
Editors

Zainab Ngaini

Devagi Kanakaraju

Kamarul Ain Mustafa



 

�

�

�������	
���
����������������������������
 
 
 
 
 
 
 
 
 

����������	
����
����
�
��
�	�������

�	����	���������
���������������	��������

���� 	����
����� ����
�������� ���

�
�

�

�

�

�

�

�

�

������
�

 ��	�!�" #��	��

$ ���#��% �	�����&��

% ������'�( �	�� �
�����
 
 
 
 
 
 

 
 
 



ii 
 

 
 
 
 
 
 
 
 
 
 
All rights reserved. No part of this publication may be reproduced, copied, stored in any retrieval 
system or transmitted in any form or by any means – electronic, mechanical, photocopying, 
recording or otherwise, without prior permission in writing from the University Malaysia 
Sarawak. 
 
Perpustakaan Negara Malaysia                                                  Cataloguing-in-Publication Data 
 
Chemistry: Fundamentals and Applications 
               Editors  Zainab Ngaini, Devagi Kanakaraju, Kamarul’ Ain Mustafa. 
               ISBN 978-967-5418-02-0 
 

 
 
 
 
 
 

Printed by SSR Technology  
 
This book is published on the understanding that the authors are solely responsible for the 
statements made and opinions expressed in it and that its publication does not necessarily imply 
that such statements and/or opinion are or reflect the views or opinions of the publishers. While 
every effort has been made to ensure that the statements made and the opinions expressed in this 
publication provide a safe and accurate guide, no liability or responsibility can be accepted in 
this respect by the authors or publishers.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



iii 
 

Contents 
 
Preface 
 
Message from the Chairman of the Organizing Committee 2nd JCC 
 
Study of Chemical Constituents from Wedelia biflora and Wedelia trilobata 
Nuraqilah Othman and Kamarul ‘Ain Mustafa 
 

 
 
vi 
 
vii 
 
1 

Phytoremediation of Soil Contaminated by Heavy Metals 
Aisyaidil Binti Hanri, Zaini Assim, Isa Ipor and Awang Ahmad Sallehin Awang Hussaini 

10 

  
Chemical Constituents of Etlingera Littoralis (Red Flower with Yellow  
Margin Variety) 
Siti Norsa’idah binti Norhayat and Hasnah Mohd Sirat 
 
Sulfide Concentrations in Batang Ai Hydroelectric Reservoir 
Debbie Deborah Paka, Ling Teck Yee, Lee Nyanti, Norhadi Ismail and Justin  
Jok Jau Emang 

 

19 
 
 
24 

Investigation on the Potential Use of Several Organic Wastes As Feedstock for Microwave 
Pyrolysis 
Sharifah Mona binti Abd Aziz Abdullah, Rafeah Wahi, Sinin Hamdan and Zainab Ngaini 

 

30 

Impacts of Aquaculture on Nutrient Concentrations and DO Level in Santubong  
River, Sarawak 
Michelle Christine Miod, Ling Teck Yee, Lee Nyanti, Norhadi Ismail and Justin  
Jok Jau Emang 

 

38 

Tidal-induced Dilution of Ammonia – Nitrogen (NH3-N) along Batang Salak 
Dunging Buda, Ling Teck Yee, Lee Nyanti and Norhadi Ismail 

43 

  
Synthesis and Molecular Structure Of 3-Benzyl-7,7,8a-Trimethyl-5-Thioxo-Tetrahydro-3H-
Oxazolo[3,2-F]Pyrimidin-2-(5H)-One 
Nur Eliyanti Ali Othman and Bohari M. Yamin 
 

48 

Synthesis and Structural Study of N-(3-Chloropropionyl)-N’-(fluorophenyl) Thiourea Isomers 
Nur Liyana Ismail and Bohari M. Yamin 
 

52 

Synthesis and Characterization of Zeolite H-ZSM-5 for Xylene Isomerization 
Norzahir Sapawe and A.A. Omar 
 
Synthesis and Molecular Structure of Metal-EDTA Complexes As Inorganic Nutrients for 
Fertigation Farming 
Farah Khuwailah A. Bustamam and Bohari M. Yamin 
 

55 
 
 
64 



iv 
 

Reaction of 3-Chloro-2-Butanone with Ammonium Thiocyanate and  
the Succeeding Reaction with Amino Acids                      
Nor Azlan Hasan, Burhanuddin Sharif and Bohari M Yamin 
 
Fabrication of All-Solid-State Thin-Film Electrochemical Capacitors (Ecs)                                
Wee Boon Hong and Suh Cem Pang 
 

68 
 
 
 
75 

Effect of Temperature on MWCNTS Functionalization for the Formation of Stable                         
MWCNTS Colloidal System 
Fatirah Fadil, N. A. Buang and F. Ismail 
 
Photocatalytic Degradation of N-Methyldiethanolamine Compound Using                                
Semiconductor Photocatalyst 
Mariami Alisa Sharifuddin, Rusmidah Ali and Wan Azelee Wan Abu Bakar  
 

92 
 
 
 
