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ABSTRACT 
 

 

 

 

The environmental pollution resulting from solid waste disposal at landfills is a severe 

problem. Many landfills in Malaysia have increased waste generation without proper 

disposal procedures. Heavy metals or inorganic contaminants exhibited in landfill 

sites in the form of dust, gas and leachate due to anthropogenic activities may result is 

serious environmental problems when they transport into the atmosphere, soil, surface 

water and groundwater without filtration or treatment system. Thus, this study 

assesses heavy metals sequestration rate of Glossostigma elatinoides and Bacopa 

caroliniana at different concentrations and different types of heavy metal in single 

element and hybrid elements at four different periods (week 1 until week 4) through 

an in vitro model system. This study also identifies heavy metals concentration in 

landfill soil. The concentration of several heavy metals contaminants (Al, Mn, Mg, Fe, 

Cu, Cr, Cd, Zn, Ni and Pb) in landfill soil and level of toxicity in the soil were 

evaluated from seven different localities. Factors influencing the concentration of 

heavy metal contaminants in landfill soil were the composition and compound of 

waste, degree of waste compaction, types of soil, evapotranspiration, landfill class and 

age, landfill area, climate and other environmental factors. The analysis of variance 

established significant to highly significant differences (P<0.001) between landfill soil 

and heavy metal concentration. From the findings, Cu, Zn, Cd and Pb concentration 

were found in landfill soil of Sungai Sabai landfill which exceeded the standard limit 

of natural soil. The four highest metals detected in all landfill sites were Al, Fe, Mn 

and Mg can cause soil contamination. The experimental in vitro model system 

established that the sequestration rate for single metals experiment by G.elatinoides 

and B.caroliniana individually showed (0.81 ± 0.006189 mg/L ) and (0.36 ± 0.004 

mg/L) efficiency of Iron. Whereas the sequestration rates for hybrid metals 

experiment revealed that G.elatinoides presented (0.43 ± 0.0074 mg/L) and 

B.caroliniana (0.3220 ± 0.0063 mg/L) efficiency of Magnesium. Both single and 

hybrid experiments were conducted in different concentration ranges at different 

incubation periods. Interestingly, both G.elatinoides and B.caroliniana have the 

ability to sequester all four types of heavy metals at same trends which 

Fe>Mg>Mn>Al for single model system and Mg>Mn>Fe>Al for hybrid model 

system. The hybrid results showed that the interactive pattern was antagonistic when 

all metals were combined as Mg has reduced the sequestration rate of Al, Fe and Mn. 

The combination of Al, Fe and Mn without Mg showed that the interactive effects 

between Al, Fe and Mn were synergistic. The plants were able to sequester all heavy 

metals in a linear relationship with the incubation period, as the sequestration rates 

were increased with increased concentrations and periods for Al which decreased after 

long exposure. The result showed that certain metal removal efficiencies were 

increased initially by increasing of time and concentration. Thus, in this study both 

G.elatinoides and B.caroliniana are a good and potential bio-sequester agent to clean-

up heavy metals contaminant in landfill soil and groundwater. In order to use these 

plants on a large scale, some factors need to be highlighted such as plant capabilities 

and tolerance towards level of heavy metal contaminants, plant species sequestration 

rate as well as type of contaminants. All factors may assist in achieving the 

effectiveness of plant sequestration rate.  
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 يهخض انجؾش
 

 
َؼذ انزهىس انجُئٍ انُبرظ ػٍ رشاكى انُفبَبد انظهجخ الدذفىَخ يٍ أكبر الدشبكم انتي تهذد انجُئخ فى انؼبلم 
أجمغ. فى الأوَخ الأخيرح اصدادد ػًهُبد دفٍ انُفبَبد فى يبنُضَب دوٌ يشاػبح انطشق انؼهًُخ انتي يجت 

أعم انزخهض يُهب.  يٍ أْى أَىاع ْزِ انُفبَبد، ٍْ: الدؼبدٌ انضمُهخ أو يبَغًً  أٌ رزجغ يٍ
ثبلدهىصبد غير انؼؼىَخ انتى رىعذ فى انجُئخ المحُطخ بهب فى شكم أغبرح، غبصاد ويىاد َبتجخ ػٍ فهزشح 

