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ABSTRACT 

 

 

 

Leachate is a complex and highly polluted wastewater. Constructed wetlands 
are potentially good, low-cost and appropriate technological treatment systems for 
treating leachate. Thus, the purpose of this study was to assess the impact of 
magnetic field towards the performance of vertical and horizontal subsurface flow 
constructed wetland (SSF) vegetated with Limnocharis flava for leachate treatment. 
The metals uptake by plants also been investigated. The main parameters evaluation 
are total suspended solid (TSS), turbidity, ammoniacal nitrogen (NH4

-N), nitrate 
(NO3

-N), phosphorus and metals (ferum and manganese). Experiments were run in 
two systems, which were vertical SSF and horizontal SSF, conducted in duration of 
18 days for each. Each of the system consists of control, vegetated and vegetated 
with magnet tanks. Results show that the capability of emergent plant in the removal 
of all parameters did show a performance compared to unplanted control. Presence of 
the vegetation did show there were a substantial removal shown for NH4

-N>80%, 
NO3

-N>70% and heavy metals (Fe>96 and Mn>83%). However, the capability of 
emergent plant has lower removal efficiency in TSS (<48%). Constructed wetland 
with magnetic field had a greater ability than vegetated treatment in removal of TSS 
and metals. For those parameters, highest removal was recorded in both systems 
compared to other treatment which was >86% for TSS, complete removal for Fe and 
for Mn, removal was >88%. The effect of different flow format used in this study 
had shown that vertical flow format do provide a good condition for nitrification but 
no denitrification. On the other hand, horizontal flow format cannot provide 
nitrification because of their limited oxygen transfer capacity. The treatability of 
vertical SSF had showed greater removal in NH4

-N (>87%) and Mn (>78%) while 
horizontal flow had showed greater removal of NO3

-N (>66%). Others parameters 
did not contribute to substantial differences between vertical and horizontal SSF 
constructed wetlands. The result for metals uptake by Limnocharis flava shows that 
the plants leaves and roots are capable to absorb Fe and Mn in leachate. 
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ABSTRAK 

 

 

 

Air larut resap adalah sesuatu yang rumit dan merupakan air sisa yang sangat 
tercemar. Tanah bencah buatan berpotensi bagus, berkos rendah dan merupakan 
sistem rawatan berteknologi yang sesuai untuk merawat air larut resap. Oleh itu, 
kajian ini bertujuan untuk menilai kesan medan magnet terhadap tanah bencah 
buatan jenis vertical dan horizontal aliran sub permukaan (SSF) yang ditanam 
dengan Limnhocharis flava untuk rawatan air larut resap. Keupayaan tumbuhan 
dalam menyerap logam juga dikaji. Parameter utama untuk dikaji adalah pepejal 
terampai (TSS), kekeruhan, ammonia nitrogen (NH4

-N), nitrate (NO3
-N), phosphorus 

(P) dan logam (ferum dan manganese). Dua sistem eksperimen telah dijalankan iaitu 
vertical SSF dan horizontal SSF yang berlangsung selama 18 hari bagi setiap sistem. 
Setiap sistem mengandungi tangki kawalan, tumbuhan dan tumbuhan dengan 
magnet. Keputusan menunjukkan keupayaan tumbuhan untuk menyingkirkan semua 
parameter berbanding kawalan. Kehadiran tumbuhan menunjukkan penyingkiran 
yang banyak bagi NH4

-N>80%, NO3
-N>70% dan logam (Fe>96 dan Mn>83%). 

