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ABSTRACT 

 

Heavy metals pollution on soil derived from population growth and 
industrialization poses serious threat to the living things. Phytoremediation 
which is plant based soil remediation is preferable due to effective cost and 
minimal side effect on the environment. The objectives of this study were to 
determine the effectiveness of Clinacanthus nutans in removing heavy metal 
in contaminated soil and to evaluate uptake and translocation of heavy metal 
in plant parts especially in root, stem and leaves. Clinacanthus nutans were 
planted on ten different  treatments level of growth media – T0 control (1 kg 
soil), T1 (1 kg soil + 100 ppm CuSO4), T2  (1 kg soil + 200 ppm CuSO4), T3 (1 
kg soil + 300 ppm CuSO4),T4 (1 kg soil + 100 ppm FeSO4),T5 (1 kg soil + 200 
ppm FeSO4), T6 (1 kg soil + 300 ppm FeSO4),T7 (1 kg soil + 100 ppm 
ZnSO4),T8 (1 kg soil + 200 ppm ZnSO4), and T9 (1 kg soil + 300 ppm ZnSO4). 
Plant height and number of leaves were recorded every two week. Plant 
biomass was measured according to plant parts (leaves, stems, roots) and 
heavy metal concentrations of plant and soil samples were analysed using 
Atomic Absorption Spectrophotometry (AAS). Heavy metal concentrations of 
Cu, Fe and Zn in growth medium after harvest were ranged from 0.23 to 
2.19, 579.55 to 697.45 and 2.26 to 28.55 mg/kg, respectively.  Among the 
plant parts, roots of Clinacanthus nutans were the most efficient plant parts 
that capable to accumulate Cu, Fe and Zn. The highest Cu concentrations in 
plant parts found in T3 with value 3.29 mg/kg, while for Fe and Zn, the highest 
concentrations was recorded in T6 and T9 with value  1008.97 mg/kg and 
41.38 mg/kg, respectively. Bioconcentration factor (BCF) and Translocation 
factor (TF) of Cu, Fe and Zn showed that BCF value was lower than 1 while 
TF value was greater than 1 indicating that Clinacanthus nutans 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 

 

Pencemaran logam berat pada tanah yang berasal dari peningkatan populasi 
dan pengindustrian menimbulkan ancaman serius kepada benda hidup. 
Fitoremediasi yang merupakan pemulihan tanah berasaskan tumbuhan 
adalah lebih baik kerana kos efektif dan kesan sampingan yang minimum 
terhadap alam sekitar. Objektif kajian ini adalah untuk menentukan 
keberkesanan pokok belalai gajah (Clinacanthus nutans) dalam 
menghilangkan logam berat di tanah yang tercemar dan menilai pengambilan 
dan pengalihan logam berat di bahagian pokok terutamanya di akar, batang 
dan daun. Clinacanthus nutans ditanam pada sepuluh jenis media berbeza - 
Kawalan T0 (1 kg tanah), T1 (1 kg tanah + 100 ppm CuSO4), T2 (1 kg tanah + 
200 ppm CuSO4), T3 (1 kg tanah + 300 ppm CuSO4), T4 (1 kg tanah + 100 
ppm FeSO4), T5 (1 kg tanah + 200 ppm FeSO4), T6 (1 kg tanah + 300 ppm 
FeSO4), T7 (10 kg tanah + 100 ppm ZnSO4), T8 (1 kg tanah + 200 ppm 
ZnSO4), dan T9 (1 kg tanah + 300ppm ZnSO4). Ketinggian tumbuhan dan 
bilangan daun dicatatkan setiap dua minggu. Biojisim  tumbuhan diukur 
mengikut bahagian tumbuhan (daun, batang, akar) dan kepekatan logam 
berat pada sampel tumbuhan dan tanah dianalisis dengan menggunakan 
mesin  Atomic Absorption Spectrophotometer (AAS). Kepekatan logam berat 
Cu, Fe dan Zn dalam medium pertumbuhan selepas menuai adalah berkisar 
antara 0.23 hingga 2.19, 579.55 hingga 697.45 dan 2.26 hingga 28.55 mg/ 
kg. Antara bahagian pokok, akar Clinacanthus nutans adalah bahagian 
tumbuhan yang paling cekap yang mampu mengumpul Cu, Fe dan Zn. 
Kepekatan Cu tertinggi dalam bahagian tumbuhan yang terdapat di T3 
dengan nilai 3.29 mg/kg, manakala untuk Fe dan Zn, kepekatan tertinggi 
dicatatkan pada T6 dan T9 dengan nilai 1008.97 mg/kg dan 41.38 mg/kg, 
masing-masing. Faktor biokonsentrasi (BCF) dan faktor translokasi (TF) Cu, 
Fe dan Zn menunjukkan bahawa nilai BCF lebih rendah daripada 1 
manakala nilai TF lebih besar daripada 1 menunjukkan bahawa Clinacanthus 
nutans mampu mengalihkan logam dari akar ke pucuk dan kajian ini 
mengesahkan bahawa spesies ini sebagai tumbuhan pengekstrak. 
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CHAPTER 1 

INTRODUCTION 

 

1.1   General Background  

 

     Environmental pollution by heavy metals has become a serious threat in the 

world. Development in industrialization, agriculture and disturbance of natural 

ecosystem has led to dissemination of these elements into the soil. Heavy 

metals are different from organic pollution as they are non-biodegradable in 

which they are unable to be broken down by microorganism and therefore 

they become persistent in the environment. The chemical degradation of 

heavy metal is widely known as impossible to be done and these elements 

can only be physically removed or transformed into nontoxic compounds. 

