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Mielcarek-Bocheńska, P. Odour

Emissions from Livestock Buildings.

Atmosphere 2022, 13, 254. https://

doi.org/10.3390/atmos13020254

Academic Editors: Weiwei Chen and

Li Guo

Received: 29 November 2021

Accepted: 13 January 2022

Published: 1 February 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

atmosphere

Article

Odour Emissions from Livestock Buildings
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Abstract: Due to the intensification and concentration of agriculture and the interpenetration of
residential and agricultural areas, odours are an important air pollutant. The changes taking place in
rural areas mean that not all inhabitants of these areas are involved in agricultural activities, and there
are new people looking for an idyllic life in the countryside. In recent years, there has been an increase
in the number of complaints concerning odour emissions from agricultural sources. The aim of the
study was to compare odour emissions from selected livestock buildings for various animal species in
the Great Poland Voivodeship. The assessment of odour concentrations was made in accordance with
EN 13725: 2003 using the TO 8 olfactometer in the accredited olfactometric laboratory of the Institute
of Technology and Life Sciences National Research Institute in Poznań. The fattening house showed
the highest odour burden for the surroundings (mean odour concentration and odour emission
factor: 450 ouE·m3 and 0.419 ouE·s−1·kg−1, respectively). In the case of buildings for poultry and
dairy cows, the differences in the emission factors were not large. The emission factor for poultry
(0.232 ouE·s−1·kg−1) was 22% higher than that for dairy cows (0.190 ouE·s−1·kg−1). Conversely, the
mean concentration in the hen house (281 ouE·m3) was 18% lower than that in the dairy cow barn
(342 ouE·m3).

Keywords: odour concentration; odour emission factor; pigs; dairy cows; poultry; livestock buildings

1. Introduction

Air quality is receiving increasing attention. It has a direct impact on people’s health
and the everyday comfort of their lives. Over the past two decades, many initiatives have
been undertaken to improve air quality in the European Union (EU) and a specific EU
policy has been pursued in this area. Despite these activities, the negative impact of human
activities can still be observed, which poses threats to human health and the environment
resulting from the emission of pollutants into the air [1,2].

The main air pollutants include ammonia (NH3), sulphur dioxide (SO2), nitrogen
oxides (NOx), non-methane volatile organic compounds (NMVOC) and particulate matter,
especially PM2.5. However, odour emissions are also an important form of air pollutant
affecting air quality. The problems of odour nuisance are becoming increasingly common,
especially in the era of developing economic activity, migration of people from cities
to rural areas, and spatial expansion of cities, which results in settlements being closer
to rural areas or industrial zones (factories and production buildings). An additional
factor is the growing social awareness and the will to live in a clean and friendly natural
environment [3–6]. Due to the intensification and concentration of agriculture and the
interpenetration of residential and agricultural areas, odours are an important air pollutant,
which are leading to an increase in the number of complaints concerning odour emissions
from agricultural sources.

The perception of odours is an individual feature because the same smell can cause
different reactions that depend on the kind of the odour source or the personal sensitivity.
Therefore, defining unambiguous odour criteria is extremely difficult. There is no doubt
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that odours can have a negative impact on people’s health and well-being. It has been
found that long-term exposure to odour can cause many ailments, such as: insomnia, stress,
apathy, irritability, depression, migraines, cough, runny nose, chest cramps, stuffy nose and
other respiratory ailments, or inflammatory and allergic reactions [7,8].

Odours are emitted from natural and anthropogenic sources. Most of these are re-
lated to human activities. Agriculture causes unpleasant odours at almost every stage of
production. Their source is primarily the processes of fermentation and rotting of litter,
decomposition of faeces, urine and feed residues, and, to a lesser extent, animal respiration
and evaporation from their skin [9,10]. Taking into consideration the location, we can indi-
cate three areas of odour emission: livestock buildings, natural fertiliser storage areas and
arable fields after the application of natural fertilisers. Livestock buildings, as point or line
emission sources, constitute the greatest nuisance to the environment. This is due to their
constant high level of odour emissions and, often, their distance to residential buildings.
The emission of odours from livestock buildings depends on the species of animals and the
housing system, and on the construction and equipment of the building [11–14].

The aim of the study was to compare odour emissions from selected livestock buildings
for various animal species in the Great Poland Voivodeship.

2. Materials and Methods

The research was carried out in three buildings where farm animals were kept. All
studied objects were in the Greater Poland Voivodeship, in Poland. The measurements
were made one day per each month for one year.

