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ABSTRACT

As a developing country, Malaysia is facing a problem with waste management issues.
Even though landfilling is preferable due to its low cost, availability of land and
environmentally friendly method, the problem caused by the dumping sites is not
adequately treated. During rainy season, leachate may accelerate heavy metals toxicity
at the landfill areas into ground surface. Therefore, this research aimed to study pattern
distribution of landfill contaminants as well as to explore the capabilities of fern species
as phytoremediation agent. In order to achieve the goal, there are two objectives that
need to be fulfilled. Firstly is to study spatial distribution and potential of landfill
contaminant at active and closed landfills at different depths (0 cm to 30 cm, 30 cm to
60 cm and 60 cm to 90 cm) and radiuses (5 m to 10 m, 10 m to 15 m, and 15 m to 20
m). Secondly, to assess type of fern species ability and stability as phytoremediation
agent. By using hand auger, samples were taken from three (3) different localities in
Perak, Selangor and Johor in order to investigate their massive metal sequestration rate
stability and pattern distribution in this highly weathered soil. Nine landfill sites located
in the state of Selangor comprising of a variety of active and closed landfills chosen.
Phytoremediation technology that uses living plant is adopted to accumulate and
remove various heavy metals toxicity. This is because phytoremediation activity in
plant system functions to degrade, extract or inactivate potentially hazardous
compounds in the contaminated soil. Four terrestrial fern species namely; Dicranopteris
linearis, Nephrolepis bifurcata, Stenochlaena palustris and Acrostichum aureum were
chosen to sequester heavy metal contaminants from laterite soil. Samples that taken
from vegetative parts, soils and roots of the plant, were then taken to the laboratory for
cleaning and drying purposes before the analysing process. Soils and plants sampling
were measured using ICP-MS (Perkin Elmer NexION 300X) for ten heavy metals
element (Al, Fe, Cr, Mn, Co, Ni, Cu, Zn, Cd and Pb). Both results showed Al and Fe
were detected with the highest concentrations. Al and Fe concentration for landfill soils
were detected highest at every radiuses and depths of the landfill sites regardless other
heavy metals were detected low due to leach out to the groundwater level. The analysis
of variance (ANOVA) output has shown a statistically significant difference
(P<0.0001), in the mean of heavy metal concentrations between different radiuses and
different depths at all interactions. While the age pattern of landfill shows that the
concentration of heavy metals is increasing as the radiuses and depth of soil increase.
In order to certify the potential of fern species as a phytoremediation agent to remediate
heavy metals toxicity in the landfill soil, the evaluation of bio-concentration factor
(BCFs) and translocator factor (TFs) were implemented. The ANOVA output has
shown a statistically significant difference (P<0.0001), in the mean of concentrations
of heavy metals between vegetative part, root and soil at all interactions. Therefore, it
is indicated that all four terrestrial fern species are potential as phytoremediation agents
to sequester Cr, Mn, Co, Ni, Cu, Zn, Cd and Pb from landfill sites. Since there are many
factors that contributed to the heavy metal accumulation, fern species are suggested to
be one of the alternative measures to remediate the soil and remove heavy metals
toxicity. In addition to its potential as a green technology, ferns can also be
commercialised as an inexpensive alternative method to clean areas that contaminated
with heavy metals toxicity.
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CHAPTER ONE
INTRODUCTION

1.1. BACKGROUND OF THE STUDY

Municipal solid waste (MSW) is a category of diverse waste which generated from different
sources (that is, residential, commercial, municipal services, agriculture), each of which is
itself heterogeneous (Sharifah & Latifah, 2013). Waste generation become continues to
increase in line with the economy and population growth. This suggests that the greatest
challenge is to provide more waste disposal facilities such as landfill to treat the waste
(Hassan et al., 2001).

Malaysia is a South East Asia country where landfill is important and where the
standard of waste management needs to be improved. It comprises thirteen states and three
federal territories, with a total surface area of 329,700 km2. Known as one of the rapidly
developing economies in Asia, MSW generation is projected to increase from 292 kg/capita
in 2000 to 511 kg/capita in 2025 (Aja & Al-Kayiem (2014). Currently, landfilling is the
main waste disposal method (80% usage) and it is still expected to report for 65% of waste
in 2020 (Waste Management Policy of Malaysia 10th Plan, 2010 to 2020). In other hand,
recycling and intermediate processing are projected to take 20 and 15% of the waste in
2020. However, most landfills in the country are in a bad condition (Latifah et al., 2009).
It operated without proper protective measures, such as lining systems, leachate treatment

and gas venting. Despite the complexity of waste produced, the standards of landfills in



most developing countries are still poor; these include inadequate waste treatment facilities,
inefficient collection and storage systems, co-disposal of municipal waste with hazardous
waste, inefficient utilisation of disposal space, lack of environmental abatement measures
and poor documentation (Hassan et al., 2000).