The accumulation and exposure of these heavy metals into the environment 

through various pathways create high risk to environmental and human 

health. For example, cadmium toxicity problem in Japan that was due to 

cadmium contaminated irrigation leads to skeletal problem (Jarup, 2003). 

While soil grows on contaminated soil appear to shows reduction in growth, 

performance, and yield. 

 

There are studies reported that the accidental release and dumping of heavy 

metal contribute to the dissemination of the pollutant into nearest area. These 

pollutants are known to be accumulated in food cycle and contribute to 

serious health problem to the living organism and environment. 

Contamination of heavy metal is considered as the one high risk 

contamination that contributes to the harmful effect to the soil and water 
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resource as well as human health (Yoon et al., 2006). Even though heavy 

metal can become pollutant to the living organism, but living organism also 

require heavy metal such as Co, Cu, Fe, Mn, Mo, Ni, V, and Zn in 

considerable amount. However, excessive amount of these heavy metal can 

be damaging to the organism. While other heavy metal such as Pb, Cd, Hg, 

and As are toxic metal that do not have beneficial functional on the organism 

and the uptake of these metal can cause high risk to the living organism.  

 

Conventionally, there are many remediation techniques are being recognised 

that can be used to degrade and decontaminate contaminated soil such as 

solidification/stabilization, vitrification, soil washing, pyrometallurgical 

extraction, in situ soil flushing, and electrokinetic treatment (Wuana & 

Okieimen, 2011). However, these methods have the disadvantages of being 

very expensive and require intensive workers. These techniques also change 

and disturb the soil properties and soil structure and having risk of secondary 

contaminations (Ali et al., 2013). Moreover, these techniques applicable at 

highly contaminated area but not in large area. Therefore, it is necessary for 

the researchers to identify cost effective and environmental friendly 

remediation techniques that will help to decontaminate heavy metal polluted 

soils. Instead of using conventional remediation in removing pollutants from 

soils, water or air in cleaning up the vast majority of polluted breaking down 

organic or inorganic substances in the sites, researchers came out with ideas 

of using plants to overcome this environmental problem.  
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Among the remediation technique stated above, phytoremediation have been 

recognised as a green strategy that has potential to help in heavy metal 

pollution problem. Phytoremediation can be describe as a plant-based 

technology that use vegetation to clean up the contaminated soil, water and 

sediments (Tangahu et al., 2011). In phytoremediation, plants will be planted 

on contaminated soil and they will remove the pollutant in contaminated soil 

by detoxifying the contaminated soil or change physical and chemical 

characteristics of the toxic in the soil. Thus, the contaminants become 

invisible to the environment and living things (Cunningham, 1994). This plant-

based soil remediation approach is very interesting as it is cost effective and 

socially accepted compared to conventional remediation technologies. In 

addition, this approach also helps to reduce the potential of the soil and 

nutrients to drain away by planting plants on the contaminated site (Chaudhry 

et al., 1998).  

 

 

1.2   Problem Statement   

 

Malaysia is a developing country with rapid urbanisation and industrialisation 

among   urbanised countries in East Asia. Fast growing of industrialization 

and rapid increase of population contribute to various environmental 

problems such as disposal of pollutant in the river and ocean.  Shazili et al., 

(2006) reported that highly polluted rivers in Malaysia that caused by 

industrialization, effluent, and runoff found to be highly polluted with Pb, Zn, 

and Cu.  
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Increasing population derived from industrialization, urbanization and human 

activities caused serious soil heavy metal pollution. For example, human 

activities such as excessive use of fertilizers and pesticides, sewage 

irrigation, and discharge of waste affected soil environment significantly. Soil 

becomes polluted and excess of heavy metal accumulation in soils is toxic to 

humans and other animals.  

 

Recent remediation technique to tackle soil pollutant have been investigated 

but these technique face many limitations such as being in high cost, high 

number of labour, disturbance to the soil structure and leading to secondary 

contamination. A promising cost effective technology which is 

phytoremediation that able to sequester the pollutants from the contaminated 

soil have been identified and socially accepted by the public. However, 

success of this approach mainly depends on the species selection that able 

to accumulate heavy metal from the soil. There are several factors of species 

selection that has to be taking into consideration to ensure phytoremediation 

technique success (Chibuike & Obiora, 2014).  

 

In this present study, Clinacanthus nutans which was considered also as 

medicinal plants was selected for evaluation of heavy metal 

phytoremediation. Nowadays, apart from their traditional uses, the roles of 

medicinal plants have been discovered in many field including 

pharmaceuticals, food, cosmetics and ornaments. Despite of human health 

risk, researchers have developed research and study on medicinal plants as 

agents towards heavy metal uptake.  
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1.3   Objective 

 

Numerous studies of phytoremediation on contaminated soils has been done 

by using shrub, native species and woody tree but phytoremediation using 

medicinal species is not commonly investigated. Hence, this study was 

conducted with the aim to investigate phytoremediation of contaminated soil 

by using medicinal species. The objectives of this study were: 

 

1) To determine the effectiveness of Clinacanthus nutans in removing heavy 

metal in contaminated soil  

2) To evaluate uptake and translocation of heavy metal in plant parts 

especially in root, stem and shoot.  
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