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Waste disposal in Malaysia faces serious challenges and has caused soil
pollution. There are currently over 6 million cubic meters of sewage sludge in
Malaysia requiring safe disposal. Phytoremediation is the use of plants to
remediate polluted soils and this approach has not been practised in Malaysia.
This study aimed to assess the potential and viability of two tropical timber
species to remediate heavy metal contaminated soil. A greenhouse and field
experiments were conducted to evaluate Acacia mangium Willd and Melaleuca
cajuputi Powell to extract heavy metals namely Zinc (Zn), Copper (Cu) and
Cadmium (Cd) from sewage sludge contaminated soils.

Results showed that under greenhouse conditions, both species are tolerant to
Zn, Cu and Cd and could accumulate high concentrations of these elements
especially in the roots. The leaves of A. mangium accumulated 156.96mg/kg of
Zn and 135.20mg/kg in M. cajuputi leaves. In the roots, the concentrations were
266.25mg/kg and 137.19mg/kg, respectively. Accumulation of Zn in the stems of
A. mangium was 102.24mg/kg and 107.50mg/kg for M. cajuputi. Accumulation
of Cu in the leaves of A. mangium was higher (20.74mg/kg) than in M. cajuputi
(9.53mg/kg) and in the roots it was 25.29mg/kg and 20.85mg/kg, respectively.
The stems of M. cajuputi accumulated more Cu (19.27mg/kg) than A. mangium
(14.01mg/kg). The accumulation of Cd in the stems and roots were greater in M.
cajuputi with concentrations of 1.78mg/kg and 2.05mg/kg, compared in A.
mangium at 1.51 mg/kg and 1.66 mg/kg, respectively. Accumulation of Cd in the
leaves of A. mangium was slightly higher (1.93mg/kg) than M. cajuputi
(1.66mg/kg).



The study under field conditions shows that stems of A. mangium accumulated
up to 130.0mg/kg of Zn and in the leaves it was up to 100.0 mg/kg.
Accumulation of Cu by A. mangium in the stems was about 17.0mg/kg and in
the leaves was about 22.0mg/kg. The accumulation of Cd in the stems was 1.23
- 1.62mg/kg. However, Cd accumulation in the A. mangium leaves was 0.3 -
1.6mg/kg. Accumulation of Zn in M. cajuputi leaves was higher (80 -
100.0mg/kg) than in the stems (60 - 70.0mg/kg). The stems of M. cajuputi
accumulated 9.0 - 22.0mg/kg Cu and in the leaves it was 4.0 - 15.0mg/kg. While
Cd accumulation in the stems was 0.30 - 0.45mg/kg and in leaves it was 0.25 -
0.4mg/kg.

In the greenhouse experiment, both species show low ability to accumulate Cu
and Cd as reflected by low BCF (BCF < 1) but translocate high amounts of all
three elements to the shoots as shown by high TF (TF = 1). On the other hand,
in the field experiment, A. mangium showed good ability (BCF = 1) for extracting
Zn and Cd but only Zn for M. cajuputi. However, M. cajuputi stems accumulated
more heavy metals compared to the leaves indicating that the heavy metals can
be stored for a longer period.

Phytoextraction efficiency of A. mangium was better than M. cajuputi as the
biomass generated in the field experiment after 12 months was about 72
tonnes/ha compared to only 4 tonnes/ha in case of M. cajuputi. It was estimated
that A. mangium is able to extract 16.49kg/ha Zn, 2.80kg/ha Cu and 0.12kg/ha
Cd per year whereas M. cajuputi could only extract 12.91kg/halyear,
2.65kg/halyear and 0.06kg/hal/year of the three heavy metals, respectively.

The trees also affect mobility of Zn, Cu and Cd in the soil as shown by high
fractions of the ionic and reducible forms of these metals at the beginning. The
mobility reduced at the end of the study where these two fractions were reduced
to about 2% from 69% for Cu and about 23% from 53% for Cd but Zn remained
the same. Principal component analysis of the soil chemical properties shows
humic acids played an important role (1st component) in heavy metal
stabilization in the soil after planting and the effects of pH and CEC on metal
mobility were reduced (2nd component) thus lowering the risk of these elements
from spreading.

The cost-effective economic evaluation of A. mangium in this study for a 10-year
rotation period was estimated to cost only MYR 231,800.00/ha compared to
MYR 3 million/ha using the conventional soil remediation techniques. Within this
period, over 35, 800 tonnes of carbon/ha was produced that could generate
returns of about MYR 1.9 million/ha. Timber production was estimated at
25,300m3/ha and could generate returns of about MYR 6.33 million/ha. Hence,
this study shows that phytoremediation using trees species is economically
viable for disposal of sewage sludge.
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Proses pelupusan sisa di Malaysia telah menyebabkan pencemaran tanah dan
menjadi suatu cabaran yang serius. Pada masa ini di Semenanjung Malaysia
terdapat lebih dari 6 juta meter padu enapcemar kumbahan yang perlu
dilupuskan dengan selamat dan lebih sejuta hektar tanah terdegradasi yang
perlu dipulihkan. Fitoremediasi (Phytoremediation) ialah teknik memulihkan
tanah tercemar menggunakan tumbuh-tumbuhan dan kaedah ini belum
digunapakai di Malaysia. Kajian ini bertujuan untuk menilai potensi dua spesies
tumbuhan berkayu tropika untuk fitoremediasi dan kesesuaian ekonomi
penggunaan kaedah ini untuk merawat tanah yang tercemar dengan logam
berat.

Satu kajian di dalam rumah hijau dan di lapangan telah dijalankan untuk menilai
kemampuan Acacia mangium dan Melaleuca cajuputi untuk mengekstrak logam
berat iaitu Zink (Zn), Tembaga (Cu) dan Kadmium (Cd) daripada tanah yang
dicemari dengan enapcemar kumbahan. Dalam eksperimen rumah hijau, empat
tahap media rawatan campuran enapcemar telah disediakan iaitu Kawalan
(0%), 30%, 50% dan 70% campuran enapcemar. Di lapangan pula, spesies ini
ditanam di dalam barisan di sebuah tapak pelupusan enapcemar kumbahan.

Hasil kajian rumah hijau menunjukkan kedua-dua spesies mempunyai ciri-Ciri
tumbuhan yang toleran kepada logam berat dan mengelakkan keracunan logam
berat dengan mengumpulnya di dalam akar di dalam jumlah yang tinggi. Daun
A. mangium mengumpul 156.96mg/kg Zn dan135.20mg/kg Zn bagi daun M.
cajuputi. Di dalam akar, kepekatan masing-masing adalah 266.25mg/kg and



137.19mg/kg. Manakala penimbunan Zn di dalam batang A. mangium adalah
102.24mg/kg dan 107.50mg/kg bagi M. cajuputi. Penimbunan Tembaga di
dalam daun A. mangium adalah lebih tinggi (20.74mg/kg) berbanding di dalam
daun M. cajuputi (9.53mg/kg) serta di dalam akar masing-masing adalah
25.29mg/kg dan 20.85mg/kg. Batang M. cajuputi menimbunkan banyak
Tembaga (19.27mg/kg) berbanding A. mangium (14.01mg/kg).Penimbunan
Kadmium pula di dalam batang dan akar M. cajuputi adalah lebih tinggi dengan
kepekatan masing-masing adalahl.78mg/kg dan 2.05mg/kg, berbanding A.
mangium yang hanya berkepekatan masing-masing 1.51mg/kg dan 1.66mg/kg.
Penimbunan Kadmium di dalam daun A. mangium tinggi sedikit (1.93mg/kg)
berbanding M. cajuputi (1.66mg/kg).

Hasil kajian di lapangan menunjukkan batang A. mangium menimbunkan
sehingga 130.0mg/kg Zink dan di dalam daun penimbunannya sehingga 100.0
mg/kg. Penimbunan Tembaga oleh A. mangium di dalam batang adalah sekitar
17.0mg/kg dan di dalam daun pula sekitar 22.0mg/kg. Penimbunan Kadmium di
dalam batang pula 1.23 - 1.62mg/kg. Manakala penimbunan Kadmium di dalam
daun A. mangium adalah 0.3 - 1.6mg/kg. Penimbunan Zink di dalam daun M.
cajuputi adalah lebih tinggi (80 - 100.0mg/kg) dari batangnya (60 - 70.0mg/kg).
Manakala Tembaga di dalam batang M. cajuputi adalah 9.0 - 22.0mg/kg, di
dalam daun adalah 4.0 - 15.0mg/kg dan Kadmium di dalam batang adalah 0.30
- 0.45mg/kg dan di dalam daun adalah0.25 - 0.4mg/kg.

