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ABSTRACT 

Phytoremediation is one of the methods that can help reduce pollution by 
absorbing heavy metals through plant roots. A study was conducted at the 
nursery of Faculty of Forestry UPM to evaluate the potential of Karas (Aquilaria 
malaccensis) as a phytoremediator species. The objectives of this study were : 
(i) to determine the effectiveness of A. malaccensis for taking up heavy metals 
from contaminated soil after harvesting and (ii) to evaluate the potential A. 
malaccensis  as a phytoremediator plant in taking up heavy metals and 
translocate heavy metal elements in plant parts (leaves, stems, roots) by using 
an indicator of Translocation Factor (TF) and Bio-concentration Factor (BCF). A. 
malaccensis saplings were planted in growth media applied with Zn, Cu and Fe. 
The treatments were T0= control, T1=100ppm of Zn, T2=200ppm of Zn, 
T3=300ppm of Zn, T4=100ppm of Cu, T5=200ppm of Cu, T6=300ppm of Cu, 
T7=100ppm of Fe, T8=200ppm of Fe and T9=300ppm of Fe. Each type of 
treatments was replicated for four times. The highest growth of A. malaccensis 
was recorded for the T9 growth media. The highest concentration of Zn in the 
roots of the A. malaccensis plant was in the T3 growth media (14.49mg/kg). The 
highest accumulation of Fe (350.46 mg/kg) was recorded in the roots of A. 
malaccensis in the T9 growth media, whereas the stem of the A. malaccensis in 
T6 recorded the highest Cu accumulation (0.99mg/kg).  The Transfer Factor (TF) 
values were more than 1 but the Bio-concentration Factor (BCF) values were 
less than 1 for Zn, Cu and Fe. The roots of A. malaccensis were ideal in 
uptaking and storing Fe, Cu and Zn. More studies need to be conducted, 
especially in field conditions, to optimize the potential of the A. malaccensis 
plant as a phytoremediator. 
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ABSTRAK 

Fitoremediasi adalah salah satu kaedah yang boleh membantu mengurangkan 
pencemaran dengan menyerap logam berat melalui akar tumbuhan. Satu kajian 
telah dijalankan di tapak semaian Fakulti Perhutanan UPM untuk menilai potensi 
Karas (Aquilaria malaccensis) sebagai spesies phytoremediator. Objektif kajian 
ini adalah: (i) untuk menentukan keberkesanan A. malaccensis dalam menyerap 
logam berat dari tanah yang tercemar selepas penuaian dan (ii) untuk menilai 
potensi A. malaccensis sebagai tumbuhan phytoremediator dalam menyerap 
logam berat dan translokasi unsur logam berat di bahagian tumbuhan (daun, 
batang, akar) dengan menggunakan penunjuk faktor Translokasi (TF) dan faktor  
Biokepekatan (BCF). Anak-anak pokok A. malaccensis ditanam dalam media 
pertumbuhan yang dirawat dengan Zn, Cu dan Fe. Rawatan adalah T0 = 
kawalan, T1 = 100ppm Zn, T2 = 200ppm Zn, T3 = 300ppm Zn, T4 = 100ppm Cu, 
T5 = 200ppm Cu, T6 = 300ppm Cu, T7 = 100ppm Fe, = 200ppm Fe dan T9 = 
300ppm Fe. Setiap jenis rawatan direplikasi sebanyak empat kali. Pertumbuhan 
tertinggi A. malaccensis dicatatkan di media pertumbuhan T9. Zn yang paling 
tinggi dalam akar tumbuhan A. malaccensis adalah dalam media pertumbuhan 
T3 (14.49mg / kg). Pengumpulan tertinggi Fe (350.46 mg / kg) direkodkan dalam 
akar A. malaccensis dalam media pertumbuhan T9, sedangkan batang 
A.malaccensis dalam T6 mencatatkan pengumpulan Cu tertinggi (0.99mg / kg). 
Nilai Factor Translokasi (TF) adalah lebih daripada 1 tetapi nilai Faktor 
Biokepekatan (BCF) kurang dari 1 untuk Zn, Cu dan Fe. Akar A.malaccensis 
adalah ideal dalam mempercepatkan dan menyimpan Fe, Cu dan Zn. Lebih 
banyak kajian perlu dijalankan, terutamanya dalam keadaan lapangan, untuk 
mengoptimumkan potensi tanaman A.malaccensis sebagai phytoremediator. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 General Background 
 
Rapid growing of agricultural activities and industrialization have resulted in 

increasing contamination of heavy metals in areas of land, surface waters 

and groundwater and gives rise to a serious concerns about the environment. 

