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ABSTRACT 
 
 The thermal Charcoal for domestic used was crushed into powder and mixed with gravel. Four 
reactors of different proportion and size of charcoal and gravel were set up without vegetation. Sample of 
landfill leachates obtained from site of Pulau Burung Landfill, Penang, was introduced into the reactors. 
Ammonia, chemical oxygen demand (COD), and iron of inlet and outlet from four reactors were analyzed by 
standard methods. Result shows that overall performance of removing ammonia and iron were much better 
than COD. 
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INTRODUCTION 

Solid wastes are considered of all the wastes 
arising from human and animal activities that are 
normally solid and are discarded as useless or 
unwanted. Solid waste disposal if not properly 
handle created problems to the country, which will 
contribute to environmental problems. Although 
campaign for recycling the solid waste is carried out 
through out the country, the successful of the 
process is still very small. The disposal of solid 
waste mainly by land-filling, ranging from 70-90% of 
the most industrialized countries to 95-100% in the 
rest of the world [1]. However, land-filling the solid 
waste eventually created another problem due to 
leachtes formation, typically from infiltrating waters 
and products of solid waste decomposition.  

Old and new landfills produce leachates. Those 
contaminated leachate waters are potential threat to 
surface and subsurface receiving waters. A very 
wide spectrum of pollutants is possible, reflecting 
the character of the materials contained in the 
stack. The principle categories of undesirable 
substances are (1) volatile organic compounds, (2) 
nutrients, notably nitrogen, (3) heavy metals, and 
(4) priority toxic organic compounds [2]. 
Constructed wetland treatment of the leachate is 
one option for water quality improvement. 

The propose of this study was to compare the 
removal efficiencies of charcoal and gravel as filter 
media in the constructed wetland treatment systems 
for ammonia, chemical oxygen demand (COD), and 

iron and identify the optimal one for leachate 
treatment.  
 
METHODOLOGY 

Four constructed wetland reactors were built 
with dimension of 29 cm wide, 40 cm long and 35 
cm depth. The depth of the filter media for all 
reactors was the same at 30 cm. The inlet and 
outlet tap ports were situated approximately halve 
of  the  media height while outlet overflow was at 
the same level of the media surface. The media 
constitute of gravel, charcoal granule and charcoal 
powder with diameter size ranges between 2 mm – 
5 mm, 2 mm – 5 mm and less than 2 mm, 
respectively. Prior to apply media samples into 
reactors, the samples were washed thoroughly first 
by immersed in hydrochloric acid (1: 9 v/v) for 24 
hours, and later washed with tap water until neutral. 
Composition and capacity of media in reactors, flow 
rate and hydraulic retention time (HRT) for leachate 
sample are given in the table 1. 

Sample of untreated landfill leachate used in 
this study was collected from site of Pulau Burung 
Landfill, Penang. The leachate sample was 
introduced into four types of reactors, which were 
placed in laboratory. Samples of ammonia, COD, 
and iron were collected at the inlet and outlet ports 
at the interval of two days and analyzed according 
to the Standard Methods for the Examination of 
Water and Wastewater [3].  
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Table 1 Data of the reactor 
Reactor I II III IV 

Type of media Gravel, 100% Gravel : Charcoal 
= 2 : 1 

Gravel : Charcoal 
= 2 : 1 

Gravel : charcoal 
= 1 : 1 

Gravel capacity 30 L 24 L 21 L 16. L 
Charcoal capacity - 12 L (powder) 11 L (granule) 16 L (granule) 
Total media capacity 30 L 36 L 32 L 32 L 
Flow rate 1.76 mL/min 1.76 mL/min 1.75 mL/min 1.75 mL/min 
HRT 5.05 days 4.25 days 5.3 days 5.75 days 

 
 