Hasil kajian lapangan pula menunjukkan batang A. mangium menimbunkan Zink
sehingga 130.0mg/kg manakala di dalam daun pula hingga 100.0
mg/kg.Penimbunan Tembaga oleh A. mangium di dalam batang adalah sekitar
17.0mg/kg dan di dalam daun pula sekitar 22.0mg/kg.Penimbunan Kadmium di
dalam batang pula adalah 1.23 - 1.62mg/kg. Namun, Kadmium di dalam daun A.
mangium adalah 0.3 - 1.6mg/kg. Penimbunan Zink oleh daun M. cajuputi adalah
lebih tinggi (80 - 100.0mg/kg) berbanding batangnya (60 - 70.0mg/kg).
Manakala Tembaga di dalam batang M. cajuputi adalah 9.0 - 22.0mg/kg dan
daun adalah 4.0 - 15.0mg/kg. Sementara Kadmium di dalam batang adalah 0.30
- 0.45mg/kg dan 0.25 - 0.4mg/kg di dalam daun.

Kajian rumah hijau menunjukkan kedua spesis yang dikaji mempunyai
kemampuan menumpuk Tembaga dan Kadmium yang rendah yang ditunjukkan
oleh nilai BCF yang rendah (BCF < 1) tapi mampu memindahkan jumlah yang
banyak dari akar ke pucuk untuk kesemua elemen yang ditunjukkan dengan
nilai TF yang tinggi (TF = 1). Walaupun begitu, kajian lapangan berlaku perkara
sebaliknya di mana A. mangium menujukkan kemampuan menimbun yang
tinggi untuk Zink dan Kadmium dengan nilai BCF = 1 kecuali M. cajuputi yang
hanyamenunjukkankemampuanmenimbunkanhanya Zink. Pun begitu, batangM.
Cajuputi dilihat mampu menumpukkan lebih banyak logam berat berbanding



daunnya yang memberikan gambaran logam berat boleh disimpan di batang
pokok ini lebih lama.

Kecekapan ekstraksi A. mangium adalah lebih baik berbanding M. cajuputi
dimana jisim biologi yang dihasilkan dalam tempoh 12 bulan dianggarkan
masing-masing berjumlah 72 tan/ha berbanding hanya 4 tan/ha. Dianggarkan
bahawa A. mangium mampu untuk mengekstrak 16.49kg/ha Zink, 2.80kg/ha
Tembaga dan 0.12kg/ha Kadmium setahun manakala M. cajuputi hanya boleh
mengekstrak  masing-masing  12.91kg/ha/tahun,  2.65kg/ha/tahun  dan
0.06kg/ha/tahun.

Fitoremediasi juga didapati telah menghadkan pergerakan logam berat di dalam
tanah. Pergerakan Zn, Cu dan Cd di awal kajian adalah tinggi di mana peratus
logam berat bentuk ionic atau terturun adalah tinggi. Mobiliti elemen ini telah
berkurang diakhir tempoh kajian di mana bagi Tembaga (Cu) hanya tinggal
sekitar 2% dari 69% di awalnya dan sekitar 23% dari 53% untuk Kadmium.
Walaubagaimanapun Zink masih kekal mudah tersebar.Analisis komponen
utama telah dibuat untuk sifat-sifat kimia tanah yang mempengaruhi pergerakan
logam berat menunjukkan keputusan di mana asid humik memainkan peranan
yang penting (komponen pertama) dalam penstabilan logam berat selepas
ditanam pokok ujian manakala kesan keasidan (pH) serta Kapasiti Tukarganti
Kation (CEC) telah dikurangkan (komponen kedua) menunjukkan risiko logam
berat untuk merebak di dalam tanah telah berkurangan.

Penilaian ekonomi fitoremediasi menunjukkan bahawa teknik pemulihan ini
berdaya maju. Kajian ini menganggarkan di dalam tempoh kitaran 10 tahun ia
memerlukan kos keseluruhan MYR 231,800.00/ha berbanding dengan teknik
konvensional dengan kos sekitar RM 3 juta/ha. Di dalam tempoh masa yang
sama lebih 35, 800 tan karbon/ha mampu dihasilkan dan boleh menjana
pulangan kira-kira RM 1.9 juta/ha. Satu lagi sumber pendapatan adalah kayu
yang boleh menghasilkan kira-kira 25,300 m3dan boleh menjana pulangan kira-
kira RM 6.33 juta/ha.
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CHAPTER 1

INTRODUCTION

1.1  Study Background

Soil is an important component of life on earth. It is crucial in various nutrient
and hydrological cycles and it is the basis of food chain. Almost all food sources
originate from primary producers which grow on soil with few exceptions from
aguatic sources (Bridges and Van Baren, 1997). The increase in world
population put pressure on soil resources to continuously provide food (Khanif,
2010). Currently world population exceeds 6 billion and predicted to reach 8
billion by the year 2020. This is an unavoidable fact that per capita of arable land
is decreasing steadily. It has been reported that arable land has being reduced
to 0.22ha per person (Bridges and Van Baren, 1997;Khanif, 2010).

Land degradation and environmental pollution will be more serious as population
increases. Innovative science and technology are necessary to reduce land
degradation and increase agriculture production. Land degradation will remain
an important global issue in the 215 century because of its negative impact on
crop productivity, environment, food security and quality of life (Eswaran et al.,
2001). Soil or land degradation is defined as soil that has lost its functions or its
ability to support life. It is a result of mismanagement, over exploitation and
mismatch of land use with soil quality. Major stresses on degraded soil are
erosion, nutrient loss, acidity, salination, destruction of soil structure and loss of
organic matter (United States Department of Agriculture, 2007).

Bridges and van Baren (1997) stated that soil degradation can be categorized
into three types; chemical, physical and biological. Physical degradation is
mostly due to the weight and size of machineries used to cultivate the soil. Soil
compaction affects soil porosity and infiltration capacity and eventually restricts
root penetration. Compaction also limits oxygen penetration into soil and inhibits
aerobic processes of soil microbes and in turn may adversely influence soil pH
and nutrient cycling processes.

Soil chemical degradation relates to nutrient depletion or soil contamination.
Nutrient depletion occurs naturally by erosion, leaching and uptake by plants.
Nutrient depletion or low soil fertility is the main constraint in agriculture
production. Fertilizers are being used excessively to increase agricultural yield.
The desire for mobility, goods and services has led to industrialization.
Industries are generating hazardous wastes that pollute the environment and
causing health problems (Chaaban, 2001). Langergraber and Muelegger (2005)
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stated that over two billion people around the world mainly in developing
countries still have no access to adequate sanitation services and over 90% of
sewage from these countries is discharged without proper treatment.

In addition, the increasing amount of solid wastes from urban areas is no longer
suitable to be treated through conventional land disposal method. Soil capacity
to store various chemicals and other toxic elements is limited. Soils are dynamic
and have different resilience (Bridges and Van Baren, 1997, Khanif, 2010).
Extreme changes in soil physical and chemical characteristics cause the
chemicals in the soil to be unleash and this is known as “chemical time bomb”
(Cappuyns et al., 2006; van der Wal et al., 2007).

Degraded soil has resulted in negative ecological consequences such as poor
air and water quality, eutrophication of fresh water bodies, algal blooms in
coastal waters, global warming, acid rain, increase of diseases and biodiversity
loss (Zhao et al., 2006; Ayoub, 1999). Soil degradation affects the soil microbes
including soil fauna such as earthworms that makes the soil functional.
Environmental pollution is no longer a localized problem as researchers have
found that in recent years, a number of toxic accidents, acid rain and poor waste
management in developing countries have caused pollution to spread beyond its
source point boundaries (Scanlon, 2001).

1.2 Problem Statement

Soil degradation is a worldwide problem. However unlike in arid and semi arid
regions of the world, soil degradation in Malaysia is categorized as moderate to
low risk because of the tropical climate (van Lynden and Oldeman, 1997). Soill
degradation in arid and semi-arid is attributed to lack of rainfall but in Malaysia, it
badly affects neighbouring areas resulting in erosion and silting. Abdullah and
Hezri (2008) reported agriculture as a major landuse in Malaysia utilizing over
46% of land cover and is increasing annually through conversion of forested
areas mainly for palm oil. This has resulted in serious environmental
consequences mainly loss of biodiversity, geohazards incidences and
environmental pollution.

