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Abstract: Phytoremediation is a plant-based approach to controlling pollution, an
alternative to the conventional physical and chemical remediation techniques. In Malaysia
many small-scale studies on phytoremediation have been conducted. However, the
establishment of phytoremediation strategy at larger field sites is rather lacking. Depending
on plant species and existing environmental factors, bioactive compounds from medicinal
plants have the potential for remediating specific pollutants. The wealth of plant resources
in Malaysia presents an opportunity for the phytoremediation technique to be applied as part
of the environmental management programmes in future. Nevertheless, the ability of
medicinal plants to accumulate pollutants has led to safety concerns when the plants are
used as therapeutic agents or medicine. This paper reports the current status of
environmental pollution in Malaysia and the potential uses of medicinal plants to treat
pollutants in the environment.
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INTRODUCTION

Phytoremediation is a natural, non-invasive pollutant clean-up technique by means of plants
and their associated microbes [1]. Many plant species have their own adaptation mechanisms that
allow them to survive under a highly polluted environment. Indeed, some plants known as
hyperaccumulators are able to survive or thrive on heavy-metal-polluted soils despite high levels of
metals in their tissues [2, 3].
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Plants also exhibit valuable therapeutic properties and various species have been recognised
as a prominent source of traditional medicine. The medicinal properties of plants are normally
derived from various secondary metabolites, which may also be important for plant protection under
stressful environmental conditions [4, 5]. Thus, medicinal plants may be potential phytoremediating
agents, although this application is still underexplored.
Although phytoremediation techniques have been implemented in some countries, it is still
considered new in Malaysia. In developed countries such as the United States, phytotechnologies
have the possibility to clean 30,000 of the contaminated waste sites, while in Asian countries such
as Bangladesh, India and Pakistan, this method has been used to clean up pollutants mainly from
sewage water and industrial wastes [6]. A review on phytoremediation techniques applied in some
selected countries has been published recently by Sharma and Pandey [6]. In Malaysia numerous
phytoremediation-related studies are still being conducted at the laboratory level or on small-field
scale for research purposes. Large field-scale phytoremediation work has not been reported yet. As
a country that is endowed with immense plant resources, it is conceivable that at least some of the
local plant species can be used for treating contaminated soil and water bodies.
This report aims to gather updated information on the environmental status in Malaysia and
provide an assessment of the potential use of medicinal plants in phytoremediation in the country.
Safety issues that may arise from using phytoremediating medicinal plants for subsequent human
use or consumption are also discussed.
ENVIRONMENTAL QUALITY IN MALAYSIA

As a rapidly developing country, Malaysia is facing enormous environmental challenges.
Activities in manufacturing, agro-based industries, land development and transportation release
many kinds of pollutants to the environment. Prevention and control of pollution is a great
challenge for the nation. Realising the importance of good environmental quality, the Department of
Environment (DOE) was formed under the Ministry of Science, Technology and Environment to
manage environmental-related issues [7]. Environmental Quality Act 1974 was introduced and
subjected to several amendments in 1985 [8]. To date, many guidelines have been set to monitor the
quality of air, water, groundwater and coastal areas in the country [9].
The level of air quality is monitored based on several parameters. This includes carbon
monoxide, nitrogen dioxide, ozone, sulphur dioxide, particulate matter and heavy metals. The air
pollution problems in Malaysia stem from not only local human activities, but also a series of haze
problems from a neighbouring country that occur during a certain period of the year [10, 11]. In
June 2013, Malaysia experienced a short but serious haze problem, with one district in the Southern
region of Peninsular Malaysia recording the air pollution index of more than 500 [11].
In 2013 the percentage of clean rivers in Malaysia was reduced by 1 % [11]. The
groundwater from agricultural and industrial sites is still contaminated when assessed based on the
parameters in the National Guidelines for Raw Drinking Water Quality [9, 11]. The levels of total
coliform, phenol and metals such as arsenic, iron and manganese are found to exceed the safe limits
stated in the guidelines.
In the coastal area in 2010, assessment of marine water quality showed that mercury and
cadmium were 30.5% and 18.5% respectively higher than the permitted levels in the Malaysian
Water Quality and Standards, i.e. 0.5 µg/L and 2 µg/L respectively for Class E (mangrove, estuarine
and river-mouth water) [9, 12]. Mercury is a highly toxic metal and its presence even in small
quantities may bring serious toxic effects to living organisms [13]. Similarly, the concentration of
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copper in coastal water also poorly met the standard of 2.9 µg/L for Class E in 2011 [14]. Besides
metals, oil and grease, total suspended solids and Eschericia coli are the source of pollutants in the
water bodies. The presence of various pollutants in the environment heightens the need for
remediation. From the latest Environmental Quality Report, the number of sampling points
categorised as ‘polluted’ increased from nine stations in 2012 to 11 stations in 2013 [11].
CURRENT APPROACHES FOR POLLUTION MANAGEMENT IN MALAYSIA

