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   Abstract—In this research, a biofiltration process to remove 
ammonia gas from gas stream using agricultural residue biofilter 
medias is studied. The experiments were conducted in laboratory-
scale biofilter. The biofilter medias were a mixture of manure 
fertilizer and bagasse at various ratios i.e., 1:3, 1:5 and 1:7. The 
experiments were performed for a period of 40 days. The empty bed 
retention time (EBRT) is 78s. The moisture content of biofilter media 
was maintained at 45-60% using water. The results showed that the 
agricultural residues (manure fertilizer and bagasse) are suitable as 
biofilter media for ammonia gas removal in biofiltration process.

The maximum efficiency of ammonia gas removal is observed 
from the 1:5 of manure fertilizer: bagasse ratio at 89.93%. The 
biofiltration is more effective at low ammonia gas concentration. In 
addition, the mixture ratio of biofilter media is not a significant factor 
in biofiltration operation while the most significant factor for 
biofiltration operation is the inlet ammonia gas concentration.  
 

Keywords— ammonia gas, biofiltration, biofilter media, removal 
efficiency, elimination capacity 

I. INTRODUCTION 
N ammonia (NH3) is a colorless, toxic, odorous and 
corrosive gas produced from several sources, including 

wastewater treatment plants, composting and fertilizer plants 
[1], livestock farming such as intensive swine, and poultry or 
cattle production [2-3] and the chemical and manufacturing 
industries [4]. Many air pollution techniques for NH3 removal, 
such as biological filtration [5-9], liquid absorption [10-11], 
solid adsorption [12-13], and catalytic oxidation [14-15] have 
been used to eliminate the ammonia gas emission. 

A typical biofiltration is a pollution control method using 
living material to capture and biologically degrade process 
pollutants. Biofiltration is the most attractive process for 
treating ammonia due to its high elimination efficiency, low 
operational cost, low maintenance cost and modest 
environmental impact [16]. It is a proven technology as a 
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method of reducing emission of odor and volatile organic 
compounds (VOCs) from commercial and industrial sources 
[17]. In the biofiltration process for air pollution control, a 
contaminated gas stream passes through a biologically 
enriched layer of a biofilter media material such as soil, wood 
chips, compost, peat, vegetable mulch, bark or mixed 
materials, followed by biodegradation of the adsorbed 
pollutants [18]. Biofilter medias use microorganisms (i.e. 
bacteria, fungi) to remove air pollution. 

In this study, we evaluated the ammonia gas removal by a 
laboratory-scale biofilter using manure fertilizer and bagasse 
as biofilter media materials operating. Emissions of ammonia 
gas, before and after biofiltration were observed to determine 
how the biofilter affected them. 

II. MATERIALS AND METHODS  

A. Experimental Raw Materials 
The agricultural residue biofilter media in these 

experiments are manure fertilizer and bagasse (shown in 
Fig.1). The manure fertilizer is a product from animal waste 
composting which has the advantage of adding a balanced set 
of nutrients to soil. Manure fertilizer contains nitrogen, 
phosphorus, potassium, trace nutrients and soil microorganism 
stimulants.  
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Fig. 1 The agricultural residue biofilter media                                     

(a) manure fertilizer (b) bagasse 
 
Bagasse is the fibrous matter remaining after the extraction 

of juice from the sugarcane stalks which is an agro-industry 
waste from sugar factory. The moisture content of bagasse is 
slightly high at 40-50%. The typical chemical analysis of 
bagasse is 45-55% of cellulose, 20-25% of hemicelluloses, 18-
24% of lignin, 1-4% of ash, and less than 1% of waxes. 
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B. Experimental Setup 
The set-up of the laboratory-scale agricultural residue – 

based biofilter is illustrated in Fig. 2. In this research, three 
biofiltration reactors were used. Each reactor consists of a 
cylindrical vessel of 10 cm in diameter and 100 cm in height. 
The reactor has the biofilter media as manure fertilizer 
combined with bagasse at 1:3, 1:5, and 1:7 ratios for reactor 1, 
2 and 3, respectively. The biofilter media height is set as at 
constant height of 50 cm. Table I shows the properties of the 
biofiltration operation in this study.  The gas flow rate was 
maintained at 50 cm3/s. The empty bed retention time (EBRT) 
was 78 s. The moisture content of biofilter media was 
maintained at 45-60%. The experiments were carried out 
continuously until the biofitration process reaches steady state. 
The pH value during all experiments was maintained in a 
range between 6 and 8. 
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Fig. 2 Flow diagram of biofiltration process (A= NH3 gas tank, C= 
compressed air equipment, F = flow meter, L = Leachate tank, M = 
mixed air and NH3 gas tank, P = peristaltic pump, and W = water 

tank) 
 
