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Abstract. Landfill leachate is generally known as high-strength wastewater that is difficult to
handle and contains dissolved extracts and suspended matter. Microbial fuel cells (MFCs)
were designed to treat landfill leachate while continuously producing power (voltage output).
Three different anodes were tested in MFC reactors: carbon black, activated carbon, and zinc
electrodes. Movements in the MFC reactor during treatment were also a key factor for testing.
Results showed a difference in ammonia levels in the three anodes used. The study compared
the efficiency of static and dynamic modes of MFC in removing ammonia. Continual leachate
movement in the reactor could increase the rate of removal of the ammonia components. The
setup provided a viable condition for maximum removal because the reactor movement caused
the sludge to disintegrate, which allowed ammonia to separate easily from the parent leachate.
Ammonia removal also resulted from the transfer of ammonium through the membrane or
from ammonia loss. Constant exchange of ionic content benefited the MFC performance by
increasing power production and decreasing internal electrode material resistance. This paper
presents the results of the analyses of leachate treatment from the solid waste landfill located
in Padang Siding Landfill, Perlis. The performance of ammonia removal was enhanced using
different types of electrodes. In both modes, activated carbon performed better than black
carbon and zinc. The respective percentages of ammonia removal for activated carbon of
dynamic over static were 96.6%, 66.6%, and 92.8% for activated carbon, zinc, and black
carbon. The results provide further information on the possibility of using MFCs in landfill
leachate treatment systems.

1. Introduction

Th Leachate is a major challenge that threatens environmental quality in Malaysia. Leachate results
from the production of large amounts of solid waste, which comprises unwanted matter produced by
human activity [1, 2, 4, 5]. Population growth in urban areas in Malaysia has increased the generation
of solid waste. Malaysia is one of the most economically successful countries owing to its stable
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political conditions (Solid Waste Management and Public Management Cleansing Corporation,
Composition Solid Waste Management and Public Management Cleansing Corporation 2011[2, 4, 5-
7]. Rapid economic transition and urban population increase reflect the escalation of solid waste
generation [1, 8-11]. The Solid Waste Management and Public Management Cleansing Corporation, a
general policy for solid waste management, was implemented in 2011. The urban population in
Malaysia has increased by over 50% in the last few decades [10-15, 17]. This population growth has
caused serious concerns in solid waste production (Composition Solid Waste Management and Public
Management Cleansing Corporation 2011 [2, 4, 5-7]. The number of cities in peninsular Malaysia
increased by 400% from 1957 to 2000 [14, 18-22]. Urbanization and industrialization in Malaysia
have changed the characteristics of solid waste [22-24]. Thus, effective solid waste management
practices must be updated to suit the current waste quantity. Landfilling is the main disposal method in
Malaysia. Malaysia, however, is facing serious landfill problems, such as, insufficient capacity,
overflow of landfill sites, serious odour and lack of ventilation, and lack of leachate treatment
facilities. Therefore, ammonia removal using the proposed method will improve the treatment of
landfill waste and reduce the total cost of handling waste in Malaysia.

Several approaches of leachate treatment have been reported such as aerobic biological treatment,
anaerobic biological treatment, physiochemical treatment, coagulation and advanced techniques
including carbon adsorption and ion exchange. However, most of the approaches have one or more
disadvantages, until recently, micro fuel cell (MFC) received significant attention as they enable the
use of microorganism as promoting agent or catalyst to convert chemical energy of the electro donors
into electricity. In addition to that, MFC have shown capabilities in various treatment of ammonia and
ammonia related chemicals [22-26]. Therefore, the present work focused on the ammonia removal
from the leachate existing in a landfill located in Padang Siding Landfill, Perlis. The performance of
ammonia removal using different types of electrodes at static and dynamic modes of MFC will be

analysed.
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Figure 1. Schematic diagram of The MFC
2. Methods

A two-chamber microbial fuel cell (MFC) as shown in figure 1 is required to perform the bio-
electrochemical reactions. Square, circular, and large-scale MFC designs are required for
characterization, and a pH meter is required to determine pH levels. The sample was collected from
Padang Siding Landfill by determining the physical and chemical parameters of the target ammonia. It
was taken with proper precautions to prevent contamination and protected from rainfall. The leachate
was collected from the landfill and sun-dried prior to laboratory testing. The temperature during
sampling was 35 °C. The leachate sample was collected from the solid waste landfill pond at the back
of the landfill. A total 20 L of leachate was manually collected and placed in plastic containers. After
collecting the sample, it was placed in a controlled environment. The sample was immediately
transported to the laboratory, characterized, and cooled at 4 °C to minimize biological and chemical
reactions [22-25]
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The next step is the MFC construction. The MFC is constructed from Perspex, with valves, wire,
three material types and electrodes, a proton exchange membrane, and a silicon sealant that can
produce electricity and harbor bacteria. The electrode and proton exchange membrane are encased in a
Plexiglas compartment that is designed with valves and wires connected to the electrode and rheostat
(R). A sealant is then used to ensure the compartment is airtight. A flask (1 L capacity) is used as the
anode chamber, and a cylinder of Perspex (125 mL capacity) with two end pieces, one of them with a
hole, is fixed to the anode chamber. Both chambers are physically separated by a proton exchange
membrane with an interchange surface of 7 cm? Each chamber contains a zinc, activated carbon, or
carbon black electrode. The total accessible geometrical surface of the electrodes is intended to be 6.5
cm?. The electrodes are attached to the external system by a copper wire with all exposed surfaces
sealed with non-conducting silicone. The MFC are operated in two different modes of electrode; static
and dynamic. In the dynamic mode, the leachate is continuously stirred whilst the leachate is in
quiescent condition at static mode.

