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ABSTRACT 

Phytoremediation is the use of plants to remediate pollutants from soils and 
this approach has not been widely practiced in Malaysia. This study was 
conducted in a greenhouse, at the Faculty of Forestry, Universiti Putra 
Malaysia. The objectives of this study were: (i) to examine the ability of 
Melastoma malabathricum for taking up heavy metals from soil contaminated 
with sewage sludge in the growth medium after harvesting period and (ii) to 
evaluate the potential of M. malabathricum 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). M. malabathricum were germinated at the 
greenhouse for two months prior transplanting into growth media (soil + 
sewage sludge) for six months. The seedlings were planted on six different 
growth media (soil + different levels of sewage sludge) namely; control T0-
Control (100% soil), T1 (80% soil and 20% of sewage sludge), T2 (60% soil 
and 40% of sewage sludge), T3 (40% soil and 60% of sewage sludge), T4

(20% soil and 80% sewage sludge) and T5 (100% sewage sludge). Each 
type of treatments was replicated for four times. pH both of growth media 
was determined using galss electrode whereas the concentrations of heavy 
metals consist of copper (Cu), lead (Pb) and Zinc (Zn) in the growth media 
were analyzed using atomic absorption spectrometer (AAS). The pH 
increased after harvesting (5.39 to 6.43), compared to before planting (5.17 
to 6.13). The highest value is T5 (6.43), followed by T4 (6.31) and the lowest 
T0 (5.39). M. malabathricum are able to uptake heavy metals (Cu, Pb and 
Zn). The results showed that there the concentrations of heavy metals 
among treatments before planting and after harvesting were significant 
differences whereby before planting the highest concentration of Cu was 
detected at T5 (3.93 mg kg-1) followed by T4 (2.90 mg kg-1), T3 (2.34 mg kg-1)
and the lowest is T0 (0.91 mg kg-1), whereas after harvesting, the Cu 
concentrations decreased in all treatments. The highest decreased was in T5

(1.50 mg/kg) and the lowest is T1 (0.26 mg kg-1). The highest concentration 
of Pb was found in T5 (9.54 mg kg-1) and the lowest is T0 (0.93 mg kg-1) 
before planting. After planting, the reduction was 0.26 mg kg-1 for T0 and 6.30 
mg kg-1 for T5. For Zn, M. malabathricum was very effective in removing the 
heavy metal in T5 which is at the level of reduction was 14.28 mg kg-1. The 
highest accumulation of Cu in the plant parts was in root of T0 (0.13 mg kg-1)
as well as Pb (0.94 mg kg-1) for T5. Studies showed that, the accumulation of 
Pb was high in the root. The highest accumulation of Zn in plant parts was 
found in stems at T0 (1.44 mg kg-1). Bioconcentration factors (BCF) and 
translocation factor (TF) for the three heavy metals (Cu, Pb and Zn) showed 
that BCF values were lower than 1, while TF above than 1, indicating that M. 
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malabathricum is capable to translocate metals from roots to shoots and this 
study confirms that this species as a phytoextractor plant. 
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ABSTRAK 

Fitoremediasi ialah penggunaan tumbuh-tumbuhan untuk pemulihan tanah-
tanah tercemar dan pendekatan ini tidak diamalkan secara meluas di 
Malaysia. Kajian ini dilaksanakan di rumah hijau, Tapak Semaian Fakulti 
Perhutanan, Universiti Putra Malaysia. Tujuan kajian adalah : i) untuk menilai 
kebolehan Melastoma malabathricum mengukur penyerapan logam berat 
yang bertoksik dari bahan kumbahan dalam medium pertumbuhan selepas 
tempoh penanaman dan (ii) untuk menilai potensi M. malabathricum sebagai 
tumbuhan phytoremediator dalam mengambil logam berat dan translokasi 
unsur-unsur logam berat di bahagian-bahagian tumbuhan (daun, batang, 
akar) dengan menggunakan petunjuk Faktor Biokepekatan (BCF) dan Faktor 
Translokasi (TF). M. malabathricum dicambahkan di dalam rumah hijau
dalam masa empat (4) minggu dan kemudian diubah ke bahan tanaman 
(tanah + bahan kumbuhan) untuk tempoh 12 minggu. Anak-anak pokok 
ditanam pada enam jenis rawatan yang berbeza (tanah + sukatan bahan 
kumbahan yang berlainan) iaitu; T0-Pengawal (100% tanah), T1 (80% tanah 
dan 20% bahan kumbahan), T2 (60% tanah dan 40% bahan kumbahan), T3

