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Introduction

Biofiltration is the most frequently used biological Air Pollutant Control(APC) technology. Initially, biofilters were applied to remove odors and inorganic substance(H2S, NH3) from air1). Biological air treatment is an emerging APC technology which is used in situations where odors or vapors of VOCs are present in polluted air at low to moderate concentration, eg., in the range of 0~6g/m3 1~3) . When comparing with other APC technologies such as catalytic oxidation, incineration, and adsorption, biofiltration is much more economic and efficient process. 

 The principle of biofiltration consists of a biologically active bed through which the contaminated off-gas is vented. Biofiltration is a technology based on the biological oxidation of VOCs using microorganisms, which are immobilized forming biofilms or biolayers around solid particles such as peat, compost, and a peat/perlite mixture. These immobilized particles are packed in a column known as a biofilter. The filter material is in general peat, soil, compost or heather, but granular activated carbon and polystyrene can also be used. The choice of the filter material is very important because it has to supply to nutrients microorganisms, to support biological growth, and to have a good sorption capacity. The VOC pollutants in the contaminated air that pass through the biofilter, which is also known as a vapor phase bioreactor, are diffused in the biofilter and transported into the biofilm where the oxidation process actually takes place. The contaminant is not permanently transferred to the filter material. Aerobic biodegradation of organic pollutants occurs with the formation of CO2, H2O and biomass. 

Long-term operation of high efficiency biofilters is associated with the control of key conditions such as; water content of the support, temperature, nutrient addition and media pH3~9). The biodegradation processes in the biofilter being exothermic oxidation reactions increase the bed temperature, which in turn, promotes drying of the packing material and the development of heterogeneous zones Drying of the biofilter contributes to numerous effects such as nonhomogeneous flow distribution, reduction of the biological activity and variations in the sorption of gaseous pollutants. Although many efforts were made to study the biofiltration, either only experiment or parameters which result in biofilter performance did not allow us to fully understand the process. Thus, we tried to investigate the performance of a biofilter under basic condition, and to develop more efficient of system for low concentrated toluene emissions at different media.

Experimental material and Methods

We built up 4 biofilter systems for investigating biofilter performance. The main part of the reactor was an acrylic column of 10.6cm diameter and 160cm height, equipped with a sampling port at each stage. The height of the biofilter bed was 120cm, leading to a value of bed volume equal to 10.59x10-3 m3. The packing material consisted of a mixture of peat and calstone(5:3 volume ratio before mixing), Synthesized media, barks, woodchips were put in each biofilter. The microorganism used in the experiments was Pseudomonas.Putida type A and the strain of Pseudomonas.Putida is provided by Dr. Khoo, Korea Microbial Technology, Inc. The culture medium used contained per liter: glucose, 1.1g; NH4Cl 0.1g; MgSO4(7H2O 0.05g; FeSO4(7H2O 0.005g; MnSO4H2O 0.005g ; CaCl2 0.00375g; Yeast extract 1g; 0.1M phosphate buffer solution 18ml. The microorganism cultured with the above medium in a shaking flask was well mixed with each packing material and then packed to each column. The biofilter bed was supplied with a humidified air stream containing toluene vapor. The air stream was divided into two after passing through a closed toluene vessel. And then two streams were mixed before they entered the biofilter bed. The flow rates of two streams were controlled by two flow meters, respectively.

Results and discussion

 Fig. 1 presents the removal efficiency (RE) of toluene with respect to time. The removal efficiency is defined as the difference between inlet and outlet toluene concentrations expressed as a percentage of the inlet toluene concentration. The removal efficiencies were rapidly decreased on the day of over 40 and 100 respectively. One can observe that the removal efficiency at initial operation was fluctuated with time. It caused by adaptation of microorganisms to new circumstances. The removal efficiencies were increased after adding water to biofilter that made biofilter keep proper moisture contents.

Table 1 R.E. and E.C. on each biofilter material
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	Peat+Calstone
	Synthesized media
	Barks
	Wood chips

	R.E.(%)
	30~90
	<30
	>50
	30~70

	Max. E.C.( g/m3hr)
	20
	10
	30
	18


The most important parameter used for designing biofilter is the elimination capacity (EC). Since it relates the inlet load of the pollutant to its removal efficiency. The maximum elimination capacity of a biofilter depends on the microbial population and activity of VOC-oxidizing bacteria existing in the filter material. The former and the microorganism’s activity are related to the operation conditions of the system such as temperature, moisture contents, concentration of nutrients and inhibitory substances. As shown in Fig. 2, the elimination capacity increases with increasing inlet loads at each biofilter. But the maximum elimination capacity was different at each packed material. Table 1 shows maximum elimination capacity on each biofilter. 
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Fig. 1 Overall removal efficiency versus time
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Fig. 2 Elimination capacity versus inletload

(a) Peat+Calstone, (b) synthesized media, (c) Barks, (d) Woodchips
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