
1. Introduction
Intensive pig farming and production is often associated  
with an unpleasant smell being released into the 
surrounding environment. Typical carriers of this smell 
are ammonia and different volatile substances which 
arise as a result of anaerobic decomposition of pig 
manure, with thirty of them being malodorous [1]. The 
increasingly stricter legislation focused on inconveniece 
caused by the odour, as well as the higher air pollution 
fees make pig fattening farm owners implement odour 
control technologies (adsorption, absorption, bio-filtering) 
[2,3]. One of these technologies is bio-filtering, using a 
traditional biofilter or a biotrickling filter.

Due to technology enhancements and lower operation 
costs, bio-filtering of waste gases has become more and 
more frequently used method for treating waste gases 
that contain particularly volatile substances, as well as 

some inorganic pollutants [4]. Bio-filtering is an effective 
method based on using micro-organisms capable 
of biodegradation or biotransformation of harmful 
substances. The polluted air passes through a biofilter 
filled with porous material covered with a biomass layer 
[5,6]. When the gas is passing through the biofilter, 
organic pollutants are caught and transported to the 
surface of the biomass and then biodegraded and thus 
transformed into non-toxic substances, such ascarbon 
dioxide and water. Inorganic substances are oxidized 
or incorporated into new biomass [2,7]. As a result, bio-
filtering represents an environmentally friendly method 
of removing organic and some inorganic substances, 
including odorous substances, from waste air [8]. 

In comparison with the traditional biofilter, the 
biotrickling filter with a moving bed enables easy 
control and regulation of the entire process due to a 
recirculating liquid. The recirculating liquid provides the 
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This study was aimed at testing the possibility of using a biotrickling filter for the treatment of waste air resulting from animal farming. 
For this purpose, a laboratory and pilot biotrickling filter with a moving bed were constructed. In the first case, the removal of ammonia 
emissions from waste air, by means of ammonia nitrogen utilization by present micro-organisms under laboratory conditions, was 
tested. The mass load of the biotrickling filter was gradually increased by slowly increasing the ammonia concentration. In the second 
case, the pilot biotrickling filter with a moving bed was installed inside a pig farm and it was tested under real operation conditions. 
In the first case, the highest value of the laboratory biotrickling filter’s elimination capacity was 6.2 gNH3 m

-3 of filling h-1. 
The elimination capacity of the pilot filter was 1.6 gNH3 m

-3 of filling h-1. The source of carbon for the present micro-organisms was a 1% sucrose 
solution, which simulated waste water with high content of CODCr.[<-define what COD is, if mentioned for the first time] At the same 
time there was almost 89% decrease in waste water pollution. It was also shown that the contribution of the ammonia nitrogen 
utilization by the present micro-organisms to the removal of ammonia from the waste air was 90%. 
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micro-organisms with sufficient humidity and steady 
supply of nutrients, dissolved oxygen and pollutants [7]. 
The moving bed enables the removal of the superfluous 
biomass, thus preventing the filling from becoming 
excessively overgrown  and therefore preventing 
increasing loss of pressure. After  the gas passes 
through the biotrickling filter, the pollutant is absorbed 
into the recirculating liquid, adsorbed onto the biomass 
surface and then biodegraded [7]. Replacing clean 
water – used as recirculating liquid in the biotrickling 
filter – with waste water results in lower operation costs 
as well as in lower pollution of the waste water used. 
Due to the monitoring of the basic operation parameters 
and due to the automation of the bio-filtering process 
control and regulation, the operation of the biotrickling 
filter is almost fully automated.

The removal of ammonia from waste air by means 
of bio-filtering in the biotrickling filter is based on 
combining two methods, i.e., ammonia absorption into 
the recirculating liquid and the assimilation of ammonium 
ions into the biomass. For the utilization of nitrogen 
in the form of ammonium ions and for the creation of 
new biomass, the optimum carbon-nitrogen ratio is 
necessary. This means that a source of carbon needs 
to be supplied into the system, for example in the form 
of a waste water with high content of CODCr or BOD5 
(biochemical oxygen demand) or, in gaseous state, in 
waste air [9]. Carbon utilization is interconnected with 
the creation of new biomass, which can be used as 
liquid fertilizer and it can represent a suitable way of 
recycling nutrients within the farm. 

