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ABSTRACT The swine industry is important both worldwide and in Canada, but swine 

production sites can emit substantial amounts of aerial contaminants. Since it is not possible to 
completely remove the contaminants within the confined animal space, the only remaining 
option is to treat the exhaust air.  Biotrickling filters, such as the air treatment unit (ATU) 
developed at the IRDA, have the potential to treat these emissions. The main objective of this 
study was to test the effect of certain operating parameters on the performance of the ATU for 
the treatment of swine exhaust air. 

Six cross-flow ATUs were used to treat the exhaust air from bench-scale chambers housing four 
grower-finisher pigs up to 85 kg over six seven-week trials. The effect of the type of packing 
material (structured and random), the air empty bed residence time (3, 6 and 9 seconds) and 
the nutrient solution recirculation rate (2.15 and 4.31 m3/m2/h) were tested and replicated three 
times.  

Results show that the ATUs were able to reduce ammonia and odour emissions by up to 68 and 
82% respectively. The ATUs had no effect on methane or carbon dioxide, but a small amount of 
nitrous oxide was produced. The different operating conditions tested had little influence on 
removal efficiencies indicating that the system was probably oversized. The drop of 
performance over time was overcome by periodically replacing part of the nutrient solution with 
fresh water. The results from these experiments were then used to design commercial-scale 
units. 
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Introduction 

In Canada, the piggery industry is an essential part of the agricultural sector, with over 27 million 
hogs produced in 2012 and exports worth more than 3 billion dollars (Canadian Pork Council, 
2013). However, swine production sites can emit substantial amounts of aerial contaminants 
such as ammonia (NH3), volatile organic compounds (VOCs), greenhouse gases and odours.  
These contaminants can have a wide range of effects, both on the environment and on human 
health.   

Emissions from manure storage and land application can be reduced with existing technologies, 
but emissions from housing facilities have not been adequately addressed. Research has 
focused on manure management and on decreasing nutrient excretion through reduced feed 
wastage and increased nutrient digestibility by matching optimum diets and the correct stage of 
production (Carew 2010, van Heugten and van Kempen 2010). However, since it is not possible 
to completely remove the contaminants within the confined animal space, the only remaining 
option is to treat the exhaust air.   

Biological treatment systems, which use microorganisms to degrade pollutants, have the 
potential to treat emissions from swine production sites.  Pollutants are first transferred from the 
gas to an aqueous phase where the microbial processes can take place (Devinny et al., 1999).  
These biological reactors are generally less expensive to install and operate than traditional air 
treatment technologies.  Biofilters are the most common and widely used biological air treatment 
technology, but biotrickling filters are well suited for the treatment of swine exhaust air which is 
generally characterised by low concentrations and very high flow rates. This type of biological 
system also offers other interesting advantages (Shareefdeen and Singh, 2005): 

 reduced space requirements by allowing high air flow rates; 

 low pressure drop; 

 easy control of key operating parameters, such as temperature, pH, nutrient supply and 
concentration of toxic compounds; 

 less sensitive to airborne dust.   

Previous studies on the treatment of contaminated air using biotrickling filters have focused on 
NH3, VOCs or odorous compounds, such as hydrogen sulfide (H2S) (Iranpour et al., 2005).  For 
NH3, removal efficiencies above 95% have been obtained (Sakuma et al. 2008, Guldberg and 
Krogshede 2008, Ottosen et al. 2011).  However, significant challenges still remain with regards 
to the underlying processes and to the effect of operating parameters.   

An air treatment unit (ATU) based on biotrickling filters was developed at the IRDA to treat 
swine exhaust air. The main objective of this study was to test the effect of certain key operating 
parameters on the performance of the ATU: 

1. the type of packing material; 
2. the empty bed residence time (EBRT); 
3. the liquid recirculation rate. 