Environmental issues in Malaysia necessitate serious attention, although the problem is not
as severe as those in some other industrialised countries. For different types of pollutants, different
management strategies have been adopted. Currently, the conventional physical and chemical
treatments are widely used to treat pollutants in Malaysia.
The agricultural sector is one of the biggest industries in the country that produce various
organic and inorganic pollutants. Most agricultural wastes are treated using the pond system and
chemical degradation [15]. On the other hand, petroleum-based pollutants generated by many heavy
industries are often treated with soil vapour extraction, a technique that removes harmful vaporised
chemicals such as volatile organic compounds [16]. Other petroleum-based pollutants are removed
using the containment method to prevent the spread of contaminants. Soil vapour extraction and
containment methods are also applicable for chlorinated hydrocarbons produced from nonpetroleum-based industries [16]. Currently, research on the use of ‘biostructure’ to treat wastewater
from petrochemical industries has been started with continuous improvements in various aspects
including the use of modelling and statistical approach [17].
Other methods such as incineration, solidification and secure landfill disposal are normally
used to manage certain types of hazardous wastes. Crude landfill technique, for instance, has been
used for the disposal of solid wastes. However, it may increase the chances of pollutants spreading
to adjacent areas through leaching and vaporisation. Thus, to reduce this problem, sanitary landfill
was suggested as a better way for solid waste management [18].
Heavy metals are also considered as the main pollutants in the environment. Industries such
as petroleum refining, wood-processing, smelting and metal plating produce wastes containing
heavy metals that are commonly treated with chemical means such as precipitation, ion exchange,
reverse osmosis, electrodialysis and ultrafiltration [19, 20]. For less harmful and visible pollutants
such as trashes in the rivers, gross pollutant traps have already been applied, for example in the
Klang river [21].
Overall, the aforementioned physico-chemical methods are often very costly, complicated
and sometimes ineffective. Due to environmental concerns and the urge to reduce cost, natural
remediation has become an alternative way to treat various pollutants. Microbes, fungi and plants
are organisms normally involved in bioremediation processes. Although it is still at an early phase,
phytoremediation technique has now been incorporated as part of the pollution management
strategies in Malaysia.
PHYTOREMEDIATION IN MALAYSIA

In Malaysia most of the phytoremediation and related work reported over the past ten years
was based on studies conducted in the laboratory. Most studies have focused on evaluating the
ability of plants to take up pollutants, with emphasis on determining the levels of pollutants in
various plant tissues. Bioremediation studies conducted on the actual contaminated sites are still
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lacking [22]. This could be due to the need to consider various factors such as plants species and
environmental conditions prior to the scale up of lab-based experiments to the field-based
phytoremediation.
Nonetheless, fundamental experiments conducted to date have revealed the capacity of
various plants to take up pollutants, especially heavy metals. These studies could be the stepping
stones for future phytoremediation research. Table 1 shows a number of representative studies
carried out in Malaysia, which investigated the phytoremediation potential of various plant species.
Table 1. Studies of phytoremediation potential of Malaysian plant species with emphasis on
medicinal plants

Type of pollutants

Heavy metals from
soil
Heavy metals from
sewage sludge
Heavy metals from
sawdust sludge
Lead-contaminated
soil
Aqueous medium
containing copper
(II)
Diesel pollutants in
synthetic wastewater
Hydrocarboncontaminated soil
Chromium from
electroplating waste
Heavy metals from
agricultural soil in
Cameron Highlands
and Sepang
Heavy metals from
petroleum refinery
effluents on west
coast of Peninsular
Malaysia
Leachate of
contaminated landfill
from Burung Island

Plant species used

Polluted
conditions
simulated in
laboratory

Experiments
using pollutants
sampled from
contaminated
sites

Reference

Centella asiatica*



[23]

Orthosiphon stamineus*



[24]

Acacia mangium*



Pluchea indica*



[26]

Jatropha curcas*



[27]



[28]



[29]



[30]



[31]



[32]

[25]

Hibiscus cannabinus *

Salvinia molesta*
Paspalum vaginatum*
Nymphaea spontanea*
Solanum melongena*,
Ipomoea batatas*,
Allium cepa*



[33]



[34]



[35]

Eichhornia crassipes*
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Table 1. (Continued)
Type of pollutants
Aquaculture
wastewater from fish
pond in Semanggol,
Perak
Textile wastewater
from Senawang
Industrial Estate,
Negeri Sembilan
Heavy metals from
Chini Lake

PAH from NorthSouth Expressway in
Johor
Heavy metals from
tin tailings

Leachate of sanitary
landfill in Puchong

Experiments
using pollutants
sampled from
contaminated
sites

Reference

Eichhornia crassipes*,
Pistia stratiotes*



[36]

Chlorella vulgaris*



Plant species used

Polluted
conditions
simulated in
laboratory

Lepironia articulate,
Pandanus helicopus,
Scirpus grossus*,
Cabomba furcata,
Nelumbo nucifera*
Ficus microcarpa*,
Ixora coccinea*,
Baphia nitida*
Cyperus rotundus*,
Imperata cylindrical*,
Nelumbo nucifera*,
Phragmites australis*,
Pteris vittata*
Moringa oleifera*