(40% tanah dan 60% bahan kumbahan), T4 (20% tanah dan 80% bahan 
kumbahan) dan T5 (100% bahan kumbahan). Setiap jenis rawatan 
direplikasikan sebanyak empat kali. pH kedua-dua media pertumbuhan telah 
ditentukan dengan menggunakan kaca elektrod manakala kepekatan logam 
berat terdiri daripada tembaga (Cu), plumbum (Pb) dan Zink (Zn) dalam 
media pertumbuhan dianalisis dengan menggunakan spektrometer serapan 
atom (AAS). Hasil kajian menunjukkan bahawa terdapat kepekatan logam 
berat di kalangan rawatan sebelum menanam dan selepas penuaian adalah 
signifikan di mana sebelum menanam kepekatan tertinggi Cu dikesan pada 
T5 (3.93 mg kg-1) diikuti oleh T4 (2.90 mg kg-1), T3 (2.34 mg kg-1) dan yang 
paling rendah adalah T0 (0.91 mg kg-1), manakala selepas penuaian, 
kepekatan Cu menurun pada semua rawatan. Penurunan tertinggi adalah 
pada T5 (1.50 mg kg-1) dan terendah adalah T1 (0.26 mg kg-1). Bagi Pb 
kepekatan tertinggi adalah T5 (9.54 mg kg-1) dan terendah adalah T0 (0.93 
mg kg-1) sebelum tanaman. Selepas penanaman, pengurangan adalah 0.26 
mg kg-1 bagi T0 dan 6.30 mg kg-1 bagi T5. Bagi Zn, M. malabathricum sangat 
efektif mengeluarkan logam berat ini terutamanya T5 iaitu pada tahap 
pengurangan 14.28 mg kg-1. Pengumpulan tertinggi Cu dalam bahagian 
tumbuhan adalah akar T0 (0.13 mg kg-1) serta Pb (0.94 mg kg-1) untuk T5.

Kajian menunjukkan, pengumpulan Pb adalah tinggi dalam akar. 
Pengumpulan tertinggi Zn di bahagian-bahagian tumbuhan itu ditemui di 
batang di T0 (1.44 mg kg-1). Faktor biokepekatan (BCF) dan faktor translokasi 
(TF) bagi ketiga logam berat (Cu, Pb dan Zn) menunjukan nilai BCF<1 dan 
TF>1, ini memberi petunjuk bahawa M. malabathricum berkupayaan untuk 
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melakukan proses translokasi logam dari akar ke pucuk dan kajian ini 
mengesahkan bahawa spesies ini adalah tumbuhan phytoextractor. 
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CHAPTER 1 

INTRODUCTION 

1.1 General Background 

Since of the beginning of the industrial revolution, heavy metals 

contamination has been increasing drastically and gives rise to a serious 

concerns about the environment. Heavy metal contamination is considered a

serious threat to soil and water resources and subsequently, to human health 

(Yoon et al., 2006). Currently, the expanding human populations combined 

with the mushrooming of new towns are the main reason of the increasing 

amount of total domestic and industrial waste. Developed countries with 

access to good modern technologies have the possibilities to treat their 

wastes, resulting in the production of sewage sludge. According to Sigh et al. 

(2003), during the last few decades, the amount of heavy metals released 

into the environment has reached 22,000 tonnes for the cadmium (Cd),

939,000 tonnes of cooper (Cu), 1,350,000 tonnes of zinc (Zn) and 738,000 

tonnes of lead (Pb). 

Sewage sludge containing various pollutants resulting mainly from 

anthropogenic and geological activities, poses a serious risk to living.

Anthropogenic activities resulting in heavy metal pollution are sewage sludge 

released from industrial, smelting, mining, military activities, fuels productions 

and chemicals from the agricultural activities, (Jadia & Fulekar, 2009). 

Currently, sewage is being remove for example by burning or releasing into 

the ocean, however, these practices imply negative impacts on the 
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environment. Therefore, a new environmental friendly technique is needed to 

efficiently eliminate dangerous waste.  

The presence of large amount of heavy metals can negatively affect living 

organisms in many ways. Previous studies showed that the heavy metals 

have a care in organic effect. However, at the presence of small amounts of 

heavy metals can actually be beneficial for humans and plants. Therefore, it 

is essential to ensure that these heavy metals are being controlled and that 

they do not negatively affect human food cycle. 

Highly toxic elements in waste products may also contain high amounts of 

organic material and essential nutrients that can enhance plant growth and 

therefore, they might be potentially used for soil reclamation or soil quality 

improvement activities. 