This work aims to determine the technical feasibility 
and evaluation of the performance of biotrickling filter 
under the real operating conditions (in comparison with 
laboratory-scale biotrickling filter). We used a single-
stage biotrickling filter where ammonia removal from 
waste air was based on utilization of ammonia nitrogen 
by micro-organisms (without applying the nitrification/
denitrification zones). For the purpose of excessive 
biomass removal, a biotrickling filter with mechanical 
stirring of the filling was designed. Obtained results may 
be able to facilitate the optimal design and operational 
conditions of biotrickling filter for ammonia removal from 
waste gases.

2. Experimental procedure 

2.1. Experimental device
2.1.1. Laboratory biotrickling filter
The laboratory biotrickling filter with a moving bed 
(Fig. 1) consisted of a column, 25 cm in diameter 
and 150 cm high. The column was made from two 

plexiglass parts connected by a flange. The vessel 
for the recirculating liquid was made of steel. It was 
connected by a flange with the column. Between the 
column and the recirculating liquid vessel, there was a 
perforated partition with an anchored shaft in the center, 
with multiple stirrers. The stirrer shaft was sealed on 
the column lid.  Similarly to the previous experiments, 
the biotrickling filter filling consisted of special plastic 
pressings. The working height of the filling was 120 cm, 
i.e., the capacity of the biofilter filling was 60 dm3.

The air was supplied to the biotrickling filter by a 
SECOH EL 200 membrane blower, which was capable of 
supplying continuously up to 18 m3 h-1. Air flow regulation 
was carried out by a system of two ball valves. The air 
was first supplied to the blending column. Ammonia was 
supplied to the device from the reserve pressure bottle. 
Flow rate of ammonia volume was regulated by an 
FMA5502St (OMEGA) mass flow meter. The ammonia 
was then supplied to the blending column, where it was 
blended with the clean air supplied by the membrane 
blower to achieve required ratio. Perfect blending in 
the blending column was achieved with an inert filling 
– plastic rings. The contaminated air with the required 
pollutant concentration was then supplied by a valve 
system which enabled  change the direction of the flow 
through the biotrickling filter (e.g. parallel flow or counter 
flow). The air flow was measured by a TESTO 435-2 
anemometer and the pressureloss was measured by a 
U manometer in mm of water column.

Liquid recirculation was ensured by an EHEIM 1250 
circular pump with a maximum flow of 1200 L h-1 and 
working height of 2 m. The biofilter filling was moved 
in regular intervals (once a day for five minutes) by the 
multiple stirrers. The inflow of 1% hm sucrose solution 
was ensured by an IWAKI ES-B11VC-3 membrane 
dosing pump. pH regulation was automatically kept 
within the range of 6.6 – 7.8. For pH regulation, 3% hm 
KOH solution was used. The scheme of the laboratory 
biotrickling filter arrangement is shown in Fig. 1 and 
the operation parameters are summarised in Table 1. 
The pilot biotrickling filter with a moving bed was 
designed and constructed based on the previous 
experiments and measured operation parameters in the 
laboratory model of the filter,

2.1.2. Pilot biotrickling filter
The pilot biotrickling filter with a moving bed (Fig. 2) 
consisted of a stainless steel column with a conic bottom. 
The column was divided into a lower and upper part by 
a perforated partition. The lower part of the column was 
used as a retention basin for the recirculating liquid. 
Its upper part was filled with special plastic pressings 
used as biomass carriers. A multi-stirrer was installed 
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to move the filling. The shaft of the multiple stirrers 
passed through the column lid and it was anchored to 
the perforated partition. The biofilter filling was stirred in 
regular intervals.