[37]



[38]



[39]



[40]



[41]

* Plants with documented medicinal values
PROPERTIES AND CRITERIA
PHYTOREMEDIATION

OF

MEDICINAL

PLANTS

IN

RELATION

TO

Besides their traditional uses, medicinal and aromatic plants have important economic
values in many industries such as pharmaceuticals, food, cosmetics and ornaments. Medicinal
plants exhibit therapeutic properties due to the presence of bioactive compounds derived from
secondary metabolites such as phenolics, terpenoids and compounds containing sulphur and
nitrogen [42]. Phenolic compounds, for example, are good solubilisers and metal chelators for
plants in contaminated areas [43, 44]. Phenolic compounds can be released as plant root exudates
containing organic acids such as lactates and acetates [45]. These compounds can facilitate
bioremediation of pollutants, provided that other environmental factors such as pH, temperature and
soil conditions are also suitable for the process to happen [46].
The mechanism of pollutant uptake and accumulation varies depending on the type of plant
tissues. Pollutants normally enter plants through foliage or root system prior to undergoing
oxidation or storage in other compartments such as vacuoles [47]. In response to pollutants, plants
usually increase the production of reactive oxygen species [48]. However, high levels of these
species are harmful; thus, antioxidants are produced to alleviate the cellular oxidative stress [49,
50].
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Since secondary metabolites produced by medicinal plants normally contribute to various
biological roles, this could be a way for plants to adapt to the polluted environment [4]. Secondary
metabolites could contribute to the protection of plant against toxin stress and could be involved in
the detoxification of some toxic metals [51]. The ability of certain plants to survive in a
contaminated area suggests that they may be able to tolerate or even hyperaccumulate pollutants
[52]. Table 2 shows the roles of some secondary metabolites in phytoremediation.
Table 2. Roles of some secondary metabolites as phytoremediating agents
Compound
Phenolics

Terpenoids

Sulphur- or
nitrogencontaining
compounds

Role in phytoremediation

Plants investigated

Reference

Aluminium chelator

Zea mays *

[53]

Lead and copper chelator

Brassica juncea*

[54]

Cadmium chelator

Hyperium perforatum*
Matricaria recutita*

[55]

Nickel chelator

Matricaria chamomilla*

[56]

Biodegradation of polychlorinated
biphenyls and polyaromatic
hydrocarbons
Biodegradation of polyaromatic
hydrocarbons
Induction of biodegradation of
polychlorinated biphenyls in bacteria

Morus rubra*

[57]

Miscanthus giganteus

[58]

Mentha spicata*

[59]

Cadmium detoxification

Arabidopsis thaliana*

[60]

* Plants with documented medicinal values
Apart from the roles of secondary metabolites, plant species and environmental conditions
are important factors to ensure the success of phytoremediation process. For some susceptible
plants, their medicinal properties may be affected due to exaggerated growth and development and
alteration of their chemical composition under polluted conditions [61]. Normally, plants for
bioremediation have to be robust and able to survive under a stressful environment. In addition,
their ability to take up pollutants in a reasonable time frame is also important. Such characteristics
as rapid growth and development resulting in height and abundant branches and leaves that lead to
the production of high plant biomass under polluted conditions indicate the fitness or suitability of
the plants for bioremediation [62]. Medicinal plants such as Heliantus annus and Pteris vittata are
good phytoremediators as they are fast-growing species, less prone to diseases and have the ability
to accumulate heavy metals in plant tissues [63, 64].
Currently, plant tissue-culture technology is available to assist researchers in obtaining basic
information related to phytoremediation in a shorter time, facilitating the investigation of suitable
conditions for plant growth and optimum production of secondary metabolites for remediation
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purposes [65]. Thus, the knowledge from studies based on cultured tissues may be applied when
growing plants at field sites [66].
HEALTH CONCERNS FOR MEDICINAL PLANTS USED IN PHYTOREMEDIATION