99 

Methanation Reaction over Nickel Oxide Based Catalysts for the Purification of  
Natural Gas 
Susilawati Toemen, Rusmidah Ali and Wan Azelee Wan Abu Bakar 
 
Characterization of Compression Moulded Pp/Kenaf Composite                                              
Bernard Maringgal, Khalina Abdan, Mohd Faizal Abdul Rahman and  
Siti Hasnah Kamaruddin 
 

106 
 
 
 
115 

Photocatalytic Activity of Zno/Sno2 Coupled Photocatalysts on the Degradation                      
of N-Methyl Diethanolamine 
Siti Sakinah Mislan, Rusmidah Ali and Wan Azeele Wan Abu Bakar 
 
Activated Carbon from Waste Palm Kernel Shell for Carbon Brush in Automotive                  
Industries 
Nurul Aqmar Siam and Abdul Rahim Yacob  
 

123 
 
 
 
131 

Synergistic Effect of Cobalt-Molybdenum Catalyst Formulation for the Synthesis of               
High Quality Carbon Nanotubes 
Nooradilah Abdullah, N. A. Buang, and M. Mohamed 
 
Goniothalamin from the stem bark and the root of Goniothalamus velutinus                          
Nur Khairun Nisa’ Mohd Sallehuddin, Fasihuddin B Ahmad and Zaini Assim 
 

139 
 
 
 
145 

Chemical Studies and Biological Activities of Piper Vestinum   
Mohd Alhafiizh Zailani, Fasihuddin Ahmad, Zaini Assim 
 
Phytochemical Studies and Biological Activities of Goniothalamus Longistipites  
Christine Anak Jinang and Fasihuddin B. Ahmad 
 
Phytochemical and Biological Studies of Cymbopogon Nardus                                                
Aina Nabilla Bandah and Fasihuddin B. Ahmad 
 
Chemical Constituents and Biological Activities of the Bark Oil of Agathis Borneensis           
Fouziah Alet, Zaini Assim, Ismail Jusoh and Fasihuddin B. Ahmad 
 

149 
 
 
155 
 
 
160 
 
 
164 



v 
 

Study on the Isolation of the Chemical Components from the Methanolic Extract  
of Cymbopogon Nardus 
Nabihah Hamdan, Kamarul’ain Mustafa and Ismail Ahmad 
 
Organic Geochemistry of Asphaltenes in Crude Oils from Sarawak 
Zainah Binti Adam, Zaini Assim and Fasihuddin B. Ahmad 
 
Vertical Profile of Heavy Metals in Marine Core Sediments of Kuching Bay, Sarawak 
Hafidz Yusof, Zaini Assim and Samsur Mohamad 
 

171 
 
 
 
178 
 
 
183 

Synthesis, Structural Characterization and Toxicity Studies Of Novel Organotin(IV)               
Complexes Derived From Benzoylacetone Isonicotinylhydrazone (H2bas): X-Ray  
Crystal Structure Of [Me2sn(Bas)] 
Irene P.P. Foo, Md.Abu Affan, Fasihuddin B Ahmad, E.U.H. Sim, and M.A. Hapipah 
 
Organotin(IV) Complexes With 2-Hydroxyacetophenone Carbohydrazone Ligand                 
and Their Biological Studies 
Siong Wan Foo, Md. Abu Affan, Zainab Ngaini, Fasihuddin B Ahmad and  
Mustaffa Shamsuddin 
 

190 
 
 
 
 
 
204 

Preparation and Characterization of Polycaprolactone/Clay Nanocomposites                          
Yoon Yee Then, W. M. Z. Wan Yunus and N. A. Ibrahim 
 
Synthesize Tungsten Carbide from Waste Palm Kernel Shell by Intermittent  
Microwave Heating (IMH) 
Siti Zubaidah Hanapi, Abdul Rahim Yacob and Nooridayu Masrom  
 

215 
 
 
224 

Synthesized Surface Modified Metal Oxide in Base-Catalytic Transesterification  
for Biodiesel Production 
Nur Syazeila Samadi, Abdul Rahim Yacob and Mohd Khairul Asyraf Amat Mustajab 
 
Spectrophotometry Semiquantitation Method Benzoic Acid and Hippuric Acid in  
Urine for Demostration of Toluene Abuse 
Mohamad Raizul Zinalibdin and Abdul Rahim Yacob  
 

232 
 
 
 
242 

Analysis of Phenolic Compounds in Selected Cosmetic Products Using HPLC  
Mohammed Akkbik, Zaini Assim and Fasihuddin B. Ahmad 
 
Antimicrobial Studies of Hydroxylated Chalcone Derivatives  
Siti Muhaini Haris Fadzillah, Zainab Ngaini and Mohd Hasnain Hussain 
 
A Preliminary Study on Pollution and Water Quality Improvement in Sg. Sarawak 
Sabrina Ummi, Onni S. Selaman and Salim Said 

Comparison on Mechanical Properties between Low Density Polyethylene                                      
Nanocomposite and Composite using �-Alumina Particle as Filler                                                                                                   
Jenney Ngu Lim Song, Luqman Chuah Abdullah, Thomas Choong Shean Yaw, Azowa Ibrahim, 
Hasmaliza bt. Mohamad, and Chantara Thevy Ratnam 