Accurate information on land degradation in Malaysia is not readily available.
However according to Forestry Department of Peninsular Malaysia, (FDPM) and
Department of Agriculture (DOA), it is estimated that more than 20 million
hectares or 60% of total land area are categorized as environmentally fragile
and degraded. The most degraded soil is mined land, covering approximately
200,000 ha in Peninsular Malaysia. In addition, approximately 2.7 million ha of
the total land area are under shifting cultivation, especially in Sarawak and at
various degrees of degradation (DOA, 2006).
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According to the Malaysian Department of Statistics (2009), 62% of the
country’s population lives in urban areas compared only 26% in 1970. Khanif
(2010) stated that the Malaysian population is projected to reach 30 million by
2020. This will lead to land use change and perhaps encroachment into the
environmentally fragile areas. This encroachment has already occurred where
46% of peat areas in Malaysia or approximately 432,520ha peat swamps have
been drained and converted mainly for oil palm cultivation (DOA, 2006).

Utilization of environmentally fragile areas and urbanization also lead to pollution
and other environmental problems. According to Hassan et al., (1999), there are
230 authorized landfill sites in Peninsular Malaysia where 74% are causing
serious problems particularly groundwater pollution. National Sewerage
Management Company, Indah Water Konsortium Sendirian Berhad (IWK)
reported that sewage sludge production in Peninsular Malaysia has increased 1
million m3 in a 10-year period from 5 to 6 million m3 in 1997 to 2007 (IWK,
2007). The sewage sludge eventually will end up in landfills for disposal. Hence,
waste disposal problems compounded with agriculture expansion are
foreseeable facts that soil degradation is a significant challenge for sustainable
development in Malaysia.

1.3 Significance of Study

Projected population of Malaysia is 30 million in 2020 with over 62% living in
urban areas and this will increase demand for land. There is also an urgent need
to manage waste and sewage disposal problems and at the same time
rehabilitate degraded land for future use. The use of plants to remediate polluted
soil or phytoremediation is still in infancy stage in Malaysia. Unlike conventional
methods of remediating contaminated soil, phytoremediation provides
opportunities to utilize plant biomass and other related secondary plant products
for economic benefits.

1.4 Objectives

Studies on phytoremediation with timber species have not been widely reported.
Therefore the general objective of this study was to assess the efficacy of timber
tree species of high economic value to remediate soil contaminated with heavy
metals from sewage sludge. The specific objectives are:

1. Evaluate ability of the species in accumulating heavy metals namely Zn,
Cu and Cd and its phytoextraction efficiency.

2. Evaluate economic potential of phytoremediation using trees.



REFERENCES

Abdullah, A.A. and Hezri, S.A., 2008. From forest to landscape to agricultural
landscape in the developing tropical country of Malaysia.: Pattern, process
and their significance on policy. Environmental Management. 42: 907-917.

Abadie, L.M. and Chamorro, J.M. 2008. European CO: prices and carbon
capture investments. Energy Economics. 30: 2992-3015.

Abollino, O., Giacomino, A., Malandrino, M., Mentasti, E., Aceto M. and
Barberis, R.. 2006. Assessment of Metal Availability in a Contaminated soil
By Sequential Extraction. Water, Air, and Soil Pollution.137: 315-338.

Adler, A., Karacic, A. and Weih, W. 2008. Biomass allocation and nutrient use in
fast-growing woody and herbaceous perennials used for phytoremediation.
Plant Soil. 305:189-206.

Adriano, D.C. 2001. Trace Elements in the Terrestrial Environment. NewYork,
Springer-Verlag. 533p.

Ahmadpour, P., Mat Nawi, A., Arifin A., Abdul-Hamid, H., Daljit K.S., Hassan, A.,
Majid, N.M. and Jusop, S. 2010. Uptake of Heavy Metals by Jatropha curcas
L. Planted in Soils Containing Sewage Sludge. Am. J. Appl. Sci. 7(10): 1291-
1299.

Akinbile, C.O., Yusoff, M.S. and Shian, L.M. 2012. Leachate Characterization
and Phytoremediation Using Water Hyacinth (Eichorrnia crassipes) in Pulau
Burung, Malaysia. Bioremediation Journal, 16(1): 9-18.

Alidadi, H., Najafpoor, A.A. and Parvesh, A. 2007. Determination of
Carbon/Nitrogen ratio and heavy metals in bulking agents used for sewage
sludge composting. Pakistan Journal of Biological Sciences. 10(22): 4180-
4182.

Alkorta, I., J. Hernandez-Allica, J.M. Becerril, I. Amezaga, I. Albizu and C.
Garbisu. 2004. Recent findings on the phytoremediation of soils
contaminated with environmentally toxic heavy metals and metalloids such
as zinc, cadmium, lead, and arsenic. Rev. Environ. Sci. & BioTechnology 3:
71-90.

Allen, S.E., Grimshaw, H., Parkinson, J.A. and Quarmby, C. 1974. Chemical
Analysis of Ecological Material. Blackwell Scientific Publications. Oxford.
565p.

Alvarenga, P., Gongalves, A.P., Fernandes, R.M., de Varennes, A., Vallini, G.,
Duarte E. and Cunha-Queda, A.C. 2009. Organic residues as immobilizing
agents in aided phytostabilization: () Effects on soil chemical characteristics.
Chemosphere. 74: 1292-1300.

Alvarez, E.A., Mochon, M. C., J.C. Sanchéz, J. and Rodriguez, M.T. 2002.
Heavy metal extractable forms in sludge from wastewater treatment plants.
Chemosphere. 47: 765-775.

83



Amir, S., Hafidi, M., Merlina, G. and , Revel, J. 2005. Sequential extraction of
heavy metals during composting of sewage sludge. Chemosphere. 59: 801—
810.

Amuda, O.S., An Deng, A., Alade O. and Hung, Y.T. 2008. Conversion of
Sewage Sludge to Biosolids. In L. K. Wang, N. K. Shammas and Y.T. Hung
(eds). Handbook of Environmental Engineering, Volume 7: Biosolids
Engineering and Management. Humana press, New Jersey. pp.65-115.

Ang, L.H., Tang, L.K., Ho, W.M., Hui, T.F. and. Theseira G.W. 2010.
Phytoremediation of Cd and Pb by FourTropical Timber Species Grown on
an Ex-tin Mine in Peninsular Malaysia. World Academy of Science,
Engineering and Technology. 38:244-248.

Archer, M. J. G. and Caldwell, R. A. 2004. Response of six Australian plant
species to heavy metal contamination at an abandoned mine site. Water, Air,
and Soil Pollution.157: 257-267.

Arifin A., Najihah A., Abdul-Hamid, H., Majid, N.M., Jusop, S, Daljit S.K. and
Ahmad, K. 2011. Using Orthosiphon stamineus B. for Phytoremediation of
Heavy Metals in Soils Amended with Sewage Sludge. Am. J. Appl. Sci.. 8(4):
323-331.

Ashraf, M. A., Maah, M. J. and Yusoff, i. 2011. Heavy metals accumulation in
plants growing in ex tin mining catchment. Int. J. Environ. Sci. Tech. 8(2):
401-416.

Asia Development Bank, 1996. Economic Evaluation of Environmental Impacts:
A Workbook. Asian Development Bank, Manila. pp: 9-46.
http://www.adb.org/Documents/Books/Env_and_Eco/chap2.pdf. (Retrieved
on 05/03/2012).

Ayoub, A.T. 1999. Fertilizers and the environment. Nutrient Cycling in
Agroecosystems. 55: 117-121.

Azlinda A. B., Sallehudin S., Baharudin O. and Rasadah M. A. 2009. Evaluation
of Melaleuca cajuputi Powell (family: Myrtaceae) extract in aerosol can
against dengue vectors in the laboratory. J Trop Med Parasitol. 32:58-64.

Badri, M.A and Aston, S.R, 1983. Observation on heavy metal geochemical
associations in polluted and non-polluted estuarine sediments.
Environmental Pollution. 6: 181-193.

Baker, A.J.M. and Brooks, R.R. 1989. Terrestrial higher plants which hyper-
accumulate metallic elements — Review of their distribution, ecology and
phytochemistry. Biorecovery. 1:81-126.

Balabane, M., Faivre, D., van Oort, F. and Dahmani-Muller, H. 1999. Mutual
effects of soil organic matter dynamics and heavy metals fate in a
metallophyte grassland. Environmental Pollution. 105: 45-54.

