), Total Phosphorus (TP), Ammonia Nitrogen (NH3-N), 
and microbial population, while oil and grease was analysed for chicken 
slaughterhouse wastewater only.  

For the AR, investigations carried out were; moisture content, pH, bulk density (ρ),
porosity (n), organic content, Cation Exchange Capacity (CEC) and exchangeable 
cations, Brunauer-Emmett-Teller (BET) specific surface area (SSA), hydraulic 
conductivity, Carbon-Nitrogen-Sulphur (CNS), elemental analysis (Zn, Cu, Cd, Pb, 
and Cr), microbial population, as well as surface morphology (SEM/EDX),  functional 
groups (FTIR) and zeta potential. 

For the adsorption studies, the influence of various parameters such as; pH, adsorbent 
dosage and contact time were investigated at different time intervals. The river source 
point of discharge for the dairy farm was also investigated for pollutant load 
concentration. Graphical analysis using Excel workbook, linear regression analysis, 
adsorption isotherms and models (Freundlich and Langmuir) only, were used to 
analyse, compare and validate experimental data. 

1.5 Thesis Structure 

This thesis is structured in five chapters.  

The First chapter covers general introduction which includes major issues in areas of 
solid waste management, landfill management, wastewater treatment and 
management. It highlights the need for the study through an in-depth problem 



© C
OPYRIG

HT U
PM

7

statement which justifies the study. Furthermore, the aim and the specific objectives 
were clearly defined while the scope and limitations were also precisely stated. 

Chapter Two covers a comprehensive analysis of solid waste generation, collection, 
disposal and management issues as a bedrock for the future of the AR technology.  
Secondly, landfill issues and concerns as it affects landfill congestions and closure 
were highlighted in the light of available literature. Also, livestock wastewater 
generation and subsequent disposal in relation to available technologies for treatment 
was extensively discussed. Although available literature for the treatment of livestock 
wastewater using the AR is very limited, appraisal of a lot of successful studies on its 
usage for leachate treatment provided the literature for discussions on the subject. 

Chapter Three covers the methods, materials, sampling procedure which formed the 
investigational techniques. The sampling procedure for both AR and livestock 
wastewater and also all experimental procedure for AR characterization, livestock 
wastewater composition, adsorption and bio-filtration processes are all discussed in 
this chapter. 

Chapter Four presents a detailed analysis of the results of the experiments and 
investigations carried out as detailed in Chapter Three. This includes the results of 
livestock wastewater composition and AR characterization, results on the effect of 
operating parameters on removal efficiencies, graphical representations of the 
isotherms for Langmuir and Freundlich models and a presentation of the results from 
the bio-filtration experiment.  It also covers results from sampling of the river source 
for the dairy farm wastewater discharge. 

Chapter Five summarizes all the results obtained with very detailed conclusions and 
gives apt recommendations for actual practice and specific areas for further research. 



© C
OPYRIG

HT U
PM

144

6 REFERENCES

Abu Mansor, S.N.B. (2013). The use of aged refuse as a biofilter for treating landfill 
leachate. Master’s Thesis, Universiti Putra Malaysia.

Abushammala, M.F.M., Basri, N.E.A., Basri, H., El-Shafie, A.H., and Kadhum, 
A.A.H. (2011). Regional landfills methane emission inventory in Malaysia. 
Waste Manage Res., 29, 863–873.

Achour, M., Khelifi, O., Bouazizi, I., and Hamdi, M. (2000). Design of an integrated 
bioprocess for the treatment of tuna processing liquid effluents. Process 
Biochem, 35, 1013–1017. 

Adamson, A.W., and Gast, A.O. (1997). Physical chemistry of surfaces, 6th edition, 
John Wiley and Sons, New York. 

Adelaja, O.A., Amoo, I.A, and Aderibigbe, A.D. (2011). Biosorption of Lead (II) ions 
from aqueous solution using Moringa oleifera pods. Archives Appl Sci Res.,
3(6), 50–60

Agamuthu, P. (2001). Solid waste: principles and management with Malaysian case 
studies. Kuala Lumpur, University of Malaya Press. 

Agamuthu, P., Khidzir, K.M., and Fauziah, S.H. (2009). Drivers of sustainable waste 
management in Asia. Waste Management and Research, 27, 625-633.  

Agouridis, C. T., Workman, S.R., Warner, R.C., and Jennings, G.D. (2005). Livestock 
grazing management impact on stream water quality: A review. J. Am. Water 
Res. Assoc., 41, 591–606.

Ajay Kumar, M., Kadirvelu, K., Mishra, G.K., Chitra, R., and Nagar, P.N. (2008). 
Adsorptive removal of heavy metals from aqueous solution by treated sawdust. 

Journal of Hazardous Materials, 50, 604-611.

Allen, S.J., Mckay, G., and Porter, J.F., (2004). Adsorption isotherm models for basic 
dye consumption by peat in single and binary component systems. Journal of 
Colloid and Interface Science, 280(2), 322-333. 

Al-Ansari, M. S. (2012). Improving solid waste management in Gulf co-operation 
council states: Developing integrated plans to achieve reduction in greenhouse 
gases. Modern Applied Science, 6(2), 60-68. 

Albright, W.H., Benson, C.H., Gee, G.W., Abichou, T., McDonald, E.V., Tyler, S.W., 
Bilgili, M.S., Demir, A., and Ozkaya, B. (2006). Quality and quantity of 
leachate in aerobic pilot-scale landfills. Environ. Manage., 38, 189–196. 



© C
OPYRIG

HT U
PM

145

Ali, I., Asim, M., and Khan, T.A. (2012). Low cost adsorbents for the removal of 
organic pollutants from wastewater. J. Environ. Manage., 113, 170-183.  

Al-Mutairi, N.Z., Hanoda, M., and Al-Ghusain, I. (2004).Coagulant selection and 
sludge conditioning in a slaughterhouse wastewater treatment plant. 
Bioresources Technology, 95 (2), 115-119. 

Alomá, I., Martín-Lara, M., Rodríguez. I., Blázquez, G., and Calero, M. (2012). 
Removal of nickel (II) ions from aqueous solutions by biosorption on
sugarcane bagasse. J Taiwan Inst Chem Eng. 43(2), 275–281.

Al-Shamrani, A. A., James, A., and Xiao, H. (2002). Destabilisation of oil–water 
emulsions and separation by dissolved air flotation. Water Research, 36(6), 
1503-1512. 

Altin, O., Ozbelge, H.O., and Dogu, T. (1998). Use of general purpose adsorption 
isotherms for heavy metal-clay mineral interactions. J. colloid interface sci., 
198, 130-140. 

Ameen, S., and Ahmad, J. (2008). Characterization and assessment of treatability of 
wastewater generated in Amman slaughterhouse. Dirasat, Engineering 
Sciences, 35(2), 71 – 83. 

American Public Health Association, APHA (2005). Standard Methods for the 
Examination of Water and Wastewater, APHA, Washington DC, USA, 46. 

American Public Health Association/American Water Works Association/Water 
Environment Federation APHA, AWWA-WEF, (1998). Standard Methods for 
the Examination of Water and Wastewater, twentieth ed., Washington, DC, 
USA.

American Public Health Association, APHA, (1999). Standard Method for the 
Examination of Water and Wastewater, Washington DC, USA.

American Public Health Association, APHA, (1992). Method 2120B Colour: Visual 
comparison method. Standard Method for the Examination of Water and 
Wastewater, 18th Edition Washington DC, USA.

Amuda, O.S., and Alade, A. (2006). Coagulation/flocculation process in the treatment 
of abattoir wastewater. Desalination, 196, 22-31.

Andal, N.M., and Charulatha, S. (2014). Efficacy of agricultural waste in the removal 
of hexavalent chromium – A review. Res. Rev.: Journal of Chemistry, 2 (4), 
1-5. 

Asian Development Bank. (2004). The Garbage Book: Solid Waste Management in 
Metro Manila. ADB, Manila, Philippines. 



© C
OPYRIG

HT U
PM

146

ASTM D 1556-07 Standard test method for density and unit weight of soil in place by 
sand cone method. American Society for testing and Materials, 1916 Race st. 
Philadelphia, PA 19103. 

ASTM D 2974-87. Standard test method for Moisture Content, Ash and Organic 
Matter of peat and other organic soils. American Society for testing and 
Materials, 1916 Race St. Philadelphia, PA 19103. 