RESULTS AND DISCUSSION 
 
Ammonia 

Results on percentage ammonia removal after 
treatment with different composition of filter media 
are given in the Figures 1 – 4. Overall performance 
were good, especially samples analyzed at outlet 
tap, which was generally better than the outlet 
overflow. Reactor I consist only gravel as media  
managed to remove ammonia 85-69 %, sample 
was analyzed at outflow tap. Mixing gravel with 
increasing capacity of charcoal showed decreasing 
amount of removal efficiency. Present of gravel 
alone provided high porosity that producing a 
greater ammonia concentration in the effluent 
during culturing period [4]. The amounts of 

microorganisms growing on the media surface were 
larger will results the microbial activities would be 
greater resulting in higher ammonia removal 
efficiencies occurring in this Reactor I. Granulated 
charcoal although provide similar porosity and has 
sorption capacity was shown unable to contribute to 
better removal efficiency of ammonia. Since the 
removal mechanisms of nutrients such as nitrogen 
(N) include uptake by plants and other living 
organisms, and other process [5], the removal of 
ammonia in this study will be expected to be much 
higher. However, according to the study [6] shows 
that only 4-11 % of nitrogen removed by the planted 
wetland was due to vegetation uptake, and 89-96 % 
was due to denitrification. 

 
 

Figure 1 Ammonia Removal Percentage - Reactor I
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Figure 2 Ammonia Removal Percentage - Reactor II
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Figure 3 Ammonia Removal Percentage - Reactor III
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Figure 4 Ammonia Removal Percentage - Reactor IV
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Chemical oxygen demand (COD) 
Results of COD analyzed at three different ports, 
namely inlet, outlet tap and outlet overflow for a 
constant days interval are shown in Figures 5-8.  
No significant different are observed for samples at 
inlet and outlet overflow except for Reactor IV, 
which is estimated of about 12 ±1.6 %. Reactor I, 
which contain only gravel shows the lowest 
efficiency. The other three reactors, which also 

contain some portion of charcoal however provide 
better performance. The highest performance is 
observed in Reactor II, which composed of media 
from gravel with one third of it contains powdered 
charcoal. In this case it seems that media porosity 
play a role in the performance of COD removal [7]. 
The powdered charcoal in Reactor II contributed to 
less porous to the media, performed the highest 
efficiency in removing COD.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 COD Removal Reactor I
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Iron 
 
The experiment results for iron removal in the 
constructed wetland systems without vegetation 
are shown in Figure 9. The removal process of  
iron shows good performance for all reactors. 
Reactor I, which contain only gravel shows the 
lowest removal percentage, 51.50% in average. 
The others three reactors, which also contain some 

portion of charcoal however provide better treatment 
efficiency. The highest treatment efficiency is 
observed in Reactor II, which composed of media 
from gravel with one third of it contains powdered 
charcoal. According to Figure 9, Reactor I, III, and IV 
decrease a significant amount of  iron removal 
percentage at the end of the experiment. Thus, it is 
inferred that metals are removed by a number of 
mechanism that all end up with storage in the media 

Figure 8 COD Removal Reactor IV
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Figure 6 COD Removal Reactor II
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Figure 7 COD Removal Reactor III
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[2]. In this case it seems that types of the media 
play a role [8] in the removal efficiency of iron. The 
powdered charcoal in Reactor II contributed to 
increase surface area to the media, performed the 
highest efficiency in removing iron 

Table 1 also shows pH for leachate before and 
after treatment. The pH of raw lechate is slightly 
basic but changed considerably to almost neutral 
after went through the treatment process. 
  
Conclusion 

This study has shown that differences in 
ammonia, COD, and iron removal efficiency are 
related to type of filter media in the constructed 
wetland treatment systems. The most efficient 
treatment of ammonia, COD and iron is in Reactor I 
and II, respectively. 
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Figure 9 Iron Removal Reactor I-IV 

 
Table 2  Temperature and pH of leachate before and after treatments. 

 
Parameter Before treatment After treatment 

Temperature 29.7 oC 29.0 oC 
PH 8.29 7.72 
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