 

249 
 
 
254 
 
 
262 
 
 
269 



vi 
 

����
� ���� ��� ���� ��� ���� ��� ���� ������

 
 
��������	

���
����������	
��
���������������������������������
��������
����	��
������
��������������
�����
����������� ���������������� ��
����
���������
�������� ������
��� ������������� 
������
� ����
���� ���
�
�����
��� ��� ��
�������� ������� ��� ����
� ��
��� �
�
��	�� ������
�� ���
�������� ���� ��� ������
� �� 
����
�
�
��	��	�����
�����
���
�����
���		
��������
� ��������!!"������
��������
��
����
����������������!!#��
��
�
���������
����
� ��������������������	������������
$�
��
�����
������
� ����
���� ��� 	�
������� �
���
��
��
���������
����%��	�����
�����
�����&����������
�
��
��
�����
���
�
�����
�
�	����
��
��'����������()�����
������
������	��������������$���%��	�����
�����
��
��	�����
�����������
��
������� 	�������������
�
����
����
��� ��� �
�
��������	�� �����
���
������ 	�
�������
��	�����
�*�������+����	����
��������,�������
�������
��������'������	�����
��������-����
��	���
�������
����+����	�����
�������� ��
� �
��������
�
��
��� ����������
����� 
��	����
�� ��
� 
�
�

��	� �
%��
�����
���	������������
���
��
��������������
�
���
�
��������
�����
������
�����
����
��
	��������
��
����
��
����	��
�����������
��.����
�

�����
$�
��
�	
����������������
��
����	
���������
���
�
�	
�������
�
������
����
�� �
	���
��� ����� �����	������
� ����
�����
�� 
����
� ��
����� ���.��� /�����
� ��� ��.��
� ��
��������
��������
���


��������������
������
������������
����	.��������������
�
'��������
��
�
	�
�����
����������
��
��������
�
�	�����
������
���
��������
���	���
�������������	

���
���
��
� ���	

���
� ������%
� ����
�����
������
���
����
��

������ �����	��������0���
����
��� �����
�
���
�
���
	�
������
�����
��������������.�����

����������
�
������������	
����1
������������������.���������
�
������
�������
���		
��������
������
������������
 
 
 
 

Editors 
��������������

	
���������
������
���������������������

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



vii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2�	
��
������
��
�����
��������
������������
������&��������-�����.�3�*4&'-5����������
���
��������
���������
����������������3���5�� 
�
�
4���������.
������.
�������������������������.�������
��������������	������

��
�%
���������������!!#��
6�	��������7
����	
�-	�
�	
������
	�����
����
���
������
	�����
��������
�����������������������*4&'-��
������
�������
�.
������������	�������������.��
����������!!#�����
���4��

�� ��� ���������
�����������
���	

���
�������%
�
����������
����
��

�����������	��������
�
����.�����
�
�

������������

������������2�
������
��������

�
��
�

 
 
 
 
 
 

 
� �		� 
 ����� 
 �� � ��� � � ��� �		� 
 ����� 
 �� � ��� � � ��� �		� 
 ����� 
 �� � ��� � � ��� �		� 
 ����� 
 �� � ��� � � ��
 � � �� ��
 � � �� ��
 � � �� ��
 � � �� ��

�� ��� �
 � � ���� 
 �� � 
 
 ��������� ��� �
 � � ���� 
 �� � 
 
 ��������� ��� �
 � � ���� 
 �� � 
 
 ��������� ��� �
 � � ���� 
 �� � 
 
 ������� � �� �� �� � ������ � ��� � ��� � ��� � �
� � � �� � � �� � � �� � � � ����

 



��������	
��
����������������������������

�

�

��

�

Study of Chemical Constituents from Wedelia Biflora and Wedelia Trilobata 
 

Nuraqilah Othman and Kamarul’ Ain Mustafa 
Department of Resource Chemistry, Faculty of Resource Science and Technology,  

Universiti Malaysia Sarawak, 94300 Kota Samarahan, Sarawak 
 

 
ABSTRACT 

 
A study was carried out to isolate, characterize and elucidate the chemical constituents from W. 
biflora and W. trilobata for the modern treatment regarding its value in the traditional medicine. W. 
biflora and W. trilobata was collected in disturbed environments in area of Kota Samarahan. The 
dried sample of whole plants was extracted with cyclohexane and followed by 95% ethanol. The 
ethanol crudes from both species were fractionated using column chromatography and two pure 
components were isolated from each species. Based on NMR and FT-IR analysis, the the component 
was expected to be triterpenes derivatives. 
 