 

Material and Methods 

Pig Chambers 

Six environmentally controlled bench-scale chambers housing 4 grower-finisher pigs from 30 to 
85 kg were used to supply the contaminated air in this experiment.  The chambers, which are 
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1.14 m wide, 2.44 m long and 2.44 m high, are located in the BABE laboratory, at IRDA, 
Deschambault, Québec, Canada.  Manure was stored in shallow pits underneath the slatted 
floors and was removed periodically. 

 

Biotrickling Filters 

Six cross-flow ATUs, as shown in Figure 1, were designed to treat the exhaust air from the pig 
chambers.  Each ATU was filled with one of two packing materials (Lantec, USA). The first one 
is a structured media in the form of 30 cm cubes with a porosity of 87% and a specific surface 
area of 433 m2/m3. The second type is a random media in the form of small cylinders having a 
diameter of 8.3 cm and a height of 9.5 cm, a surface area of 242 m2 m-3 and a porosity of 95%. 
A diluted nutrient solution was continuously recirculated over the packing material to ensure 
proper filter bed moisture. It is not possible to reveal the exact nature of the nutrient solution due 
to a confidentiality agreement.  The effect of the EBRT (3, 6 and 9 sec) and the liquid 
recirculation rate (2.15 and 4.31 m3/m2/h) were tested.  The air flow rate was maintained at 84 
L/sec and the volume of packing material (0.25, 0.51 and 0.76 m3 respectively) was adjusted to 
obtain the desired EBRT. 

 

Figure 1: Picture of the cross-flow ATU used in this study. 

Air samples from the pig chambers and the outlet of the ATUs were taken every 4 hours and the 
following compounds were analysed: NH3, methane (CH4), carbon dioxide (CO2) and nitrous 
oxide (N2O).  The sample air was pumped to a mobile laboratory through Teflon tubing.  The 
concentrations of CH4, CO2 and N2O were measured with a gas chromatograph (Varian 3600, 
USA) equipped with a flame ionization detector (FID) for detection and quantification of CH4 and 
an electron capture detector (ECD) for detection and quantification of CO2 and N2O. Ammonia 
was measured with a non-dispersive infrared (NDIR) analyzer (Ultramat 6E, Siemens, 
Germany). Every two days, certified calibration gases were supplied to the analysers for quality 
control purposes.  Other physical parameters were measured every 15 minutes: air flow rate, air 
and water temperature, relative humidity and pressure drop across the filter bed. 

Measurements of odour concentration were performed using two different methods. The first 
consisted of measuring the odour concentration by dynamic olfactometry (Odotech Olfactometer 
Odile, Canada) within 24 hours of the sample collection and according to the European 
standard EN13725: 3003. The second method involved qualified panelists who evaluated the 
intensity of the ambient odour with a nine point scale of n-butanol as described in standardized 
techniques for measuring suprathreshold intensity of odour (ASTM 544-99, ASTM 1999). 
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Experimental Strategy 

Each group of grower-finisher pigs was kept in the experimental pig chambers for a period of 
7 weeks during which the exhaust air was fed to the ATUs.  The operating conditions of each 
ATU were kept constant throughout each trial.  Between each trial, the entire ATU was washed 
and sterilized to avoid contamination.  To obtain 3 repetitions of all combinations of the 2 
packing materials, 2 recirculation rates and 3 EBRT, a total of 36 7-week trials were carried out. 

 

Results 

Emissions from the Pig Chambers 

Figure 2 shows the pattern of NH3 concentrations for one trial. The pattern shows an increase in 
concentration over time. The values vary between about 8 ppmv at the beginning of the trial to 
about 14 ppmv at the end. Since the production of NH3 may be associated with the mass of 
pigs, larger pigs producing more, it is normal to measure an increase in the concentration of 
NH3. 

 

Figure 2: Concentration of NH3 at the inlet of the ATU (example). 

The average values of NH3 for all treatments varied between 8.2 and 10.7 ppmv and were very 
similar from one trial to another. For the other gases, the mean concentrations at the inlet 
ranged from 4.3 to 5.0 ppmv for CH4, from 1191 to 1301 ppmv for CO2 and from 0.29 to 
0.35 ppmv for N2O. The small variations of the values between treatments demonstrate that the 
ATU were all exposed to the same amount of gas at the inlet of the treatment unit. 