Asubiojo, O., and Ajelabi, O. (2009). Removal of heavy metals from industrial 
wastewaters using natural adsorbents. Toxicol Environ Chem., 91(5), 883–890.

Azouaou, N., Sadaoui, Z., Djaafri, A., and Mokaddem, H. (2010). Adsorption of 
cadmium from aqueous solution onto untreated coffee grounds: Equilibrium, 
kinetics and thermodynamics. Journal of Hazardous Materials, 184, 126-134.

Babarinde, N.A., Babalola, J.O., and Sanni, R.A. (2006). Biosorption of lead ions from 
aqueous solution by maize leaf. Int J Phys Sci., 1(1), 23–26.

Babel, S., and Kurniawan, T.A. (2004). Cr (VI) removal from synthetic wastewater 
using coconut shell charcoal and commercial activated carbon modified with 
oxidizing agents and/or chitosan. Chemosphere, 54, 951-967.

Babu, B.V., and Gupta, S. (2008). Adsorption of Cr (VI) using activated neem leaves: 
Kinetic studies. Adsorption, 14, 85-92. 

Bacchin, P., Aimar, P., and Field, R.W. (2006). Critical and sustainable fluxes: 
Theory,  experiments and applications. Journal of Membrane Science, 281,
42–69.

Baddour, E.M., Farhoud, N., Sharholy, M., and Abdel-Magid, I.M. (2016). Biological
treatment of poultry slaughterhouses wastewater by using aerobic moving bed 
biofilm reactor. International Research Journal of Public and Environmental 
Health, 3(5), 96-106.  

Baker, R.W., Cussler, E.L., Eykamp, W., Koros, W.J., Riley, R.L., and Strathmann. 
H. (1991). Membrane separation systems - Recent developments and future 
directions. Noyes Data Corporation, Park Ridge, New Jersey. 

Barakat, .M.A.  (2011). New trends in removing heavy metals from industrial 
 wastewater. Arabian Journal Chemistry, 4, 361-377.

Baral, S.S., Dasa, S.N., and Rath, P. (2006). Hexavalent chromium removal from 
aqueous solution by adsorption on treated sawdust. Biochem. Eng. 
J., 31 (3), 216-222

Barlaz, M. A., Schaefer, D. M., and Ham, R. K. (1989). Bacterial population 
development and chemical characteristics of refuse decomposition in a 
simulated sanitary landfill. Appl. Environ. Microbiol., 55 (1), 55–65.



© C
OPYRIG

HT U
PM

147

Bashir, M.J.K., Aziz, H.A., Aziz, S.Q., and Abu Amr, S.S. (2013). An overview of 
electro- oxidation processes performance in stabilized landfill leachate 
treatment. Desalin. Water Treat., 51, 2170-2184.

Bayramoglu, M., Eyvas, M., and Kobta, M. (2006). Treatment of the textile 
wastewater by electrocoagulation economical evaluation. The Chemical 
Engineering Journal, 128(2-3), 155-161. 

Bernet, N., and Béline, F. (2009). Challenges and innovations on biological treatment 
 of livestock effluents. Bioresource Technology, 100, 5431–5436. 

Blake, G.R., and Hartge, K.H. (1986). Bulk density. In Klute, A.  (ed). Methods of 
soil Analysis, Part 1. Physical & Mineralogical Methods, 2nd Edn ASA-SSSA, 
Wisconsin, 363-375. 

Bogner, J., Matthews, E., (2003). Global methane emissions from landfills: New 
methodology and annual estimates 1980–1996. Glob. Biogeochem. Cycle, 17
(2), 1065–1083.

Bolster, C.H., and Hornberger, G.M. (2007). On the use of Linearized Langmuir 
 equation. Soil Sci. Soc. Am. J., 71 (6), 1796-1806. 

Borongan, G., and Okumura, S. AIT/UNEP PRC.AP, (2010). Municipal Waste 
Management Report: Status quo & Issues in Southeast and East Asian 
Countries. (Eds.) ISBN: 978- 974-8257-73-0.

Brahmaiah, T., Spurthi, L., Chandrika, K., Ramanaiah, S. and Sai Prasad, K.S. (2015). 
Kinetics of heavy metals removal from the wastewater using low cost 
adsorbent. World Journal of Pharmacy and Pharmaceutical Sciences, 4(11),
1600-1610.

British Standards (BS 1377), (1990). Methods for Tests for soils for Civil Engineering 
purpose. British Standard Institution, London.

Bulut, E., Ozacar, M., Sengil, I.A.  (2008). Adsorption of malachite green onto 
bentonite: Equilibrium and kinetic studies and process design.
Micropor.Mesopor. Mater., 115, 234-246.

Burton, C.H., and Turner, C. (2003). Anaerobic treatment options for animal manures.
In: Beck, J.A.F., Martinez, J., Martens, W., Pahl, O., Piccinini, S., Svoboda, I. 
(Eds.), Manure management – Treatment strategies for sustainable agriculture. 
Silsoe Research Institute, Wrest Park, Silsoe, Bedford, UK, pp. 273–320. 

Bustillo-Lecompte, C., Mehrab, M., Mehrvar, M., and Quinones-Bolanos E. (2016). 
Slaughterhouse wastewater characterization and treatment. An economic and 
public health necessity of meat processing industries in Ontario, Canada. 
Journal of Geoscience and Environment Protection, 4, 175-186.



© C
OPYRIG

HT U
PM

148

Caixeta, C.E.T., Cammarota, M.C., and Xavier, A.M.F. (2002). Slaughterhouse 
wastewater treatment: Evaluation of a new three-phase separation system in 
UASB reactor. Journal of Bioresource Technology, 81, 61-69.

Chaffi, M., Gourich, B., Essadki, A.H., Vial, C., and Fabregat, A. (2011). Comparison 
of electrocoagulation using iron and aluminium electrodes with chemical 
coagulation for the removal of a highly soluble acid dye. Desalination, 281, 
285–292.

Chai, X.L., and Zhao, Y.C. (2006) Adsorption of phenolic compound by aged-refuse. 
Journal of Hazardous Materials, B (137), 410–417.  

Chan, Y.J., Chong, M.F., Law, C.L., and Hassel, D.G. (2009). A review on 
 anaerobic–aerobic treatment of industrial and municipal wastewater.

Chemical Engineering Journal, 155(1-2), 1-18.  

Chen, Y.X., Wu, S.W., Wu, W.X., Sun, H., and Ding, Y. (2009). Denitrification 
capacity of bioreactors filled with refuse at different landfill ages. Journal of 
Hazardous Materials, 172,159-165.

Chowdhury, P., Viraraghavan, T., and Srinivasan, A. (2010). Biological treatment 
processes for fish processing wastewater – A review. Bioresource Technology,
101, 439-449. 

Chynoweth, D.P., Wilkie, A.C., and Owens, J.M. (1999). Anaerobic treatment of 
piggery slurry – Review. Asian-Aus. J. Anim. Sci., 12, 607–628

Cleaveland, S., Laurenson, M. K., and Taylor, L. H. (2001). Diseases of humans and 
their Domestic mammals: pathogen characteristics, host range and the risk of 
emergence. Philos. Trans. R. Soc. Lon. B. Biol. Sci., 356, 991–999. 

Couillard, D., Gariepy, S., and Tran, F.T. (1989). Slaughterhouse effluent treatment 
by thermophilic aerobic process. Water Research, 23(5), 573-579. 

Dakiky, M., Khamis, M., Manassra, A., and Mereb, M. (2002). Selective adsorption 
of chromium (vi) in industrial wastewater using low-cost abundantly available 
adsorbents. Advanced Environmental Research, 6, 533-540.

De Nardi, I.R., Fuzi, T.P., and Del Nery, V. (2008). Performance evaluation and 
operating strategies of dissolved-air flotation system treating poultry 
slaughterhouse wastewater. Resources conservation & Recycling, 52(3), 533-
544.

Department of Environment Malaysia, National water quality standard for Malaysia 
NWQS-(1985). Development of Water Quality Criteria and Standards for 
Malaysia.



© C
OPYRIG

HT U
PM

149

Department of Statistics, Malaysia: Official portal, current population estimates 
Malaysia 2014- 2016. Retrieved from: http://www.dosm.gov.my/ 

Department of Statistics, (2010). Preliminary Count Report, Population and Housing 
Census, Malaysia, 2010. Retrieved from:  http://www.statistics.gov.my.