ّ يٍ  يىاد أخشي عبيخ. َزُغخ نزنك َُؼذ انُشبؽ انغكبني يٍ أْى أعجبة انزهىس انجُئٍ بمب َُغى ػُ
اصدَبد يؼطشد يٍ ؽُش اَزبط الدضَذ يٍ انُفبَبد انتى َزى دفُهب فى عطؼ الأسع ورغشبهب فى الدُبِ 
الجىفُخ ثؼذ رنك دوٌ يشاػبح رششُؾهب أو يؼبلجزهب يٍ الدؼبدٌ انغبيخ، كم ْزِ انؼىايم لرزًؼخ 

ذل ػضل الدؼبدٌ يمكُهب أٌ رغجت يشبكم ثُئُخ خطيرح.  نزنك أُعشَذ ْزح انذساعخ ثغشع رمُى يؼ
 Glossostigma elatinoides)انضمُهخ ثبعزخذاو َجبتي لهىعززُمًب إنزُُىَذ، وَجبد انجبكىثب كبسونُُُزب 

and Bacopa caroliniana)  ،ٌثزؾؼير رشاكُض وأَىاع مخزهفخ نهًؼبدٌ انضمُهخ فى شكم ػُظش أؽبد  ،
فخ رزشاوػ يب ثين الأعجىع الأول وفى شكم ْغين أو يضَظ يٍ انؼُبطش. ورنك نفزشاد صيُُخ مخزه

وؽتى الأعجىع انشاثغ يٍ خلال رطجُمهب فى أنمىصط ؽُىٌ داخم الدخزبر. أَؼبً، ْزِ انذساعخ أُعشَذ 
نزمذَش رشكُض الدؼبدٌ الدهىصخ الدىعىدح فى  عجؼخ يُبطك مخزهفخ نذفٍ انُفبَبد ويذي سمُزهب، ػهًبً ثأٌ 

زغشثخ، شمهذ: الألدىَُىو، الدبنجُُض، الدبغُضَىو، الحذَذ، انُؾبط، الدؼبدٌ انضمُهخ انتي تم تحذَذْب فى ان
انكشثزىٌ، انكبديُىو، الخبسطين، انُُكم وأخيرا انشطبص.  ويٍ الدهى عذا يؼشفخ انؼىايم الدؤصشح ػهً 
رشكُض الدؼبدٌ انضمُهخ الدزشاكًخ فى يُبطك دفٍ انُفبَبد لدؼشفخ كُفُخ انزؼبيم يؼهب وٍْ تمضهذ فى 

ُت انكًُُبئً نهُفبَبد، ودسعخ تجًُؼهب، وَىع انزشثخ وػًشْب، رجخش الدبء يٍ انزشثخ وانُجبربد، انزشك
ثبلاػبفخ إلى الدُبؿ وانؼىايم انجُئُخ الأخشي. أوػؾذ َزبئظ انذساعخ ثأٌ ُْبنك فشولبد كجيرِ ػُذ 

فُهب، ؽُش وعذ أٌ  ثين يُبطك دفٍ انُفبَبد، والدؼبدٌ انضمُهخ الدىعىدِ (P ≤ 0.001)يغزىي يؼُىَخ 
رشكُض ػُبطش انُؾبط ، الخبسطين، انكبديُىو وانشطبص فى يُطمخ عُغبٌ عببي لذ تجبوصد الحذ 
الدغًىػ ثّ نهزشثخ انطجُؼُخ. ركشد َزبئظ انذساعخ اَؼب أٌ  ػُبطش الأيىَُىو ،الحذَذ، الدُغُُض، 

انُفبَبد ػهً الإطلاق فى  والدبغُضَىو وٍْ انؼُبطش الأكضش أهمُخ يٍ ؽُش ؽذوس رهىس يُبطك دفٍ
كم يُبطك دفٍ انُفبَبد انتى شمهزهب انذساعخ. ؽُش أٌ انزغبسة الدؼًهُخ أشبسد إلى أٌ يؼذل فظم 
الدؼبدٌ انضمُهخ الأؽبدَخ ثبعزخذاو َجبتي لهىعززُمًب إنزُُىَذ، و َجبد انجبكىثب ، أػطذ رشاكُض 