3. Results and Discussion

The oxygen required for the initial starting of the device is obtained from the leachate itself through
the nitrification process and the cathodic electrode oxygen reduction reaction, which relies on ion
diffusion through the membrane cathode. However, the dynamic feeding medium may bring some
dissolved oxygen to the system in addition to the oxygen already present in the leachate. The MFC is
constructed with three configurations based on the anode electrode [5, 7]. Table 1 shows the results
obtained using different anodes at a dynamic system which have almost linear removal over 4 weeks.
The maximum amount of ammonia removal was by activated carbon (AC) electrode at 96.6% at week

4.

Table 1. Comparison of the rate of ammonia removal by different anode materials.

Anode Material / Day Week 1 Week 2 Week 3 Week 4
% of Removal % of Removal % of Removal % of Removal
Zinc 20.0 53.3 56.3 66.3
AC 33.3 55.5 83.3 96.6
CB 32.3 54.9 80.3 92.8

Three MFC electrodes were evaluated in terms of their efficiency in removing ammonia. The
process was dynamic for liquor sample cycling from the two tanks. The waste was recycled again
by pump. All three operations were conducted under dynamic mode conditions. After the process,
the MFC required approximately 30 days to achieve an optimal removal rate. This process was
possible when the bacterial community found the necessary conditions to enrich and allow the MFC
to operate for this long period. Figure 2 shows the ammonia removal by the zinc electrode dynamic
system [2, 16, 20-24].

A linear reduction in ammonia occurred with the passage of time. The maximum amount of
reduction after one week was approximately 20%. The amount of reduction varied with different
types of materials. The removal rate of activated carbon was higher than those of zinc and carbon
black. The dynamic process of the activated carbon sample produced a higher removal potential
than any other anode material. This result may be due to the fact that activated carbon has low
internal resistance resulting from the porosity of the materials that supports mass transfer.
Generally, the rate of ammonia removal depends on factors such as mass transfer and internal
resistance. The low internal resistance of activated carbon allows for increased mass transfer.
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Figure 2. Ammonia removal by zinc electrode dynamic system.

Ammonia removal increased linearly throughout the experiment in the case of activated carbon
(figure 3), which also produced a stable voltage ranging from 5 mV to 10 mV. However, the zinc
electrode produced a slightly higher voltage than the two carbon materials, because electrochemically
active bacteria were more dominant in zinc than in carbon materials (Table 2). Zinc produces low

voltage output and low ammonia removal rate because zinc materials possess higher resistance than do
carbon materials.
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Figure 3. Ammonia removal by activated carbon dynamic system.

Figure 4 shows the results of carbon black anode materials. The data for this process were also
monitored for 30 days before and after the MFC process. The ammonia removal percentages were
32.3%, 55.6%, 80.3%, and 92.8% for the first, second, third, and fourth weeks, respectively. Although
zinc can generate high power density (voltage), its ability to remove ammonia was lower than that of
carbon materials. The removal rates of both activated carbon and black carbon were high. However,
activated carbon had removal rates of 33.3%, 55.5%, 83.3%, and 96.3%. The effluent ammonia
concentration was 600 mg/L in all cases.
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As stated earlier, the MFC can simultaneously remove ammonia and generate electricity. This
ability has made MFCs a viable approach to treat water and leachate. The highest rate of voltage
generation in this study was achieved when the MFC was operated with zinc anode material (0.3 V),
followed by carbon materials (5-10 mV). However, figure 5 shows that activated carbon provides the
highest and most consistent rates of ammonia removal. The highest efficiency of ammonia removal
was achieved by activated carbon (96.3%), followed by carbon black (92.6%) and zinc (66.6%).

Activated carbon is the most efficient among the three types of anode materials.
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Figure 5. Comparison of rate of ammonia removal of three anode materials.

Table 2 shows the power generated by different materials. Zinc electrode achieved the highest
power generation (3.60 mW), followed by activated carbon electrode (0.75 mW). The lowest power
generated for activated carbon (0.4 mW) resulted from the passive nature of activated carbon in

supporting electron transfer.

Table 2. Comparison of power generation by three anode materials

Electrode Voltage (mV) Current (A) Power (mW)
Activated carbon 5.00 0.15 0.75
Zinc 9.00 0.40 3.60
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As mentioned earlier, the use of MFCs can produce voltage. Figure 6 and 7 show the voltage
values for the dynamic and static mode, respectively from the start until the end of treatment. The
highest voltage obtained from zinc electrode was 0.761 mV, and the lowest was 0.492 mV. The
highest voltage obtained from activated carbon electrode was 0.260 mV, and the lowest was 0.038
mV. The highest voltage obtained from black carbon electrode was 0.749 mV, and the lowest was

0.372 mV.
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Figure 6. Comparison of voltage generation by three
anode materials for the dynamic mode.
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Figure 7. Comparison of voltage generation by three
anode materials for the static mode.

This study demonstrated the process of ammonia removal by using an MFC with three different
electrodes: zinc, activated carbon, and carbon black. The MFC shows the potential to use the bacterial
community in mixed cultures of leachate and thus treat waste and produce electricity. The efficiency
of anode materials to remove ammonia was successfully compared. Carbon materials were more
efficient in removing ammonia than zinc. Over a period of 30 days, the removal rates of ammonia
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were 96.3% for activated carbon and 66.6% for zinc. However, zinc is a more appropriate choice for
power generation. Therefore, MFCs are a promising tool in waste treatment, wastewater treatment,
and electricity generation.
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