Devare, M., and Bahadir, M. (1994). Biological monitoring of landfill leachate using 
plants and luminescent bacteria. Chemosphere, 28, 261–271

Devi, R., Singh, V., and Kumar, A. (2008). COD and BOD reduction from coffee 
processing wastewater using Avacado peel carbon. Bioresource Technology,
99, 1853-1860.  

Devi, R. and Dahiya, R.P. (2008). COD and BOD removal from domestic wastewater 
generated in decentralized sectors. Bioresource Technology, 99, 344-349. 

Dodds, W.K., and Welch, E.B. (2000). Establishing nutrient criteria in streams. J N 
Am Benthol Soc., 19, 186–196.

Donglin, Z, Cheng, S., Houhu, Z., Zhilin, W., Bo, J. Y.Z. (2012). Roles of vegetation, 
flow type and filled depth on livestock wastewater treatment through multi-
level mineralized refuse-based constructed wetlands. Ecological Engineering, 
39, 7-15.

EA, (2009). Perak – Solid Waste Management Plan (P-SWMP), EA-SWMC, EU-
Asia. Economic and Social Aspects. 

Economic Planning Unit of the Prime Minister’s Department, Malaysia, EPU (2007). 
Ninth Malaysia Plan 2006 – 2010.  Retrieved from: 
http://www.epu.jpm.my/rm9/html/english.htm

El Fantroussi S and Agathos SN. (2005). Is bioaugmentation a feasible strategy for 
pollutant removal and site remediation? Current Opinion in Microbiology, 8,
268-275.

El-Naas, M.H., Al-Zuhair, S., Alhaija, M.A. (2010). Reduction of COD in refinery 
wastewater through adsorption on date-pit activated carbon. Journal of 
Hazardous Materials, 172, 1538-1543. 

El-Said, A.G., Badaway, N.A., and Garamon, B. (2010). Adsorption of cadmium (II) 
and mercury (II) onto natural adsorbent rice husk ash (RHA) from aqueous 
solutions: Study in single and binary system. Journal of American Science, 12,
400-409.

Erses, A.S., Onay, T.T., and Yenigun, O. (2008). Comparison of aerobic and anaerobic 
degradation of municipal solid waste in bioreactor landfills. Bioresour.
Technol., 99, 5418-5426. 



© C
OPYRIG

HT U
PM

150

Environmental Protection Agency, EPA, (1997). Wastewater treatment manual: 
Primary, Secondary & Tertiary treatment. EPA, Ardcavan Wexford, Ireland. 
ISBN: 1 899965 467. 

Environmental Protection Agency, EPA, (2000). Feedlots point source category 
study. Profile of the agricultural livestock production industry, EPA, 310-R-
00-002.  Retrieved from: http://nepis.epa.gov. 

Environmental Protection Agency, EPA, (2009). Diverting Waste from Landfill:
Effectiveness of waste management policies in the European Union, 
Copenhagen. 

European Union. Directive 2000/60/EC of the European Parliament and of the Council 
of 23 October 2000 establishing a framework for community action in the field
of water policy. Off. J. Eur. Commun. L., 327, 1–73.

FAO, (2004). Livestock waste management in East Asia. Project preparation report, 
Food and Agricultural Organization of the United Nations, Rome.

FAO, (2006). Livestock’s long shadow- Environmental issues and options. Eds. 
Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V., Rosales, M., and de Haan, 
C. Food and Agriculture Organisation, Rome, p.390- 414.

Food and Agricultural Organisation of the United Nations. FAO (2009). Statistics on 
agricultural production and trade, Rome. Retrieved from: 
http://www.faostat.fao.org

Fauziah, S.H., and Agamuthu, P. (2012). Trends in sustainable landfilling in Malaysia, 
a developing country. Waste Management and Research, 30(7), 656-663. 

Federal Interagency Stream restoration working group (FISRWG 1998). Stream 
Corridor Restoration: Principles, Processes, and Practices, ISBN-0-934213-
59-3.

Fernandez, F. (2010). Report on the use of nitrification and urease inhibitors on corn 
in Illinois. University of Illinois report. 

Foo, K., Lee, L.K., and Hameed, B. (2013). Preparation of banana frond activated 
carbon by microwave induced activation for the removal of boron and total 
iron from landfill leachate. Chem. Eng. J., 223, 604-610. 

Freundlich, H. (1907). Ueber die adsorption in Loesungen. Z. physik. Chem., 57, 385-
470.

Fuchs, W., Binder, H., Marrias, G., and Braun, R. (2003). Anaerobic treatment of 
wastewater with high organic content using a stirred reactor coupled with a 
membrane filtration unit. Journal of Water Research, 37, 902-908. 



© C
OPYRIG

HT U
PM

151

Gate Information Services (GTZ,) (2001). Anaerobic treatment of slaughterhouse 
waste and wastewater. Naturgerechte Technologien, Bau-
undWirtschaftsberatung GmbH, Frankfurt Germany. Retrieved 
from:http://www.gtz.de/gate/gateid.afp.  

Genovese, C.V., and González, J.F. (1998). Solids removal by coagulation from 
fisheries waste waters. Waters SA, 24(4), 371-381.  

Goeschl, R. (2012). System, Technology and Experience of 17 Mt of Landfill mining 
projects. In: Conference paper of the symposium on urban mining SUM’ 2012, 
Italy, Bergamo, May, 21-23, 2012.

Gotmare, M., Dhoble, R.M., and Pittule, A.P., (2011). Biomethanation of dairy waste 
water through UASB at mesophilic temperature range. Int. J. Adv. Eng. Sci. 
Technol., 8, 1–9.

Grossmann, D., Hudson J.F., and Marks, D.H. (1974). Waste generation models for 
solid waste collection. J. Env. Eng., Div.-ASCE, 100, 1219-1226.

Guellide Ulson.de Souza, S.M.A., Peruzzo, L.C., and Ulson de Souza, A.A. (2008). 
Numerical study of the adsorption of dyes from textile effluents. Appl. Math. 
Model., 32, 1711–1718.

Gupta, V.K., and Suhas., (2009). Application of low-cost adsorbents for dye removal- 
a review. Journal of Environmental Management, 90(8), 2313-2342. 

Gupta, V.K., Nayak, A., 2012. Cadmium removal and recovery from aqueous 
solutions by novel adsorbents prepared from orange peel and Fe2O3
nanoparticles. Chemical Engineering Journal, 180, 8l-90. 

Hamoda, M., and Al-Awadi, S.M. (1995). Wastewater management in a dairy farm. 
Water Science & Technology, 32(11), 1-11. 

Han, Z., Liu, D., and Liu, Q.B. (2012). A removal mechanism for organics and 
nitrogen in treating leachate using a semi-aerobic aged refuse biofilter. Journal 
of Environmental Management, 114, 336-342. 

Hansen, H.C.B., Raben-Lange, B., Raulund-Rasmussen K et al (1994) Monosilicate 
adsorption by ferrihydrite andgoethite at pH 3–6. Soil Science, 158, 40–46 

Hao, C., Guoliang, D., Jie, Z., Aiguo, Z., Junyong, W., and Hua, Y. (2010). Removal 
of copper (II) ions by a biosorbent-Cinnamomum camphora. Journal of 
Hazardous Materials, 177, 228-236.

Harrington, R., and McInnes, R. (2009). Integrated constructed wetlands (ICW) for 
livestock wastewater management. Bioresource Technology, 100, 5498-5505. 



© C
OPYRIG

HT U
PM

152

Hatfield, (2009). Final Risk Assessment report for Air Hitam Sanitary Landfill Site, 
Selangor, Malaysia.  

He, Y., Zhao, Y.C., Zhou, G.M., and Huang, M.S. (2011) Field assessment of stratified 
aged-refuse-based reactor for landfill leachate treatment. Waste Manag. Res., 
29(12), 1294–1302. 

Heavey, M. (2003). Low-cost treatment of landfill leachate using peat. Waste 
Management, 23, 447-454. 

Hena, S., Fatimah S., and Tabasum S. (2015). Cultivation of algae consortium in a 
dairy farm wastewater for biodiesel production. Water Resources and Industry,
10, 1-14.

Henze, M.; and Comeau, Y. (2008). Wastewater characterization. In Biological 
Wastewater Treatment: Principles, Modeling, And Design, Henze, M., van 
Loosdrecht, M. C. M., Ekama, G. A., Brdjanovic, D., Eds.; IWA Publishing: 
London, 33−52. 