Waste air generated by the operation was supplied 
to the biotrickling filter through a set of flaps by means of 
an exhaust fan with adjustable revolutions. This enabled 
to change the flow of the air through the column (parallel 
flow or counter flow). Liquid circulation in the biotrickling 
filter was accomplished by a circular pump. Regulation 
of the recirculating liquid’s pH was automatically kept 
within the set limit of 6.6 – 7.8 and the pH regulation 
was carried out by 3% hm KOH solution. The inflow of 
1% hm sucrose solution was performed by an IWAKI 
ES-B16VC-3 membrane dosing pump. The operation 
parameters of the pilot biotrickling filter are summarised 
in Table 1.

2.2. Materials
In both cases, the laboratory and pilot biotrickling filters, 
the filling consisted of special hollow plastic balls with 

broken surface and rich inside fitting, 42 mm in diameter. 
The filling was selected based on its ability to disconnect, 
so that it could show low pressure loss.

2.3. Analytical methods
Concentration of the ammonia emissions in the waste 
air and at the biotrickling filter outlet was determined by 
means of Gastec disposable sorption tubes for ammonia 
within 2.5 – 60 ppm. The air sample was taken by a 
Gastec 100S manual calibrated pump.

Waste water CODCr at the biotrickling filter inlet and 
outlet was determined according to the ČSN ISO 6060 
standard1 and the ammonia nitrogen concentration in 
water was determined after sufficient dilution by the 
Nessler method [10]. 

2.4. General experimental procedure 
2.4.1. Laboratory biotrickling filter
After installing the biotrickling filter with a moving bed 
and testing its tightness, the biotrickling filter filling was 
inoculated by a culture with mixed micro-organisms 

Figure 1. Scheme of the laboratory biotrickling filter: 1 – membrane blower – air supply, 2, 3 – air flow regulation, 4 – blending column, 
5 – pressure bottle with reducing valve, 6 – mass flow meter, 7 – air compressor, 8 – stripping  vessel for organic solvents, 9 – set of 
valves for directing air flow, 10 – testing filling column, 11 – column filling, 12 – paddle stirrer shaft, 13 – stirrer engine 14 – recirculating 
liquid vessel,  15 – water supply, 16 – molasses supply, 17 – waste water dosing pump, 18 – waste water outlet (overflow), 19 – circular 
rotary pump, 20 – KOH or H2SO4 reserve solution, 21 – membrane dosing pump, 22 – pH regulation, 23 – outlet, 24 – setup for 
measuring pressure loss , 25 – flowmeter, 26 – waste air outlet A, B – sampling places – air, C, D – sampling places - water.

1CSN ISO 6060 is a standard method for examination of water and waste water. The chemical oxygen demand (COD) is the amount of equivalent 
oxygen consumed by organic matter during boiling the sample with acid potassium dichromate solution.
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as part of the approved BIOTECH technology. The 
BIOTECH bio preparation was re-suspended in 20 L of 
the basic BSM (basal salts medium) and then applied in 
the biofilter. BSM composition (mg L-1) was: (NH4)2SO4: 
750; K2HPO4: 150; KH2PO4: 150; MgCl2•6 H2O: 300; 
FeSO4•7 H2O: 5.0; ZnSO4•7 H2O: 5.0; MnSO4: 5.0; 

CuSO4: 5.0; CoCl2: 0.1; NaBO2: 0.1 and Na6Mo2O7: 0.1. 
During the experiment, no minerals or trace elements 
were added; only the recirculating solution’s pH was 
automatically regulated within 6.6 – 7.4 by adding KOH 
solution. Air flow was set to 9 m3 h-1, the initial ammonia 
concentration was within 10 - 12 ppm. The recirculating 

Figure 2. Scheme of the pilot biotrickling filter: 1 – air supply, 2 – air outlet, 3 – waste or technological water supply, 4 – waste water outlet, 
5 – excessive biomass outlet, 6 – recirculating liquid, 7 – circular pump, 8 – pH regulation, 9 – membrane pump, 10 – reserve solution 
for pH regulation, 11 – column, 12 – biotrickling filter filling, 13 – multiple stirrer shaft, 14 – stirrer engine and gearbox, 15 – exhaust fan, 
16 – pressure loss measuring – U manometer

Table 1. Operation parameters of the laboratory and pilot biotrickling filters with a moving bed.