There are more than 6,000 species of Malaysian plants with known medicinal values.
Tongkat Ali (Eurycoma longifolia), Kacip Fatimah (Labisia pumila), Misai kucing (Orthosiphon
stamineus), Hempedu bumi (Andrographis paniculata), Dukung anak (Phyllanthus niruri Linn) and
Pegaga (Centella asiatica) are among the common species that have been traditionally used to
promote healthy body functions and cure diseases such as diabetes, hypertension and sex-related
problems [67]. A decade ago, studies on medicinal plants in Malaysia were scarce [68]. However,
this field has been slowly expanding with increasing researches conducted by various agencies in
the country. Research on medicinal plants that previously focused on the search of bioactive
compounds for drug development has now expanded to modern phytotechnologies including
phytofortification and phytoremediation [69]. In phytofortification, the accumulation of essential
elements such as selenium, zinc and iron in the edible parts of medicinal plants makes them suitable
as a source of supplementary nutrition [70, 71, 72]. Their ability to take up pollutants, on the other
hand, has made them suitable for bioremediation purposes [73].
From another point of view, the ability of certain medicinal plants to accumulate pollutants
has provoked safety concerns among consumers. As highlighted by Bagdat and Eid [74], several
species of herbal plants normally used in food preparation, such as mint, lavender, thyme, pot
marigold, hollyhock, garden sorrel and black nightshade, also have the capacity to take up metals.
This is a big concern among consumers as herbs for cooking will be directly consumed without any
extraction process. The problem may be less serious when medicinal plants grown on contaminated
sites are subjected to further extraction and purification steps before their active ingredients are used
for human consumption. For example, essential oil products are normally free from pollutants after
the extraction process [75]. The problem will arise when people have no idea that the plants they
use for medicinal purposes are contaminated.
Several important guidelines have been published by the World Health Organisation,
covering the whole spectrum of procedures for herbal medicine preparation including aspects of
safety, quality, agricultural practices and manufacturing of medicinal plants [76]. The
aforementioned aspects are important for sustainable herbal market worldwide [77]. Malaysia also
has its own national pharmaceutical control bureau to ensure that therapeutic substances approved
for the local market are in high quality and safe [78]. In 2001 a national policy on traditional
medicine and alternative or complementary medicine was launched and its licensing was enacted
under the control of Drugs and Cosmetics Regulations 1984 [77]. Generally, materials prepared will
be subjected to quality control analysis including toxicological, pharmacological and
pharmacokinetic studies, while materials for the manufacturing process will be followed by clinical
studies [79].
Nonetheless, the implementation of the regulations needs to be strengthened, especially
among manufacturers. A study by Ang and Lee [80] revealed that 26% of the Tongkat Ali Hitam
(Eurycoma longifolia) products contained mercury exceeding 0.5 ppm, the accepted level for
traditional medicine, and these products were not registered with the Drug Control Authority. This
may be an isolated case, but it has raised serious concern as the cultivation and use of medicinal
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plants has to be done by taking into consideration the potential hazard to humans and the
environment [81].
MEDICINAL PLANTS:
CHALLENGES

FUTURE

PROSPECTS

FOR

PHYTOREMEDIATION

AND

Although phytoremediation incorporates the ability of plants to remove pollutants from
different sources, many studies nowadays have been emphasising on phytoremediation of heavy
metals and organic pollutants from soil and water. There is lack of attention towards other
pollutants such as air-polluting toxic gases despite their prevalence in the environment. Future
research should investigate the ability of medicinal plants to take up both organic and inorganic
pollutants. Furthermore, field-scale phytoremediation should be intensified with the goal of
evaluating the effectiveness of the technology at the real contaminated sites.
In addition, many species currently tested for phytoremediation have certain medicinal
properties. However, the correlation between the ability of plant to remove pollutants and the
involvement of bioactive compounds in this process requires more concrete scientific evidence.
Since the main issue in bioremediation is the time consumption, the introduction of transgenic
plants with relevant phenotypes, the acceleration of remediation with the addition of microbes, and
the combination of biological and chemical methods can all be attempted to identify a more timeefficient solution [82, 83].
Furthermore, the negative effects of consuming plant-based medicine could be avoided if
consumers only use the products that have been approved by recognised bodies or agencies. For raw
plant usage, consumers should choose plants from low-risk sources, for example medicinal plants
harvested from unpolluted sites. It is preferable to use plants that are not accumulating pollutants in
the parts that will be eaten later. In a study conducted using kenaf, lead was highly accumulated in
the root, followed by stem and seed capsule, exceeding the safe level in food, which is 2 mg/kg.
However, it was not detected in the leaves; hence it can be use for cattle feed [28]. However, for
human it must be confirmed that a metal level in plants is safe for usage. Some species of plants
such as Pteris vittata also have the ability to absorb and evaporate pollutants into the atmosphere
[84, 85]. It was reported that Pteris vittata produces harmful compounds to animals. However, some
of the local people in India have used this plant for wound healing or treatment of cold, cough and
fever [86]. Considering the priority of human safety, we believe that the best practice is to use
plants that are free from contamination to prevent poisoning or further complications from the
pollutants.
Taken together, phytoremediation using medicinal plants have an immense potential in
Malaysia. Although there are challenges that need to be tackled, it is not impossible to implement
this technique if all parties involved could work it out collaboratively.
CONCLUSIONS

In implementing clean technologies for environmental sustainability, phytoremediation is a
method of choice for removing pollutants. Available resources in Malaysia including vast varieties
of herbal and medicinal plants may be used in remediating organic and inorganic pollutants.
However, more studies are needed to identify promising plant species and optimum environmental
conditions suitable for phytoremediation. Further efforts are also needed to make this technique
applicable in the field scale. If phytoremediation is successfully applied, cost reduction and clean
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environmental conditions could be achieved. With that, the full potential of Malaysian medicinal
plants, not only as traditional medicine but also as phytoremediation agents, can be exploited.
ACKNOWLEDGMENTS

We thank Universiti Teknologi Malaysia and the Ministry of Education, Malaysia for
providing the Fundamental Research Scheme Grant (7845.4F180) for this study.
REFERENCES

1.
2.
3.

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

14.
15.
16.
17.