2.1. Studied Buildings
2.1.1. Breeding Hens

The measurements for poultry were conducted in a hen house in Siąszyce. It was a
deep-litter/slatted-floor building, where breeding hens (ROSS 308 line) from 18 to 58 weeks
of age were housed. The object, 110.4 m by 15.2 m, was settled by 11,800 hens (11,000 hens
and 800 cocks). The ratio of the litter area (rye or wheat-rye straw) to the slatted-floor area
was 2:1. The slatted floor with nests (automatic egg collection) was in the central part of
the building along its axis. The droppings and manure were removed after the end of the
production cycle. The animals were fed ad libitum, and the feeding and watering process
was automated. The poultry house was heated by a 250 kW water boiler for solid fuels
(coal dust or pea coal) and 6 heat exchangers (water–air) with a heating power of 45 kW
each (Figure 1).
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Figure 1. The studied poultry house (authors photo).

2.1.2. Fattening Pigs

The research on odour concentrations and emissions for pigs was carried out in a
deep-litter piggery for fattening pigs, in the village of Charcice (the building’s nominal stock
was 480 pigs). There were 8 pens, each with an area of 45 m2 and designed for 60 fattening
pigs. During the measurements, pigs differed in the age and the body mass, from weaners
weighing 20 kg to fattening pigs with a final weight of 105 kg. The animals were fed ad
libitum with dry fodder. The litter was made of wheat, rye or wheat-rye straw. The pens
were bedded every three days, and the used bedding was removed from pens after the
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production cycle. The studied fattening house did not have a heating system (in Polish
conditions, with full stocking, it is not required to maintain appropriate microclimatic
conditions) (Figure 2).
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Figure 2. The studied piggery for fattening pigs (authors photo).

2.1.3. Dairy Cows

The odour measurements for cows were in a half-open barn in Libartów, where
240 dairy cows were kept. The average mass of the animals is about 650 kg. It was a frame
building, and the side walls were half brick and half made of curtains. The corridors had a
solid floor and cubicles were littered in most of the litter from maize straw. Bedding took
place every 4 days, and the manure was removed daily using a front loader. The studied
dairy barn was not heated (Figure 3).
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2.2. Ventilation Rate

Due to the differences in ventilation systems in the studied buildings, air exchange
was determined according to individual methodologies for each facility.

2.2.1. Breeding Hens

The studied poultry house was equipped with a negative pressure mechanical venti-
lation. The air was removed from the building by 4 roof fans (Big Dutchman FC080-6E),
each with a nominal efficiency of 23,000 m3·h−1 and 4 wall fans (Big Dutchman Air Master
EM 50), each with a nominal efficiency of 37,430 m3·h−1. The fresh air was provided by
70 wall inlets with regulation of flow rate. The microclimate controller (Big Dutchman
Viper) (Table 1) managed the work of fans and the degree of opening of the air inlets, based
on the temperature of the air inside the poultry house and according to user settings.
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Table 1. The user setting of fans (c—operating mode on/off; f—continuous operation; •—fan off).

Ventilation
Mode

Temperature
(◦C)

Operating
Time

(s)

Break
Time

(s)

Fans
Air flow
by Inlet

(%)

F1 F2 F3 F4 F5,6 F7,8 I

0 20.0 60 240 c c c c • • 32
1 20.1 130 170 c c c c • • 32
2 20.6 900 60 c c c c • • 33
3 21.1 - - f f f f • • 42
4 22.0 - - f f f f • • 52
5 23.0 - - f f f f f • 62
6 23.7 - - f f f f f • 72
7 24.7 - - f f f f f • 81
8 25.5 - - f f f f f • 85
9 26.5 - - f f f • f f 90

10 27.8 - - f f f • f f 100

The microclimate controller was not equipped with an output for recording devices.
Therefore, the ventilation rate was determined based on temperature measurements, the
user setting of fans and the characteristics of the used ventilation fans. During each 24 h
measurement series, the air temperature inside the poultry house was measured every
5 min by a Testo 175 H2 logger. This was located close to the temperature sensor of the
microclimate controller.

2.2.2. Fattening Pigs

The studied fattening house was equipped with a mechanical vacuum ventilation
system. It was equipped with two fans with a diameter of d = 520 mm and nominal effi-
ciency of 24,000 m3·h−1, with temperature regulation. The ventilation rate was determined
based on the instantaneous percentage efficiency of the fans provided by the SK-1D2M
microclimate controller (Wesstron, Poland) and the fan characteristics. The air temperature
inside the piggery was measured using a Testo 175 H2 logger.

