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Abstract
Microbial fuel cells (MFCs) utilizes active microorganisms as biocatalysts in an anaerobic anode compartment to produce bioelectricity. The present study records the bioelectricity generation potential of domestic waste water, basically rice washed water as the anolyte and a pure culture of cyanobacteria as the catholyte. Graphite electrodes (4 cm2) were inserted into both compartments. Anode compartment was filled with 1 liter of rice washed water from household and sealed. The cathode compartment was filled with pure culture of Microcystis sp. cultured under laboratory conditions. Both electrodes were connected to a 0.33Ω external resistor. The control setup of the MFC was maintained using distilled water as the catholyte. Physico-chemical parameters such as Nitrate, Nitrite and Chemical Oxygen Demand (COD) and Orthophosphate concentrations of the rice water sample was measured in both experimental and control setups. In addition the voltage generated at each sampling time was recorded in both setups and subsequently current, power density, current density were calculated. Water treatment efficiencies were recorded as Reduction of COD by 23.37%, N-Nitrate by 61.02%, N-Nitrite by 55.14% and Orthophosphate by 20.06%. The optical density of cathode increased by 11.4%. While control setup did not show a significant reduction. The maximum voltage generated by the MFC was 730± 0.85mV with a current of 2181.82 mA. Maximum current densities and power densities were 1472.21 mAcm-2 and 1059.99 mW m-2 respectively.  Therefore, the laboratory scale MFC employed in this study could be effective used in treating domestic waste water while using as a source of bioelectricity.
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Introduction 
Total energy consumption will increase continuously as a result of significant population and economic growth in the developing countries (Ong et al., 2011). Environmental issues associated with water sanitation are not confined to developing countries alone but are the most basic human and environmental necessities all over the world. Wastewater sources are major causes for environmental pollution in surface and ground water bodies (Gude 2016). 
Microbial fuel cells (MFCs) are considered to be a trending technology which can address both issues of energy crisis and waste water treatment. Microbial fuel cells are devices which convert the chemical energy to electrical energy by means of electrochemically active bacterial decomposition (Sevda et al., 2010). Bacteria require energy to survive and the consumption of energy occurs in two steps; oxidation which requires the removal of electrons from source of organic matter and reduction which gives electrons to the final electron acceptor i.e. oxygen. Certain types of bacteria respire by releasing the electrons into the surrounding medium. These released electrons pass through the semipermeable membrane that connects the two chambers of the Microbial Fuel Cell (MFC). Objectives of the study was to screen the bioelectricity generation potential of domestic waste water, basically rice washed water as the anolyte and a pure culture of cyanobacteria as the catholyte.
Materials and Methods
Sampling 
Cyanobacteria samples were collected from the Beira Lake (6.918089N, 79.859791E) by filtering water samples through a 55µm phytoplankton net. Rice washed water was collected from university canteen. 
Construction of MFC
MFC container made with poly acrylic sheet contain two chambers and silicone was used to seal the chambers except the lids. Two chambers were separated using cation exchange membrane (CMI-7000S) which allows only H+ ions to transfer from anode to cathode. Both electrodes were connected to an external resistor (0.33Ω) and internal resistance was neglected.   
Anodic chamber was filled with 1000ml of rice washed water while the Cathode cambers were filled with a similar volume of Cyanobacteria pure culture (Microcystis sp.). Electrodes were graphite rods (4 cm2). Neutral red was added as mediator for electron transferring to anodic electrode from medium. Anode chamber was sealed to enhance anaerobic digestion of organic matter by heterotrophic bacteria which naturally occurred in waste water. The control setup of the MFC was maintained using distilled water as the catholyte and all other conditions were same as experimental setup. 

Measuring of bioelectricity generation potential
The cells were operated for 6 and the generated voltages were measured using a multimeter (ut-1 Multi scale) inorder to evaluate the bioelectricity generation .

Measuring of Waste water treatment efficiency
Physico-chemical parameters such as Nitrate, Nitrite and Chemical Oxygen Demand (COD) and Orthophosphate concentrations of the rice water sample was measured in both experimental and control setups using standard APHA 1999 methods.

Results and Discussion
Study results reveals that the use of rice washed water for electricity generation in MFC effective because it contains anaerobic bacteria as their indigenous microorganisms which can degrade complex molecules into simple molecules and release electrons and H+ ions to complete the circuit. Oxygen in the cathode act as the final electron receptor which is produced by the cyanobacteria by photosynthesis. Using cyanobacteria reduce the cost of using chemical as the electron acceptor and it is ecofriendly. Anode surface is the heart of a MFC system as it favors the formation of microbial biofilm. Hence, an anode material must fulfill certain requirements; i.e., it should have high specific surface area (area per volume), highly conductive, non-corrosive, high porosity for biofilm development, non-fouling (i.e., bacteria do not fill it up) (Logan 2008). Carbon can act as most suitable anode electrode by having such characteristics mentioned above with compare to other materials. 
Table 01 and 02 depicts the Physical and chemical parameters obtained by operating experimental and control setup. 
Table 01 Physical parameters of the setups
	Time(Hours)
	Voltage
(mV)
	Current
(mA)
	Power
(mW)
	Current Density(mAcm-2)
	Power Density
(mW m-2)