 

ATU Performance 

Among the gaseous compounds analyzed continuously during the 49 days of testing (NH3, CO2, 
CH4 and N2O), only NH3 was eliminated significantly. In addition, for each trial, the elimination of 
NH3 was highly variable in time. Figure 3 shows an example of the removal efficiency (RE) of 
NH3 for one trial. 
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Figure 3: Removal efficiency of NH3 (example). 

 
The operation of the ATU was characterized by a start-up phase (12.8 days in figure 3) where 
the NH3 removal efficiency increased fairly rapidly to a maximum value (62% in figure 3). The 
maximum removal efficiency was maintained for several days (6.8 days in the figure 3). 
Following this plateau, the performance of the ATU gradually decreased to values as low as 
10%. According to the research team, the plateau is an adequate representation of the 
treatment capacity for each trial and this period was used to compare the different treatments.  
 
The average removal efficiency of NH3 during the plateau varied from 49% to 67.8% with a 
standard error of up to 4.9% (Table 1). The EBRT had a significant effect (P = 0.0101) on the 
removal efficiency. However, a significant improvement of the NH3 removal efficiency was 
observed only for an EBRT of 9 seconds. There was no statistically significant difference 
between the EBRT of 3 and 6 seconds. The maximum improvement of the NH3 removal 
efficiency observed between the EBRT of 3 and 9 seconds was only 8%. Even though the 
volume of media was tripled, the removal efficiency of NH3 only increased from 57 to 65% 
(considering the average of all other parameters). The recirculation rate of the nutrient solution 
and the type of media had no significant impact on the NH3 removal efficiency. 
 

Table 1: Average removal efficiency of NH3 for each treatment. 

Media Flow rate 

(m3 m-2 h-1) 

NH3 efficiency (%) 

EBRT 3 s EBRT 6 s EBRT 9 s 

mean SD mean SD mean SD 

S 2.15 49.0 4.0 60.1 4.0 64.8 4.0 

 4.31 63.5 4.0 59.0 4.0 67.8 4.0 

R 2.15 55.5 4.0 58.2 4.0 66.3 4.0 

 4.31 59.2 4.0 61.6 4.9 61.8 4.0 

S: structured; R: random; Flow rate: Flow rate of the FS; EBRT: Empty bed residence time;    
SD: standard error 
 
For the other gases measured during this study (CH4, CO2 and N2O), the ATU had no significant 
effect on CH4 or CO2.  However, the biological processes in the ATUs did produce small 
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amounts of N2O, from 0.065 to 0.313 mg/h1/kg1
pig with a standard error of 0.037. Biological 

production of N2O in the ATU probably comes from the denitrification of nitrate (NO3
-) in areas 

where the oxygen concentration is low. Since the establishment of these zones is random within 
an ATU, it is difficult to establish a link between N2O production and operating conditions. 
 
Tables 2 and 3 show the average values of odour reduction obtained with the ATU using two 
different methods. The method involving dynamic olfactometry gave average values for odour 
reduction ranging from 11.4 to 50.8% (table 8). Although some differences may seem significant 
between different treatments, statistical analysis revealed that there was no treatment that is 
significantly better (p <0.05) than the other, or even a treatment which had a tendency (p <0.10) 
to be higher. The average odour reduction, all treatments combined, was 31.1%. 
 

Table 2: ATU efficiency in reducing odours - dynamic olfactometry. 