Batish, D.R., H. P. Singh, R. K. Kohli and S. Kaur. 2008. Eucalyptus essential oil
as a natural pesticide. Forest Ecology and Management. 256: 2166—-2174.

84



Benjachaya, S., T. Jurayut, P. Amornchot, L. Suthiwilairatana, C. Chuayna, B.
Sompoh and W. Sonthivanit . 2002. Effective Uitilization of Forest Biomass
for Regional People in Thailand: Evaluation on Utilization Potential of
Melaleuca cajuputi Powell. Paper presented in The First Thai-biomass
Utilization Symposium. Royal Forest Department - Japan International
Forestry Promotion and Cooperation Center (JIFPRO) - Kasetsart University,
Bangkok, Thailand, 22 March 2002.

Benomar, L., DesRochers, A. and Larocque, G.R. 2012. The effects of spacing
on growth, morphology and biomass production and allocation in two hybrid
poplar clones growing in the boreal region of Canada. Trees. 26:939-949.

Blaylock, M.J., Salt, D.E., Dushenkov, S., Zakharova, O., and Gussman,
C.1997. Enhanced accumulation of Pb in Indian mustard by soil applied
chelating agents. Environ. Sci. Technol. 31: 860-865.

Brady N.C. and Weil, R. R. 2008. The Nature and Properties of Soils. 14"
edition. Pearson-Prentice Hall, Upper Saddle River, NJ. 990 pp.

Bramryd, T. 2002. Impact of sewage sludge application on the long term nutrient
balance in acid soils of Scots Pine (Pinus sylvestris, L.) forests. Water, Air
Soil Pollut. 140: 381-399.

Bridges, E.M. and Van Baren, J.H.V., 1997. Soil: an overlooked, undervalued
and vital part of the human environment. The Environmentalist. 17: 15-20.

Brown, S. L. Charles L. Henry, Rufus Chaney, Harry Compton and P. S.
DeVolder. 2003. Using municipal biosolids in combination with other
residuals to restore metal-contaminated mining areas. Plant Soil. 249: 203—
215.

Brunetti G., Soler-Rovira, P., Farrag, K. and Senesi, N. 2009. Tolerance and
accumulation of heavy metals by wild plant species grown in contaminated
soils in Apulia region,Southern Italy. Plant Soil. 318:285-298.

Budiadi, Y. Kanazawa, H., T. Ishii, M. S. Sabarnurdin and P. Suryanto. 2005.
Productivity of kayu putih (Melaleuca leucadendron LINN) tree plantation
managed in non-timber forest production systems in Java, Indonesia.
Agroforestry Systems. 64: 143-155.

Burt, R. 2004. Soil survey laboratory methods manual. USDA-NRCS. Soil
survey investigations report no. 42, version 4.0. 407p.

Calace, N., Deriu, D., Petronio, B. M. and Pietroletti, M. 2009. Adsorption
isotherms and breakthrough curves to study how humic acids influence
heavy metal—soil interactions. Water Air Soil Pollut. 204:373-383.

Cappuyns, V., Swennen, R. and Devivier, A. 2006. Dredged River Sediments:
Potential Chemical Time Bombs? A Case Study. Water Air Soil Pollut. 171:
49-66.

85



Carson, C. F., K. A. Hammer and T. V. Riley. 2006. Melaleuca alternifolia (Tea
Tree) Oil: a Review of Antimicrobial and Other Medicinal Properties. Clinical
Microbiology Reviews. 19(1): 50-62.

Chaaban, M.A. 2001. Hazardous waste source reduction in materials and in
processing technologies. J. Materials Processing Technology. 119:336-343.

Cheng, S., 2003. Heavy Metals in Plants and Phytoremediation. A State-of-the-
Art Report with Special Reference to Literature Published in Chinese
Journals. ESPR - Environ Sci & Pollut Res. 10 (5): 335 — 340.

Cho, Un-Haing and Park, Jung-O. 1999. Distribution and Phytotoxicity of
Cadmium in Tomato Seedlings. Journal of Plant Biology. 42(1) : 49-56.

Chokkalingam, U.S., Rizki, P. Permana, |. Kurniawan, J. Mannes, A,
Darmawan, N. Khususyiah, R. H. Susanto. 2005. Community fire use,
resource change, and livelihood impacts: The downward spiral in the
wetlands of southern Sumatra. Mitig. Adapt. Strat. Glob. Change. 12:75-100.

Clemente, R. and Bernal, M.P. 2006. Fractionation of heavy metals and
distribution of organic carbon in two contaminated soils amended with humic
acids. Chemosphere. 64: 1264-1273.

Clemens, S., Palmgren, M.G. and Kramer U. 2002. A long way ahead:
understanding and engineering plant metal accumulation. TRENDS in Plant
Science. 7(7): 309-315.

Cobbet, C.S, 2000. Phytochelatin biosynthesis and function in heavy metal
detoxification. Current Oppinion in Plant biology. 3:211-216.

Colle,C., Madoz-Escande, C. and Leclerc, E. 2009. Foliar transfer into the
biosphere: review of translocation factors to cereal grains. J. Environ.
Radioactivity. 100:683—689.

Conesa, H.M., Evangelou, M.W.H., Robinson, B.H. and Schulin, R. 2012. A
Critical View of Current State of Phytotechnologies to Remediate Soils: Still a
Promising Tool?. The Scientific World Journal, vol. 2012, Article ID 173829,
10p. doi:10.1100/2012/173829.

Cunningham, S.D. 1996. The phytoremediation of soils contaminated with
organic pollutants: problems and promise. International Phytoremediation
Conference, May 8-10, Arlington, VA.

Cunningham, S.J. 2001. Current Product and Practices: An Introduction to
Economic Evaluation of Health Care. J. Orthodontics. 28(3):246-250.

Dakora, F. D. and Phillips, D. A. 2002. Root exudates as mediators of mineral
acquisition in low-nutrient environments. Plant and Soil. 245: 35-47.

Dean, R. B. and M. J. Suess. 1985. The risk to health of chemicals in sewage
sludge applied to land. Waste Management & Research. 3: 251-278.

Department of Agriculture, Malaysia, 2006. National report on the
implementation of UNCCD: combating land degradation and promoting
sustainable land resource management in Malaysia. 3 National report for

86



the 5" session of the Committee for the Review of the Implementation of the
Convention to Combat Desertification (CRIC5).

Department of Meteorology, Malaysia. 2014. Malaysia Climate Report.
www.met.gov.my (Retrieved 23 September 2014)

Department of Statistics, Malaysia. 2009. Urbanization and urban growth issues
for the next Malaysia census 2010. Paper presented in The 24" Population
Census Conference, 25-27 March 2009, Hong Kong, China.

Dominguez, M. T., Maranon, T., Murillo, J.M., Schulin, R. and Robinson, B. H.
2008. Trace element accumulation in woody plants of the Guadiamar Valley,
SW Spain: A large-scale phytomanagement case study. Environmental
Pollution. 152:50-59.

Drinnan, J. E. 2000. Australian Tea Tree Oil Plant Nutritional Survey. A report
for the Rural Industries Research and Development Corporation, RIRDC.
RIRDC Publication No. 00/107. Kingston.

Duffus, J.H. 2002. Heavy metals — A meaningless term?. IUPAC technical
report. Pure Appl. Chem. 74(5):793-807.

Duijvenbooden, Wil van. 1998. Soil monitoring systems and their suitability for
predicting delayed effects of diffuse pollutants. Agriculture, Ecosystems and
Environment. 67 : 189-196

Duke, J.A. 1983. Handbook of Energy Crops. unpublished. Available:
http://www.hort.purdue.edu/newcrop/duke_energy/Acacia_mangium.html
(retrieved: April 3, 2010).

Duquénea, L., Vandenhovea, H., Tackb, F., Meersb, E., Baetenc, J. and
Wannijna, J. 2009. Enhanced phytoextraction of uranium and selected heavy
metals by Indian mustard and ryegrass using biodegradable soil
amendments. Science of the total environment. 407:1496-1505

Ensley, B.D. 2000. Rationale for use of phytoremediation. In Raskin, I. and
Ensley, B.D. (eds). Phytoremediation of toxic metals: using plants to clean up
the environment. John Willey & Sons Inc. New York. pp 3-11.

