2011 International Conference on Environment and Industrial Innovation
IPCBEE vol.12 (2011) © (2011) IACSIT Press, Singapore

Landfill Leachate Treatment by a Coagulation–Photocatalytic Process
Salwa Mohd Zaini Makhtar 1 , Mahyun Ab Wahab 1 , Mohammad Tamizi Selimin 1 and
Norsyazwani Che Mohamed 1
School of Environmental Engineering, Universiti Malaysia Perlis,
Kompleks Pusat Pengajian Jejawi 3, 02600 Arau, Perlis, Malaysia.

1

Abstract. This study was conducted to investigate the efficiency of coagulation-photooxidation processes
for removing color from a landfill leachate by using Moringa Oleifera as a coagulant as a pre-treatment. Then,
followed by the effects of ZnO, pH, stirring time and solar photocatalytic as final treatment. Final treatment
was examined the effectiveness of zinc oxide (ZnO) as a catalyst to enhance the removal of color under sun
exposure. Based on the observation towards the colours of the samples during the experiment, sample with
0.2g of ZnO has the lightest yellow colour, almost colourless. The duration of photocatalytic reaction occurs
after 30 minutes of exposure to sunlight that is from 12 – 2 p.m. Result indicated that 0.2g of ZnO gives the
highest removal of color which is 90.1% at 60 minutes.
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1. Introduction
Sanitary landfill for the disposal of municipal solid wastes continues to be widely accepted and used in
the several countries. This method generally offers lower cost of operation and maintenance as compared to
others. However, leachate migration from the landfill could be a potential source of surface and groundwater
contaminations.
As we know, landfill leachate is a very dark colored liquid formed primarily by the percolation of
precipitation through open landfill or through the cap of the completed site. The decomposition of organic
matter such as humic acid may cause the water to be yellow, brown or black (Zouboulis, A.I. et al., 2004).
Combinations of physical, chemical, and biological treatments are usually used to improve the treatment
efficiency of landfill leachates (Kargi, F., and Pamukoglu, M.Y., 2004). There are several techniques used
for colour removal. These include chemical precipitation, adsorption through granular activated carbon,
nanofiltration, ozonation, radiation, UV photolysis, chemical coagulation, biological treatment with various
additives, anaerobic process, fluidized bio film process, and advanced oxidation with UV/H2O (Ahmedna et
al., 2000, Kadirvelu et al., 2003 and Manu, B., 2002).
However, there is no specific guideline for the treatment of color in landfill leachate, especially in
Malaysia. Coagulation followed by flocculation process is an effective way for removing high concentration
of organic pollutants (Wang, Z.P. et al., 2002) as well as the color in leachate.
In this field of research, the performance of color removal will be evaluated. Addition of ZnO as a
catalyst was found to give a significant effect and enhancing the removal of color from landfill leachate
samples after coagulation-flocculation process.

2. Materials and Methods
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2.1. Materials
2.1.1. Preparation of Moringa oleifera seeds powder
The Moringa oleifera was obtained from Kampung Santan, Perlis area. Good quality seeds were
identified from those, which were not rotten, old, infected with diseases, brownish and dried once opened.
The seeds were dried in the oven (Memmert, ULE 400, Germany) for 24 h at 50 °C. The kernels were
crushed and ground to a medium fine powder with a domestic food blender[(Katayon et. Al., 2006)].

2.1.2. Preparation of Moringa oleifera seeds extract
A 5000 mg of Moringa oleifera seeds powder was placed in a beaker containing 0.2 l of distilled water.
The mixture was blended using domestic blender for 2 min at high speed to extract the active ingredient of
Moringa oleifera. The suspension was then filtered through a muslin cloth in a beaker and the filtrate made
up to 0.5 l to give a stock solution of 10,000 mg/l. 10,000 mg/l of Moringa oleifera stock solution was used
for jar test that were conducted to determine optimum dosages of Moringa oleifera in leachate treatment.
[(Katayon et. Al., 2006)].

2.1.3. Preparation of leachate samples
Landfill leachate sample were collected from the landfill site at Pauh, Perlis area. Samples were collected
in leachate sample was collected in four bottles of PE (polyethylene) and transported to the laboratory and
stored in the chemical refrigerator.

2.2. Methods
2.2.1. Coagulation test
Coagulation test was carried out using jar test (BIBBY Stuart Scientific, UK). The study involved rapid
mixing, slow mixing and sedimentation in a batch process. Six glass beakers of 500 ml capacity were filled
with the water samples and agitated simultaneously, and the rotational speed were varied accordingly,
allowing simulation of different mixing intensities and resulting flocculation process.

2.2.2. Experimental runs
Adsorption studied was conducted by varying pH and adsorbent dose in pre-treatment process while
varying catalyst dose and contact time during final treatment process. Pre-treatment process was conducted
to find the optimum dosage of adsorbent (MO) and optimum pH of leachate. This studied was carried out
using jar test method. Final treatment process was carried to find out the optimum dosage of catalyst (ZnO)
and optimum contact time in removal of COD from leachate. This final treatment process has been carried
out under sun exposure. The contact time varied from 0 to 120 minutes. The percentage removal of COD
landfill leachate was calculated according to the following equation:
x 100

% Removal

Where Ci and Cf are the initial and final COD concentration (mg/L) respectively.