Planners face great difficulties in establishing the most suitable locations for
landfilling due to rapid urbanisation process, the waste municipal face shortages of space
and the increasing quantities of solid waste (Sharifah & Latifah, 2013). Hence, landfilling
is the main waste disposal method in future. Thus, this study explores the suitable green
technology to remediate the landfill area in Malaysia in term of their soil capability to

absorb organic, inorganic and toxin caused by these domestic waste.

1.2. ISLAMIC PERSPECTIVE (SHARIAH COMPLIANCE) ON

SUSTAINABILIY TOWARDS ENVIRONMENT

According to Islam, there is no such matter that can cause harm and uncomfort to the user
and environment. The principle of ‘La darar wa la dirar’ has been enhanced to remove all
kind of harm (Mohammad Akram, 2006). Any actions (lilah) with intention to improve,
enhance and enrich the environment (Tahsin al- ardh) is considered as a part of
environmental sustainability objectives as it ensure the ecological balance (Mizan) of earth.
The whole universe has been created with wisdom (Hikmah) and none was created in vain
by Allah. As a trustee (Khalifah) man cannot waste the resources in any case. It is the
responsibility of a trustee to conserve the nature and protect the environment from any kind

of harm or degradation. In fact, Allah has placed a measured quantity on the environmental



resources which matched with the demand of the resources on the earth. Therefore, human
has to use them in a right ways. As stated in the Holy Quran, man are called to preserve
this equilibrium, to be moderate in everything and to avoid any actions that would cause
harm to nature, “And the Firmament has He raised high, and He has set up the Balance [of
Justice], in order that ye may not transgress [due] balance. So establish weight with justice

and fall not short in the balance” (Al-Rahman: 7-9).

1.3. STATEMENT OF THE PROBLEM

According to Aja & Al-Kayiem (2014), Malaysia waste management had difficulties in
collection coverage of garbage. The low coverage is due to limited accessibility of vehicles
in some areas, irregular collection services, inadequate equipment used for waste
collection, crude open dumping and burning without air and water pollution control,
inadequate legal provisions and resources constraints. These problems are caused by
various factors which have an impact on the development of effective waste management
systems in Malaysia. As most of the developing countries, Malaysia is facing an increase
of the generation of waste and of accompanying problems with the disposal of this waste.
Generating about 0.5 up to 1.9 kg per capita per day of Municipal Solid Waste (MSW), it
is estimated that Malaysia is generating a total of about 25,000 tonnes of MSW per day and
might been exceeded up to 30,000 tonnes per day by 2020. Characterised by 45% food
waste, 24% plastic, 7% paper materials, 6% metal, 4% wood and 3% glass, it is
approximately about 80-90% waste collections sent to landfill and 5% is recycled.

Meanwhile, composting and energy recovery seems rarely practiced. Therefore, the



application of using metal-accumulating plants for environmental clean-up has been
vigorously pursued to encounter the toxicity before it spread over to the environment
(Vassilev et al., 2004). Using the bioaccumulation capacities of specialized group of plants
may provide an effective way of removing heavy metals from contaminated soils (Khalid
et al., 2017). As a consequence, a great deal of contamination, especially to surface water,
soil and ground water, occurs, threatening the health of exposed populations and
ecosystems (Zhang et al., 2010). Therefore, a cost effective and efficient treatment method

are needed to cope with this future environmental problem.

1.4. RESEARCH AIM

This research aimed to study pattern distribution of landfill contaminant as well as to

explore the capabilities of fern species as phytoremediation agent.

1.5. RESEARCH OBJECTIVES

The objectives has been construct to achieve the aim. The objectives are stated as below:
1. To study spatial distribution and potential of landfill contaminant at active and
closed landfill at different depths (0 to 30cm, 30 to 60 cm and 60 to 90 cm) and
radiuses (5 to 10 m, 10 to 15 m, and 15 to 20 m);

2. To assess type of fern species ability and stability as phytoremediation agent.