2.2.3. Dairy Cows

The dairy cow barn was naturally ventilated. Therefore, the ventilation rate was
determined in accordance with the CIGR methodology [15]. This method is based on
comparing the carbon dioxide (CO2) concentration inside and outside a building. To
calculate the ventilation rate, it was necessary to measure the CO2 concentration inside and
outside the building (INNOVA Multi Gas Monitor 1312 photo-acoustic spectrometer), the
indoor and outdoor temperature, and the atmospheric pressure (Testo 435-4 multi-function
measuring instrument). The outdoor CO2 concentration was measured at least 10 m from
the windward side of the building, at the height of the air inlets in the side walls. The
concentration of CO2 inside the facility was measured during each air sample collection,
along the axis of the building at a height of at least 2/3 of the total height of the building
above the side inlets. The ventilation rate (m3·h−1) was calculated from Equation (1):

VR =
n·PCO2

Cin − Cout
, (1)

where VR is ventilation rate (m3·h−1), n is number of cows, PCO2 is the amount of CO2
produced by cow (mg·h−1·cow−1), Cin is the concentration inside the building (mg·m−3),
and Cout is the concentration outside the building (mg·m−3).
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The amount of carbon dioxide produced by one cow was calculated based on the heat
flux needed to maintain vital functions (ql), pregnancy (qp) and milk production (qm). These
values were calculated from Equations (2)–(4):

ql = 5.6·m0.75, (2)

qp = 1.6·10−5·p3, (3)

qp = 22·y, (4)

where m is cow mass (kg), p is number of days after insemination (day) and y is milk yield
(kg·day−1). The values p, m, y necessary to calculate heat fluxes were taken from databases
of herd management systems. The total heat flux (qt), is the sum of the above-mentioned
fluxes, Equation (5):

qt = ql + qp + qm, (5)

The value (qt) is related to the inside temperature equal to 20 ◦C, so the corrected heat
flux (qcor) to the measured temperature was calculated from Equations (6) and (7):

qcor = qt·CF, (6)

CF = 4·10−5·(20 − tin)
3 + 1, (7)

where tin is inside temperature (◦C) and CF is correction coefficient.
The amount of CO2 produced by cow (PCO2) was calculated from Equation (8) [16,17]:

PCO2 = 0.299·qcor. (8)

2.2.4. Odour Concentration and Emission

Air samples for olfactometric analysis were collected at the sampling points presented
in Figures 4–6. Two samples were taken at each point. In the poultry house, the air sample
to determine the odour concentration was collected at one point. The building had no
internal partitions, and it was tight and well ventilated; thus, it was assumed that the air in
the entire volume of the building was a homogeneous mixture. The fattening house was
divided into two chambers, where animals of different body mass could be kept during the
fattening. The air samples were collected at two points, one in each chamber. In the dairy
barn, it was decided to collect the air samples at 3 points, which resulted from the structure
of the object. The solid gable walls limited air exchange in some parts of the building.

Atmosphere 2022, 13, 254 5 of 15 
 

 

𝑞 = 5.6 ⋅ 𝑚 , , (2)

𝑞 = 1,6 ⋅ 10 ⋅ 𝑝 , (3)

𝑞 = 22 ⋅ 𝑦, (4)

where m is cow mass (kg), p is number of days after insemination (day) and y is milk yield 
(kg·day−1). The values p, m, y necessary to calculate heat fluxes were taken from databases 
of herd management systems. The total heat flux (qt), is the sum of the above-mentioned 
fluxes, Equation (5): 𝑞 = 𝑞 + 𝑞 + 𝑞 , (5)

The value (qt) is related to the inside temperature equal to 20 °C, so the corrected heat 
flux (qcor) to the measured temperature was calculated from Equations (6) and (7):  𝑞 = 𝑞 ⋅ 𝐶𝐹, (6)𝐶𝐹 = 4 ⋅ 10 ⋅ 20 − 𝑡 + 1, (7)

where tin is inside temperature (°C) and CF is correction coefficient.  
The amount of CO2 produced by cow (PCO2) was calculated from Equation (8) [16,17]: 𝑃 = 0,299 ⋅ 𝑞 . (8)

2.2.4. Odour Concentration and Emission 
Air samples for olfactometric analysis were collected at the sampling points pre-

sented in Figures 4–6. Two samples were taken at each point. In the poultry house, the air 
sample to determine the odour concentration was collected at one point. The building had 
no internal partitions, and it was tight and well ventilated; thus, it was assumed that the 
air in the entire volume of the building was a homogeneous mixture. The fattening house 
was divided into two chambers, where animals of different body mass could be kept dur-
ing the fattening. The air samples were collected at two points, one in each chamber. In 
the dairy barn, it was decided to collect the air samples at 3 points, which resulted from 
the structure of the object. The solid gable walls limited air exchange in some parts of the 
building. 

 
Figure 4. Sampling points in the poultry house. 
Figure 4. Sampling points in the poultry house.



Atmosphere 2022, 13, 254 6 of 15Atmosphere 2021, 12, x FOR PEER REVIEW 6 of 15 
 

 

 
Figure 5. Sampling points in piggery. 

 
Figure 6. Sampling points in dairy cow barn. 