E. Pilon-Smits, “Phytoremediation”, Ann. Rev. Plant Biol., 2005, 56, 15-39.
N. Rascio and F. Navari-Izzo, “Heavy metal hyperaccumulating plants: How and why do they
do it? And what makes them so interesting?”, Plant Sci., 2011, 180, 169-181.
S. Talukdar and S. Bhardwaj, “Bioremediation of heavy metals using metal hyperaccumulator
plants”, in “Fungi as Bioremediators” (Ed. E. M. Goltapeh, Y. R. Danesh and A. Varma),
Springer, New York, 2013, pp.467-480.
A. C. Singer, D. E. Crowley and I. P. Thompson, “Secondary plant metabolites in
phytoremediation and biotransformation”, Trends Biotechnol., 2003, 21, 123-130.
A. Mithofer, B. Schulze and W. Boland, “Biotic and heavy metal stress response in plants:
Evidence for common signals”, FEBS Lett., 2004, 566, 1-5.
P. Sharma and S. Pandey, “Status of phytoremediation in world scenario”, Int. J. Environ.
Bioremed. Biodegrad., 2014, 2, 178-191.
N. Mohammad, “Environmental law and policy practices in Malaysia: An empirical study”,
Aust. J. Basic Appl. Sci., 2011, 5, 1248-1260.
M. Mustafa, “The environmental quality Act 1974: A significant legal instrument for
implementing environmental policy directives of Malaysia”, IIUM Law J., 2011, 19, 1-34.
Department of Environment Malaysia, “Official portal of Department of Environment”, 2015,
http://www.doe.gov.my/portalv1/en (Accessed: May 2015).
Environmental Quality Report, 2012, Department of Environment, Ministry of Natural
Resources and Environment, Malaysia.
Environmental Quality Report, 2013, Department of Environment, Ministry of Natural
Resources and Environment, Malaysia.
Environmental Quality Report, 2010, Department of Environment, Ministry of Natural
Resources and Environment, Malaysia.
M. C. Houston, “The role of mercury and cadmium heavy metals in vascular disease,
hypertension, coronary heart disease, and myocardial infarction”, Altern. Therap. Health Med.,
2007, 13, 128-133.
Environmental Quality Report, 2011, Department of Environment, Ministry of Natural
Resources and Environment, Malaysia.
A. R. Abdullah, “Environmental pollution in Malaysia: Trends and prospects”, Trends Anal.
Chem., 1995, 14, 191-198.
C. Y. Yin, S. Abdul-Talib, G. Balamurugan and K. S. Lian, “Contaminated land remediation
technologies: Current usage and applicability in Malaysia”, The Ingenieur, 2006, 32, 21-24.
M. S. Zaini, N. Ismail, C. K. Lim, C. H. Neoh, C. Y. Lam, A. Aris, Z. A. Majid, F. A. Manan
and Z. Ibrahim, “Optimisation of biostructure for the adsorption of petrochemical wastewater
using statistical approach”, Clean Technol. Environ. Policy, 2015, 17, 249-256.