 
INTRODUCTION 
 
Wedelia is a member of the family Compositae, known as the aster, daisy or sunflower family and 
well-known for its medicinal properties. They are one of the genera commonly called “creeping-
oxeyes” and “trailing daisy”, although some people mistakenly call it “Singapore Daisy”.1 It is a 
vigorous, creeping, herbaceous groundcover native to tropical America. It will thrive in sun or shade, 
but full sun produces the best flowering.2 Wedelia is named in honored of George Wolfgang Wedel), 
Professor of Botany at Jena, Germany. Wedelia has about 70 species of tropical and subtropical 
regions1 and 2 species found in Malaysia; W. biflora and W. trilobata.  
 W. biflora, known as saruni or sunai laut, is a large native yellow-flowered herb grows to 
height of 1.5 m. In Malaysia, a paste of the leaves is used to heal sores, wounds, insect bites, soothe 
swelling and inflamed parts.3. The leaves are soaked in coconut oil and used to massage sprained or 
bruised limbs, and a decoction of the leaves is used for bacillary dysentery, infective hepatitis, 
hemorrhoids and infected bladder.4 The leaves and stems are used for treating appendicitis and 
eczyma and the stems for pimples.4 

The essential oil of the leaves contains (-)-�-pinene (1) as the major component.4. Four compounds, 
veratrylidenehydrazide, 3,3’-di-O-methylquercetin (2), 2,7-dihydroxy-3(3’-methoxy-4’-hydroxy)-5-
methoxyisoflavone (3) and 3,7’-di-O-methylquercetin (4) were isolated from the dichloromethane 
extract of dried leaves of W. biflora. Compound 4 possessed antifungal and boll weevil antifeedant 
activity, whereas 2 showed antifeedant activity and 3 showed antifungal activities.5  

It would be interesting to learn whether a more intensive study on this species would disclose 
any molecules of pharmacological interest such as wedeloside, a kaurene aminoglycoside (5) from W. 
asperima, which has antitumor activity6 and wedelolactone (6), norwedelolactone (7), norwedelic acid 
(8) and tri-O-methylwedelolactone (9) from W. calendulaceae7 which has hepatoprotective activity.8  
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W. trilobata is a mat forming perennial herbs with yellow-orange flowers that grows up to 10 

inch tall. This species has been used in traditional medicine: The crushed leaves were used as poultice 
and its tea was believed to alleviate symptoms of fever and colds 9 and ear infection10 and whole 
plants is used to treat menstrual pain, unspecified female complaints and amenorrhea.11  W. trilobata 
contain the diterpene (kaurenic acid), eudesmonolide lactones and luteolin11,12  Kaurenoic acid has 
antibacterial, larvicidal and tripanocidal activity; it is also a potent stimulator of uterine contractions,12  
whereas luteolin exerts antitumoural, mutagenic and antioxidant effects, has depressant action on 
smooth muscles and a stimulant action on isolated guinea pig heart.12   

Two new sesquiterpene lactones, wedelolides A (10) and wedelolides B (11), were isolated by 
bioassay-guided fractionation from the leaves of W. trilobata,13 together with known trilobolide-6-O-
isobutyrate (12) and trilobolide-6-O-methacrylate14 (13).(Wedelolides A and B are a new antimalarial 
products constitute a new type of sesquiterpene �-lactone; the (9R)-eudesman-9,12-olides framework.  

 
 (10)      R = tigloyl, R’ = isobutyroyl (12) R = isobutyroyl 

  (11)  R = tigloyl, R’ = methacryloyl    (13)   R = methacryloyl 
 
 
MATERIALS AND METHODS 
 
General: R spectra were obtained on Perkin-Elmer Model FT-IR Spectrum GX. 1H and 13C NMR 
spectra were recorded on 500 Mhz spectrometers in CDCl3. Chemical shift were referenced to residual 
CHCl3 �H 7.26 and CDCl3 �C 77.0. DEPT-135 spectra was recorded on 125 and 500 MHz with a 2.0 s 
relaxation delay and 135 º selection angles in CDCl3, and chemical shift were referenced based on 13C 
chemical shifts. HMQC and HMBC spectra were recorded on 500 and 125 MHz spectrometers in 
CDCl3 with one dimension of the 2D map representing 13C chemical shifts and the other representing 
1H chemical shifts. 
 
Material:  The plant samples of W. biflora and W. trilobata were harvested in Kota Samarahan in 
August, 2008 and identified by Mr. Qammil Muzzammil Abdullah, Department of Plant Science and 
Environmental Ecology, Universiti Malaysia Sarawak. The plant material was air-dried for 2 weeks 
and blended using blender (Panasonic PB-325, mill cutter). 
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Isolation of Pure Components  
 
The dried plants of W. biflora (494 g) was extracted with cyclohexane and followed by 95% EtOH to 
yield 16 g of crude cyclohexane and 25 g of crude EtOH. 20 g of crude EtOH were subjected to 
chromatography on a silica gel column with a mixture of C6H14-CH2Cl2-EtOAc-MeOH and separated 
into 30 fractions. Fraction 4 was further purified by TLC (CHCl3/EtOAc, 3:1) to afford compound A 
(21 mg). Fraction 5 and 6 were combined and purified by TLC (CHCl3/EtOAc, 3:1) followed by 
further chromatography on a silica gel column with a mixture of CH2Cl2-CHCl3-EtOAc and separated 
into 11 fractions. Fraction 3 was further purified by TLC (CHCl3/EtOAc, 3:1) to afford compound B 
(40 mg).  