	
	Control
	Experiment
	Control
	Experiment
	Control
	Experiment
	Control
	Experiment
	Control
	Experiment

	1
	0
	182.7
	0
	553.64
	0
	0.10
	0
	373.57
	0
	68.25

	2
	0
	491
	0
	1487.88
	0
	0.73
	0
	1003.97
	0
	492.95

	3
	0
	600
	0
	1818.18
	0
	1.09
	0
	1226.84
	0
	736.11

	4
	0
	694
	0
	2103.03
	0
	1.46
	0
	1419.05
	0
	984.82

	5
	0
	730
	0
	2181.82
	0
	1.57
	0
	1472.21
	0
	1059.99

	6
	0
	693
	0
	2100.00
	0
	1.46
	0
	1417.00
	0
	981.98


The initial voltage is recorded as soon as completing the circuit was 182.7 mV and it reached to a maximum voltage of 730mV at 300 minutes. Then voltage value gradually started to decline with time and at the end of the run it was recorded as 693 mV. No significant voltage generation at same time in control setup. Voltage values were not stable with the time and that can be due to the activation and ohmic losses of the circuit. Voltage generation proportional to substrate concentration. Thus, with reduction of substrate concentration, the voltage generation rate is reduced. The higher the substrate reduction voltage generation will also increase. Current generation was started with 214.24 mA and gradually reached to a maximum value of 2181.82 mA at 300 minutes and remained in the same value for few minutes. Subsequently started to decrease with time and reduced to 2100.00 mA after 6 hours. Declining is not rapid. There was no detectable current generation in control setup for the operated time period. No sharp linear increasing of current with time. 
Subsequently maximum power generation was recorded as 1.57 mW while Current Density and Power Density were 1472.21 mAcm-2 and 1059.99 mW m-2 respectively. Optical densities of cyanobacteria in the cathode were recorded after 6 hours were increased by 11.4% in experimental setup.


Table 02 Waste water treatment efficiencies of the setups
	Time(Hours)
	COD(ppm)
	N-Nitrate(ppm)
	N-Nitrite(ppm)
	Orthophosphate(ppb)

	
	Control
	Experiment
	Control
	Experiment
	Control
	Experiment
	Control
	Experiment

	0
	301.20
	301.20
	1.36
	1.36
	1.36
	1.36
	635.86
	635.86

	1
	301.20
	299.64
	1.36
	1.21
	1.36
	1.26
	635.86
	623.07

	2
	301.20
	291.99
	1.36
	1.12
	1.36
	1.18
	635.86
	611.09

	3
	301.20
	261.39
	1.36
	0.97
	1.36
	0.98
	635.86
	597.10

	4
	290.58
	246.10
	1.36
	0.81
	1.36
	0.81
	635.86
	558.09

	5
	290.58
	238.45
	1.36
	0.64
	1.26
	0.70
	635.86
	531.50

	6
	290.58
	230.80
	1.31
	0.53
	1.26
	0.61
	631.46
	508.25



In this setup initial COD value was measured was 301.2±3.31 ppm at the beginning of the operation. Subsequently COD value was decreased gradual and reached to a value of 230.8±3.31 ppm after 6 hours. While in control setup there was a slight reduction of COD from 301.2 ±3.31 to 290.5 ±3.31 ppm at end of the 6 hours. Initial Nitrate concentration was measured as 1.36 ppm. Following the operation of MFC it was reduced to 0.53 ppm after 6 hours. There was a rapid declining of nitrate concentration in the experimental setup. In control setup there was a slight reduction of final concentration from 1.36 to 1.31 ppm at same time period. In control setup reduction was insignificant. Initial Nitrite concentration recorded at the beginning was 1.36 ppm. Gradually the concentrations decreased to value of 0.61 ppm after 6 hours. In control setup there was slight reduction from 1.36 to 1.26 ppm at end of the cycle. Reduction of nitrite concentration in control setup was insignificant with compare to the experimental setup. Initial orthophosphate concentration was measured as 635.86 ppb. Following the operation of MFC values were continuously declined to the final concentration of 508.25 ppb with time. Reduction rate was not very rapid. Significant reduction was observed at 5 to 6 hours. In control setup it was reduced from 635.86 to 631.46 ppb at same time period. Orthophosphate concentration reduction was insignificant in control setup with compare to experimental setup.
Conclusion
Cyanobacteria cultures offer a higher reduction capacity as catholytes. While rice washed water offers an enriched community of anaerobic microbes which actively oxidize organic matter into simple molecules. As electrodes graphite increase the efficiency of MFC. Thus in the presence of active oxidizers and reductors a higher capacity of voltage could be generated along with efficient waste water treatment using Microbial Fuel Cell under the laboratory scale.
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