Walaubagaimanapun, keupayaan tumbuhan untuk menyingkirkan TSS adalah rendah 
(<48%). Tanah bencah buatan dengan medan magnet mempunyai kebolehan yang 
lebih baik berbanding tanpa magnet dalam menyingkirkan TSS dan logam. Bagi 
parameter tersebut, penyingkiran tertinggi telah dicatatkan bagi kedua-dua sistem 
berbanding dengan rawatan lain iaitu >86% untuk TSS, penyingkiran semua untuk 
Fe dan untuk Mn, penyingkiran adalah sebanyak >88%. Kesan terhadap perbezaan 
format aliran dalam kajian ini menunjukkan format aliran vertical menyediakan 
keadaan sesuai untuk nitrification dan bukan denitrification. Dengan kata lain, format 
aliran horizontal tidak boleh untuk nitrification kerana keupayaan pemindahan 
oksigen yang terhad. Rawatan bagi vertical SSF menunjukkan penyingkiran lebih 
bagus bagi NH4

-N (>87%) dan Mn (>78%) manakala aliran horizontal menunjukkan 
penyingkiran lebih bagus bagi NO3

-N (>66%). Parameter lain tidak menyumbang 
kepada perbezaan penyingkiran yang banyak di antara tanah bencah buatan jenis 
vertical dan horizontal. Keputusan keupayaan penyerapan logam oleh Limnocharis 
flava menunjukkan daun dan akar tumbuhan berkeupayaan untuk menyerap Fe dan 
Mn dalam air larut resap. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

The mass of solid waste produced globally is increasing at a rapid pace. 

Although improvements are being made in reducing, reusing and recycling of waste, 

protecting the environment and human health continues to be a challenge. One of the 

major consequences of rapid economic growth, urbanization, industrialization and 

population growth is the massive generation of solid wastes. As a country that 

moving forward to achieve the industrialized country status by the year 2020, 

Malaysia is grappling with solid waste management problems. The solid waste 

disposal method in Malaysia is solely landfill. Other methods such as incineration 

and composting are at an imperceptible scale. The municipal solid wastes in 

Malaysia that have gone for landfilling is approximately 95% and only 5% are 

recycled. Even though there is a huge amount of municipal solid waste that goes to 

landfill, the landfilling practice in Malaysia is far from environmentally sounded. 

According to Ministry of Housing and Local Government Malaysia (1999), out of 

177 landfills in Peninsular Malaysia, estimated only 6% are sanitary landfills, 44% 

are control tipping landfill and 50% are crude dumping sites. 
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However, leachate production when water is allowed to come in contact with 

the waste and generation of gases from biodegradation of the waste at landfill sites 

may cause environmental pollution (Wilson, 1981). Leachate is a liquid consisting of 

moisture generated from landfill during the waste degradation process. When 

leachate is produced and moving inside the landfill, it picks up soluble, suspended or 

miscible materials removed from such waste (Corbitt, 1994). Leachate has high 

content of iron, chlorides, organic nitrogen, phosphate and sulphate (Preez and 

Pieterse, 1998). When this highly contaminated leachate leaves landfill and reaches 

water resources, over time, it will cause surface water and ground water pollution. 

The contamination of water is affecting with the human body and environment.  

 

The high strength of wastewater characteristics in leachate makes it difficult 

to treat by itself thus biological wastewater treatment technologies can be adapted for 

treatment of leachate. The technology for treatment and pretreatment of leachate 

include wetlands treatment. These systems employ natural or man-made 

(constructed) wetlands systems that treat wastewater utilizing natural processes of 

sedimentation, adsorption and organic degradation (Corbitt, 1994). 

 

Application of constructed wetlands is significant because the wetlands have 

often been assumed to possess a specific capacity to absorb and retain particulate 

matters, nutrients or other pollutants which enters water bodies through surface 

runoff, domestic wastewater, and industrial wastewater and also from plantations 

(Hughes et al, 1992). Besides constructed wetlands are used to treat wastewater 

(Brix, 1994) and leachate from landfills (Wittgren and Maehlum, 1997; Robinson, 

1990; Staubitz et al., 1989; Surface et al., 1993), wetlands are also used in the 

treatment of industrial waste from textile industries and food processing industries. 

 

 

 

1.2 Problem Statement 

 

There is a lack of proper leachate collection and treatment in developing 

countries including Malaysia. The majority of the landfills in Malaysia are without 

leachate collection and treatment facilities. A regional survey on 30 local authorities, 
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only 4 out of 69 landfills being surveyed have leachate collection (Nasir et al, 1998). 