Hogland, W. (2002). Remediation of an old landfill: soil analysis, leachate quality and 
gas production. Environ. Sci. Pollut. Res. Int., 1, 49–54.

Hosseini, S.E., Wahid, M.B., and Aghili, N. (2013). The scenario of greenhouse gases 
reduction in Malaysia. Renewable & Sustainable Energy Reviews, 28, 400-
409.

Huang, R., Yang, B., Liu, Q., and Liu, Y. (2014). Simultaneous adsorption of aniline 
and Cr (VI) ion respectively by activated carbon/chitosan composite. 
Journalof Applied Polymer Science, 131, 39903. 

Hunter, R.J. (1989). Foundations of Colloid Science. Oxford University Press.

Ideriah, T., David, O., and Ogbonna, D. (2012). Removal of heavy metal ions in 
aqueous solutions using palm fruit fibre as adsorbent. J Environ Chem. 
Ecotoxicol., 4(4), 82–90.

Imura, H., Yedla, S., Shinirakawa, H., and Memon, M.A. (2005). Urban 
environmental issues and trends in Asia – An overview.  International Review 
for Environmental Strategies, 5, 357-382. 

International Union of Pure and Applied Chemistry (IUPAC), (1992). Compendium 
of chemical technologies, 2nd Edition. 

Ismail, F.B (2014). Aged refuse as a medium to remediate leachate contaminated by 
heavy metals. Master’s Thesis, Universiti Putra Malaysia.

Ives, K. J. (1975). The Scientific Basis of Filtration, NATO Advanced Study 
 Institute Series E, Vol. 2. Noordhoff, Leiden.



© C
OPYRIG

HT U
PM

153

Jones, P., Geysen, D., Tielemans, Y., Steven, V., Pontikes, Y., Blanpain, B., 
Quaghebeur, M., and Hoekstra, N. (2013). Enhanced landfill mining in view 
of multiple resource recovery: A critical review. Journal of Cleaner 
Production, 55, 45 – 55.

Judd, S., and Jefferson, B. (2003). Membrane for industry wastewater recovery and 
 reuse. Elsevier Science Inc, New York, USA, 2003 7–25.

Kaur, K., Mor, S., and Ravindra, K. (2016). Removal of Chemical Oxygen Demand 
from landfill leachate using cow-dung ash as a low-cost adsorbent. Journal of 
colloids and interface science, 469, 338-343.

Karmali, M. A., Gannon, V., and Sargeant, J. M. (2010). Verocytotoxin-producing 
Escherichia coli (VTEC). Vet. Microbiol., 140, 360–370.

Kirby, B.J. (2010). Micro- and Nanoscale Fluid Mechanics: Transport in Microfluidic 
Devices. Cambridge University Press. ISBN 978-0-521-11903-0. 

Klute, A., and Dirksen, C. (1986). Hydraulic Conductivity & diffusivity: Laboratory 
Methods. In Klute, A.  (ed). Methods of soil Analysis, Part 1. Physical & 
Mineralogical Methods, 2nd Edn ASA-SSSA, Wisconsin, pp 687-734.  

Knight, R.L., Payne, V.W.E., Borer, R.E., Clarke, R.A., and Pries, J.H. (2000). 
Constructed wetlands for livestock wastewater management. Ecological 
Engineering, 15, 41–55.

Kobya, M., Senturk, E., and Bayramoglu, M. (2006). Treatment of poultry 
slaughterhouse wastewaters by electrocoagulation. Journal of Hazardous 
Materials, 133(1), 172-176.

Kralik, M. (2014). Adsorption, chemisorption, and catalysis. Chemical Papers, 68
(12), 1625–1638.   

Kratochvil, D., and Volesky, B. (1998). Advances in the biosorption of heavy 
metalsTrends Biotechnol., 16 (7), 291-300. 

Kretzschmar, R., Barmettler, K., Grolimund, D., Yan, Y. D., Borkovec, M., and 
Sticher, H. (1997). Experimental determination of colloid deposition rates and 
collision efficiencies in natural porous media. Water  Resources Research,
33, 1129–1137.

Kumar, K.V. (2006). Comments on adsorption of acid dye onto organobentomite. 
Journal of Hazardous Materials, 137(1), 638-639.

Kumar, K.V., and Sivanesan, S. (2007). Isotherms for Malachite Green onto rubber 
wood (Hevea brasiliensis) sawdust: Comparison of linear and non-linear 
methods. Dyes Pig., 72, 124-129.  



© C
OPYRIG

HT U
PM

154

Kurniawan, T.A., Chan, G., Lo, W.H., and Babel, S. (2006). Physico–chemical 
treatment techniques for wastewater laden with heavy metals. Chemical 
Engineering Journal,, 118(1), 83–98.

Kushwaha, J.P., Srivastava, V.C., and Mall, I.D. (2010). Treatment of dairy 
wastewater by commercial activated carbon and bagasse fly ash: Parametric, 
kinetic and equilibrium modelling, disposal studies. Bioresource Technology,
101, 3474–3483.

Laner, D., Crest, M., Scharff, Heijo, S., Morris, J.W.F., and Barlaz, M.A. (2012). A 
review of approaches for long term management of municipal solid waste 
landfills. Waste Management, 32(3), 498-512. 

Langmuir, I. (1918). The adsorption of gases on plane surfaces of glass, mica and 
platinum. J. Am. Chem. Soc., 40, 1361-1403. 

Leal, M. C. M. R., Freire, D. M. G., Cammarota, M. C., Anna, G. L., and Sant, Jr. 
(2006). Effect of enzymatic hydrolysis on anaerobic treatment of dairy 
wastewater. Process Biochem., 41, 1173–1178. 

Li, G., Hou, F., Guo, Z., Yao, G., and Sang, N. (2011). Analyzing nutrient distribution 
in different particle-size municipal aged refuse. Waste Management, 31, 2203-
2207.

Li, H., Zhao, Y., Shi, L., and Gu, Y. (2009). Three-stage aged refuse biofilter for the 
treatment of landfill leachate. Journal of Environmental Sciences, 21, 70-75.

Li, H., Gu, Y., Zhao, Y., and Wen, Z. (2010). Leachate treatment using a 
demonstration aged refuse biofilter. Journal of Environmental Science, 22, 
1116-1122. 

Li, J.P., Healy, M.G., Zhan, X.M., and Rodgers, M. (2008). Nutrient removal from 
slaughterhouse wastewater in an intermittently aerated sequencing batch 
reactor. Bioresource Technology, 99 (16), 7644–50. 

Liang, Y., Wong, J.W., and Wei, L. (2005). Silicon-mediated enhancement of 
cadmium tolerance in maize (Zea mays L.) grown in cadmium contaminated 
soil. Chemosphere 58, 475–483.

Limousin, G., Gandet, L., Szenknect, S., Barthes V., and Krismissa, M. (2007). A 
review on physical bases, modelling and measurement. Applied Geochem. 22,
249-275.  

López-López, J.A., Vallejo-Rodríguez, R and Méndez-Romero, D.C. (2010). 
Evaluation of a combined anaerobic and aerobic system for the treatment of 
slaughterhouse wastewater. Environmental Technology, 31(3), 319-326.  



© C
OPYRIG

HT U
PM

155

López-Ramírez, A., Coello-Oviedo, M.D., and Quiroga-Alonso, J.M. (2006). 
Comparative studies of reverse osmosis membranes for wastewater 
reclamation. Desalination, 191 (1–3), 137–147. 

Lou, Z.Y., Chai, X.L., Niu, D.J., Ou, Y.Y., and Zhao, Y.C. (2009). Size-fractionation 
and characterization of landfill leachate and the improvement of Cu2+ 
adsorption capacity in soil and aged refuse. Waste Management, 29, 143–152. 

Lou, Z, wang, L., Zhu, N, and Zhao, Y. (2015). Material recycling from renewable 
landfill and associated risks: A review. Chemosphere, 131, 91-103. 

Lyklema, J. (1995). Fundamentals of Interface and Colloid Science. Academic Press.

Malaysian Government/DANIDA, (2008). Solid Waste Management Component:
Industrial waste survey in Melaka. Report no. 15. 