According to Ali et al., (2013), heavy metals are non-biodegradable that will 

accumulate in the environment and then it will contaminate the food chain. 

They also claimed that, some heavy metals are mutagenic, carcinogenic, 

teratogenic, endocrine disruptors and also can cause neurological and 

behavioral changes especially in children. Thus, this have been proven that 

heavy metal is hazardous to human health. During the past decades, the 

amount of heavy metals released into the environment has reached 22,000 

tonnes for the cadmium (Cd), 939,000 tonnes of copper (Cu), 1,350,000 

tonnes of zinc (Zn) and 738,000 tonnes of lead (Pb) (Singh et al., 2003). 

Heavy metal contamination of soil is one of the most important environmental 

problems throughout the world. 

 

Various human activities have drastically changed the heavy metals 

geochemical cycles and biochemical balance even they are actually natural 

constituents of the earth’s crust. Exposure of heavy metals such as, copper, 

lead, iron, and zinc in long term can cause malicious wellbeing impacts in 

people (Singh et al., 2011). 
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Since heavy metals can cause bad impact in human health, remediation of 

heavy metals pollution need to be concerned. There are many physical and 

chemical remediation technique used but most of it are expensive, time 

consuming and environmentally destructive. Many government agencies 

preferred to use the technologies of cleanup of polluted soils with direct 

reduction of the total content of pollutants in the soil to the permissible level 

and another strategy is to manage the effects using technologies of 

containment that reduce the mobility and biological availability of pollutants 

(Kopstik, 2014). The existing method are vitrification, consolidation, 

electroremediation, soil washing and many more. 

 

Phytoremediation is one of the technology that using live plants to cleaning 

up contaminated sites which is cost effective with long term applicability and 

has aesthetic advantages (Jadia & Fulekar, 2009). Recently, the potential 

tropical forest species Aquilaria malaccensis was identified as a potential 

phytoremediator because of it its high biomass which the character of 

phytoremediation species. 

 
 
 
 
1.2 Problem Statement 
 
Rapidly growing of industrial areas, mine tailings, disposal of high metal 

wastes, land application of fertilizers and many more human activities lead to 

accumulation of heavy metals that result is soil contaminated since soil are 

the major sink for heavy metals released into the environment because it 

cannot be degraded. Heavy metal contamination of soil may risks and 
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hazards to humans and the ecosystem. Some metals such as manganese, 

copper, zinc and nickel are important and beneficial to plants, and animals, 

but high concentrations all these metals have strong toxic effects and pose 

an environmental threat. Accumulation of heavy metals can reduce soil 

quality, reduce crop yield and the quality of agricultural products, and thus 

give negative impacts to the health of human, animals, and the ecosystem. 

The term heavy metal pollution refers to heavy metal levels that are 

abnormally high relative to normal background levels and the excessive 

deposition of toxic heavy metals in the soil caused by human activities. 

Conventional remedial technologies are highly cost and inhibit the soil fertility 

that can give negative impacts on the ecosystem. Phytoremediation is one of 

the organic method that is cost effective and environmental friendly. It is 

bioremediation process that uses various types of plants to remove, transfer, 

stabilize or destroy contaminants in the groundwater. 

 

For this study, I selected A. malaccensis and tested its potential as 

phytoremediator as this species is highly tolerant to highly acidic soils with 

high concentration of heavy metals and its characteristic which have large 

biomass. 
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1.3 Objectives 
 
The objectives of this study were: 

a) To examine the heavy metal concentrations in the growth media after 

harvesting periods. 

b) To evaluate heavy metal uptake and translocation in plant parts especially 

roots, stems and leaves by using an indicator of Translocation factor (TF) 

and Bio-concentration factor (BCF). 
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