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Abstract. The aim of this paper is to present the results of microclimatic research focused on dust pollution in 
agricultural buildings used for fattening of chickens. The attention is paid mainly to the construction and 
influence of the ventilation system. The overall layout of the farm and the ventilation system solutions 
significantly affect the quality of the indoor climate in terms of dust in the halls for poultry. In the frame of this 
research the concentration of air dust was measured by exact instrument Dust-Track aerosol monitor. Using the 
special impactors the PM1, PM2.5, PM4, PM10 size fractions were also measured. The obtained results of 
measurements were evaluated and concentrations of different size of dust particles were analysed. Results of 
different indoor conditions were generalized. Based on the results of the measurements practical 
recommendations for the design, use and ventilation of these types of buildings were summarized in the 
conclusions.  
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Introduction 

Poultry housing technology, external climatic conditions and the weather influence the indoor 
microclimate during different periods of the year. It needs different methods of ventilation control 
[1; 2]. Creation of internal environment in the halls for poultry housing is complicated mainly because 
of the high biological load of indoor environment, resulting from the large number of chickens per 
1 m2 of the floor area. Problems occur particularly towards the end of fattening. Chickens have a large 
mass; they produce large quantities of pollutants [2; 3]. Usually this problem is solved by intensive 
ventilation [4; 5], but it has a rather negative influence also on the technical equipment [6].  

Dust particles which are smaller than 10 microns occur in the air in small amounts, but they have 
a great biological importance. They are inhaled, but for the most part they are already captured in the 
upper respiratory airways. Here, they are deposited as a film of mucus, which is moved by cilia toward 
the nasopharynx. Smaller particles with an aerodynamic diameter of about 0.003 to 5 µm are deposited 
in the tracheobronchial and alveolar regions. Particles of the size of about 1 micron permeate 
bronchioles until the alveoli, where they are captured sometimes more than 90 %. These particles are 
therefore in the terms of retention of aerosol in the lungs the most dangerous [7; 8]. One of the best 
known diseases caused by organic dust is the so called Farmer's lung [9; 10]. 

Different methods for reduction of noxious gases concentration or bad odor pollution can help 
improve the internal conditions inside the buildings [11; 12], but dust pollution can be by these 
methods hardly reduced. The source of dust is the poultry feather, particles of feed and bedding on the 
floor. Dust pollution can be reduced either by reduced production of dust at the source, which is in this 
case rather difficult, or by intensive ventilation. Some of publications present the methods of 
calculation of the main parameters of the ventilation system [13] and simulation of indoor conditions 
[14-18].  

The aim of this paper is to characterize particulate matter (PM) contamination and to show the 
measurement results of dust pollution in poultry houses and to study the influences of indoor dust 
pollution by the hall construction and the farm design, particularly the possibility of influencing the 
dust pollution inside by surroundings and appropriate solution of the ventilation system. 

Materials and methods 

This research work and measurements were carried out in three buildings for fattening of meat 
chickens. All poultry houses are located parallel to each other in one farm, and they are situated on a 
small slope, the 1st building is on the top, the 3rd hall is in the bottom part of the farm. All halls have 
the same internal dimensions: length 100 m, width 11.5 m, height 2.7 m, and inside each hall there is 
housing of 23,000 chickens on the floor. The measurements were carried out during the 26th to 33rd 
days of fattening when the chicken have average weight about 1.5 kg. The floor in the halls is covered 
by the bedding material from a mixture of chopped straw and sawdust. 
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The cross ventilation of production buildings is transverse, with under-pressure created by the 
axial fans in the side wall in outlets, with a total maximum air flow of 230,000 m3.h-1. The fresh air is 
sucked in the 1st hall from its opposite wall into the inlets from the open area, which is covered with 
trees and shrubs, and which is followed by the field. Into the 2nd and 3rd halls the air is sucked from the 
space between these halls, in the middle part of the farm. Because of this arrangement of buildings and 
ventilation system the main attention is paid to the first hall with fresh air inlet. 

The total concentration of air dust was measured by special exact instrument Dust-Track™ II 
Aerosol Monitor 8530. After installation of different impactors the PM10, PM4, PM2.5, PM1 size 
fractions of dust were also measured.  

According to the type of the material, dust has specific characteristics to which the properties 
respond. According to [19], this type of dust has irritating effects (poultry feather, particles of feed, 
straw and sawdust from the wood). For this type of dust the prescribed Occupational Exposure Limits 
(OEL) are permissible exposure limits of total concentration. There are Exposure Limits of some 
noxious gases in the animal houses from the animals’ point of view, but there are not the limit values 
for the dust concentrations. The Occupational Exposure Limits are listed in Table 1. 

Table 1 
Types of dust and occupational exposure limits (OEL) 

Dust OEL, mg·m
-3

 

Feather 4.0 
Feed 6.0 
Straw 6.0 

Sawdust 5.0 

Measured dust inside this type of buildings is not aggressive, therefore, as a criterion for 
comparative evaluation of the measured values the limit level of outdoor dust can be also used. 

Measuring devices and equipment technology environment continues to improve and provide a 
larger volume and more accurate results. New studies are constantly providing fresh information, but 
there are still many uncertainties. Maybe, new and more precise ideas about the influence on the 
human health or on the animals can be discovered.  

Very helpful and also important it is to know the details about the composition and size of dust 
particles from the point of view of technical equipment and technology of indoor environment. This is 
important among other things for the selection of appropriate filters, scheduling maintenance and 
cleaning, and overall management options how to reduce the dust inside the buildings.  