Laboratory BTF Pilot BTF

Column diameter               (m) 0.25 1.0
Filling height                 (m) 1.2 2.0
Filling volume                (m3) 0.06 1.6
Air flow          (m3 h-1) 2 - 12 150 - 500
Stirring frequency     (min-1) 9 9

Stirring rate          (day-1) 2×5 min 2×5 min
Recirculating liquid flow (L h-1) 150 2400
Waste water inflow (L h-1) 0.5 4
Micro-organisms BIOTECH* bio preparation BIOTECH* bio preparation
Pollutant Ammonia Ammonia

*Biotech is mixed micro-organisms culture developed in Dekonta a.s. and approved for use by the National Institute of Public Health and by the Chief 
Health Officer of the Czech Republic. Biotech is composed of the bacterial strainsAcinetobacter, Citrobacter, Brevundimonas, Pseudomonas. 
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liquid flow was set to 2.4 L min-1. 1% sucrose solution 
was continuously added into the biotrickling filter. The 
sucrose solution was added to replace the use of waste 
water with high CODCr content. The sucrose solution 
inflow was set to approximately 12 L day-1.

A load test of the biofilter was performed within 
the laboratory experiment. It was based on a gradual 
increase in ammonia concentration with constant flow 
of contaminated air in order to find the maximum mass 
load of the biofilter. The following parameters were 
monitored during the experiment: the air speed at the 
biotrickling filter inlet and outlet, pressure loss in mm of 
water column, air temperature, ammonia concentration 
at inlet and outlet of the filter. The following operation 
parameters were calculated: air flow (Qg), medium 
retention time related to the empty filter bed (EBRT), 
mass load (ML), elimination capacity (EC), and removal 
efficiency (RE). The basic operation parameters of the 
laboratory biotrickling filter are summarised in Table 2.
  
2.4.2. Pilot-scale biotrickling filter
The pilot biotrickling filter was installed within the pilot 
tests in a collective farm pig house. Upon the installation 
and testing the tightness of the biotrickling filter with 
a moving bed, the filling of the biotrickling filter was 
inoculated by the BIOTECH bio-preparation. BIOTECH 
was re-suspended in 200 L of the basic BSM medium 
and then applied in the biotrickling filter. Special pressed 
plastic pieces were used as the biotrickling filter filling. 
The working height of the column filling was 2 m with 
the capacity of the filtering bed being 1.6 m3. No mineral 
or trace elements were supplied during the experiment, 
only the pH of the recirculating liquid was automatically 
regulated within the range of 6.6 - 7.4 by adding KOH 
solution. The recirculating liquid was tempered at 20°C. 
A 1% sucrose solution was continuously added into the 
biotrickling filter. The inflow of the sucrose solution was 
set to approximately 100 L day-1.

The following parameters were controlled during 
the long-term test: air speed at the biotrickling filter 
outlet, pressure loss in mm of the water column, air 
temperature,NH3 concentration at the inlet and outlet 

from the biotrickling filter.  These values were then used 
to calculate the following operational parameters: airflow, 
average retention time, mass load, ammonia elimination 
capacity and ammonia removal efficiency. 

Ammonia concentration at the inlet of the biotrickling 
filter varied between 5 – 35 ppm due to the changing 
number of stabled animals and their age. Extraction of air 
from the pig farm was set to 235 m3 h-1. It corresponded 
to the average retention time of air in the filter (EBRT) 
of 24 s. The air temperature depended on the weather 
conditions and was between 14 – 32°C. 