Ernst, W.H.O., Verkleij, J.A.C. and Schat, H. 1992. Metal tolerance in plants.
Acta Botanica Neerlandica. 41(3):229-248.

Eswaran, H., R. Lal and P.F. Reich. 2001. Land degradation: an overview. In:
Bridges, E.M., 1.D. Hannam, L.R. Oldeman, F.W.T. Pening de Vries, S.J.
Scherr, and S. Sompatpanit (eds.). Responses to Land Degradation. Proc.
2nd. International Conference on Land Degradation and Desertification,
Khon Kaen, Thailand. Oxford Press, New  Delhi, India.
http://soils.usda.gov/use/worldsoils/papers/land-degradation-overview.html
(retrieved April, 1%, 2009).

Finlayson, C.M., Cowie, 1.D. and Bailey, B.J. 1993. Biomass and litter dynamics
in a Melaleuca forest on a seasonally inundated floodplain in tropical,
northern Australia. Wetlands Ecology and Management. 2(4):177-188.

87


http://www.met.gov.my/

Forest and Agriculture organization, FAO (2002). Case study of tropical forest
plantations in Malaysia by D.B.A Krishnapillay. Forest Plantations Working
Paper 23. Forest Resources Development Service, Forest Resources
Division. FAO, Rome (unpublished).

Forrester, D. |., Bauhus, J and Cowie, A.L. 2006. Carbon allocation in a mixed-
species plantation of Eucalyptus globulus and Acacia mearnsii. Forest
Ecology and Management. 233: 275-284.

Fuentes, A., Lloréns, M., Saez, J., Aguilar,M.A., Ortufio, J.F., and Meseguer,
V.F., 2004. Phytotoxicity and heavy metals speciation of stabilised sewage
sludges. Journal of Hazardous Materials. A108: 161-169.

Gadd, G.M., 2005. Microorganisms in Toxic Metal-Polluted Soils. In Buscot, F.
and Varma, A. (Eds.). Microorganisms in Soils: Roles in Genesis and
Functions. Soil Biology Volume 3. Springer-Verlag, Berlin Heidelberg.
pp.326-356.

Garbisu C., Hernandez-Allica, J., Barrutia, O., Alkorta, |. and Becerril, J.M. 2002
Phytoremediation: A technology using green plants to remove contaminants
from polluted areas. Rev. Environ. Health 17: 75-90.

Garbisu, C. and Alkorta, I. 2003. Basic concepts on heavy metal solil
bioremediation. The European Journal of Mineral Processing and
Environmental Protection. 3(1): 58-66.

Garrido, S., Del Campo, G.M., Esteller, M. V., Vaca R. and Lugo, J. 2005.
Heavy metals in soils treated with sewage sludge composting, their effect on
yield and uptake of broad bean seeds (Vicia faba L.). Water Air Soil Pollut.
166: 303-319.

Ghafoori, M., Majid,N.M., Islam, M. M. and Sylvia L. (2012). Bioaccumulation of
heavy metals by Dyera costulata cultivated in sewage sludge contaminated
soil. African Journal of Biotechnology. 10(52):10674-10682.

Ghosh, M. and Singh, S.P. 2005. A review on phytoremediation of heavy metals
and utilization of its byproducts. App. Ecol. & Environ. Res. 3(1): 1-18.

Ginneken, L.V., Meers, E., Guisson, R., Ruttens, A., Elst, K., Tack, F.M.G,,
Vangronsveld, J., Diels, L. and Dejonghe, W., 2007. Phytoremediation for
heavy metal-contaminated soils combined with bioenergy production. Journal
Of Environmental Engineering And Landscape Management. 15(4). 227-
236.

Glass, D.J. 2000. Economic potential of phytoremediation. In Raskin, | and
Ensley, B.D. (eds). Phytoremediation of toxic metals: using plants to clean up
the environment. John Willey & Sons Inc. New York. pp15-31.

Goodacre, S. and McCabe, C. 2002. An introduction to economic evaluation.
Emerg. Med. J.19:198-201.

88



Gray P.C.R. and Wiedemann, P. M. 1999. Ways out of the sewage sludge
dilemma: Connecting administrative and participatory decision making.
Urban Ecosystems. 3: 163-178.

Hammer, K.A., Carson, C.F., Riley, T.V. and Nielsen, J.B.. 2006. A review of the
toxicity of Melaleuca alternifolia (tea tree) oil. Food and Chemical Toxicology.
44:616-625.

Hamon, R.E., Holm, P.E., Lorenz, S.E., McGrath, S.P. and Christensen, T.H.,
1999. Metal uptake by plants from sludge-amended soils: caution is required
in the plateau interpretation. Plant and Soil. 216: 53—-64.

Hani, H., Siegenthaler, A. and Candinas, T. 1996. Soil effects due to sewage
sludge application in agriculture. Fertilizer Research. 43: 149-156.

Hassan, N.M., Ghazali, AW. and Chong T.L. 1999. Overview of solid waste
disposal in Federal Territory of Kuala Lumpur. Proceedings of the Workshop
on Disposal of Solid Waste Through Sanitary Landfill-Mechanisms, Process,
Potential Impacts and Post-Closure Management. UPM, Serdang. pp 1-22.

Helal, A. A.. Aly, H. F., Imam, D. M. and Khalifa, S. M.1998. Effect of some
metal ions on the complexation of strontium with humic acid. .J.
Radioanalytical and Nuclear Chemistry. 227(1-2): 4-53.

Heriansyah, 1., Miyakuni, K., Kato, T., Kiyono, Y. and Kanazawa, Y. 2007.
Growth characteristics and biomass accumulations of Acacia mangium under
different management practices in Indonesia. Journal of Tropical Forest
Science.19(4): 226-235.

Hoshizaki, K., Nilyama, K., Kimura, K., Yamashita, T., Bekku, Y., Okuda, T.,
Quah, E.S. and Nur Supardi, M.N. 2004. Temporal and spatial variation of
forest biomass in relation to stand dynamics in a mature, lowland tropical
rainforest, Malaysia. Ecological Research.19: 357-363.

Inagaki, M., Kamo, K., Jupiri T., Lenim J., Jaffirin, and L., Miura S. 2010.
Nutrient dynamics through fine litterfall in three plantations in Sabah,
Malaysia, in relation to nutrient supply to surface soil. Nutr. Cycl.
Agroecosyst. 88:381-395.

Indah Water Konsortium. 2007. Corporate Sustainability Report. 98p.

Interstate Technology and Regulatory Cooperation. 1999. Phytoremediation
Decision Tree. http://www.itrcweb.org/Documents/PHYTO-3.pdf. (Retrieved
February 15t 2011).

Jabeen, R., Ahmad, A. and Igbal, M. 2009. Phytoremediation of heavy metals:
Physiological and molecular mechanisms. Bot. Rev.75:339-364.

Jones, A. S., Lamont. B. B., Fairbanks, M. M. and Rafferty, C. M. 2003.
Kangaroos avoid eating seedlings with or near others with volatile essential
oils. J. Chemical Ecology. 29(12): 2621-263.

89



Joosten, R. and Schulte, A. 2002. Possible Effects of Altered Growth Behaviour
of Norway Spruce (Picea Abies) On Carbon Accounting. Climatic Change.
55:115-129.

Kaasailanen, M. and Yli-Halla, M. 2003. Use of sequential extraction to assess
metal partitioning in soils. Environmental Pollution. 126:225-233.

Kenzo, T., Furutani, R., Hattori, D., Kendawang, J.J., Tanaka, S., Sakurai, K.
and Ninomiya, 1. 2009. Allometric equations for accurate estimation of above-
ground biomass in logged-over tropical rainforests in Sarawak, Malaysia. J.
For Res. 14:365-372

Khan, A.G., Kuek, C., Chaudhry, T.M., Khoo, C.S. and Hayes, W.J. 2000. Role
of plants, mycorrhizae and phytochelators in heavy metal contaminated land
remediation. Chemosphere. 41: 197-207

Khan, F.I., Husain, T. and Hejazi, R. 2004. An overview and analysis of site
remediation technologies. Journal of Environmental Management. 71: 95—
122.

Khan, M.S., Zaidi, A., Wani, P.A. and Oves, M. 2009. Role of plant growth
promoting rhizobacteria in the remediation of metal contaminated soils.
Environ Chem Lett. 7:1-19.

Khanif, Y.M., 2010. Improvement of soil carrying capacity for better living. J. Int.
Soc. Southeast Asia Agric. Sci. 16(1):1-7.