Malaysia Environmental Quality Regulation, (2009). Malaysia Sewage and Industrial 
Effluent Discharge Standards, 2009 Retrieved from: www.water-
treatment.com.cn/resources

Manaf, L.A., Amimul, A., Azmin, S.W.N, Samah, M. A. A., and Agamuthu, 
P. (2013). Real data composition of municipal solid waste (MSW) generated 
in Balakong, Selangor, Malaysia. Life Science Journal, 10(4), 1687-1694. 

Manaf, L.A., Mohd Armi, A.S, and Nur Ilyana, M.Z (2009). Municipal solid waste 
management in Malaysia: Practices and challenges. Waste Management,
29(11), 2902–2906. 

Manjunath, N. T., Mehrotra, I. and Mathur, R. P. (2000). Treatment of wastewater 
from slaughterhouse by DAFUASB system. Journal of Water Research, 34,
1930-1936. 

Mann, A.G., Tam, C.C., Higgins, C.D., and Lodrigues, L.C. (2007).The association 
between drinking water turbidity and gastrointestinal illness: A systematic 
review. BMC Public Health., 7 (256), 1 – 7.

Maria, M., Nuria, M., Soraya, H., and Nuria, F. (2006). Removal of lead (II) and 
cadmium (II) from aqueous solutions using grape stalk waste. Journal of 
Hazardous Materials, 133, 203-211.

Marin, P., Alkaky, L., Guerrero, L., Chamy, R., and Schiappacasse, M.C. (1999). 
Design and start-up of an anaerobic fluidized bed reactor. Water Science & 
Tech. 40(8), 63-70.  

Marinescu, M., Dumitru, M., and Lacatusu, A. (2009). Biodegradation of petroleum 
 hydrocarbons in an artificial polluted soil. Research Journal of Agricultural 
 Science, 41(2), 157-162. 



© C
OPYRIG

HT U
PM

156

Martínez-Suller1, L., Provolo1, G., Carton, O.T., Brennan, O., Kirwan, L., and 
Richards, K.G., (2010). The composition of dirty water on dairy farms in 
Ireland. Irish Journal of Agriculture and Food Research, 49, 67-80. 

Masirin, M.I.HJ., Ridzuan, M.B., Mustaphar, S., and Adon, R. (2008). An Overview 
of Landfill Management and technology: A Malaysian case study at Ampar 
Tenang.  Proceedings of 1st National seminar on Environment, Development 
and Sustainability: Ecological, Economic and Social Aspects. 

Masse, D. I., and Masse, L. (2000). Treatment of slaughterhouse wastewater in 
anaerobic sequencing batch reactor. Journal of Canadian Agricultural 
Engineering, 42(3), 131-137.

Masse, L. Masse, D. I. and Kennedy, K. J. (2003). Effect of hydrolyziz pretreatment 
on fat degradation during anaerobic digestion of slaughterhouse wastewater. 
Process. Biochem. 38, 1365–1372.

Masse,´L. Kennedy, K.J. and Chou, S. (2001). Testing of alkaline and enzymatic 
hydrolyziz pretreatments for oil particles in slaughterhouse wastewater. 
Bioresource Technology, 77, 145–155. 

McGechan, M.B., and Lewis, D.R. (2002). Transport of particulate and colloid sorbed 
contaminants through soil, Part 1: General principles. Biosystems Engineering,
83 (3), 255–273.

McKeague, J.A., and Cline, M.G. (1963). Silica in soil solutions. I. The form and 
concentration of dissolved silica in aqueous extracts of some soils. Can. J. Soil 
Sci., 43, 70–82.

Mike L. (2006). Treatment of slaughter-house wastewater. Retrieved from 
www.ndsu.edu/pubweb/bezbarau/document. 

Ming, L., Youcai, Z., Qiang, G., Xiaoqing, Q., and Dongjie, N. (2008). Bio-hydrogen 
production from food waste and sewage sludge in the presence of aged refuse 
excavated from refuse landfill. Renewable Energy, 33(12), 2573-2579. 

Ming, T.T., Hyun, K.T., and Joo, L.M. (2007). Characterization of livestock 
wastewater at various stages of wastewater treatment plant. The Malaysian 
Journal of Analytical Sciences, 11(1), 23-28. 
  

Ministry of Housing and Local Government (MHLG). National solid waste 
management department 2014 Reports. Retrieved from 
http://www.kpkt.gov.my/jspn/main.php%20.   

Mitchell and Stapp, 1992. Field Manual for Water Quality Monitoring. United States 
Environmental Protection Agency (U.S. EPA), Washington, DC. "Terms of 
Environment." Retrieved from:  http://www.epa.gov/OCEPAterms.    



© C
OPYRIG

HT U
PM

157

Mittal, A. (2006). Adsorption kinetics of removal of a toxic dye, malachite green, from 
wastewater by using hen feathers. Journal of Hazardous Material, 133, 196-
202.

Mittal, A., Kaur, D., Malviya, A., Mittal, J., and Gupta, Y.K. (2009). Adsorption 
studies on the removal of coloring agent phenol red from wastewater using 
waste materials as adsorbents. J. Colloid Interface Sci., 337(2), 345-354.  

Mohammad, M.M.R., Parisa, R., Atefeh, A., and Ali, R.K. (2011). Kinetics and 
equilibrium studies on biosorption of cadmium,lead, and nickel ions from 
aqueous solutions by intact and chemically modified brown algae. Journal of 
Hazardous Materials, 185, 401-407.

Mohammad-Taha, M.P. Integrated Solid waste management: Issues and Challenges. 
Solid waste and public cleansing management corporation (SWCORP).
Government press, 2016. Retrieved from: nehapmalaysia.moh.gov.my  

Mohan, D., and Pittman, C.U. Jr. (2006). Activated carbons and low cost adsorbents 
for remediation of tri-and hexavalent chromium from water. Journal of
Hazardous Materials, 137(2), 762–811.

Mohd. Nor, N.M., Gan, C.H., and Ong, B.L. (2000). Nipah virus infection of pigs in 
Peninsular Malaysia. Disease Information, OIE, 13, 12.  

Monroy, O., Johnson, K. A., Wheatley, A. D., Hawkes, F., and Caine, M. (1994). The 
anaerobic filtration of dairy waste: Results of a pilot trial. Bioresource 
Technology, 50, 43-251. 

Mor, S., Ravindra, K., and Bishnoi, N.R. (2007). Adsorption of chromium from 
aqueous solution by activated alumina and activated charcoal. Bioresource 
Technology, 98(4), 954-957.  

Mukhopadhyay, R., Talukdar D., Chatterjee, B.P., and Guha, A.K. (2003). Whey 
processing with chitosan and isolation of lactose. Process Biochem., 39, 381–
385.

Mulu, B.D., (2013). Batch sorption experiments: Langmuir and Freundlich isotherm 
studies for the adsorption of textile metal ions onto teff straw (Eragrostis tef) 
agricultural waste. Journal of Thermodynamics,
doi.org/I 0.1155/2013/375830. 

Naqvi, S., and Sejian, V. (2011). Global climate change: Role of livestock. Asian
Journal of Agricultural Sciences, 3(1), 19-25. 

National Solid Waste Management Department, (NSWMD), (2011). Landfill sites in 
Johor, Ministry of Housing and Local Government. Kuala Lumpur, Malaysia. 
Retrieved from www.kpkt.gov.my.



© C
OPYRIG

HT U
PM

158

Ncibi, M.C. (2008). Applicability of some statistical tools to predict optimum 
adsorption isotherm after linear and non-linear regression analysis. Journal of 
Hazardous Materials, 1:153 (1-2), 207-212. 

Ngo, T. D. T. (2004). Integrated use of constructed wetlands for livestock wastewater 
treatment and fodder production. Master Thesis, Universiti Putra Malaysia, 
Malaysia. 

Ngoc, U. N., and Schnitzer, H. (2009). Sustainable Solutions for Solid Waste 
Management in Southeast Asian countries. Waste Management, 29, 1982–
1995.

Nik Daud, N.N., and Misban, N.K.M. (2015). Leachate treatment using aged refuse 
biofilter. International Journal of Engineering and Technology, 12(1), 13-17. 

Nik Daud, N.N., Nursheela, A.M., Amimul, A., and Syazwani, I. (2015).  Leachate 
treatment using aged refuse (AR) as a biofilter medium. Polish Journal of 
Environmental Studies, 24 (2), 605-609. 