3. Results and Discussion

3.1. Laboratory biotrickling filter
The air was kept clean and not contaminated by ammonia 
during the first phase immediately after biotrickling 
filter inoculation; other operational parameters, such 
as inflow of the waste water, airflow, recirculating 
liquid flow and waste water contamination were set 
to values valid for the whole time of the experiment 
(see Tables 1 and 2). Increase of biomass occurred 
during this first phase and it started to settle on the 
filling. Some of the mineral nutrients were consumed. 
The increase of biomass and its covering of the filling 
was accompanied by the increase in pressure loss of 
approx. 60 Pa. Tracking of ammonia concentration in 
the waste air or at the outlet of the biotrickling filter, as 
well as the efficiency of ammonia elimination are shown 
in the Fig. 3. The concentration of ammonia during the 
2nd phase and third day of the experiment, was set 
to ~10 ppm. Efficiency of ammonia elimination was 
stabilized at the beginning of the second phase at 70%. 
The efficiency of ammonia elimination was gradually 
increasing within 10 days until it reached almost 100% 
(on day 14). Increasing of the removal efficiency was 
caused by utilization of nitrogen from mineral elements 
and by adaptation of micro-organisms, which was 
evident from a visible increase of biomass. During that 
time, there was a noticeable coverage of the filling 
by the biomass and as increase in pressure loss. 

Table 2. Basic operating parameters of the laboratory biotrickling filter. 

Stage Duration 
(days)

NH3 inlet 
(ppm)

Qg 
(m3 h-1)

EBRT 
(s)

Tair 
(°C)

Twater 
(°C)

CODCr 
(mg L-1)

I 2 0

8.8 25 20 20 ~ 25000

II 14 10

II 21 22

III 30 56

IV 28 84

V 26 22
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The increase in the pressure loss during the first and the 
second stage is shown in graph of Fig. 4. On day 17 of 
the experiment the ammonia concentration in the waste 
air was dramatically increased to ~22 ppm. No drop in 
efficiency of ammonia elimination occurred during the 
3rd phase. Another substantial increase in ammonia 
concentration in the waste air occured on day 38. The 
concentration of ammonia on the inlet of the biotrickling 
filter was increased to ~56 ppm. The efficiency of 
ammonia elimination during the first four days of the 4th 
phase was at the same levels as it was at the end of 
the 3rd phase; however, after four days the efficiency 
began to drop. Removal efficiency was stabilized during 
the 4th phase at 92%. Decrease of the removal efficiency 
could be caused by lower absorption,  as the efficiency 
of utilization of ammonia ions remained constant. On day 
68, the concentration of ammonia in the waste air was 
yet again increased to ~85 ppm. Upon this increase, the 
efficiency of ammonia elimination dropped dramatically 

and stabilized at 66%. It may have been caused by the 
decrease of absorption efficiency, as the efficiency of 
utilization ammonia ions from recirculating water was, 
on average, constant. On day 96 of the experiment, 
the input concentration of ammonia was decreased 
to ~22 ppm. Upon this decrease, the efficiency of 
ammonia elimination started to grow gradually and 
it reached the same value as during the 2nd phase 
(almost 100%). 

The graph in Fig. 4 shows the pressure loss and 
flow rate during the experiment. The pressure loss 
was constant during the whole experiment due to the 
installed stirrer, which ensured mechanical removal of 
excess biomass. Only at the beginning of the experiment 
(during the first 14 days) an increase in the pressure loss 
by 80 Pa occurred due to the covering of the filling by 
the biomass. Removal of excess biomass by blending 
was performed regularly twice a day for the period 
of 2 minutes. 

Figure 3. Tracking of the input and output concentration of ammonia emissions in the waste air and ammonia removal efficiency (RE). 

Figure 4. Tracking of the pressure loss and airflow rate (Qg).  
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The graph in Fig. 5 shows changes of the mass 
load and elimination capacity of the biotrickling filter. 
The highest average value of the elimination capacity 
6.2 gNH3 m-3

filling h-1 was reached during the 5th stage 
of the experiment, during the highest biotrickling filter 
load. Here,the concentration of ammonia in the waste 
air on the input into the device was at ~85 ppm and 
the ammonia removal efficiency was stabilized at 60%. 
Further increase in ammonia concentration or increase 
in mass load was carried out based on the assumption 
that the value of ammonia odour (i.e., odour threshold) 
is at the concentration of 1.5 ppm. In the experiment, 
value of ammonia concentration on the biotrickling filter 
output was exceeded almost 20 times. 