King, D.M. 2004. Trade-Based Carbon Sequestration Accounting.
Environmental Management. 33(4):559-571.

Ko K., W. Juntarajumnong and Chandrapatya, A. 2009. Repellency, fumigant
and contact toxicities of Melaleuca cajuputi Powell against Sitophilus
zeamais Motschulsky and Tribolium castaneum Herbst. Thai J. of Agric.Sci.
42(1): 27-33.

Kramer, U., Talke, I. N. and Hanikenne, M. 2007. Transition metal transport.
FEBS Letters. 581: 2263-2272.

Krisnawati, H., Kallio, M. and Kanninen, M. 2011 Acacia mangium Willd.:
ecology, silviculture and productivity. CIFOR, Bogor, Indonesia. 15p

Kunhamu, T. K., Kumar, B. M., Viswanath, S. and Sureshkumar, P. 2010. Root
activity of young Acacia mangium Willd trees: influence of stand density and
pruning as studied by 32P soil injection technique. Agroforest Syst. 78:27-38.

Kutty, S.R.M, Ngatenah, S.N.l., Isa, M.H. and Malakahmad, A. 2009. Nutrients
removal from Municipal Wastewater Treatment Plant Effluent Using
Eichhornia Crassipes. World Academy of Science, Engineering and
Technology. 60:1115-1123.

Langergraber, G. and Muellegger, E. 2005. Ecological Sanitation—a way to
solve global sanitation problems? Env. Int. 31: 433— 444.

Lasat, M.M. 2002. Phytoextraction of Toxic Metals: A Review of Biological
Mechanisms. J. Environ. Qual. 31:109-120.

90



Lee, K.Y., Yang, M. K., Yoon, Y.Y., Shim,S.K., Cho, S.Y., Seo, B.K., Chung, Y.S
and Lee, J.H., 2004. Biomonitoring of environmental pollution based on
studies of trace elements in soil and crops. Journal of Radioanalytical and
Nuclear Chemistry. 259(1) :69-74.

Levin, H.M. 1995. Cost-effectiveness Analysis. In Martin Carnoy (ed)
International Encyclopedia of Economics of Education, 2nd ed. Pergamon
Press. Oxford. pp 381- 386.

Lewandowski, I., Schmidt, U., Londo, M. and Faaij, A. 2006. The economic
value of the phytoremediation function — Assessed by the example of
cadmium remediation by willow (Salix ssp). Agricultural Systems 89:68—89.

Li, X., Yi, M.J., Son, Y., Park, P. S., Lee K. H., Son, Y. M., Kim, Rae Hyun and
Jeong,M. J. 2011. Biomass and Carbon Storage in an Age-Sequence of
Korean Pine (Pinus koraiensis) Plantation Forests in Central Korea. J. Plant
Biol. 54:33-42.

Liang, Hong-Ming, Lin, Ting-Hsiang, Chiou, Jeng-Min and Yeh, Kuo-Chen.
2009. Model evaluation of the phytoextraction potential of heavy metal
hyperaccumulators and non-hyperaccumulators. Environ. Pollut. 157: 1945—
1952.

Licht,L.A. and Isebrands, J.G., 2005. Linking phytoremediated pollutant removal
to biomass economic opportunities. Biomass and Bioenergy. 28: 203—-218.

Lim, S. C. and M.S. Midon, 2001. Timber of Gelam (Melaleuca cajuputi Powell).
Timber Tech. bull. 23: 1-5.

Lippold, H. and Lippmann-Pipke, J. 2009. Effect of humic matter on metal
adsorption onto clay materials: Testing the linear additive model. Journal of
Contaminant Hydrology.109: 40-48.

Lockhart, C., Austin, D.F. and Aumen, N.G. 1999. Water Level Effects on
Growth of Melaleuca Seedlings from Lake Okeechobee (Florida, USA)
Littoral Zone. Environmental Management 23(4): 507-518.

Lopez-Zamora, |., Comerford, N.B. and Muchovej, R.M. 2004. Root
development and competitive ability of the invasive species Melaleuca
quinquenervia (Cav.) S.T. Blake in the South Florida flatwoods. Plant Soil.
263: 239-247.

Luo, C. L., Shen, Z. G. and Li, X. D. 2008. Root exudates increase metal
accumulation in mixed cultures: Implications for naturally enhanced
phytoextraction. Water Air Soil Pollut. 193:147-154.

Madejon, P., Marano'n, T. and Muirillo, J. M. 2006. Biomonitoring of trace
elements in the leaves and fruits of wild olive and holm oak trees. Sci. Tot.
Environ. 355: 187— 203.

Maiti, S.K. 2007. Bioreclamation of coalmine overburden dumps—with special
empasis on micronutrients and heavy metals accumulation in tree species.
Environ Monit Assess. 125:111-122.

91



Majid, N. M., Islam, M.M. and Redzuan A. R. (2012). Evaluation of Jelutong
(Dyera cotulata) as a phytoremediator to uptake copper (Cu) from
contaminated soils. Australian Journal Crop Science. 6(2):369-374.

Makhdzir, M., Saberioon, M. M., Laili, N., Alias, M. S. 2009. Mapping Melaleuca
forest by using spot-5 and radarsat-1 images in Marang district, Terengganu
state of Malaysia. Proceedings of the International Advanced of Technology
Congress (ATCi2009), PWTC, Malaysia, November 3-5, 2009.

Marchiol, L., Sacco, P., Assolari, S. and Zerbi, G. 2004. Reclamation of polluted
soil: phytoremediation potential of crop-related brassica species. Water, Air,
and Soil Pollution. 158: 345-356.

Mattina, M.l., Lanucci-Berger, W., Musante, C. and White, J.C. 2003.
Concurrent plant uptake of heavy metals and persistent organic pollutants
from soil. Environ. Pollut. 124: 375-378.

Meagher R.B. (2000) Phytoremediation of toxic elemental and organic
pollutants. Curr Opin Plant Biol. 3:153-162

Meharg, Andrew A. 2005. Mechanisms of plant resistance to metal and
metalloid ions and potential biotechnological applications. Plant Soil.
274:163-174.

Mejare, M. and Bulow, L. 2001. Metal-binding proteins and peptides in
bioremediation and phytoremediation of heavy metals. Trends in
Biotechnology. 19(2):67-73.

Memon, A.R. and Schroder, P. 2009. Implications of metal accumulation
mechanisms to phytoremediation. Environ Sci Pollut Res. 16:162—-175.

Mench, M., Jean-Paul Schwitzguébel, Peter Schroeder, Valérie Bert, Stanislaw
Gawronski, Satish Gupta. 2009. Assessment of successful experiments and
limitations of phytotechnologies: contaminant uptake, detoxification and
sequestration, and consequences for food safety. Environ Sci Pollut Res.
16:876—900.

Mendes Filho, P. F., Vasconcellos, R. L. F., de Paula A. M. and Cardoso, E. J.
B. N. 2010. Evaluating the potential of forest species under “microbial
management” for the restoration of degraded mining areas. Water Air Soll
Pollut. 208:79-89.

Mendez, M.O and Maier, R.M. 2008. Phytostabilization of mine tailings in arid
and semiarid environments—An emerging remediation technology. Environ
Health Perspect. 116:278-283.

Merrington, G., Oliver, I, Smernik, R.J. and McLaughlin, M.J. 2003. The
influence of sewage sludge properties on sludge-borne metal availability.
Advances in Environmental Research. 8: 21-36

Mirsal, I.A. 2008. Soil Pollution: Origin monitoring and remediation. 2" edition.
Springer-Verlag Berlin Heidelberg. pp.265-281.

92



Montagnini, F. and Nair, P.K.R. 2004. Carbon sequestration: An underexploited
environmental benefit of agroforestry systems. Agroforestry Systems. 61:
281-295.

Murtaza, G., Haynes, R.J.,Kim, K.R., Zia, M.H., Naidu, R. and Belyaeva, O.N.,
2012. Effect of aging biosolids with soils of contrasting pH on subsequent
concentrations of Cu and Zn in pore water and on their plant uptake. Environ
Sci Pollut Res. 19:636-645.

Nagajyoti, P.C., Lee, K.D. and Sreekanth, T.V.M. 2010. Heavy metals,
Occurrence and Toxicity for Plants: A review. Environ. Chem. Lett. 8:199-
216.

Nasr, F.A. 1997. Treatment and reuse of sewage sludge. The Environmentalist.
17: 109-113.