There is a lack of leachate and an impermeable liner system in most landfill , 

leachate will easily leach out and contaminate the nearby water. With respect to the 

environment, this situation should be changed. Due to the financial situation and to 

the more stringent standards, leachate treatments are much more developed in 

industrialized countries (Aslam et al., 2004). High technology leachate treatment 

systems are often avoided because of high cost of construction and operation. An 

alternative is cost efficient natural treatment systems such as constructed wetlands 

for secondary or tertiary treatment, due to their characteristic properties including 

simple construction, simple operation and maintenance, process stability and cost 

effectiveness (Surface et al., 1993; Lin et al., 2002). Hence, the potential to expand 

the use of constructed wetlands to the treatment of leachate is relevant in today’s 

context.  

 

Constructed wetland technologies have already shown good results in treating 

wastewater. Wetland treatment of landfill leachates has been successfully tested at 

several locations. Reed beds are used to treat leachate in United Kingdom (Robinson, 

1990) and a facility at Ithaca, New York has utilized SSF wetlands and has been 

operating since 1989 (Staubitz et al., 1989; Surface et al., 1993). Although, 

constructed wetland using magnetic technology is a relatively new idea in Malaysia 

and the potential of magnets has not yet been discovered. Increasing research and 

knowledge of wetland have led to the trend to construct wetlands enhanced with 

magnetic field that obviously duplicate the environmental friendly benefit to the 

ecosystem. Therefore, this study was carried out to study the effectiveness of a 

magnetic field to leachate treatment using subsurface flow constructed wetland (SSF) 

planted with Limnocharis flava. 

 

 

 

1.3 Objectives of the Study 

 

The aim of this study is to investigate the feasibility of applying subsurface 

flow constructed wetlands (SSF) treatment process enhanced with magnetic field. 

The objectives of the study are: 
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(i) To investigate the capability of an emergent plant (Limnocharis flava) 

with and without magnetic field for the removal of ammonia nitrogen, 

nitrate nitrogen, phosphate, ferum, manganese, SS and turbidity in 

treating landfill leachate using constructed wetland;  

 

(ii) To evaluate the treatability of vertical subsurface flow (VF) and 

horizontal subsurface flow (HF) constructed wetland; 

 

(iii) To determine the heavy metal (Fe and Mn) uptake by Limnocharis 

flava in roots and leaves. 

 

 

 

1.4 Scope of the Study 

 

Increasing research and knowledge of the role of natural wetlands in 

controlling water pollution have led to the trend to construct wetlands that duplicate 

the environmental benefit to the ecosystem. Hence, the following criteria will form 

the principal for the scope of the study: 

 

(i) There were two systems performing subsurface flow constructed 

wetlands (SSF) and each system was operated for a period of 18 days. 

The first system was conducted as vertical flow (VF) while the second 

system was horizontal flow (HF) constructed wetlands; 

 

(ii) Each system contained 3 tanks. Tank A was not planted for control 

purposes whilst tanks B and C were planted with 8 clusters of 

Limnocharis flava. In addition, sample discharged from tank C was 

treated with magnetic field for 6 hours; 

 

(iii) The vegetation species that was used in this study is Limnocharis 

flava; 
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(iv) Six sets of permanent magnet with 0.55 Tesla was used in the 

experiment; 

 

(v) The efficiency of leachate treatment for each system was evaluated 

for ammonia nitrogen, nitrate nitrogen, phosphate, ferum, manganese, 

SS and turbidity. HACH DR/4000 spectrophotometer equipment was 

used for analysis of each parameter; 

 

(vi) Heavy metal (Fe, Mn) by plant uptake are two components which 

were investigated by looking at the concentration in plant leaves and 

roots; 

 

(vii) All experiments were carried out in Environmental Engineering 

Laboratory, Faculty of Civil Engineering, Universiti Teknologi 

Malaysia. 
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