يٍ ؽُش فؼبنُخ فظم ػُظش الحذَذ ػهً  (شيهغشاو/نز 0.30±0.004)و  (يهغشاو/نُزش 1..0.0001.0±0)
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 0.43±0.00.4)انزىالى. ثًُُب يؼذل ػضل ػُظش الذغين ثبعزخذاو َجبد لهىعززُمًب أػطً رشكُض
يٍ ؽُش كفبءح فظم ػُظش الدبغُضَىو. أوػؾذ ( 0.3220±0.0003)وَجبد انجبكىثب  (يهغشاو/نزش

َجبد انجبكىثب نذَهًب انمذسح ػهً ػضل أسثؼخ  انُزبئظ أٌ اعزخذاو الاصُين يؼب لهىعززُمًب إنزُُىَذ و
أَىاع يٍ الدؼبدٌ انغبيخ فى انىلذ َفغخ انتى تمضهذ فى الحذَذ < الدبغُضَىو < الدُغُُض < الألدىَُىو 
ثبنُغجخ نهُظبو الأؽبدي . أيب ثبنُغجخ نُظبو الذغين كبَذ كفبءح رشرُت ػضل ػُبطش الدبغُضَىو < 

أخيراً، رجين أٌ َزبئظ الذغين أظهشد نمطبً رفبػهُبً يؼبداً  ىو ػهً انزىالى.الدُغُُض< الحذَذ< والألدىَُ
ػُذيب تم اعزخذاو كم انؼُبطش انضمُهخ لرزًؼخ بمب فُهب الدغُضَىو ْزا أدي إلى خفغ كفبءح َغجخ ػضل 

غشثخ. ػُبطش الألدىَُىو ، الحذَذ والدُغُُض. ثًُُب ظهش انؼكظ تمبيبً ػُذيب تم ػضل الدبغُضَىو يٍ انز
انُجبربد الدغزخذيخ فى انذساعخ لبدسح ػهً ػضل انؼُبطش انغبيخ كهًب صادحد يذح الحؼبَخ وانزشكُض. 
يمكٍ أٌ َغزُزظ يٍ ْزِ انذساعخ أٌ كهزب انُجبرين لهىعززُمًب إنزُُىَذ، وانجبكىثب رؼذاٌ يٍ انُجبربد 

خذايهب ػهً َطبق واعغ يٍ أعم ثُئخ الجُذح فى ػضل الدؼبدٌ انضمُهخ الدهىصخ إر يمكٍ يٍ الدهى عذا اعز
 َظُفخ خبنُخ يٍ الدهىصبد الخطشح كبلدؼبدٌ انضمُهخ.
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CHAPTER 1 

INTRODUCTION 
 

 

 

 

1.1 RESEARCH BACKGROUND 

Environmental management is one of the significant efforts which are essential to 

achieve and become a successful developed country in the new millennium. Malaysia 

has managed to minimize most of the side effects of modern development on the 

environment as guided by the Environmental Quality Act 1974 (Sani, 1997). This 

situation can be seen where the country is able to control the impact of the project on 

the environment and analyse the risk for the projects that handling hazardous 

materials. However, carelessness in the past has result every unaware country to face 

the problems such as depletion of the ozone layer, climatic change, global warming, 

the loss of animal and plant species diversity, chemical abuse and destruction of the 

forest which has threaten all the mankind in the whole world (Brugmann, 1992).  

 According to Brugmann (1992), urban areas or cities are integrated systems 

that facilitate the delivery of a wide range of services and activities. Increasing 

urbanization and industrialization has caused the environment to deflate. In addition, 

nowadays, the developments in various sectors such as the industrial, agricultural and 

services have caused to the decline of the environment quality as water, air and land 

has been polluted (Brugmann, 1992). WWF (2015) has reported that 80% of marine 

pollution comes from land based activities. The seen-able polluted materials such as 

plastic bags to the unseen pollution such as pesticides are commonly waste that 

generated on the land and then extended to water bodies such as river and stream 

through precipitation run off or direct dumping which end up at ocean (WWF, 2015).  
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 From the waste generated, solid waste such as plastic bags, bottles, and 

packaging materials which the life span they used to decay is about 500 years may 

cause a lot of harm to the environment. For instance, the excessive of carbon dioxide 

emissions result from the decaying process may damage the natural ecosystems. The 

waste also cause hazardous to the animals in the sea as reported, many cases occurred 

where marine species such as turtles, whales, seals, dolphins, and others were died 

because of the plastic materials found in their stomach and some has blocking their 

breathing ways (WWF, 2015).  