Nguyen N.T., H. Saneoka, R. Suwa and K. Fujita. 2009. Provenance variation in
tolerance of Melaleuca cajuputi trees to interactive effects of aluminum and
salt. Trees 23:649-664.

Nigam, R., Srivastava, S., Prakash S. and Srivastava M. M. 2001. Cadmium
mobilisation and plant availability — the impact of organic acids commonly
exuded from roots. Plant Soil. 230: 107-113.

Otsamo, R. 2000. Secondary forest regeneration under fast-growing forest
plantations on degraded Imperata cylindrica grasslands. New Forests 19:
69-93.

Padmavathiamma, P.K. and L. Y. Li. 2007. Phytoremediation Technology:
Hyper-accumulation Metals in Plants. Water Air Soil Pollut. 184:105-126.

Paramananthan, S. 2000. Soils of Malaysia: Their Characteristics and
Identification. 15t ed. Academy of Science Malaysia and Param Agriculture
Soil Survey Services. 616p.

Paramasivam, S., Sajwan, K.S. and Alva, K. 2006. Incinerated sewage sludge
products as amendments for agricultural soils: leaching and plant uptake of
trace elements. Water Air Soil Pollut. 171: 273-290.

Parkpain, P., Sreesai, S. and Delaune, R.D. 2000. Bioavailability of heavy
metals in sewage sludge amended Thai soils. Water Air Soil Pollut. 122:163-
182.

Pascual, I., Avilés M., J. Aguirreolea and Sanchez-Diaz, M. 2008. Effect of
sanitized and non-sanitized sewage sludge on soil microbial community and
the physiology of pepper plants. Plant Soil. 310:41-53.

Pietrantonio, M., A. Liberatori, B. M. Petronio and M. Pietroletti. 2001. Change in
soil’'s metal carrying capacity as a result of urban sludge addition. Water Air
Soil Pollut. 132: 141-151.

Podolak, I., Galanty, A. and Sobolewska, D. 2010. Saponins as cytotoxic
agents: a review. Phytochem Rev. 9:425-474.

93



Presscott, C.E. 2010. Litter decomposition: what controls it and how can we alter
it to sequester more carbon in forest soils?. Biogeochemistry. 101:133-149.

Pulford, I. D. and Watson, C. 2003. Phytoremediation of heavy metal-
contaminated land by trees—a review. Environ. Int. 29: 529— 540.

Qadir, M., Oster, J.D., Schubert, S., Noble, A.D. and Sahrawat, K.L. 2007.
Phytoremediation of sodic and saline-sodic soils In Sparks, D.L. (ed)
Advances in Agronomy vol 96. Elsevier Inc. pp 199-239.

Rahmanian,M., Khodaverdiloo H., Younes R. D., and MirHasan, R. S. 2011.
Effects of heavy metal resistant soil microbes inoculation and soil Cd
concentration on growth and metal uptake of millet, couch grass and alfalfa.
African Journal of Microbiology Research. 5(4):403-410.

Raskin, I., Smith, R.D. and Salt, D.E. 1997. Phytoremediation of metals: using
plants to remove pollutants from the environment. Current Opinion in
Biotechnology. 8:221-226.

Rayachhetri, M.B., Van, T.K., Center, T.D. and Laroche, F. 2001. Dry weight
estimation of the aboveground components of Melaleuca quinquenervia
trees in southern Florida. Forest Ecology and Management. 142: 281-290.

Rayamajhi, M.B., Van, T.K., Pratt, P.D. and Center, T.D. 2006.Temporal and
structural effects of stands on litter production in Melaleuca quinquenervia
dominated wetlands of south Florida. Wetlands Ecology and Management.
14:303-316.

Reddy, K.R., 2008. Technical challenges to in-situ remediation of polluted sites.
Geotech. Geol. Eng. 28(3):211- 221.

Reddy, K.R., Admas, J.F., Richardson, C., 1999. Potential technologies for
remediation of Brownfield. Practice Periodical of Hazardous, Toxic, and
Radioactive. Waste Management. 3(2), 61—-68.

Redshaw C. H., M. P. Cooke, H. M. Talbot, S. McGrath and S. J. Rowland.
2008. Low biodegradability of fluoxetine HCI, diazepam and their human
metabolites in sewage sludge-amended soil. J Soils Sediments. 8:217-230.

Reeves, R.D. 2003. Tropical hyperaccumulators of metals and their potential for
phytoextraction. Plant Soil. 249: 57-65.

Rosliza S., Osumanu H. A., K. Susilawati, N. M. Majid and M. B. Jalloh. 2009.
Simple and Rapid Method of Isolating Humic Acids from Tropical Peat Soils
(Saprists). American J. Appl. Sci. 6 (5): 820-823.

Rowell, D.L. 1994. Soil Science: Methods and Applications. Longman Group
Limited. UK. 349p.

Saier M.H. Jr. and Trevor, J.T. 2010. Phytoremediation. Water Air Soil Pollut.
205 (Suppl. 1):S61-S63

Salt, D.E., Blaylock, M., Kumar, P.B.A.N., Dushenkov, V., Ensley, B.D., Chet, L.
and Raskin, L. 1995. Phytoremediation: a novel strategy for the removal of
toxic metals from the environment using plants. Biotechnol. 13:468-474.

94



Samy, J., M. Sugumaran, Kate L.W. Lee and K.M. Wong. 2005. Herbs of
Malaysia: an introduction to the medicinal, culinary aromatic and cosmetic
use of herbs. Times edition-Marshall Cavendish publication. 244p.

Sanita di Toppi, L. and Gabrielli, R. 1999. Response to cadmium in higher
plants: A review. Environmental and Experimental Botany. 41: 105-130.

Scanlon, J. 2001. Increasingly intolerable boundaries: future control of
environmental pollution. J. Hazardous Materials. 86: 121-133.

Schmidt L. and L.T. Thu Thuy. 2004. Melaleuca cajuputi Powel. Seed Leaflet.
Forest & Landscape Denmark. No. 92. December 2004.

Schwitzguebel, Jean-Paul, D. van der Lelie, A. Baker, D.J. Glass and J.
Vangronsveld. 2002. Phytoremediation: European and American Trends. J.
Soils & Sediments. 2 (2): 91- 99.

Seigler, D. S., Seilheimer, S., Keesy, J. and Huang, H. F.. 1986. Tannin from
four Acacia Species of texas and northeastern mexcio. Economic Botany.
40(2): 220-232.

Seigler, D.S. 2003. Phytochemistry of Acacia—sensu lato. Biochemical
Systematics and Ecology. 31: 845-873.

Seigler, D.S., 2002. Economic potential from Western Australian Acacia species:
secondary plant products. Conservation Science W. Aust. 4 (3): 109-116.

Shah, K. and Nongkynrih, J.M. 2007. Metal accumulation and bioremediation.
Biologia Plantarum; 51(4): 618-634.

Shahandeh, H and Hossner, L.R., 2002. Role of soil properties in
phytoaccumulation of Uranium. Water Air Soil Pollut. 141: 165-180.

Shen J., X. Zhou, D. Sun, J. Fang, Z. Liu and Z. Li. 2008. Soil improvement with
coal ash and sewage sludge: a field experiment. Environ Geol. 53:1777—-
1785.

Siegel, F.R. 2008. Demands of Expanding Populations and Development
Planning. Springer-Verlag. Berlin Heidelberg. Pp 193-217.

Simon, L. 2005. Stabilization of metals in acidic mine spoil with amendments
and red fescue (Festuca rubra L.) growth. Environmental Geochemistry and
Health. 27: 289-300.

Singh, R.P and Agrawal, M. 2008. Potential benefits and risks of land application
of sewage sludge. Waste Management. 28:347-358.

Soler-Rovira, E., Soler-Soler, J., Soler-Rovira J. and Polo, A. 1996. Agricultural
use of sewage sludge and its regulation. Fertilizer Research 43: 173-177.

Sprent, J.I. and Parsons, R. 2000. Nitrogen fixation in legume and non-legume
trees. Field Crops Research. 65: 183-196.

Suarez S., M. Carballa, F. Omil and J. M. Lema. 2008. How are pharmaceutical
and personal care products (PPCPs) removed from urban wastewaters?.Rev
Environ Sci Biotechnol. 7:125-138.

95



Sun, Y.H., Y.M. Luo, L.H. Wu, Z.G. Li, J. Song and P. Christie. 2006. Survival of
faecal coliforms and hygiene risks in soils treated with municipal sewage
sludges. Environmental Geochemistry and Health. 28:97-101.