297
Maejo Int. J. Sci. Technol. 2015, 9(03), 288-300; doi: 10.14456/mijst.2015.23
18. L. A. Manaf, M. A. A. Samah and N. I. M. Zukki, “Municipal solid waste management in
Malaysia: Practices and challenges”, Waste Manag., 2009, 29, 2902-2906.
19. N. Ahalya, T. V. Ramachandra and R. D. Kanamadi, “Biosorption of heavy metals”, Res. J.
Chem. Environ., 2003, 7, 71-78.
20. M. A. Barakat, “New trends in removing heavy metals from industrial wastewater”, Arab. J.
Chem., 2011, 4, 361-377.
21. N. A. Zakaria, A. Ab. Ghani, R. Abdullah, L. M. Sidek, A. H. Kassim and A. Ainan,
“MSMA_ A new urban stormwater management manual for Malaysia”, Proceedings of 6th
International Conference on Hydro-Science and Engineering, 2004, Brisbane, Australia.
22. Ab. A. Latiff, A. Karim, M. B. Ridzuan, D. Yeoh and Y. T. Hung, “Heavy metal removal by
crops from land application of sludge”, in “Environmental Bioengineering: Handbook of
Environmental Engineering” (Ed. L. K. Wang, J. H. Tay, S. T. L. Tay and Y. T. Hung), Vol.
11, Humana Press, Totowa (NJ), 2010, pp.211-232.
23. C. K. Yap, M. R. M. Fitri, Y. Mazyhar and S. G. Tan, “Effects of metal-contaminated soils on
the accumulation of heavy metals in different parts of Centella asiatica: A laboratory study”,
Sains Malaysiana, 2010, 39, 347-352.
24. A. Abdu, N. Aderis, H. Abdul-Hamid, N. M. Majid, S. Jusop, D. S. Karam and K. Ahmad,
“Using Orthosiphon stamineus B. for phytoremediation of heavy metals in soils amended with
sewage sludge”, Amer. J. Appl. Sci., 2010, 8, 323-331.
25. N. M. Majid, M. M. Islam and L. Mathew, “Heavy metal uptake and translocation by mangium
(Acacia mangium) from sewage sludge contaminated soil”, Aust. J. Crop Sci., 2012, 6, 12281235.
26. N. M. Majid, M. M. Islam, Y. Riasmi and A. Abdu, “Assessment of heavy metal uptake and
translocation by Pluchea indica L. from sawdust sludge contaminated soil”, J. Food Agric.
Environ., 2012, 10, 849-855.
27. N. M. Majid, M. M. Islam and Y. Riasmi, “Heavy metal uptake and translocation by Jatropha
curcas L. in sawdust sludge contaminated soils”, Aust. J. Crop Sci., 2012, 6, 891-898.
28. W. M. Ho, L. H. Ang and D. K. Lee, “Assessment of Pb uptake, translocation and
immobilization in kenaf (Hibiscus cannabinus L.) for phytoremediation of sand tailings”, J.
Environ. Sci. (China), 2008, 20, 1341-1347.
29. C. M. Hasfalina, R. Z. Maryam, C. A. Luqman and M. Rashid, “Adsorption of copper (II) from
aqueous medium in fixed-bed column by kenaf fibres”, APCBEE Procedia, 2012, 3, 255-263.
30. I. A. Albaldawi, F. Suja, S. R. S. Abdullah and M. Idris, “Preliminary test of hydrocarbon
exposure on Salvinia molesta in phytoremediation process”, Revelat. Sci., 2011, 1, 52-56.
31. S. N. A. Sanusi, S. R. S. Abdullah and M. Idris, “Preliminary test of phytoremediation of
hydrocarbon contaminated soil using Paspalum vaginatum sw.”, Aust. J. Basic Appl. Sci., 2012,
6, 39-42.
32. T. P. Choo, C. K. Lee, K. S. Low and O. Hishamuddin, “Accumulation of chromium (VI) from
aqueous solutions using water lilies (Nymphaea spontanea)”, Chemosphere, 2006, 62, 961-967.
33. B. S. Ismail, K. Farihah and J. Khairiah, “Bioaccumulation of heavy metals in vegetables from
selected agricultural areas”, Bull. Environ. Contam. Toxicol., 2005, 74, 320-327.
34. Z. Ismail and A. M. Beddri, “Potential of water hyacinth as a removal agent for heavy metals
from petroleum refinery effluents”, Water Air Soil Pollut., 2009, 199, 57-65.

298
Maejo Int. J. Sci. Technol. 2015, 9(03), 288-300; doi: 10.14456/mijst.2015.23
35. C. O. Akinbile, M. S. Yusoff and L. M. Shian, “Leachate characterization and
phytoremediation using water hyacinth (Eichhornia crassipes) in Pulau Burung, Malaysia”,
Bioremed. J., 2012, 16, 9-18.
36. C. O. Akinbile and M. S. Yusoff, “Assessing water hyacinth (Eichhornia crassipes) and lettuce
(Pistia stratiotes) effectiveness in aquaculture wastewater treatment”, Int. J. Phytoremed.,
2012, 14, 201-211.
37. S. L. Lim, W. L. Chu and S. M. Phang, “Use of Chlorella vulgaris for bioremediation of
textile wastewater”, Bioresour. Technol., 2010, 101, 7314-7322.
38. M. Ebrahimpour and I. Mushrifah, “Heavy metal concentrations (Cd, Cu and Pb) in five
aquatic plant species in Tasik Chini, Malaysia”, Environ. Geol., 2008, 54, 689-698.
39. A. Azhari, M. N. Dalimin and S. T. Wee, “Polycyclic Aromatic Hydrocarbons (PAHs) from
vehicle emission in the vegetation of highway roadside in Johor, Malaysia,” Int J. Environ. Sci.
Devel., 2011, 2, 465-468.
40. M. A. Ashraf, M. J. Maah and I. B. Yusoff, “Assessment of phytoextraction efficiency of
naturally grown plant species at the former tin mining catchment”, Fresenius Environ. Bull.,
2012, 21, 523-533.
41. E. S. M. Ameen, S. A. Muyibi and M. I. Abdulkarim, “Microfiltration of pretreated sanitary
landfill leachate,” The Environmentalist, 2011, 31, 208-215.
42. K. G. Ramawat, S. Dass and M. Mathur, “The chemical diversity of bioactive molecules and
therapeutic potential of medicinal plants”, in “Herbal Drugs: Ethnomedicine to Modern
Medicine” (Ed. K.G. Ramawat), Springer, Berlin, 2009, pp.7-32.
43. A. Michalak, “Phenolic compounds and their antioxidant activity in plants growing under
heavy metal stress”, Polish J. Environ. Studies, 2006, 15, 523-530.
44. J. Psotova, J. Lasovsky and J. Vicar, “Metal-chelating properties, electrochemical behavior,
scavenging and cytoprotective activities of six natural phenolics”, Biomed. Pap. Med. Fac.
Univ. Palacký Olomouc Czech. Repub., 2003, 147, 147-153.
45. D. L. Jones, “Organic acids in the rhizosphere – A critical review”, Plant Soil, 1998, 205, 2544.
46. G. Máthé-Gáspár and A. Anton, “Phytoremediation study: Factors influencing heavy metal
uptake of plants”, Acta Biol. Szeged., 2005, 49, 69-70.
47. J. A. C. Verkleij, A. Golan-Goldhirsh, D. M. Antosiewisz, J. P. Schwitzguébel and P. Schröder,
“Dualities in plant tolerance to pollutants and their uptake and translocation to the upper plant
parts”, Environ. Exp. Bot., 2009, 67, 10-22.
48. P. L. Gratão, A. Polle, P. J. Lea and R. A. Azevedo, “Making the life of heavy metal-stressed
plants a little easier”, Funct. Plant Biol., 2005, 32, 481-494.
49. I. M. Møller, P. E. Jensen and A. Hansson, “Oxidative modifications to cellular components in
plants”, Ann. Rev. Plant Biol., 2007, 58, 459-481.
50. P. Sharma, A. B. Jha, R. S. Dubey and M. Pessarakli, “Reactive oxygen species, oxidative
damage, and antioxidative defense mechanism in plants under stressful conditions”, J. Bot.,
2012, 2012, Art. ID 217037.
51. S. Goyal, C. Lambert, S. Cluzet, J. M. Mérillon and K. Ramawat, “Secondary metabolites and
plant defence”, in “Plant Defence: Biological Control” (Ed. J. M. Mérillon and K. G.
Ramawat), Springer, Dordrecht, 2012, pp.109-138.
52. P. K. Padmavathiamma and L. Y. Li, “Phytoremediation technology: Hyper-accumulation
metals in plants”, Water Air Soil Pollut., 2007, 184, 105-126.