The graph in Fig. 6 depicts the dependence of the 
elimination capacity on the mass load of the laboratory 
biotrickling filter upon reaching the steady state. The 
results show that drops in elimination capacity against 
the mass load values occur when mass load is between 
3.0 – 5.5 gNH3 m-3

filling h-1, which corresponds to ammonia 
concentration in the waste air at the biotrickling filter 
between 27 - 51 ppm. The obtained values of elimination 
capacity can serve for estimation of the bed volume 
of a pilot-scale biotrickling filter. When considering 
identical parameters as medium retention time related 
to the empty filter bed (EBRT) and mass load (ML), the 
efficiency of biotrickling filter should remain unchanged 
as well. On the other hand, in operating conditions, it is 
necessary to consider also other possible effects which 
may affect the efficiency: for example the temperature 
variations, ammonia concentrations variations, potential 
presence of other species in waste air etc.

In order to evaluate whether ammonia elimination 
may be caused only by a simple absorption, concentration 
of ammonia in the recirculating solution was determined. 
Furthermore, the ammonia mass balance in the entire 

system was calculated. The results of this analysis, 
including CODCr determination, are summarized 
in Table 3. Theoretical concentration of ammonia ions 
in the recirculating solution was calculated from the 
difference of the values of ammonia mass flow at the 
biotrickling filter inlet and outlet. It was then multiplied 
by the number of hours of the monitored period and 
divided by the volume of used water. Theoretical 
concentration of ammonia in the recirculating solution 
represents the maximal value, which could be reached 
by ammonia absorption from the air without ammonia 
nitrogen utilization by micro-organisms from the solution. 
The level of waste water pollution expressed as CODCr  
was decreased, upon being treated in the biotrickling 
filter, by 89%. The retention time of the waste water, 
calculated by means of the capacity of recirculating 
solution reservoir, was 48 hours.  Finally, the results 
indicate that the biotrickling filter may be used for the 
waste water pre-treatment.

3.2. Pilot-scale biotrickling filter
Pilot-scale biotrickling filter was designed in order to 
keep its process parameters (mainly EBRT) similar to 
the laboratory filter. AlthoughML was similar, it was not 
possible to set its value independently, since it was given 
by initial ammonia concentration (which originated from 
the pig house).  The filling capacity at the pilot biotrickling 
filter was set to be 26.6 times higher than the filling 
capacity of the laboratory biotrickling filter. The airflow, 
similarly, was set to be 26.6 times higher, at a set value 
235 m3 h-1. Therefore, the average retention time was 
almost identical – 24 s. Other operational parameters 
such as air temperature, ammonia concentration at the 
biotrickling filter inlet changed depending on weather 
conditions, as well asnumber and age of the stabled 
animals. The graph in Fig. 7 shows the ammonia 

Figure 5. Tracking of the mass load (ML) and the elimination capacity (EC) of the biotrickling filter.
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concentration at the inlet and outlet of the biotrickling 
filter. Ammonia removal efficiency was between 
80-100%. 

The results indicate that at the beginning 
of operation the pilot biotrickling filter reached 
ammonia removal efficiency at 89%. Removal 
efficiency of the pilot biotrickling filter was between 
1.1 – 3.2 gNH3 m-3

filling h-1. Unlike the laboratory biotrickling 
filter, the pilot biotrickling filter did not reach 100% 
removal efficiency on a long-term basis, not even at lower 

mass load values, which is clearly depicted in the graph 
of dependency of elimination capacity on mass load 
in Fig. 8. The deviation of elimination capacity from mass 
load occurred already at the mass load of approximately 
1.5 gNH3 m-3

filling h-1.
Pressure loss was constant for the duration of the 

experiment due to the installed multi-stirrer, mechanically 
removed excess biomass. At the airflow of 235 m3 h-1,
the pressure loss was 280 Pa. 

Table 3. CODCr  values  at  the  inlet  and  outlet  of the laboratory biotrickling filter, concentration of N-NH4
+ in the recirculating liquid and removal  

     efficiency (RE).