Noor, Z.Z., Yusuf, R.O., Abba, A.H., Hassan, M.A.A., and Din, M.F.M. (2013). An 
overview for energy recovery from municipal solid wastes (MSW) in Malaysia 
scenario. Renewable Energy Reviews, 20, 378-384.  

OECD-FAO, (2011). Agricultural outlook, 2011-2020. Wayne J. Trade and 
Agricultural Directorate, Organization for Economic Co-operation and 
Development- Food and Agriculture Organization of the United Nations. 
Retrieved from: www.agri-outlook.org 

Ogboo, C.A., and Hussain, H.A.K. (2013). Review of municipal solid waste 
management options in Malaysia, with an emphasis on sustainable waste-to-
energy options. Journal of Material Cycles and Waste Management, 16(4), 
693-710.

Othman, I., Anuar, A.N., Ujang, Z., Rosman, N.H., Harun, H., and Chelliapan, S. 
(2013). Livestock wastewater treatment using aerobic granular sludge. 
Bioresources Technology, 133, 630-634. 

Ozezn, A.S., Erdem, B., and Ozean, A. (2005). Adsorption of acid blue 193 from 
aqueous solution onto BTMA- bentonite. Colloids Surf. A: Physiochem. Eng. 
Aspects, 266, 73-81. 

Palenzuela-Rollon, A., (1999). Anaerobic Digestion of Fish Processing Wastewater 
with Special Emphasis on Hydrolysis of Suspended Solids. Taylor and Francis, 
London. 

Parande, A.K., Sivashnmugam, A., Beulah, H., and Palaniswamy, N. (2009). 
Performance evaluation of low cost adsorbents in reduction of COD in sugar 
industrial effluent. Journal of Hazardous Materials, 168, 800-805.  



© C
OPYRIG

HT U
PM

159

Pattananuwat, N., Kawai, T., Hatamoto, M., Stutsubo, K., Takahashi, M., Harada, H., 
and Yamaguchi, T. (2013). Development of combined anaerobic-aerobic 
system for treating industrial molasses wastewater. Journal of water and 
Environmeental Technology, 11(6), 519-528.   

Pohland, F.G., and Harper, S.R. (1985). Critical Review and Summary of Leachate 
and Gas Production from Landfills. EPA/600/2-86/073, US Environmental 
Protection Agency, Cincinnati. 

Pozo, R. D., and Diez, V. (2005). Integrated anaerobic-aerobic fixed-film reactor for 
slaughterhouse wastewater treatment. Journal of Water Research, 39, 1114-
1122.

Prechthai, T., Padmasri, M., and Visvanathan, C. (2008). Quality assessment of mined 
 MSW from an open dumpsite for recycling potential. Resources, 
Conservation and Recycling, 53, (1-2), 70–78. 

Pruss-Ustun, A., Bos, R., Gore, F., and Bartram, J. (2008). Safer Water, Better Health. 
Geneva, World Health Organization. 

Pukkalanun, N., Inkapatanakul, W., Piputsitee, C., and Chunkao, K. (2013). An 
analysis of the environmental vulnerability index of a small island: Lipe Island, 
 Kho Sarai Sub-District, Mueang District, Satun Province, Thailand. Modern 
Applied Science, 7(2), 33-38. 

Quaghebeur, M., Laenen, B., Geysen, D., Nielsen, P., Pontikes, Y., van Gerven, T., 
and Spooren, J. (2013). Characterization of landfilled materials: Screening of 
the enhanced landfill mining potential. Journal of Cleaner Production, 55, 72–
83.

Radovic, L.R in: Schwarz, .J.A., Contescu A. (Eds.) (1999). Chemistry and physics of 
carbon. Vol. 24 Marcel Dekker, New York p 529 

Rahman, M., Awang, M., Mohosina, B., Kamaruzzaman, B., Nik, W., and Adnan, 
C.(2012). Waste palm shell converted to high efficient activated carbon by 
chemical activation method and its adsorption capacity tested by water 
filtration. APCBEE Procedia, 1, 293–298.

Rajakumar, R., Meenambal, T., Rajesh Banu, J., and Yeom, I.T. (2011). Treatment of 
poultry slaughterhouse wastewater in upflow anaerobic filter under low upflow 
velocity. Int. J. Environ. Sci. Tech., 8(1), 149-158. 

Ramaraju, B., Manoj, K. R., and Subrahmanyam, C. (2014). Low cost adsorbents from 
agricultural wastes for the removal of dyes. Environmental Progress & 
Sustainable Energy 33 (1), 38-46



© C
OPYRIG

HT U
PM

160

Reddy, K.R., Hettiarachohi, H., Parakalla, N.S., Gangathulas, J., and Bogner, J.E. 
(2009). Geotechnical properties of fresh municipal solid waste at Orchid Hills 
landfill site USA. Waste management, 29, 952-959. 

Reninhart, D.R., McCreanor, P.T. and Townsend, K.T. (2002). The bioreactor landfill: 
its status and future. Waste Management & Research, 20, 172– 186. 

Renou, S., Givaudan, J.G., Poulain, S., Dirassouyan, F., and Moulin, P. (2008). 
Landfill leachate treatment: Review and opportunity. Journal of Hazardous 
Materials, 150, 468–493.

Rivas, F.J., Beltran, F.J., Gimeno, O., and Alvarez, P. (2003). Optimization of 
Fenton’s  reagent usage as a pre-treatment for fermentation brines. Journal of 
Hazardous Materials, 96, 277–290.

Ruiz, I., Veiga, M. C., de Santiago, P., and Blázquez. (1997). Treatment of 
slaughterhouse wastewater in a UASB reactor and an anaerobic filter. 
Bioresources Technology, 60 (3), 251-258. 

Ruthven, D. M. (1984). Principles of adsorption & adsorption processes. Hoboken, 
NJ, USA: Wiley. 

Russel, W.B., Saville, D.A., and Schowalter, W.R. (1989). Colloidal Dispersions. 
Cambridge University Press.

Sachs, D. P. (1999). Edaphos: Dynamic of a natural soil system, pp. 152-153.

Saeed, A., Akhter, M.W., and Iqbal, M. (2005). Removal and recovery of heavy metals 
from aqueous solution using papaya wood as a new biosorbent. Sep Purif 
Technol., 45(1), 25–31.

Saeed, M.O., Hassan M.N., and Mujeebu, M.A. (2009). Assessment of municipal solid 
waste generation and recyclable materials potential in Kuala Lumpur, 
Malaysia. Waste Management, 29(7), 2209-2213. 

Saifuddin, M.N., and Kumaran, P. (2005). Removal of heavy metal from industrial 
wastewater using chitosan coated oil palmshell charcoal. Electronic Journal of 
biotechnology, 1, 43-53. 

Sarioglu, M. (2005). Removal of ammonium from municipal wastewater using natural 
Turkish (Dogantepe) zeolite. Separation & Purification Technology, 41, 1-11. 

Sarkar, B., Chakrabarti, P., Vijaykumar, A., and Kale, V. (2006). Wastewater 
treatment in dairy industries: Possibility of reuse. Desalination, 195, 141-152. 

Savant, N.K., Snyder, G.H., and Datnoff, L.E. (1997). Silicon management and 
sustainable rice production. Advance Agronomy 58, 151–199



© C
OPYRIG

HT U
PM

161

Sawyer, C.N., McCarty, P.L., and Parkin, G.F. (2003). Chemistry for Environmental 
Engineering and Science, (5th ed.). New York: McGraw-Hill. 

Sayed, S.K.J., and de Zeeuw, W. (1988). The performance of a continuously operated 
Flocculent sludge UASB reactor with slaughterhouse wastewater. Biological 
Wastes, 24, 199-212. 

Seif, H., and Moursy, A. (2001). Treatment of slaughterhouse wastes. Sixth 
International Water Technology Conference, IWTC 2001, Alexandria, Egypt. 

Seik, F. (1997). Recycling of domestic wastes: Early experiences in Singapore. 
Habitat International, 21(3), 277–289. 

Shahir, M. S. Z. (2010). Study on Solid Waste Generation in Kuantan, Malaysia: It’s 
Potential for Energy Generation. International Journal of Engineering Science 
and Technology, 2(5), 1338-1346.

Sharon, B. (1996). Testing the waters: Chemical and physical vital signs of a river, 
Montpelier, Vermont: River Watch Network.