The extraction method of W. trilobata is similar to W. biflora and yield 6 g of crude 
cyclohexane and 14 g of crude ethanol. 10 g of crude ethanol were subjected to chromatography on a 
silica gel column with a mixture of C6H14-CH2Cl2-EtOAc-MeOH and separated into 31 fractions. 
Fraction 8 were further purified by TLC (CHCl3/EtOAc, 3:1) followed by further chromatography on 
a silica gel column with a mixture of CH2Cl2-CHCl3-EtOAc and separated into 11 fractions; fraction 1 
and 2 was further purified by TLC (CHCl3/EtOAc, 3:1) to afford compound C (10 mg) and compound 
D (20 mg).   
 
 
RESULTS AND DISCUSSION 
 
The EtOH extracts of W. biflora and W. trilobata was successively extracted after extraction with 
cyclohexane. The fractionation of both EtOH extracts using silica gel column chromatography, 
followed by purification on TLC and further chromatography on a silica gel column, afforded four 
isolated compounds, compound A and B from W. biflora and compound C and D from W. trilobata. 
Compound A, B, C and D were suspected to be triterpenes derivatives and its chemical structure is 
still in the progress of characterization and elucidation.  

The 1D and 2D NMR spectra of A were illustrated in Figure 1 – Figure 3. The IR spectrum 
was illustrated in Figure 4.Compound A was isolated as a colorless amorphous solid. The 13C NMR 
and DEPT-135 spectra of A (Figure 2 –Figure 3) indicated 36 carbon atoms.  
 

 
 

Figure 1: 1H and 13C NMR spectra of compound A 
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Figure 2: DEPT and HMQC NMR spectra of compound A 
 

 
Figure 3: HMBC NMR spectra of compound A 
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Figure 4: IR Spectra for Compound A 
 

Compound B was isolated as a colorless crystalline powder.  The 1D and 2D NMR spectrum of B 
were illustrated in Figure 5-7. The 13C NMR and DEPT-135 spectra of B (Figure 5 –Figure 6) 
indicated 41 carbon atoms. The IR spectrum was illustrated in Figure 8. 
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Figure 5:  1H and 13C Spectra of Compound B 
 

 

 
 

Figure 6: DEPT and HMQC NMR Spectra for Compound B 
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Figure 7: HMBC Spectra for Compound B 
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Figure 8: IR Spectra for Compound B 

 
 

Compound C was isolated as a colorless amorphous solid.  The 1D and 2D NMR spectrum of C were 
illustrated in Figure 9-10. The 13C NMR and DEPT-135 spectra of C (Figure 9 –Figure 10) indicated 
37 carbon atoms.  The IR spectrum was illustrated in Figure 11. 
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Figure 9: 1H  and C13C spectra for compound C 
 

 

 
 

Figure 10: DEPT and HMQC Spectra for Compound C 
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Figure 11:  IR Spectra for Compound C 

 
Compound D was isolated as a colorless amorphous solid. Figure 12 and Figure 13 showed the 1H 
NMR and IR spectra for D.  
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Figure 12: 1H Spectra for Compound D 
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Figure 13:  IR Spectra for Compound D 

 
 
CONCLUSION 
 
Interpretation of 1H, 13C, DEPT-135, HMBC and HMQC of NMR spectra with additional of IR 
spectra for compound A, B, C and D led to the unambiguous elucidation of the structure. 1H and 13C-
NMR spectra of A resembled very closely to B and 1H NMR and IR spectra of C resembled to D, so 
both were suspected to be its own triterpenes derivatives; just differing in the number of carbon 
atoms.  
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ABSTRACT 

 
Phytoremediation includes all biological, chemical and physical processes using plants including 
rhizosphere for in situ or ex situ removal, transfer, stabilization or destruction of contaminants in soils, 
sludge, sediments and water. Plants mineralized some toxic organic compounds and accumulate 
heavy metals and other inorganic compounds from soil into aboveground shoots. Four native plant 
species, namely Asystasia coromandeliana, Phyllanthus amarus, Kaempheria rotunda and Jathropha 
podagrica were chosen to evaluate their abilities to accumulate heavy metals from contaminated soils. 
K. rotunda and J. podagrica showed potential as accumulator for heavy metals from contaminated 
soil. This study also revealed that A. coromandeliana and P. amarus did not survive in heavily 
contaminated soils with heavy metals.    
 