2.2.3. Pre-Treatment
2.2.3.1. Determination of optimum pH
First, sets of experimental runs were carried out for determination of optimum pH of leachate sample.
Beakers were filled with 500 ml of the leachate. Solution of H2SO4 and NaOH were being added into the
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samples to obtain pH : 1, 2, 3, 4, 5, 6, 8, 10. In order to obtain the accurate pH, pH meter was being used
during adjusted the pH level. Samples were placed on the floc illuminator and agitated at the preselected
intensity of rapid mixing (Table 1.0). During rapid mixing (80 rpm), the coagulant dosage of Moringa
oleifera was added into each beaker simultaneously for 20 ml for each beaker. After 1 minute of rapid
mixing, the preselected intensity of slow mixing (30 rpm) was quickly established and the beakers were then
carefully removed from the floc illuminator after 15 minutes and left for the sedimentation phase. After
settling, 100 ml of sample was taken from the middle of each beaker and was filtered through filter paper
(pore size 0.45 μm) for COD measurement. The pH that gave the highest 5 removal of COD was the
optimum pH for leachate treatment.

2.2.3.2. Determination of optimum dosage of Moringa oleifera
Beakers were filled with 500 ml of the leachate with optimum pH. The pH of samples was maintained at
a desired value by adding 1.0 M NaOH or H2SO4. During rapid mixing, different amount of Moringa oleifera
stock solution with 5ml, 10ml, 15ml, 20ml, 30ml, 40ml, 50ml, 60ml, 70ml, 80ml, 90ml, and 100ml were
added into each beaker and the samples were placed on the floc illuminator and agitated at the preselected
intensity of rapid mixing.
After rapid mixing, the preselected intensity of slow mixing was quickly established and the beakers
were then carefully removed from the floc illuminator and left for the sedimentation phase. After settling,
100 ml of sample was taken from the middle of each beaker and was filtered through filter paper (pore size
0.45 μm) for COD measurement. The dosage that gave the highest % removal of COD was the optimum
dosage for leachate treatment. After evaluating the optimum dose, jar test experiments were conducted at the
optimum dose.

2.2.4. Final Treatment
2.2.4.1. Determination of optimum dosage of Zinc oxide (ZnO) and optimum contact time
Beakers were filled with 500ml of leachate with optimum dosage of Moringa oleifera and optimum pH
of leachate sample. Optimum dosage of Moringa oleifera and optimum pH of leachate sample have been
investigated in pre – treatment process above. The samples were placed on the floc illuminator and agitated
at the preselected intensity of rapid mixing. After rapid mixing, the preselected intensity of slow mixing was
quickly established and the beakers were then carefully removed from the floc illuminator and left for the
sedimentation phase. After settling, supernatant sample was taken from the middle of each beaker and placed
into another beaker. Sample was added with 0.1g of zinc oxide (ZnO) and the beaker was placed on the
stirrer. The sample was being exposed to the sun (light intensity 1997 flux) from 12pm to 2pm with the
speed level of the stirrer was set at 7. Sample was taken from the middle of each beaker every 30 minutes
and was filtered through filter paper (pore size 0.45 μm) for COD measurement using DR2800
spectrophometer. The above steps were being repeated by using different amount of zinc oxide (ZnO) which
is 0.2g, 0.3g, 0.4g, 0.6g, 0.8g, 1.0g, 1.2g, and 1.4g.

3. Results and Discussions
3.1. Result before treatment
The initial raw leachate for color was measured before the treatment process, which is 2330 (Pt-Co).

3.2. Pre-Treatment
3.2.1. Determination of optimum pH and optimum dosage of Moringa oleifera
In this pre-treatment process, leachate was found to be effective treated when the optimum dosage of
Moringa oleifera at 20ml with the optimum pH is at pH 2.

3.3. Final treatment
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3.3.1. Deeterminatioon of ZnO dosage
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and optimum contact
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Based on observaation towardds the coloours of the samples duuring the exxperiment run,
r
samplee
o ZnO has the lightest yellow coolour, almosst colourlesss. Based onn the result, it has beenn
with 0.2g of
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ge removal of color w
which is 90
0.1% at 600
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of color from
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leachaate. Removaal of color from leach
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Fig. 1: Determination
D
of ZnO dosagge and optimu
um contact tim
me in removal of color

4. Concllusions
This prooject was coonducted to examine
e
the percentage removal
r
of color
c
from laandfill leach
hate by usingg
coagulationn as a pretreeatment folloowed by thee effect of ZnO
Z
as a finnal treatmentt. Based on observationn
towards thee colours of the sampless during the experiment run, samplee with 0.2g of ZnO has the lightestt
yellow coloour, almost colourless.
c
Based on the result, it hass been proved that 0.2g oof ZnO givess the highestt
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percentage removal of color which is 90.1% at 60 minutes. Any further addition of ZnO beyond this
optimum dosage reduced the percentage removal of color from leachate. Removal of color from leachate
decreased with the increasing of ZnO dosage because the excellent result showed at lower dosage which at
0.2g. This could be attributed by the restabilization of colloidal particulates when catalyst was used at dosage
in excess of the optimum limit.
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