Media Flow rate 

(m3 m-2 h-1) 

Efficiency (%) 

EBRT 3 s EBRT 6 s EBRT 9 s 

mean SD mean SD mean SD 

S 2.15 31.6 13.3 25.8 13.3 62.3 13.3 

 4.31 32.4 13.3 20.3 13.3 11.4 13.3 

R 2.15 34.1 13.3 43.9 13.3 19.1 13.3 

 4.31 24.9 13.3 16.5 13.3 50.8 13.3 

S: structured; R: random; Flow rate: Flow rate of the FS; EBRT: Empty bed residence time;   
SD: standard error 
 
 
In the case of measurements with the qualified panelists, the results are slightly different. First 
of all, the values are higher. This phenomenon can be explained by the fact that the method is 
different. Indeed, dynamic olfactometry involves the use of equipment in which there is filtration 
of the sample and which samples are analyzed a certain time after sampling. Since the odour 
can sometimes travel on dust found in a barn, filtering them through the olfactometer and their 
possible sedimentation associated with the analysis time could reduce the concentration 
measured. The calculated efficiency of the ATU odour reduction, as measured by trained 
panelists, varied between 64.2% and 82.1% (Table 3). The statistical analysis showed that only 
the EBRT had a significant effect (p = 0.0091). Without regard to other parameters, the 
averages for the EBRT of 3, 6 and 9 seconds were respectively 79.1, 67.2 and 78.5%. The 
analysis shows that both the EBRT of 3 seconds and 9 seconds are significantly more efficient 
than an EBRT of 6 seconds, but not significantly different between themselves. This significant 
difference is difficult to explain logically. Finally, since the EBRT of 9 seconds does not 
significantly improve the efficiency compared to an EBRT of 3 seconds, it appears that tripling 
the amount of filter media and therefore the volume of the equipment is not desirable to be more 
effective at reducing odour. 
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Table 3: ATU efficiency in reducing odours - qualified panelists. 

Media Flow rate 

(m3 m-2 h-1) 

Efficiency (%) 

EBRT 3 s EBRT 6 s EBRT 9 s 

mean SD mean SD mean SD 

S 2.15 79.2 5.6 67.2 5.6 81.5 5.6 

 4.31 80.2 5.6 70.7 5.6 82.1 5.6 

NS 2.15 76.4 5.6 66.8 5.6 79.6 5.6 

 4.31 80.7 5.6 64.2 5.6 70.9 5.6 

S: structured; R: random; Flow rate: Flow rate of the FS; EBRT: Empty bed residence time;   
SD: standard error 
 

Discussion and Conclusion 
An air treatment unit was developed in this project to treat airborne emissions from swine 
production facilities. Among the different operating parameters tested, only the EBRT had a 
significant effect on the NH3 removal efficiency. However, the removal efficiency only increased 
by 8% after the volume of the filter bed was tripled. Since the filter media can represent an 
important fraction of investment costs (50% for this project), the small gain in removal efficiency 
doesn’t warrant such a cost increase. The most restrictive operating parameters were therefore 
able to provide an adequate removal of contaminants. Furthermore, since the operating 
conditions had very little effect on the performance of the system, the system was probably 
oversized and parameters other than those tested limited the capability of the system. 
 
The results for odour removal were quite inconsistent with the different treatments, with the 
replicates and with time. Odours from swine production facilities are composed of many 
compounds which can be either hydrophilic or hydrophobic. Biotrickling filters are well adapted 
for the removal of biodegradable hydrophilic compounds, but they are much less efficient for 
hydrophobic compounds. Since the composition of odours is highly variable, it is probable that 
their removal efficiency will also be variable. 
 
Although the ATU were able to reduce emissions, their performance dropped over time which is 
a major obstacle for the applicability of this system. A possible explanation for this observation 
comes from the nitrogen cycle. The solubilisation and the biodegradation of NH3 produce 
different inorganic nitrogen salts: ammonium (NH4

+), NO3
- and nitrite (NO2

-). The accumulation 
of these salts in the nutrient solution could have inhibited the microorganisms and reduced the 
removal efficiency. In order to control the salt content in a complementary test, part of the 
nutrient solution was periodically removed and replaced with fresh water. By applying this small 
change, it was possible to maintain the performance of the ATUs over time.  

By limiting emissions of gases and odours from swine barns, the innovative air treatment unit 
developed in this project will help reduce the environmental impact and improve the 
acceptability of swine farming in Canada. 
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