Keywords: Phytoremediation, heavy metals, Asystasia coromandeliana, Phyllanthus amarus, 

Kaempheria rotunda, Jathropha podagrica 
 

INTRODUCTION 

Phytoremediation is a technique that uses plant to remediate contaminated soil and water.1 The 
process includes all biological, chemical and physical processes using plants, including rhizosphere 
for in situ or ex situ removal, transfer, stabilization or destruction of contaminants in soils, sludge, 
sediments, other solids or groundwater. Plants mineralize toxic organic compounds and accumulate 
heavy metals and other inorganic compounds from soil into aboveground shoots.1 Phytoremediation 
mechanisms include: phytodegradation the uptake, metabolism and breakdown of organic 
contaminants and herbicides within the plant to simpler molecules  or degradation of contaminants in 
the soil, sediments, sludge, groundwater by enzymes produced and released by the plant; 
phytovolatilization the uptake of organic and inorganic contaminants by plant from soil, water or a 
mixed soil and water matrix, converts it to volatile form and release it to the atmosphere, usually 
through leaf stomata and rhizodegradation takes place at the intersection of bioremediation and 
phytoremediation.2-5  

Phytoextraction is the choice for phytoremediation of metals and metalloids where the 
contaminants will be removed from the sensitive matrix without destroying it. In this process, the 
removal of contaminants is achieved through the root network and the accumulation potential into the 
plant biomass. The biomass is then harvested to complete the extraction of contaminants from the 
environment.6 The uptake of metals by plants is regulated by specific abilities of the plant and soil 
factors such as pH, water regime, organic matter content, cation exchange capacity, nutrient balance, 
clay content, concentration of other trace metals and climatic conditions. Mechanisms of uptake differ 
among plants and types of metal. As per their ability to absorb, accumulate and tolerate metal within 
their tissues, plants exhibit three major responses and can be classified into three categories, which are 
hyperaccumulators indicators and excluders.7,8 Plants with extreme levels of metal tolerance are called 
hyperaccumulators.9 Indicators regulate metal uptake so that the internal concentration reflects the 
external levels, while excluders maintain low and constant metal concentration in their shoots.10 

Plants used for phytoextraction should be fast growing, deep and wide-spreading root system, 
easily propagated, large biomass and accumulate large amount of the target metal.11, 12 Salt et al. 13 
reported that Brassica juncea (Indian mustard) could efficiently accumulate Pd, Zn, Cd, Ni, Cr and Cr 
(IV) from soils or water in both roots and stems. Additionally, study done by Kumar et al.14 showed 
that six Brassica species, B. nigra, B. oleracea, B. campestris, B. carinata, B. juncea and B. napus 
have the ability to accumulate heavy metals. They found that Cr has the highest phytoextraction 
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coefficient, followed by Cd, Ni, Zn and Cu. G. Americana also shows adaptive capabilities to adverse 
conditions such as eroded soil, flooding15, low pH and low fertility. Another study reported that the 
seedlings of G. americana shows a great uptake of Cr3+ from the nutrient solution, immobilizing and 
storing this metal in the root system in high concentration, with a very little translocation to aerial 
parts. Hence, this species can be considered as phytoremediators tree in Cr3+ contaminated 
watershed.16 

Arsenic hyperaccumulation by terrestrial plants is a rare phenomenon. The first known As 
hyperaccumulator Pteris vittata L., also known as Chinese brake fern was reported by Komar et al.17 

and Ma et al.18 Since then, several other fern species including Pityrogramma calomelanos, Pteris 
cretica, Pteris longifolia and Pteris umbrosa have been reported to accumulate As.19-21 Ma et al.20 

reported P. vittata can accumulate 12-64 mg As/kg in its fronds from uncontaminated soils containing 
0.5-7.5 mg As/kg, and up to 22,630 mg As/kg from a soil amended with 1500 mg As/kg. 

Cd concentration in the shoot of rainbow pink grown in a contaminated site in northern 
Taiwan for five weeks increased from 1.56 (under controlled condition) to 115 mg/kg and the total Cd 
uptake was about 100g/ha/yr.22 Additionally, the accumulated Cd concentration can reach the 
threshold (100 mg Cd/kg) of a hyperaccumulator of Cd.23 High concentration of Pb reduced the 
growth, biomass and total chlorophyll content of vetiver grass. However, vetiver grass accumulated 
from 250 to 750 mg Pb/kg in its shoots when the grass was grown in Pb-contaminated sandy loam 
soil.24 

Over 400 plant species of hyperaccumulators from all over the world can accumulate high 
concentrations of metals at contaminated sites.23 However, many of them have a low growth rate and 
very low biomass, hence; they need much time to remove contaminants from soils. Researchers found 
out two strategies to increase the phytoextraction of metals with higher biomass or by transgenic 
plants, which involving chelating agents and genetic engineering. Synthesized chelating agents such 
as ethylenediaminetetraacetic acid (EDTA), diethylenediaminepentaacetic acid (DTPA), 
hydroxyethylenediaminetetraacetic acid (HEDTA), trans-1,2-cyclohexylenediaminetetraacetic acid 
(CDTA) and ethylenebis (oxyethylenetrinitrilo) tetraacetic acid (EGTA) were applied to metal-
contaminated soil to increase the mobility and bioavailability of the metal in the soils and also to 
increase the amount of heavy metals accumulated in the upper parts of plants.25-27 Results from these 
research revealed that adding synthetic chelating agents can increase both the solubility of metal in 
soil solution and the concentration of metal in the shoots of plants. However, in soils contaminated 
with multiple metals, the application of synthetic chelating agents can reduce both the biomass of the 
plant and the total amount of metal removed because the high concentrations of other metals in the 
soil solution are toxic to the plant. 28 

The goal of this project is to evaluate management strategies using phytoremediation for land 
contaminated by heavy metals.  Selected native plant species had been investigated for their potential 
as hyperaccumulator for heavy metals. 
 