One of the possibilities how to use the measurement results of dust concentrations is an 
assessment of the effectiveness of ventilation. Air moves inside a ventilated hall due to the pressure 
gradient between the air inlets and outlets. Location of air inlets and outlets together with the other 
factors inside the ventilated space affects the final effect of ventilation and manifests purity of the air. 
 The final effect can be assessed as dust removal efficiency, calculated according to equation 
(1). The maximum of dust removal efficiency could be theoretically ev = 1, if the concentration of dust 
in the outgoing air is the same as the concentration inside the building. The same evaluation principle 
can be used not only for the total dust, but also for the calculation of a removal efficiency of dust 
particles, probably influenced also by the air velocity, properties of particles and other factors. These 
results could be useful for improvement of ventilation system designs.  
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where eV – dust removal efficiency of ventilation; 
 ko – concentration of dust in the outgoing air, µg·m-3; 
 ke – concentration of dust in the incoming air, µg·m-3; 
 ki – concentration of dust inside the poultry house, µgm-3. 
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Therefore, the dust measurements have been provided in the hall 1 not only according to the 
prescribed normal national or international standards (e.g., PM10 and PM2.5), but the total dust 
concentration and particulate matter by all available impactors PM were also measured. Larger 
amounts of information allow to obtain more detailed information on the composition and percentage 
of the size fractions of dust. 

According to [20], the PM10 limit value in 24 hours is 50 µg·m-3, 1 year limit value is 40 µg·m-3. 
90 data of dust concentration for total dust as well as of each fraction size in each room were collected. 
The obtained results of dust measurements were processed by Excel software and verified by 
statistical software Statistica 12 (ANOVA and TUKEY HSD Test). 

The concentration of dust pollution inside the poultry houses can be influenced also by the 
activity of poultry, especially during the feeding, manipulation with litter material etc. Therefore, the 
measurements were provided in two steps. The first measurements were focused on measurement of 
dust distribution inside the hall 1 and evaluation of dust particle removal by ventilation. 

The other measurements of PM10 and PM1 were provided during the same technological situation 
in all three halls, with the aim to recognize the differences of dust pollution between them. 

Results and discussion 

Principal results of dust measurement in the hall 1 are summarized and presented in Figs. 1 and 2. 
The total dust concentration and concentration of the measured size particles PM10, PM4, PM2.5 and 
PM1 are presented in Fig. 1. OEL limits are not over crossed, but the concentrations of all dust 
particles are very high, only the concentration of the smallest particles (< 1 µm) is under 50 µg·m-3. 
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Fig. 1. Dust concentration total and size fractions inside the hall 1 
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Fig. 2. Distribution of dust size fractions inside the hall 1 

The distribution of dust size fractions inside the poultry houses is presented in Fig. 2. The biggest 
percentage (53 %) of dust are the dust particles from 4 to 10 µm. Rather big portion of dust (18 %) is 
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created by the dust particles smaller than 1 µm. Dust particles of these dimensions are very dangerous 
from the point of the respiration system of living organism.  

The results of dust concentrations in the inlet, inside the hall 1, in the outlet of air and the dust 
removal efficiency of ventilation calculated according to equation (1) are presented in Table 2. The 
results of these measurements and calculations show that the dust removal efficiency of ventilation is 
rather dependent on the size of the dust particles. If it is calculated for the case of total dust removal, 
the efficiency is ev = 0.22. The most efficient ev = 0.80 is dust removal in the case of the smallest 
particles PM1.  

Table 2 
Dust concentrations and dust removal efficiency of ventilation in the hall 1 

Dust Inlet, µg·m
-3

 Inside, µg·m
-3

 Outlet, µg·m
-3

 ev 

Total 29.56 234.08 75.16 0.22 
PM10 29.47 203.16 58.23 0.17 
PM4 29.42 79.04 45.26 0.32 
PM2.5 27.88 53.79 39.09 0.43 
PM1 21.71 41.33 37.37 0.80 

The comparison of dust pollution in all three buildings is presented in Table 3. As the main parts 
of dust create particles PM10 and PM1, the attention is paid to the dust particles PM10 and PM1. The 
concentration of particles PM10 is in all cases several times higher than the recommended limit 
50 µg·m-3 for dust in outside air. The significant difference between the halls shows the influence of 
the suction of fresh air from the clean open space into the hall 1 and suction of partly polluted air 
sucked from the central part of the farm into the halls 2 and 3.  

Table 3 
Total dust concentration and concentration of dust fractions PM10 and PM1 in the hall 1. 

Different letters (a, b, c) in the superscript are the sign of high significant difference  

(ANOVA; Tukey HSD Test; p ≤ 0.05) 

Hall PM10 PM1 

- µg·m-3 ± SD µg·m-3 ± SD 
1 148 ± 25a 31 ± 3a 
2 186 ± 38b 33 ± 4a 
3 257 ± 76c 54 ± 11b 

The relations between the data from the measurements of PM1 size fraction are similar to the 
previous results of PM10, but the difference between the hall 1 and 2 is not statistically significant.  

The worst dust pollution is in the 3rd hall. The inlets are situated in the central part of the farm, 
partly polluted with the discharged air from the outlet from all three halls. As the hall 3 is in the lowest 
part of the farm, the dust pollution in the inlet of this building can be more concentrated than in the 
suction into the hall 2.  

Conclusions 

1. The results of measurements in poultry houses show that it is necessary to pay the attention to the 
problems of position of the buildings in the locality area surrounding, winds and inclination of the 
surface. 

2. The poultry houses are characterized by huge ventilation rates, therefore, it is necessary to strictly 
separate the areas of air inlets (suction of fresh air) and outlets (discharged of polluted air).  

3. The dust removal efficiency by ventilation is more efficient in the case of smaller particles. 
4. The suitable location of air outlets should prevent undesired recirculation of exhaust air from the 

house. 
5. The most suitable dissipation zone of polluted air seems to be the outlet above the building. 
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