Shao, F., Zhang, D.G., and Zhao, Y.C. (2002). Experimental study on livestock and 
poultry wastewater treatment by aged refuse based bioreactor. Tech. Equip. 
Environ. Pollut. Control, 2, 32-36.

Shao, H., and Zhang, D. (2012). Study on the adsorption of livestock wastewater by 
Bentonite coated chitosan. Advanced Material Research, 356-360. 

Shin, J.H., Lee, S.M., Jung, J.Y., Chung, Y.C., and Noh, S.H. (2005). Enhanced COD 
and nitrogen removals for the treatment of swine wastewater by combining 
submerged membrane bioreactor (MBR) and anaerobic upflow bed filter 
(AUBF) reactor. Process Biochemistry, 40, 3769-3776.

Sivakumar, D. (2013). Adsorption study on municipal solid waste leachate using 
Moringa oleifera seed. International J. Environ. Sci. Technology, 10, 113-124.

Sombatsompop, K., Songpi, A., Reabroi, S., and Inkong-ngam. P. (2011). A 
comparative study of sequencing batch reactor and moving bed sequencing 
batch reactor for piggery wastewater treatment. Maejo International Journal 
of Science and Technology, 5(2), 191-203. 

Song, L.Y., Shi, L., Zhao, Y.C., and Li, H.J. (2011). Novel engineering controls to 
increase leachate contaminant degradation by refuse: From lab test to in situ 
engineering application. Ecological Engineering, 37(11), 1914– 1919. 

Soyoung, L., Maniquiz, M.C., and Lee-Hyung, K, (2010). Characteristics of 
contaminants in water and sediment of a constructed wetland treating piggery 
wastewater effluent. Journal of Environmental Sciences, 22 (6), 940-945.  



© C
OPYRIG

HT U
PM

162

Stathi, P., Papadas, I.T., Tselepidou, A., and Deligiannakis, Y. (2010). Heavy-metal 
uptake by a high cation-exchange-capacity Montmorillonite: The role of 
permanent charge sites, Global NEST Journal, 12, (3), 248-255.  

Steinmann, P., Keiser, J., Bos, R., Tanner, M., and Utzinger, J. (2006). 
Schistosomiasis and water resources development: systematic review, meta-
analysis, and estimates of people at risk. Lancet. Infect. Dis., 6, 411–425.

Sun, Y., Sun, X., and Zhao, Y. (2011). Composition of semi-aerobic and anaerobic 
degradation of refuse with recirculation after leachate treatment by aged refuse 
bioreactor. Waste Management, 31, 1202–1209. 

Taylor, L. H., Latham, S. M., and Woolhouse, M. E. (2001). Risk factors for human 
disease emergence. Philos. Trans. R. Soc. Lond., B, Biol. Sci., 356, 983–989.

Tchobanoglous, G., Theisen, H., and Vigil, S. (1993). Integrated solid waste 
management engineering principles and management issues. New York: 
McGraw-Hill.  

Tran, H., You, S.J., Hosseini-Bandelgharaei A.-H., and Chao, H.-P. (2017). Mistakes 
and inconsistencies regarding adsorption of contaminants from aqueous 
solutions: A critical review. Water Research, 120(1) 88-116. 

Tritt, W.P., and Schuchardt, F. (1992). Materials flow and possibilities of treating 
liquid and solid wastes from slaughterhouses in Germany. A review. 
Bioresource Technology, 41, 235-245.

Tubaña, B.S., and Heckman,J.R.  (2015), Silicon in Soils and Plants. In:Silicon and 
Plant Diseases, F.A. Rodrigues, L.E. Datnoff (eds.) Springer International 
Publishing Switzerland, 7-15.  

UNDP, (2008). Developing a Solid Waste Management Model for Penang, United 
Nations Development Programme, Malaysia. 

UNEP, (2005). Solid Waste Management (Vol. II). United Nations Environment 
Programme- Division of Technology, Industry and Economics- International 
Environmental Technology Centre. Osaka: CalRecovery, Inc. 

UNEP (2011). Towards a Green Economy. Investing in energy and Resource 
Efficiency. Retrieved from www.unep.org/towardsagreeneconomy

UN-HABITAT, (2010). Collection of Municipal Solid Waste in Developing 
Countries. United Nations Human Settlements Programme (UN-HABITAT), 
Nairobi. 

United States Environmental Protection Agency (U.S. EPA), Washington, DC.
"Drinking Water Contaminants." 2009-09-11. Retrieved from: 
http://www.epa.gov/safewater/mcl.html



© C
OPYRIG

HT U
PM

163

United States Department of Agriculture, (USDA), (2000). Agricultural Waste 
Management Field Handbook. Retrieved from:  http://www.nrcs.usda.gov

U.S. Food and Drug Administration Centre for Food Safety & Applied Nutrition, 
Foodborne Pathogenic Microorganisms and Natural Toxins Handbook (“Bad 
Bug Book”). http://vm.cfsan.fda.gov/~mow/intro.html

USEPA, (2012). Solid Waste and Emergency Response. United States Environmental 
protection Agency. Retrieved from: www.epa.gov/globalwarming

Ushakumary, E.R. (2013). Wastewater treatment using low cost natural adsorbents. 
Ph.D Thesis, Cochin University of Science and Technology, India. 

Van der Stelt, B., Temminghoff, E.J.M., Van Vliet, P.C.J., and Van Riemsdijk, W.H. 
(2007). Volatilization of ammonia from manureas affected by manure 
additives, temperature and mixing. Bioresource Technology, 98, 3449-3455. 

Vinten, A. J. A.; and Nye, P. H. (1985). Transport and deposition of dilute colloidal 
suspensions in soils. Journal of Soil Science, 36, 531–541.

Volesky, B. (2007). Biosorption and me. Water Resources, 41(18), 4017-4029. 

Wang, L.K. (2009). Heavy Metals in the Environment. Boca Raton, FL: CRC Press.

Wang, C., Zhao, Y., Xie, B., Peng, Q., Hassan, M., and Wang, X. (2014). Nitrogen 
removal pathway of anaerobic ammonium oxidation in on-site aged refuse 
bioreactor. Bioresource Technology, 159, 266–271. 

 
Wang, F., Sun, Y., and Zhou, R. (2012). Experimental study on the treatment of   

chromium containing wastewater by aged refuse. Prosedia Environmental 
Science, 16, 598– 605. 

 
Wang, M., and Zhao, Y.C. (2004) Treatment of coke plant-wastewater using aged-

  refuse based bioreactor. Environ Technol., 1, 25–28. 
 
Wang, S., Yang, X., Lin, X., Hu, Y., Luo, C., Xu, G., Zhang, Z., SU, A., Chang, X., 

Chao, Z., and Duan, J. (2009). Methane emission by plant communities in an 
alpine meadow on the Qinghai-Tibetan Plateau: A new experimental study of 
alpine meadows and oat pasture. Biology Letters, 5(4), 535–548. 

 
Wang, Y., Gao, P., Fan, M., and Jin, H. (2011). Preliminary study of purification for 

livestock wastewater of immobilized microcystis aeruginosa. Procedia 
Environmental Sciences 11, 1316-1321. 

Webber, T.W., and Chakravorti, R.K. (1974). Pore and solid diffusion models for 
fixed-bed adsorbents. AIChE Journal, 20(2), 228–238.

 



© C
OPYRIG

HT U
PM

164

Wei, X.M., Lin, C., Duan, N., Peng, Y.X., and Ye, X.Y. (2010). Application of aerobic 
biological filter for treating swine farms wastewater. Procedia Environmental 
Sciences, 2, 1569–1584. 

World Health Organization, (WHO), (2012). Animal Waste, Water Quality and 
Human Health. (Ed). Al Dufour, Jamie Bartram, Robert Bos and Victor 
Gannon. IWA Publishing, London, UK. ISBN: 9781780401232.  

Xie, B., Lv, Z., Hu, C., Yang, X., and Li, X. (2013). Nitrogen removal through 
different pathways in an aged refuse bioreactor treating mature landfill 
leachate. Applied Microbiology and Biotechnology, 97, 9225–9234. 

Xie, B., Xiong, S.Z., and Liang, S.B. (2012). Performance and bacterial compositions 
of aged refuse reactors treating mature landfill leachate. Bioresource 
Technology, 103(1), 71–77.