MATERIALS AND METHODS 

Experimental Set Up 

Experiments were conducted using soil spiked with 50 ppm salt solutions of Cd, Cr, Ni, Pb, Zn, and 
As. The solutions were uniformly mixed with air-dried soil and placed in polyethylene bags (1 kg). 
The soil pH was 5.32. Soil pH was measured in a distilled water using solid to liquid ratio 1:2.5. Soil 
moisture content was 18.19 ± 0.73 and organic matter was 13.48 ± 0.08 %. To prevent from leaching 
and soil loss, the polyethylene bags were placed inside another polyethylene bag without holes. Three 
replicates and a control were used and the polyethylene bags were placed in greenhouse shaded with 
transparent polythene sheet. Plants were grown under natural conditions and no artificial fertilizers or 
soil amendments were added to the soil during the course of the experiment. After one week of 
equilibration, seedlings of Asystasia coromandeliana, Kaempferia rotunda, Phyllanthus amarus and 
Jatropha podagrica were planted in each pot. About 5 mmol/kg soil of EDTA was applied to each pot 
except control, a week after plant transplanting.  
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Soil Analysis 
 
Soil analysis was performed using method described by Binning and Baird.29 Soil was air-dried and 
sieved through 2 mm sieve before analysis. About 2 g of soil sample was added to 20 mL of aqua-
regia (1cHNO3: 3cHCl). The samples were allowed to stand overnight and then heated until near 
dryness. After cooling, 20 mL of 5 M HNO3 was added and the samples were allowed to stand 
overnight. Samples were filtered through Whatman No. 41 filter paper into 100 mL volumetric flask. 
The solution was made up to mark with 0.5 M HNO3. Metal analysis and quantification was 
conducted using inductively coupled plasma-mass spectrometry (ICP-MS). 

 
Plant Analysis 
 
Plants were harvested 14, 60 and 90 days after transplanting. Plants were washed with distilled water 
to remove any dust deposits and surface soil, and oven-dried at 60°C for 72 h. Dry weights of plants 
was determined and the samples were ground. Analysis of plant tissue was done according to the 
method described by Soon.30 Grounded plant tissue was ashed in the muffle furnace for 16 h at 480°C. 
After cooling, 10 drops of ultrapure water was added followed by 2 mL of 50% (v/v) HNO3. Then, the 
sample was evaporated to dryness on a hot plate. After cooling, the ash was dissolved in 2 mL 20% 
(v/v) HNO3 by heating on a hot plate at approximately 100°C. Sample was filtered through Whatman 
No. 42 paper to a 10mL volumetric flask. Metal contents in plants were determined using ICP-MS. 

 
Instrumental Analysis 
 
ICP-MS operating conditions were the following: carrier gas flow, 0.60 L/min; Plasma gas flow, 
1.5L/min; coolant gas flow, 7L/min; radio frequency (RF), 1200 W. 
 
Statistical Analysis 
 
Statistical analyses were conducted using Microsoft Excel 2007 where data were presented as the 
mean value of triplicates and standard deviations were calculated. 

 
RESULTS AND DISCUSSION 
 
Plant Growth and Survival in Heavy Metals 
 
All plant species showed signs of stunted growth with toxicity symptoms such as chlorosis and 
necrosis as well as loss of leaves for the first and second weeks of the experiment. K. rotunda and J. 
podagrica were adapting and growing while A.coromandeliana and P. amarus showed continuous 
loss of leaves and died after two weeks of the experiment. Similar toxicity symptoms were also 
observed by other researchers.12, 31 Stunting could be due to specific toxicity of the metal to the plant 
metabolism, or antagonism with other nutrients in plants, which is commonly observed in a wide 
range of plant metal induced soils.32 

 
 
Heavy Metals Accumulation in Plants 
 
Figure 1 shows the mean metals accumulation in K. rotunda at different sampling times. The highest 
mean concentration of metals accumulate by K. rotunda was Cd (134.2 mg/kg), followed by Ni (106.6 
mg/kg), Zn (93.1 mg/kg), Pb (32.2 mg/kg), Cr (20.4 mg/kg) and As (0.5 mg/kg). Metal accumulation 
in J. podagrica (Figure 2) was found lower than K. rotunda with metal concentration varied between 
6.5 and 39.3 mg/kg for Zn, between 6.5 and 30.9 mg/kg for Ni, between 2.5 and  28.0 mg/kg for Cd, 
between 1.9 and 14.0 mg/kg for Cr, between 2.3 and 9.2 mg/kg for Pb and between 0.1 and 0.5 mg/kg  
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for As. Uptake of As in both control and EDTA-treated plants of K. rotunda and J. podagrica was low 
and insufficient to consider for phytoextraction, thus it will not be discussed in further detail.  
 