299
Maejo Int. J. Sci. Technol. 2015, 9(03), 288-300; doi: 10.14456/mijst.2015.23
53. R. Tolra, J. Barcelo and C. Poschenrieder, “Constitutive and aluminium-induced patterns of
Phenolic compounds in two maize varieties differing in aluminium tolerance”, J. Inorg.
Biochem., 2009, 103, 1486-1490.
54. S. Shobha and S. Alok, “Phyto-extraction of lead and cadmium from a contaminated soil by
Indian mustard plant”, Res. J. Chem. Environ., 2011, 15, 345-348.
55. E. Masarovicova and K. Kralova, “Plant-heavy metal interaction: Phytoremediation,
biofortification and nanoparticles”, in “Advances in Selected Plant Physiology Aspects” (Ed.
G. Montanaro and B. Dichio), InTech., Rijeka (Croatia), 2012, pp.75-102.
56. J. Kovacik, B. Klejdus and M. Backor, “Phenolic metabolism of Matricaria chamomilla plants
exposed to nickel”, J. Plant Physiol., 2009, 166, 1460-1464.
57. R. S. Hegde and J. S. Fletcher, “Influence of plant growth stage and season on the release of
root phenolics by mulberry as related to development of phytoremediation
technology”, Chemosphere, 1996, 32, 2471-2479.
58. D. Techer, P. Laval-Gilly, S. Henry, A. Bennasroune, P. Formanek, C. Martinez-Chois, M.
D'Innocenzo, F. Muanda, A. Dicko, K. Rejsek and J. Falla, “Contribution of Miscanthus x
giganteus root exudates to the biostimulation of PAH degradation: An in vitro study”, Sci.
Total Environ., 2011, 409, 4489-4495.
59. E. S. Gilbert and D. E. Crowley, “Plant compounds that induce polychlorinated biphenyl
biodegradation by Arthrobacter sp. strain B1B”, Appl. Environ. Microbiol., 1997, 63, 19331938.
60. S. Lee, J. S. Moon, T. S. Ko, D. Petros, P. B. Goldsbrough and S. S. Korban, “Overexpression
of Arabidopsis phytochelatin synthase paradoxically leads to hypersensitivity to cadmium
stress”, Plant Physiol., 2003, 131, 656-663.
61. S. A. Nasim and B. Dhir, “Heavy metals alter the potency of medicinal plants”, in “Reviews of
Environmental Contamination and Toxicology” (Ed. D. M. Whitacre), Springer, New York,
2010, pp.139-149.
62. M. N. V. Prasad and H. M. de O. Freitas, “Metal hyperaccumulation in plants – Biodiversity
prospecting for phytoremediation technology”, Electron. J. Biotechnol., 2003, 6, 285-321.
63. A. R. Rivelli, S. De Maria, M. Puschenreiter and P. Gherbin, “Accumulation of cadmium, zinc,
and copper by Helianthus annuus L.: Impact on plant growth and uptake of nutritional
elements”, Int. J. Phytoremed., 2012, 14, 320-334.
64. G. M. Kertulis-Tartar, L. Q. Ma, C. Tu and T. Chirenje, “Phytoremediation of an arseniccontaminated site using Pteris vittata L.: A two-year study”, Int. J. Phytoremed., 2006, 8, 311322.
65. J. L. Couselo, E. Corredoira, A. M. Vieitez and A. Ballester, “Plant tissue culture of fast
growing trees for phytoremediation research”, in “Plant Cell Culture Protocols, Methods in
Molecular Biology” (Ed. V. M. Loyola-Vargas and N. Ochoa-Alejo), Humana Press, New
York, 2012, pp.247-263.
66. P. M. Doran, “Application of plant tissue cultures in phytoremediation research: Incentives and
limitations”, Biotechnol. Bioeng., 2009, 103, 60-76.
67. M. A. Khatun, M. Harun-Or-Rashid and M. Rahmatullah, “Scientific validation of eight
medicinal plants used in traditional medicinal systems of Malaysia: A review”, Amer.-Euras. J.
Sustain. Agric., 2011, 5, 67-75.
68. I. Jantan, “Medicinal plant research in Malaysia: Scientific interests and advances”, J. Sains
Kesihatan Malaysia, 2004, 2, 27-46.

