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Treated sewage sludge is generated from municipal wastewater. It has been 
stabilized by mechanical, biological and chemical treatments but heavy metal 
contents in this waste materials are still high. Improper disposal of treated 
sewage sludge can cause soil contamination and contributes to 
Environmental pollution. It can also affect human health and ecosystem. The 
objectives of this study are two-fold: The first objective is to determine 
whether treated sewage sludge can be used as an organic fertilizer. The 
second objective is to assess the potential of Ricinus communis as a 
phytoremediator of heavy metals in the sludge. For the greenhouse study, 
the experiment was laid out a Complete Randomized Design (CRD) with four 
replications. The growth medium was treated sewage sludge mixed with soil 
at five different levels mainly T1=100% soil (control), T2=25% treated 
sewage sludge+75% soil, T3= 50% treated sewage sludge+50% soil, T4= 
75% treated sewage sludge + 25% soil and T5=100% treated sewage 
sludge. Soil samples before planting and at harvest were analyzed for 
texture, pH, N, P, K, C, and heavy metals (Cd, Cu, Fe, Mn, Pb and Zn) using 
standard procedures. Results showed that the amount of nutrients increased 
by increasing the amount of treated sewage sludge for both studies. In the 
greenhouse trial, there was a significant difference (p≤0.05) in N, P, K and C 
among plant parts. In the case of N, P and K the highest accumulation was 
in the leaves followed by stems and roots but for total C the highest was in 
the roots (41.2%) followed by stems and leaves (40.2% and 39.5%, 
respectively). The contents of Cd, Cu, Fe, Mn, Pb and Zn in the planting 
medium before planting were significantly (p≤0.05) different among the 
different levels of treated sewage sludge and different plant parts.  In the field 
study the experiment was laid out in Complete Randomized Design (CRD) 
with three replications. The treatments evaluated were: T1= 0kg treated 
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sewage sludge, T2 = 100kg treated sewage sludge, T3 = 150kg treated 
sewage sludge and T4 = 200kg treated sewage sludge. The area for every 
plot was 18m2 and the treated sewage sludge were spread and mixed with 
the soil. Soil pH, total N, P, K, C, and micronutrients (Cd, Cu, Fe, Mn, Pb and 
Zn) were analyzed using standard procedures. The result showed that 
application of treated sewage sludge significantly increased the percentage 
of total N, P, K and C in the soil. The availability of N, P, K and C supplied 
from treated sewage sludge has improved plant height and total biomass. 
The highest increment of plant height and total biomass were recorded in 
treatment T3 with the highest height of 3.18m and 1283.33g for total biomass. 
This study shows that treated sewage sludge contain high amounts of heavy 
metals particularly for Cd, Cu, Fe, Mn, Pb and Zn which can cause toxicity to 
our ecosystem but can be considered as a good source of plant nutrients. 
For both studies the values of bioconcentration factor (BCF) in all treatments 
for Cd, Fe, and Pb are less than one but for Cu, Mn and Zn the values are 
more than 1. This indicates that Ricinus communis is an efficient 
phtoremediator for Cu, Mn and Zn but not for Cd, Fe, and Pb. In the 
greenhouse and field studies Translocation factor (TF) of Ricinus communis
in all treatments for all heavy metals (Cd, Cu, Fe, Mn, Pb and Zn) are more 
than one. Based on the BCF and TF values, Ricinus communis is an efficient 
phytoextractor for Cd, Cu, Fe, Mn, Pb and Zn. This species is also tolerant 
to high amount of treated sewage sludge and can grow well under this 
condition. It is recommended that future research should include evaluation 
of Environmental pollution especially on soil and water. In addition effect of 
using treated sewage sludge as an organic fertilizer on animal and human 
health need to be determined. This is because treated sewage sludge also 
contains heavy metals such as Cd, Cu, Fe, Mn, Pb and Zn which can be 
detrimental to human and animal health.  
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ORGANIK DAN JARAK (Ricinus communis L.) SEBAGAI 

PYTOREMEDIATOR UNTUK TANAH TERCEMAR

Oleh 

NUR AZIERA BINTI ZAINUDDIN 

Disember 2017 

Pengerusi: Profesor Dato' Nik Muhamad Bin Nik Ab. Majid, PhD 
Fakulti : Institut Perhutanan Tropika dan Produk Hutan 