Date
N-NH4

+ (mg L-1) CODCr (mg L-1)
Calculated 

value
Measured 

value
RE (%) Input Output RE (%)

16/2/2011 145 24 83.5 26430 2630 90.0
02/3/2011 163 22 86.5 27550 2870 89.6
16/3/2011 349 28 92.0 28210 2750 90.3
30/3/2011 334 53 84.1 22920 2660 88.4
15/4/2011 374 44 88.2 23470 2820 88.0
02/5/2011 380 36 90.5 24630 2650 89.2
18/5/2011 128 24 81.3 26040 2770 89.4

Table 4. CODCr  values  at  the  inlet  and  outlet of the pilot-scale biotrickling filter, concentration of N-NH4
+ in the recirculating liquid and removal  

      efficiency (RE).

Date
N-NH4

+ (mg L-1) CODCr (mg L-1)
Calculated 

value
Measured 

value
RE (%) Input Output RE (%)

09/5/2011 1104 38 96.6 23120 2520 89.1
16/5/2011 267 54 79.8 24050 2390 90.1
30/5/2011 582 42 92.8 25170 2640 89.5
13/6/2011 944 36 96.2 22960 2690 88.3
20/6/2011 1341 51 96.2 24630 2150 91.3
04/7/2011 906 40 95.6 24240 2850 88.2
18/7/2011 1137 37 96.7 26490 3260 87.7
25/7/2011 1044 54 94.8 23400 2880 87.7

Figure 6. Dependency of elimination capacity (EC) of the laboratory biotrickling filter on mass load (ML).
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In order to verify that ammonia removal could not 
be ascribed to mere ammonia absorption into the 
recirculating solution, the same methodology as in case 
of the laboratory part was used. The results including 
the determination of COD are summarised in Table 4. 

The summarised results in Table 4 indicate that 
approximately 93% ammonia nitrogen removal from 
the recirculating solution and almost 89% elimination of 
CODCr were achieved. The retention time of waste water 
was identical to that of the laboratory biotrickling filter 
(48 h).

4. Conclusions
The results from measurements of  the characteristics 
of the laboratory biotrickling filter proved the possibility 
of utilizing the biotrickling filter for the purposes of 

ammonia removal from the waste air originating 
in the farms with animal production. For ammonia 
concentration in the waste air from the pig house between 
5 – 35 ppm, the removal efficiency of the pilot biotrickling 
filter reached on average 89%. In laboratory conditions, 
the ammonia removal efficiency for input concentration 
between 10 - 22 ppm reached almost 100%, while for 
input concentration around 56 ppm, the efficiency was 
approximately 92%. The drop in ammonia removal 
efficiency at the biotrickling filter was probably caused 
by fluctuation of temperatures and by the presence of 
other substances in the treated waste air from the pig 
house. 

The highest average value of elimination 
capacity in the laboratory biotrickling filter reached 
6.2 gNH3 m-3

filling h-1. The highest value of elimination 
capacity in the pilot-scale biotrickling filter was 
3.6 gNH3 m-3

filling h-1. The calculation of the mass balance 

Figure 7. Concentration of ammonia emissions in waste air on the pilot biotrickling filter inlet and outlet.

Figure 8. Dependency of elimination capacity (EC) of the pilot biotrickling filter on mass load (ML).
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of ammonia in the process proved that, in both cases, 
the ammonia removal from the waste air was caused 
by its utilization by the micro-organisms with the 
efficiency of 86% and 92%, respectively. The influence 
of ammonia absorption into the solution was shown to 
be insignificant.

Due to its construction that enabled the removal 
of excess biomass, the biotrickling filter with a moving 
bed is suitable for continuous operation without the 
necessity of regular downtimes caused by the excess 
biomass fouling. Thanks to the installation of the multiple 
stirrers, the pressure loss was constant for the whole 
duration of the biotrickling filter operation. Ammonia 
removal by means of utilization by micro-organisms 
has its disadvantage, as it requires  carbon as a 
source for the micro-organisms. On the other hand, the 
biotrickling filter enables the removal of ammonia from 
the waste air and treatment of the waste water with high 

(biodegradable) CODCr at the same time. This results in 
decreased biotrickling filter operation costs and in cost 
savings in charges and fees for draining the waste water. 
The developed excess biomass represents a potential 
source of nitrogen in a form that enables its utilization in 
other applications, such as compost preparation. 
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