Chromium 
 
Cr accumulation increased through time in K. rotunda with highest accumulation was found at day 90 
(20.4 mg/kg), while highest Cr accumulation in J. podagrica was found at day 60 with concentration 
14.0 mg/kg and decreased on day 90. Research done by Sampanpanish et al.31 on Cr removal using 
weed species in Thailand showed similar trend and it was suggested that the decreased in Cr 
concentration may because the plant had grown well and resulted high biomass on day 90. However, 
Cr accumulation in K. rotunda and J. podagrica can be considered as low. A plant can behave as Cr 
accumulator if it can accumulate more than 1000 mg/kg in its tissue.33 Research done by Turgut et 
al.34 showed no statistical different in Cr uptake when using 0.1 g/kg of EDTA but when using 0.3 
g/kg of EDTA, high accumulation of Cr in dwarf sunspot sunflower  was found. Our study showed 2-
3 times higher accumulation of Cr in K. rotunda as well as J. podagrica planted in soil amended with 
0.5 mmol/kg of EDTA (~2.0 g/kg) compared to control.  
 
Nickel 
 
Both K. rotunda and J. podagrica showed highest Ni accumulation on day 60 of the experiment with 
concentration of 106.6 mg/kg and 30.9 mg/kg, respectively. Similar Ni concentration (30.9 mg/kg) 
was also found in the shoot of Baccharis sorothroides Gray.35 EDTA could increase Ni in plant tissue 
more than double the Ni concentration obtained in control soil.34  
 

Zinc 
 
Zinc accumulation in control treatment of K. rotunda was increased through time with highest 
accumulation of 93.1 mg Zn/kg (Figure 1). No significant difference was observed in Zn 
concentration when planted in soil treated with EDTA in days 14, 30 and 90. Zn uptake capacities in 
J. podagrica peaked on day 60 and decreased on day 90. Furthermore, it is showed that Zn uptake in 
J. podagrica were higher in EDTA-treated plant compared to control. Plant tissue concentration on 
day 60 and 90 were 23.4 mg/kg in control and 39.3 mg/kg in EDTA-treated and 6.5 mg/kg in control 
and 8.1 mg/kg in EDTA-treated, respectively. The uptake of Zn in T. caerulescens was thought to be 
facilitated by specific Zn2+ transporters.36 Hence, this study also suggests that the uptake of Zn in J. 
podagrica showed the same mechanism. 
 
Cadmium 
 
Both K. rotunda and J. podagrica showed highest Cd accumulation (134.2 mg/kg and 28.0 mg/kg) on 
day 60 with accumulation more than double Cd uptake on day 14 and day 90 (Figure 1 and Figure 2). 
The Cd uptake capacities in EDTA-treated J. podagrica peaked on day 14 and decreased on days 60 
and 90. As observed in Figure 1 and Figure 2, Cd accumulation in both control plants was higher 
compared to EDTA-treated plants. Previous study also reported that application of EDTA reduced Cd 
uptake by plants.38 
 
Lead 
 
Pb accumulation in K. rotunda was peaked on day 60 with concentration of 32.2 mg/kg in control and 
23.1 mg/kg in EDTA-treated plant and decreased on day 90. In contrast, J. podagrica accumulated 
highest concentration of Pb (9.2 mg/kg) on day 14. Pb hyperaccumulator plants are those that can 
accumulate more than 1000 mg/kg Pb in their tissues.39 Hence, both K. rotunda and J. podagrica are 
not Pb accumulator, since Pb accumulation were not more than 40 mg/kg in both plants.  
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Low accumulation in both plants may due to low solubility of Pb in soils, and the ready precipitation 
of Pb by sulfate and phosphate at the root system that minimize the plant uptake.23 Adding EDTA 
could increase Pb concentration in plants.40 Nevertheless, this study showed that Pb accumulation was 
higher in control plants. It is suggested that adding EDTA may increase metal mobility in soil but not 
increasing the Pb accumulation in both K. rotunda and J. podagrica. 
 
 
 

   

 
 
 
 
 
 

 

Figure 1: Cr, Ni, Zn, As, Cd and Pb accumulation in K. rotunda 
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Figure 2: Cr, Ni, Zn, As, Cd and Pb accumulation in J. podagrica 

CONCLUSION 

 
This study showed that K. rotunda and J. podagrica have the ability to accumulate metals into their 
tissues. K. rotunda uptake selectivity was Cd>Ni>Zn>Pb>Cr>>As while uptake selectivity for J. 
podagrica was Zn>Ni>Cd>Cr>Pb>>As. K. rotunda have the potential to act as hyperaccumulator 
compared to J. podagrica, especially in accumulating Cd and Ni where the highest concentration 
found in its tissues were 134.2 mg/kg in control and 73.8 in EDTA-treated and 106.6 in control and 
94.6 in EDTA-treated, respectively. It is also reported that EDTA amendment could reduced Ni and 
Cd uptake in plant but increased Cr and Zn uptake in plant. This study also revealed that A. 
coromandeliana and P. amarus did not survive in heavily contaminated soils with heavy metals. 
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