Tahara, K., T. Yamanoshita, M. Norisada, I. Hasegawa, H. Kashima, S. Sasaki
and K. Kojima. 2008a. Aluminum distribution and reactive oxygen species
accumulation in root tips of two Melaleuca trees differing in aluminum
resistance. Plant Soil 307:167-178.

Tahara, K., Norisada M., Yamanoshita T. and Kojima, K. 2008b. Role of
aluminum-binding ligands in aluminum resistance of Eucalyptus
camaldulensis and Melaleuca cajuputi. Plant Soil. 302:175-187.

Tanabe, Shinsuke and Minh, Tu Binh. 2010. Dioxins and organohalogen
contaminants in the Asia-Pacific region. Ecotoxicology. 119 (3): 463-478.

Thanh Van, D.T., Muib, N.T. and Ledin, I. 2006. Effect of method of processing
foliage of Acacia mangium and inclusion of bamboo charcoal in the diet on
performance of growing goats. Animal Feed Science and Technology. 130 :
242-256.

Tholl, D., 2006. Terpene synthases and the regulation, diversity and biological
roles of terpene metabolism. Plant Biol. 9: 297-304.

Thomas, S., Dargusch, P., Harrison, S and Herbohn, J. 2010. Why are there so
few afforestation and reforestation Clean Development Mechanism projects?
Land Use Policy. 27: 880—887.

Turnbull, J.W., Midgley, S.J., Cossalter, C., 1998. Tropical acacias planted in
Asia: an overview. ACIAR Proc. 82, 14-28.

United States Department of Agriculture, 2007. Human Induced
Land Degradation is Preventable Through Understanding and
Remediation of the Underlying Causes.
http://soils.usda.gov/use/worldsoils/landdeg/degradation.html (Retrieved
April, 15t, 2009)

United States Environmental Protection Agency, 2001. Brownfields Technology
Primer: Selecting and Using Phytoremediation for Site Cleanup. EPA 542-R-
01-006. http://www.brownfieldstsc.org (Retrieved March, 39, 2012).

United States Environmental Protection Agency, 1999. Enhanced Coagulation
and Enhanced Precipitative Softening Guidance Manual. EPA 815-R-99-012.
237p.

Van der Wal, A., W. de Boer, I. M. Lubbers and J. A. van Veen. 2007.
Concentration and vertical distribution of total soil phosphorus in relation to
time of abandonment of arable fields. Nutr Cycl Agroecosyst. 79:73-79.

Van Hullebusch, E.D., Lens, P.N.L. and Tabak, H. H. 2005. Developments in
bioremediation of soils and sediments polluted with metals and
radionuclides. 3. Influence of chemical speciation and bioavailability on

96


http://www.brownfieldstsc.org/

contaminants immobilization/mobilization  bio-processes. Reviews in
Environmental Science & Bio/Technology. 4:185-212.

Van Lynden, G.W.J. and L.R. Oldeman. 1997. The assessment of the status of
human-induced soil degradation in South and Southeast Asia. International
Soil Reference and Information Centre (ISRIC), Wageningen. 35p.

Vangronsveld, J., R. Herzig, N. Weyens, J. Boulet, K. Adriaensen, A. Ruttens, T.
Thewys, A. Vassilev, E. Meers, E. Nehnevajova, D. van der Lelie and M.
Mench, 2009. Phytoremediation of contaminated soils and groundwater:
Lessons from the field. Environ. Sci. Pollut. Res. 16:765—-794.

Velda, K.V. and Plantinga, A. 2005. Carbon sequestration or abatement? The
effect of rising carbon prices on the optimal portfolio of greenhouse-gas
mitigation strategies. J. of Environmental Economics and Management 50:
59-81.

Wang, A.S., Angle, J. S., Chaney, R. L., Delorme, T. A. and Mcintosh, M.
2006a. Changes in soil biological activities under reduced soil pH during
Thlaspi caerulescens phytoextraction. Soil Biology & Biochemistry. 38:
1451-1461.

Wang, D., Li, H., Wei, Z., Wong, X. and Hu, F. 2006b. Effect of earthwormson
the phytoremediation of Zn polluted soil by Ryegrass and Indian Mustard.
Biol. Fertil. Soils. 43:120123.

Wang, H., Shan X, Liu T., Xie, Y., Wen B., Zhang, S., Han, F., van Genuchten,
M.T. 2007. Organic acids enhance the uptake of lead by wheat roots. Planta.
225:1483-1494.

Wang, L.K., Nazih K. Shammas, and Gregory Evanylo. 2008. Engineering and
Management of Agricultural Land Application In L. KWang, N. K. Shammas
and Y.T. Hung (eds). Handbook of Environmental Engineering, Volume 7:
Biosolids Engineering and Management. Humana press. New Jersey. pp
343-401.

Wang, X. and Jia Y. 2010. Study on adsorption and remediation of heavy metals
by poplar and larch in contaminated soil. Environ. Sci. Pollut Res. 17:1331-
1338.

Wania, F. 1999. On the origin of elevated levels of persistent chemicals in the
environment. Environ. Sci & Pollut. Res. 6(1): 11-19.

White 1., M.D. Melville, B.P. Wilson and J. Sammut. 1997. Reducing acidic
discharges from coastal wetlands in eastern Australia. Wetlands Ecology and
Management 5: 55-72.

Wissén, T. and Wester-Herber, M. 2007. Dirty soil and clean consciences:
Examining communication of contaminated soil. Water Air Soil Pollut.
181:173-182.

Wojcik, M. and Tukiendorf, A. 2005. Cadmium uptake, localization and
detoxification in Zea mays. Biologia Plantarum. 49 (2): 237-245.

97



Yahya, A.Z., 1993. Growth of Acacia mangium during three years following
thinning: preliminary results. J. Tropical Forest Science. 6(2): 171 -180.

Yamanoshita, T., Masumori, M., Yagi, H. and Kojima. K. 2005. Effects of
flooding on downstream processes of glycolysis and fermentation in roots of
Melaleuca cajuputi seedlings J. For. Res. 10:199-204.

Yang, L., Nan Liu, Hai Ren and Jun Wang. 2009. Facilitation by two exotic
Acacia: Acacia auriculiformis and Acacia mangium as nurse plants in South
China. Forest Ecology and Management. 257: 1786—1793.

Yang, Y.C., Abdul Talib, S., Balamurugan, G. and Lian K.S. 2006. Contaminated
Land Remediation Technologies: Current Usage And Applicability In
Malaysia. Board of Engineers, Malaysia publication. The Ingenieurs. 32: 21-
24,

Zarcinas, B. A., Che Fauziah I., McLaughlin, M.J. and Cozens, G. 2004. Heavy
metals in soils and crops in Southeast Asia. 1. Peninsular Malaysia.
Environmental Geochemistry and Health. 26: 343—-357.

Zhang, Z.X. 2010. The U.S. proposed carbon tariffs, WTO scrutiny and China’s
responses. Int. Econ. Econ. Policy. 7:203—-225.

Zhang, Hui, Guan, DongSheng and Song, MingWei. 2012. Biomass and carbon
storage of Eucalyptus and Acacia plantations in the Pearl River Delta, South
China. Forest Ecology and Management. 277: 90-97.

Zhao, F.J., Lombi, E. and MacGrath, S.P. 2003. Assessing the potential for zinc
and cadmium phytoremediation with the hyperaccumulator Thlaspi
caerulescens. Plant Soil. 249: 37-43.

Zhao, S., Peng, C., Jiang, H., Tian, D., Lei, X. and Zhou, X. 2006. Land use
change in Asia and the ecological consequences. Ecol. Res. 21: 890-896.

Zhou, P., Yan, H. and Gu, B. 2005. Competitive complexation of metal ions with
humic substances. Chemosphere. 58:1327-1337.

Zhou, Y., Zhao, B., Peng, Y. and Chen G. 2010. Influence of mangrove
reforestation on heavy metal accumulation and speciation in intertidal
sediments. Marine Pollution Bulletin. 60:1319-1324.

98



	1 title page
	2 abstract_approval_content_lists
	3 introduction
	4 literature review
	5 materials and methods
	6 greenhouse experiment
	7 field experiment
	8 biomass and efficiency
	9 stabilization
	10 Economic valuation
	11 conclusions and recommendations
	12 References
	13 app1 gambar site
	14 app2 sp profiles
	15 biodata
	16 publication list
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