 

TABLE I 
PROPERTIES OF BIOFILTRATION OPERATION 

Parameters Experimental Operation 

1. Height of biofilter media 50 cm 

2. NH3 flow rate 50 cm3/s 

3. Moisture content of biofilter media  45-60% 

4. EBRT  78 s 

5. pH 6-8 
6. NH3 concentration 500 and 1,000 ppm 

 
 
 
 

C. Monitoring parameters 
Ammonia gas samples from the inlet and the outlet of each 

reactor were taken to be analyzed. Ammonia gas was analyzed 
using sampling pump in 1 min at flow rate 2 l/min then 
passing ammonia gas direct to Erlenmeyer flask within 50 ml 
of boric acid containing. Then the sample was titrated using 
0.02 N HCl for concentration of ammonia gas.      

III. RESULTS AND DISCUSSIONS 

A. Biofilter Media Characteristics 
The characteristics of biofilter media, which are manure 

fertilizer and bagasse, are shown in Table II. The moisture 
content of manure fertilizer and bagasse were 2.66% and 
9.10%, respectively. Optimum moisture content in a biofilter 
media is the major operational requirement for a biofiltration 
process. Moisture content between 40-60% is considered an 
optimal value [19]. Thus, the water must be added into the 
media in this study to keep the moisture content with in the 
optimal range. The bulk density is 0.23 g/m3 and 0.16 g/m3 for 
manure fertilizer and bagasse, respectively. The nutrient 
elements (N: P: K) of manure fertilizer and bagasse for 
microorganism are 2.37: 0.78: 0.91 and 0.20: 0.03: 0.42, 
respectively. These nutrients are suitable for microorganism 
activity in biofiltration process. 

 
TABLE II 

CHARACTERISTICS OF BIOFILTER MEDIA MATERIALS 

Characteristics Unit Manure 
fertilizer Bagasse 

Moisture content  % 2.66 9.10 
Bulk Density  g/m3 0.23 0.16 
pH - 8.6 5.1 
Organic carbon  % dry weight 13.1 24.0 
Organic matter  % dry weight 22.7 41.4 
Nutrient element     
   - N % 2.37 0.20 
   - P % 0.78 0.03 
   - K % 0.91 0.42 
C/N ratio - 5.5 120 

 

B. Overall biofilter performance 
Experiments were performed for a period of 40 days. The 

relationship among the inlet ammonia gas concentration, the 
outlet ammonia gas concentration and the overall performance 
of the ammonia gas was shown in Fig. 3. The performance of 
all three ratios (i.e., 1:3, 1:5 and 1:7) of manure fertilizer and 
bagasse are shown in Fig. 3(a)-(c). The overall results of all 
three ratios have the same trend that is ammonia gas removal 
efficiencies were 72-90% with the inlet ammonia gas 
concentrations of 500 and 1,000 ppm.   
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(b) 
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(c) 

Fig. 3 Relationship between ammonia inlet, ammonia outlet and 
removal efficiency at manure fertilizer: bagasse ratio (a) 1:3 ratio (b) 

1:5 ratio (c) 1:7 ratio 
 
 Ammonia gas elimination capacity (EC) of 23.33, 23.88 

and 23.48 g/m3-h was observed with the ammonia gas 
removal efficiency of 71.86%, 75.24% and 72.05% at 1:3, 1:5 
and 1:7 of manure fertilizer and bagasse ratios, respectively. 
The ammonia gas elimination capacity of 13.98, 14.45 and 
14.60 g/m3-h was observed with ammonia gas removal 
efficiency (RE) of 88.32%, 89.93% and 89.13% (see Table III 
and Fig. 5 for details). The results showed that the biofilter 
media ratio was not a significant impact factor for ammonia 
gas removal in biofiltration process. The maximum of 
elimination capacity of ammonia gas achieved is 23.88 g/m3-h 
at the inlet ammonia gas concentration of 1,000 ppm. 