Enap cemar kumbahan terawat daripada air sisa perbandaran telah stabil 
dengan melalui beberapa rawatan namun kepekatan logam berat dalamnya 
masih tinggi. Pelupusan enap cemar kumbahan yang tidak sempurna boleh 
menyebabkan berlakunya pencemaran tanah dan menyumbang kepada 
masalah alam sekitar. Ia boleh menjejaskan kesihatan manusia dan 
ekosistem. Objektif pertama kajian ini adalah menentukan potensi enap 
cemar kumbahan dirawat sebagai baja organik dan objektif  kedua adalah 
menilai potensi Jarak sebagai phytoremediator. Untuk kajian rumah hijau, 
eksperimen telah dijalankan menggunakan design (CRD) dengan empat 
replikasi. Medium pertumbuhan disediakan dengan mencampurkan enap 
cemar kumbahan dengan tanah pada lima tahap yang berbeza iaitu T1 = 
100% tanah (kawalan), T2 = 25% enap cemar kumbahan dirawat + tanah 
75%, T3 = 50% enap cemar kumbahan dirawat + 50% tanah, T4 = 75% enap 
cemar kumbahan + 25% tanah dan T5 = 100% enap cemar kumbahan. Pada 
akhir kajian ini, sampel tanah sebelum penanaman dan selepas penuaian 
dianalisis untuk tekstur tanah, pH, N, P, K, C, dan logam berat (Cd, Cu, Fe, 
Mn, Pb dan Zn) menggunakan prosedur piawai. Keputusan menunjukkan 
bahawa jumlah nutrien meningkat dengan peningkatan jumlah enap cemar 
kumbahan dirawat untuk kedua-dua kajian. Dalam percubaan rumah hijau, 
terdapat perbezaan yang signifikan (p≤0.05) dalam N, P, K dan C di kalangan 
bahagian tumbuhan. Dalam kes N, P dan K, pengumpulan tertinggi berada 
di daun yang diikuti oleh batang dan akar tetapi jumlah C tertinggi adalah 
pada akar (41.2%) diikuti oleh batang dan daun (40.2% dan 39.5%). 
Kandungan Cd, Cu, Fe, Mn, Pb dan Zn dalam medium penanaman sebelum 
penanaman (p≤0.05) berbeza di antara tahap enap cemar kumbahan dirawat 
mengikut bahagian tumbuhan yang berlainan. Dalam kajian lapangan, 
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eksperimen telah dijalankan dalam bentuk (CRD) dengan tiga replikasi. 
Rawatan yang dinilai ialah: T1 = 0kg enap cemar kumbahan, T2 = 100kg 
enap cemar kumbahan, T3 = enap cemar kumbahan 150kg dan T4 = 200kg 
enap cemar kumbahan. Keluasan kawasan untuk setiap plot ialah 18m2. Sisa 
enap cemar kumbahan dirawat dicampur dengan tanah. pH tanah, jumlah N, 
P, K, C, dan mikronutrien (Cd, Cu, Fe, Mn, Pb dan Zn) dianalisis 
menggunakan prosedur piawai. Keputusan menunjukkan bahawa 
penggunaan enapc emar kumbahan dirawat meningkatkan peratusan jumlah 
N, P, K dan C di dalam tanah dengan ketara. Ketersediaan N, P, K dan C 
yang dibekalkan daripada enap cemar kumbahan dirawat telah 
meningkatkan ketinggian tumbuhan dan jumlah biomass. Peningkatan 
tertinggi ketinggian tumbuhan dan jumlah biomass direkodkan dalam 
rawatan T3 dengan ketinggian tertinggi 3.18m dan 1283.33g bagi jumlah 
biomass. Kajian ini menunjukkan bahawa enap cemar kumbahan dirawat 
boleh digunakan sebagai baja organik. Untuk kedua-dua kajian nilai-nilai 
faktor biocontent (BCF) dalam semua rawatan untuk Cd, Fe, dan Pb adalah 
kurang daripada satu tetapi untuk Cu, Mn dan Zn nilainya lebih dari 1. Ini 
menunjukkan bahawa Ricinus communis adalah phytoremediator yang 
efisien untuk Cu , Mn dan Zn tetapi bukan untuk Cd, Fe, dan Pb. Dalam 
kajian rumah hijau dan lapangan, Translocation factor (TF) Ricinus 
communis dalam semua rawatan untuk semua logam berat (Cd, Cu, Fe, Mn, 
Pb dan Zn) lebih daripada satu. Berdasarkan nilai BCF dan TF, Ricinus 
communis adalah phytoextractor yang cekap untuk Cd, Cu, Fe, Mn, Pb dan 
Zn. Spesies ini juga mampu hidup di kawasan yang mempunyai  kandunagn 
enapcemar kumbahan terawat yang tinggi dan boleh berkembang dengan 
baik di bawah keadaan ini. Adalah disyorkan untuk penyelidikan masa 
hadapan perlu dimasukkan juga penilaian pencemaran alam sekitar 
terutama pada tanah dan air. Di samping itu kesan penggunaan enap cemar 
kumbahan dirawat sebagai baja organik pada haiwan dan kesihatan 
manusia perlu ditentukan. Ini kerana enap cemar kumbahan dirawat juga 
mengandungi logam berat seperti Cd, Cu, Fe, Mn, Pb dan Zn yang boleh 
menjejaskan kesihatan manusia dan haiwan apabila memasuki rantaian 
makanan. 
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CHAPTER 1 

INTRODUCTION 

The ever increasing sewage sludge production in Malaysia has become a 
major challenge in terms of logistic in disposal and Environmental problems. 
The current production of sewage sludge in Malaysia is approximately five 
million m3 per year and this is expected to increase to seven million m3 by 
2022 (IWK, 2011). IWK is facing problems in disposing this waste due to the 
strict national Environmental policy and limited disposal sites.  