According to Conserve Energy Future (2009), air pollution occurred by the 

release of gases, dust and smoke to the atmosphere which may be hazardous to entire 

living things and the environment. The diminishing of ozone layer and global 

warming are known to be the biggest effects of air pollution and become threat to the 

world nowadays. These problems were caused by human activities such as: 

i.       Fossil fuels burning – released of sulphur dioxide from the combustion of 

fossil fuels (e.g., petroleum, coal). 

ii.       Agricultural activities – released of ammonia from the use of insecticides, 

pesticides and fertilizers.  

iii.       Exhaust from industries, factories and vehicles – released of carbon 

monoxide, hydrocarbon, chemicals and organic materials. 

iv.       Mining operation – emitted of chemicals and dust from earth during 

mining process. 

v.       Indoor air pollution – emitted of toxic chemicals from wall finishing 

products such as paint. 
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vi.       Landfill – released up to 90% of methane gases and carbon dioxide and 

other gases including nitrogen, oxygen, ammonia, sulphides and hydrogen 

when bacteria break down the organic waste disposed at landfill. 

As reported by Conserve Energy Future (2009), land pollution was defined as 

the degradation of earth’s surface and soil which cause by the anthropogenic activities 

such as agriculture, deforestation, construction and so on. Conversely, land pollution 

is commonly emphasized after air and water pollution as the effects of air and water 

pollution are clearly seen in the environment rather than land pollution effects. 

Conserve Energy Future (2009) also has listed the sources of land pollution: 

i.       Agricultural activities - highly toxic fertilizers and pesticides were used to 

produce fungi and bacteria free crops which the overuse may result soil 

contamination. 

i.        Construction activities – rise of developing country led to the increase of 

construction activities which result large waste components such as metal, 

glass, wood, plastics and bricks to be disposed. 

ii.       Industrialization – increase of population growth has led to increase the 

demand for food, house and other needs which result the industry to 

developed and produced more waste that need to be disposed. 

iii.       Overcrowded landfill – the urbanization and population increase may 

result to the increase of waste generated and finally has been dump to the 

landfill which led to the soil contamination. 

1.2 ISSUES 

Landfills are critical sources of air, water and land pollution. Guerrero et al. (2013) 

relates such pollution to the rise of population, living standards and rapid urbanization 

causing increased municipal solid waste. Inappropriate waste management is 
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potentially one of the major contributors to environmental degradation (Fauziah et al., 

2013). As referred to Table1.1, Malaysia as one of developing countries is classified 

under upper middle income country which these countries produced 1.16 kg waste per 

capita in a day (Ismail and Manaf, 2013; Hoornweg et al., 2012). As a developing 

country, the challenge of the Malaysian government is to provide an efficient system 

to manage municipal solid waste (Guerrero et al., 2013). 95% of the almost 30,000 

tonnes of daily solid waste generation in Malaysia is dump in landfills (Fauziah et al., 

2013).  

Therefore, it is crucial to efficiently manage landfills to avoid being hazardous 

to life in the surrounding areas (Taylor and Allen, 2006). Fauziah et al. (2013) 

reported that non-sanitary landfills in Malaysia, also known as open dumpsites, have 

had a negative impact on the environment due to an improper lining system that 

causes leachate, which is the leakage of a large number of toxins into the nearest water 

bodies and infiltrates groundwater through contaminated soil. The generation of 

leachate is based on the composition and compound of waste, degree of waste 

compaction, types of soil, evapotranspiration, landfill class and age (Fauziah et al., 

2013). Consequently, recognising the characteristics of leachate and its toxicity may 

help treat or eliminate leachate before it discharges into the water bodies.  

 

 