TABLE III 
PROPERTIES OF BIOFILTRATION PROCESS IN INLET AMMONIA 

CONCENTRATION VARIATION 
Mass loading 

(g/m3-h) RE (%) EC (g/m3-h) 

Inlet ammonia concentration (ppm) 
Manure : 
bagasse 

ratio 
500 1,000 500 1,000 500 1,000 

1:3 15.94 32.29 88.32 71.86 13.98 23.33 
1:5 16.14 32.35 89.93 75.24 14.45 23.88 
1:7 16.31 32.10 89.13 72.05 14.60 23.48 
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Fig. 4 Mass loading of biofiltration process at various biofilter 

media ratio 
 

Fig.4 showed the mixture of biofilter media ratio and mass 
loading. The inlet ammonia gas concentration increases while 
the mass loading also increases in all experiments. At the 
same inlet ammonia concentration level, the ammonia gas 
removal efficiency (RE) is tended toward the same result. It 
can be indicated that the mixture of manure fertilizer and 
bagasse ratio is not significant to the value of ammonia gas 
removal efficiency (Fig. 5). 
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Fig. 5 Removal efficiency of biofiltration process at various 

biofilter media ratio 
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Fig. 6 Elimination capacity of filtration process at various biofilter 

media ratio 
 
The results in Fig. 6 suggested that the concentration of 

ammonia gas improved the elimination capacity of ammonia 
gas. The results also imply that the mixture of manure 
fertilizer and bagasse ratio is not significant to the elimination 
capacity of ammonia at both the inlet ammonia gas 
concentration 500 ppm and 1,000 ppm.  

The experimental operation divided into four periods (A, B, 
C, D) according to the inlet ammonia gas concentration (Fig. 
7). In phase A, the biofiltration process starts at 500 ppm of 
the ammonia gas concentration until the process is steady 
(phase B). The biofiltration process changes the concentration 
of the ammonia gas to 1,000 ppm (phase C). The biofiltration 
process operates until the biofiltration is steady (phase D). The 
result shows that the biofilter media ratio is not a significant 
factor for the ammonia gas removal efficiency value. 
However, the inlet concentration of ammonia gas is the main 
influence in the removal efficiency. The ammonia gas removal 
efficiency at 500 ppm of ammonia gas concentration provided 
the highly ammonia gas removal efficiency.  
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Fig. 7 Ammonia removal at ammonia concentration 500 and 1,000 

ppm at various biofilter media ratio  
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Fig. 8 Relation between mass loading and elimination capacity using 

manure fertilizer and bagasse as biofilter media 
 

The relation of elimination capacity (EC) versus mass 
loading during the whole experimental period is shown in Fig. 
8. All mixture of biofilter media ratios at 500 ppm ammonia 
gas concentration in this study converses according to the 
theory. The elimination capacity value given from the mass 
loading value is very close to the 100% conversion line. At 
1,000 ppm ammonia gas concentration, on the other hand, the 
elimination capacity values of all three mixtures of biofilter 
media ratios are not as close to the 100% conversion line as 
those observed from the 500 ppm ammonia gas concentration. 
Thus, the ammonia gas removal using agricultural residue 
biofilter medias in biofiltration process is quite effective at 
low ammonia gas concentration.  

IV. CONCLUSION 
The experimental results in this study demonstrated that the 

elimination capacity increases when the inlet ammonia gas 
concentration increases. The low ammonia gas concentration 
at the inlet results in a higher or more effective biofiltration 
process than that when the ammonia gas concentration at the 
inlet is high. The mixture ratio is not a significant factor of the 
ammonia gas removal in this study. The maximum ammonia 
gas removal efficiency achieved is 89.93% in the 1:5 of 
manure: bagasse ratio for biofiltration process.  

In conclusion, the agricultural residues are suitable biofilter 
media for biofiltration process. The significant factor of the 
ammonia gas removal in biofiltration process is the level of 
ammonia gas concentration at the inlet. The mixture ratio of 
biofilter media in this study (i.e., manure fertilizer and 
bagasse) has no significant effect on the ammonia gas removal 
efficiency.  
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