The cost to manage sewage sludge disposal is approximately RM 1 billion 
per year (Kadir and Mohd, 1998). Treated sewage sludge is currently 
disposed at landfill sites but this method is not Environmental friendly due to 
the high content of heavy metals. It will also cause heavy metal toxicity in our 
Environment and will adversely affect public health. Heavy metals may enter 
human food chain and accumulated in the human body.  

One of the most economic and safe methods to dispose sewage sludge is 
by converting it to organic fertilizer. Sewage sludge contains high amounts 
of essential nutrients for plant growth and development. For Malaysia to 
achieve food security, agriculture production needs to be increased through 
the use of organic fertilizers from unwanted wastes such as sewage sludge. 
According to the Department of Statistics Malaysia, about 3.95 million tons 
of mineral fertilizers were imported into Malaysia in 2009 with incurred cost 
of about RM 4.02 billion (US$0.94 billion) and increased to 5.45million tons 
in 2013. As a result, the consumer price index (CPI) for food has increasing 
with the increasing cost of fertilizer for crop production. Latest consumer price 
index for food in April 2014 released by the Department of Statistics Malaysia 
showed an increase of 3.6% compared with that of April 2013. Furthermore, 
continuous and excessive use of mineral fertilizers in agriculture will cause 
soil degradation and Environmental pollution by heavy metals, 
eutrophication, and greenhouse gas emissions (Savci, 2012).  

The concept of biological agriculture has been practiced in many countries. 
According to the Federation of Organic Agriculture Movement “Biological 
agriculture is an ecologically, socially, and economically sustainable 
agricultural production system which combines traditional, innovation and 
science to sustain and enhance soil health and fertility, maximizing yield and 
production and at the same time minimizing the negative effects on 
Environment and human health. This will promote a sustainable practice and 
a better quality of life for the entire ecosystem” (IFOAM, 2014). In essence 
the combined use of organic fertilizers produced from organic waste such as 
treated sewage sludge with mineral fertilizers is recommended for 
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agricultural production. This has been successfully practiced in some 
developed countries but similar approach is yet to be implemented in 
Malaysia.  

Besides having high amount of essential plant nutrients, treated sewage 
sludge also contains heavy metals which can affect human health and 
Environment. Soil polluted by heavy metals can be remediated by physical, 
chemical or biological techniques. The conventional remediation methods 
such as physical, thermal and chemical treatments are not only expensive 
but also economically and environmentally unsustainable. Therefore, there 
is a need to develop an effective biological soil remediation technique to 
remove heavy metals without degrading soil health.  Phytoremediation can 
be an alternative method to treat sewage sludge after disposal at the landfill. 

Phytoremediation can remove or stabilize heavy metals in the soil. This 
method is the most economical way to remediate polluted area. It is be 
classified into six types mainly phytoextraction, phytotransformation, 
phytostabilization, phytovolatilization, rhizodegradation and rhizofiltration. 
Phytoextraction is a process when the plant absorbs and translocates 
contaminants from soil to above ground parts (Chhotu and Fulekar, 2009).
Plants which are classified as hyper-accumulator have the capability to 
accumulate heavy metals more than 100 times than the non-accumulators 
(Chaney et al., 1997). 

For a hyper-accumulator plant, the distribution of heavy metals is high in the
shoot compared to the root and stem. In order to be classified as a hyper-
accumulator, the plant must be tolerant to high levels of heavy metals, able 
to accumulate high contents of heavy metals in the aboveground portion, 
rapid growth rate and produces high biomass (Reeves and Baker, 2000) . 
The most important soil chemical property that influences heavy metal uptake 
by plant is soil pH. The greatest uptake of heavy metals is between pH 5.5 
to 6.5. Heavy metals distribution in plant parts depends on the type of heavy 
metals. Most of the heavy metals are concentrated in the root tissues 
compared to the leaf or stem especially for Pb, Ni and Cu. 

In order to promote biological agriculture and sustainable management of 
treated sewage sludge in Malaysia, this research was conducted to 
determine whether treated sewage sludge can be used as an organic 
fertilizer. The second objective is to assess the potential of Ricinus communis
as a phytoremediator. This species was selected because of its hardiness 
and commonly found growing on contaminated soils. This research involved 
both the greenhouse and field trials and was conducted in Universiti Putra 
Malaysia campus. 
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This thesis has been organized in five chapters. Chapters 1, 2, and 3 are the 
introduction, literature review, and methodology, respectively. Chapter 4 
discussed the potential of sewage sludge as an organic fertilizer and also 
addressed the phytoremediation capability of Ricinus communis. The 
summary, conclusion and recommendations from this study were described 
in Chapter 5.   
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