Several techniques such as physio-chemical and detoxification have been 

established to remove the heavy metal content in sewage sludge (Ghoosh & 

Singh, 2005). However, these techniques are not suitable to remove toxic 

elements from sewage sludge on a large scale because they are costly, time-

consuming and potentially accelerate the movement of pollutants (Danh et 

al., 2009). These techniques are also relatively labour-intense and have 

potential to destroy soil biotic elements and soil structure. Apart of two 

techniques, bioremediation has been introduced to remove heavy metals 

from the soil and to reduce soil toxicity by using micro-organism. However, 
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this technique was less successful into removal of some type of heavy metals 

and organic pollutants and also contributed to soil decline in soil quality. 

An environmentally friendly and effective approach to eliminate the heavy 

metals from sewage sludge needs to established and the use of plants can 

be one way to achieve this (Jadia & Fulekar, 2009). For that purpose, an 

easy, unique and green-tech based was established to treat polluted areas. 

The word Phytoremediation is the combination of the Greek words (phyton) 

meaning plant and remediate meaning to preserves. Phytoremediation is 

defined as the use of various plants in treating soil or water resources that 

were polluted by waste products, and can be further classified into five types, 

Phytoextraction, Phytostabilization, Phytodegradation, Phytovolatilization and 

Rhizofitration. 

Studies on phytoremediation are more focused on crops; however recently, 

studies were conducted on plant species with a high potential to be used as 

phytoremediators especially in tropical regions where the number of tree 

species that were identified as phytoextractors are limited. One of the 

subfields in phytoremediation studies is to select suitable species that can 

fulfil the phytoremediation requirements for phythoremediation (Macek et al., 

2002). 

Recently, the potential tropical forest species Melastoma malabathricum was 

identified as a potential phytoremediator. This shrub species is fast growing 
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which beneficial for phytoremediation, however studies about M. 

malabathricum in regards to phytoremediation scarce.  

1.2 Problem Statement 

The increasing accumulation of sewage sludge is directly related to an

increasing human population. This spiked the need to develop more effective 

and safe method of disposing sewage sludge. However due to, high amounts

of organic matter and nutrients sewage sludge can be used in soil 

amendments to support plant growth. This method has also been proven to 

be environmentally friendly, as it can decrease the dependency on organic 

fertilizers in agriculture. 

However, sewage sludge contains heavy metals which can only be removed 

with difficult and lengthy techniques. The high amounts of heavy metals in 

sewage sludge have the potential to not only negatively affect crops but also 

to harm humans consuming these crops. Hence, an environmentally friendly 

and cost effective method needs to be developed to remove of heavy metal 

from sewage sludge while maintaining beneficial properties.

As sewage sludge has the potential to simulate plant growth, plants species 

which are capable of tolerating and accumulating heavy metals can grow 

successfully in soil amended with sewage sludge. Therefore, one of the most 

feasible methods of addressing the problem of heavy metals in sewage 

sludge is phytoremediation. However, not all plants can accumulate or 
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metabolize heavy metals and currently, only a few tropical tree species have 

been identified as effective phytoremediators. Therefore, the basic research 

in the phytoremediation field searches for plant species which are capable of 

removing heavy metals, resist to highs concentrations of toxic metal. Shrub 

species are particularly suitable for phytoremediation research due to easy to 

find, and its fat growing.

For this, I selected Melastoma malabathricum and tested its potential as 

phytoextractor, especially in regards to the following characteristics: rapid 

growth, high translocation factor, high biomass, good assimilation rate, high 

tolerance to large amounts of metals, a vast root system and easy to 

cultivate. Studies to determining the potential for plant species to be used as 

phytoremediatior are scarce or even lacking.

Up to date, there are no studies looking at the metal accumulation potential 

of tropical tree species. However, in order to adequately address the 

increasing volume of domestic and industrial waste in the tropical region, it 

crucial to identify new metal accumulating tree species. 

1.3 Objectives 

Several studies have examined the potential of plants species in the 

phytoremediation of soil concluding that is generally not advisable to use 

weeds and leafy wild vegetable for phytoremediation as they can easily enter 

the human food chain and directly or indirectly impact human health. 
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However, in some tropical countries researched have looked at the 

phytoremediation potential of local tree species such as Karas (Aquilaria 

malaccencis), Keruing Merah (Dipetrocarpus verrucosus), Meranti Paang 

(Shorea bracteolate), and Keruing Kertas (Dipterocarpus chataceus). To 

open up new possibilities, the study examined the phytoremediation of 

Senduduk (Melastoma malabathricum) to remove heavy metal from the 

sludge. The objectives of this study were: 

a) To examine the heavy metal concentrations of sewage sludge 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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