Yang, Y.J., and Zhao, Y.C. (2006). Study on the operation parameter of an aged-refuse 
biofilter for livestock wastewater treatment. Jiangsu Chemical Industry, 5, 13 
Retrieved from: http://www.cnki.com.cn  

Yang, X.-e., Wu, X., Hao, H.-l., He, Z.-l. (2008). Mechanisms and assessment of water 
eutrophication. Journal of Zhejiang University Science B, 9(3), 197-209. 

Yin, C., Aroua, M., Daud, W. (2008). Enhanced adsorption of metal ions onto 
polyethyleneimine-impregnated palm shell activated carbon: Equilibrium 
studies. Water Air Soil Pollution, 192 (1–4), 337–348.

Zamali T., Mohd Lazim, A., and Abu Osman, M.T. (2009). An overview of municipal 
solid wastes generation in Malaysia.  Jurnal Teknologi, 51(F), 1-15. 

Zeldowitsch, J. (1934). Adsorption site energy distribution, Acta Phys. Chim. URSS 
1, 961 973. 

Zeng, G., Ma, J., Xiong, B., and Tian, Y. (2015). Experimental study on engineering 
mechanical properties of aged refuse. EJGE, 20(12), 4361-4368.  

Zhang, H., and Zhao, Y.C. (2004). Comprehensive utilization of the aged refuse in 
MSW landfill. J. Shangdong Univ. Archit. Eng., 19, 46–50.

Zhang, H.H., Tian, J.S., Zhang, Y.M., Wu, Z.L., Kong, X.J., Chao, J.Y., Hu, Y., and 
Li, D.L.  (2012). Removal of phosphorus and nitrogen from domestic 
wastewater using a mineralized refuse based bioreactor. Environmental 
Technology, 33(2), 173-181. 

Zhang, J., Xiao, J.J., Gao, J.M., and Zhang, X.D. (2014). Phenol adsorption on 
nitrogen-enriched activated carbon prepared from bamboo residues. 
BioResources, 9(1), 969-983.



© C
OPYRIG

HT U
PM

165

Zhang, T., Ding, L., Ren, H., and Xiong, X. (2009). Ammonium nitrogen removal 
from coking wastewater by chemical precipitation recycle technology. Water 
research, 43(20), 5209-5215.  

Zhao, Y., Chai, X., and Niu, D. (2006). The basic characteristics of the aged refuse. 
Journal of Tongji University (Natural Science), 34(10), 1360-1364. 

Zhao, Y., Lou, Z., Guo, Y., and Xu, D. (2007). Treatment of sewage using an aged-
refuse-based bioreactor. Journal of Environmental Management, 82(1), 32–
38.

Zhao, Y.C. (2002). Excavation and characterization of refuse in closed landfill. 
Journal of environmental sciences, 14(3), 302-308. 

Zhao, Y.C., Li, H., Wu, J., and Gu, G.W. (2002) Treatment of leacahte by aged refuse- 
based biofilter. Journal of Environmental Engineering, 128, 662–668.

Zhao, Y.C., and Shao, F. (2004) Use of an aged-refuse biofilter for the treatment of 
feedlot wastewaters. Environ Eng Sci., 21(3), 349–360.

Zhu, D., Sun, C., Zhang, H., Wu, Z., Jia, B., and Zhang, Y. (2012). Roles of vegetation, 
flow type and filled depth on livestock wastewater treatment through multi-
level mineralized refuse based constructed wetlands. Ecological Engineering
39, 7–15.



© C
OPYRIG

HT U
PM

182

8 BIODATA OF STUDENT 

Anijiofor Sandra Chinenyenwa, obtained her first degree (B.ENG), in Civil 
Engineering in 1998 from the Enugu State University of Science and Technology, 
Enugu State, Nigeria. She obtained her second degree (M. Eng.), in Water Resources 
and Environmental Engineering in 2010 from the Federal University of Science and 
Technology, Minna, Niger State, Nigeria.  She is presently a Principal Lecturer at the 
Department of Civil Engineering, Federal Polytechnic, Birnin Kebbi, Nigeria where 
she has worked since 2000.  

In 2015, she enrolled as a doctoral student of Sanitary and Environmental Engineering, 
Department of Civil Engineering, Universiti Putra, Malaysia. Her research area is 
Environmental Engineering; Solid waste management, Landfill management and 
Wastewater treatment. This thesis focused on livestock wastewater treatment by 
adsorption and biodegradation using landfilled solid wastes. She has several published 
works and professional affiliations including NSE, ASCE and COREN. She is married 
and blessed with children. 



© C
OPYRIG

HT U
PM

183

9 LIST OF PUBLICATIONS 

Nik Daud, N.N., Anijiofor S.C., and Ahsan A., (2015). An overview of treatment 
efficiencies for various wastewaters using aged refuse based bioreactors. 
Journal of Desalination and Water Purification, 1(1): 12-20. Google scholar.

Nik Daud, N.N and Anijiofor S.C., (2017). Livestock wastewater generation and farm 
 management: The gap Analysis. ISHS Acta Horticulturae, 1152, (36): 265-
 272. Scopus 

Anijofor, S.C., Nik Daud, N.N., Idrus S and Ahsan A., (2017). Aged refuse 
characterization as resource for wastewater treatment and landfill remediation. 
International Journal of Waste Resources, 17, 269. Google scholar  

Nik Daud, N.N. and Anijiofor, S.C., (2018). Chicken slaughterhouse wastewater 
disposal: The challenges ahead. Asian Journal of Agriculture and Biology, 
Special issue, 42-45. Scopus 

Anijiofor, S.C., Nik Daud, N.N., Idrus S and Che Man, H., (2018). Recycling of 
fishpond wastewater by adsorption of pollutants using aged refuse as an 
alternative low-cost adsorbent. Sustainable Environment Research, 
http://doi.org/10.1016/j.serj.2018.05.005 (online) Scopus 

   
Anijiofor, S.C., Nik Daud, N.N., Idrus S and Che Man, H. (2018). Material recovery 

potentials for landfilled solid wastes for farmwater recovery and reuse. 
International Journal of Environmental Research and Health. (Submitted) ISI  

Anijiofor, S.C., Che Man, H., Nik Daud, N.N., and Idrus S. (2018). Molecular 
diversity and compositional analysis of microbiota in aged refuse revealed by 
amplicon sequencing. Applied Microbiology and Biotechnology. (Submitted) 
ISI 

Anijiofor, S.C., Nik Daud, N.N., Idrus S and Ahsan A., (2017). Adsorption of COD 
and BOD from chicken slaughterhouse wastewater using stabilized solid waste 
materials. (Conference paper), GCEC 2017.

Anijiofor, S.C. and Nik Daud, N.N., (2017). Geotechnical properties of closed landfill 
materials for recycling purposes. In proceedings of the fourth GEGEU 
International Research Seminar, pp. 30-36.

Anijiofor, S.C. and Nik Daud, N. (2018). Adsorption-desorption characteristics of 
landfill soil. In proceedings of the fifth GEGEU International Research 
Seminar, pp. 156-163. 

Anijiofor, S.C., Nik Daud, N.N., Idrus S and Che Man, H. Influence of operational 
conditions on pollutant adsorption efficiency from livestock wastewater. 
(Upcoming, November 7th – 9th, 2018). (Conference paper) ICEC 2018.



© C
OPYRIG

HT U
PM

184

International Conferences/Seminar 

International Conference on Environmental and Occupational Health (ICEOH 2016), 
11th – 13th April, 2016, held at Putrajaya Marriott Hotel, Malaysia. (Presenter). 

The 3rd International Conference on Food and Agricultural Engineering (CAFEi 
2016), 23rd – 25th August, 2016, held at Seri Pacific Hotel, Kuala Lumpur, 
Malaysia. (Presenter). 

Global Civil Engineering Conference (GCEC 2017), 26th – 28th July, 2017, held at 
Seri Pacific Hotel, Kuala Lumpur, Malaysia. (Presenter).

4th GEGEU International Research Seminar 2017 (GEGEU 17), 26th October, 2017, 
held at Palm Garden Hotel, IOI, Resort City, Putrajaya, Malaysia.  (Presenter). 

5th GEGEU International Research Seminar 2018 (GEGEU 18), 30th October, 2018, 
Sherwood Hotel, Bangi. (Presenter).

1st International Civil Engineering Conference (ICEC) 2018. 7th – 9th November         
2018, at the Federal University of Technology, Minna, Niger State, Nigeria. 
(Upcoming) (Presenter). 



© C
OPYRIG

HT U
PM