300
Maejo Int. J. Sci. Technol. 2015, 9(03), 288-300; doi: 10.14456/mijst.2015.23
69. K. Kralova and E. Masarovicova, “Plants for the future”, Ecol. Chem. Eng., 2006, 13, 11791207.
70. Y. G. Zhu, E. A. Pilon-Smits, F. J. Zhao, P. N. Williams and A. A. Meharg, “Selenium in
higher plants: Understanding mechanisms for biofortification and phytoremediation”, Trends
Plant Sci., 2009, 14, 436-442.
71. Y. Zuo and F. Zhang, “Iron and zinc biofortification strategies in dicot plants by intercropping
with gramineous species: A review”, Agron. Sustain. Devel., 2009, 29, 63-71.
72. P. J. White and M. R. Broadley, “Physiological limits to zinc biofortification of edible crops”,
Front. Plant Sci., 2011, 2, 80 (doi: 10.3389/fpls.2011.00080).
73. M. L. Guerinot and D. E. Salt, “Fortified foods and phytoremediation. Two sides of the same
coin”, Plant Physiol., 2001, 125, 164-167.
74. R. B. Bagdat and E. M. Eid, “Phytoremediation behaviour of some medicinal and aromatic
plants to various pollutants”, J. Field Crops Central Res. Inst. Ankara, 2007, 16, 1-10.
75. V. Zheljazkov and D. Jekov, “Heavy metal content in some essential oils and plant extracts”,
Acta Horticulturae (ISHS), 1996, 426, 427-434.
76. World Health Organization, “National Policy on Traditional Medicine and Regulation of
Herbal Medicines__Report of a WHO Global Survey”, 2015, http://apps.who.int/ medicinedocs/
es/d/Js7916e/9.6.html (Accessed: May 2015).
77. O. F. Kunle, H. O. Egharevba and P. O. Ahmadu, “Standardization of herbal medicines__A
review”, Int. J. Biodivers. Conserv., 2012, 4, 101-112.
78. Ministry of Health Malaysia, “Official portal of National Pharmaceutical Control Bureau”,
2015, http://portal.bpfk.gov.my/index.cfm?menuid=4 (Accessed: May 2015).
79. J. A. Jamal, “Malay traditional medicine: An overview of scientific and technological
progress”, Asia-Pac. Tech Monit., 2006, Nov.-Dec., 37-49.
80. H. H. Ang and K. L. Lee, “Contamination of mercury in Tongkat Ali Hitam herbal
preparations”, Food Chem. Toxicol., 2006, 44, 1245-1250.
81. E. Masarovicova and K. Kralova, “Medicinal plants: Past, nowadays, future”, Acta Horticult.,
2007, 49, 19-27.
82. Y. Ma, M. N. Prasad, M. Rajkumar and H. Freitas, “Plant growth promoting rhizobacteria and
endophytes accelerate phytoremediation of metalliferous soils”, Biotechnol. Adv., 2011, 29,
248-258.
83. S. Cherian and M. M. Oliveira, “Transgenic plants in phytoremediation: Recent advances and
new possibilities”, Environ. Sci. Technol., 2005, 39, 9377-9390.
84. M. Sakakibara, A. Watanabe, M. Inoue, S. Sano and T. Kaise, “Phytoextraction and
phytovolatilization of arsenic from As-contaminated soils by Pteris vittata”, Proc. Ann. Int.
Conf. Soils Sediments Water Energy, 2007, 12, Art. 26.
85. Y. G. Zhu and B. P. Rosen, “Perspectives for genetic engineering for the phytoremediation of
arsenic-contaminated environments: From imagination to reality?”, Curr. Opin.
Biotechnol., 2009, 20, 220-224.
86. V. Karthik, K. Raju, M. Ayyanar, K. Gowrishankar and T. Sekar, “Ethnomedicinal uses of
pteridophytes in Kolli Hills, Eastern Ghats of Tamil Nadu, India”, J. Nat. Prod. Plant
Resour., 2011, 1, 50-55.
© 2015 by Maejo University, San Sai, Chiang Mai, 50290 Thailand. Reproduction is permitted for
noncommercial purposes.