Sampler CSD30 by ECOMA and 8-liter disposable bags made of Nalophan (PET) 
material were used for sampling. This allowed to minimize the diffusion of pollutants 
from the bags into the atmospheric air, thus limiting the change in the chemical 
composition of the sample from the moment of collection to testing. Odour concentration 
was determined within 24 h from the time of odour collection and was carried out in the 
accredited olfactometric laboratory of the Institute of Technology and Life Sciences 
National Research Institute in Poznań. The odour concentration was determined by 
dynamic olfactometry in accordance with EN 13725:2003 using the TO 8 olfactometer [18]. 
The odour concentration was determined by the same team of four experts, selected based 
on the individual odour threshold determination using n-butanol as an indicator gas. The 
yes/no method was used to assess the odour concentration. The momentary odour 
emission (Eod) was calculated according to the following Equation (9): 𝐸 = 𝑉𝑅 ∙ 𝑐 , (9)

where VR is ventilation rate (m3·s−1) and cod is odour concentration (ouE·m−3). 
The value of the odour concentration was the geometric mean of two samples. The 

calculated momentary odour emission was gross value (the outside odour concentration 
was negligible). The determined concentrations and odour emission factors were 
statistically analysed in the Statistica 12. 

3. Results 
3.1. Breeding Hens 

Table 2 shows the average odour concentrations and odour emission factors from the 
poultry house for breeding hens for eggs. 

  

Figure 5. Sampling points in the piggery.

Atmosphere 2021, 12, x FOR PEER REVIEW 6 of 15 
 

 

 
Figure 5. Sampling points in piggery. 

 
Figure 6. Sampling points in dairy cow barn. 

Sampler CSD30 by ECOMA and 8-liter disposable bags made of Nalophan (PET) 
material were used for sampling. This allowed to minimize the diffusion of pollutants 
from the bags into the atmospheric air, thus limiting the change in the chemical 
composition of the sample from the moment of collection to testing. Odour concentration 
was determined within 24 h from the time of odour collection and was carried out in the 
accredited olfactometric laboratory of the Institute of Technology and Life Sciences 
National Research Institute in Poznań. The odour concentration was determined by 
dynamic olfactometry in accordance with EN 13725:2003 using the TO 8 olfactometer [18]. 
The odour concentration was determined by the same team of four experts, selected based 
on the individual odour threshold determination using n-butanol as an indicator gas. The 
yes/no method was used to assess the odour concentration. The momentary odour 
emission (Eod) was calculated according to the following Equation (9): 𝐸 = 𝑉𝑅 ∙ 𝑐 , (9)

where VR is ventilation rate (m3·s−1) and cod is odour concentration (ouE·m−3). 
The value of the odour concentration was the geometric mean of two samples. The 

calculated momentary odour emission was gross value (the outside odour concentration 
was negligible). The determined concentrations and odour emission factors were 
statistically analysed in the Statistica 12. 

3. Results 
3.1. Breeding Hens 

Table 2 shows the average odour concentrations and odour emission factors from the 
poultry house for breeding hens for eggs. 

  

Figure 6. Sampling points in the dairy cow barn.

A CSD30 by ECOMA sampler and 8-litre disposable bags made of Nalophan (PET)
material were used for sampling. This allowed minimising the diffusion of pollutants from
the bags into the atmospheric air, thus limiting the change in the chemical composition
of the sample from the moment of collection to testing. Odour concentration was deter-
mined within 24 h from the time of odour collection and was carried out in the accredited
olfactometric laboratory of the Institute of Technology and Life Sciences National Research
Institute in Poznań. The odour concentration was determined by dynamic olfactometry in
accordance with EN 13725:2003 using the TO 8 olfactometer [18]. The odour concentration
was determined by the same team of four experts, selected based on the individual odour
threshold determination using n-butanol as an indicator gas. The yes/no method was used
to assess the odour concentration. The momentary odour emission (Eod) was calculated
according to Equation (9):

Eod = VR·cod, (9)

where VR is ventilation rate (m3·s−1) and cod is odour concentration (ouE·m−3).
The value of the odour concentration was the geometric mean of two samples. The

calculated momentary odour emission was the gross value (the outside odour concen-
tration was negligible). The determined concentrations and odour emission factors were
statistically analysed in Statistica 12.

3. Results
3.1. Breeding Hens

Table 2 shows the average odour concentrations and odour emission factors from the
poultry house for breeding hens for eggs.



Atmosphere 2022, 13, 254 7 of 15

Table 2. Mean odour concentration and odour emission factor for breeding hens for eggs.

Month Temperature
(◦C)

Odour
Concentration

(ouE·m−3)

Ventilation Rate
(m−3·s−1)

Odour Emission
(ouE·s−1)

Odour Emission
Factor

(ouE·s−1·kg−1)

January 20.5 263 23.53 6188 0.203
February 20.1 235 23.53 5530 0.181

March 20.3 246 23.53 5788 0.190
April 21.4 235 25.77 6056 0.199
May 21.2 212 25.77 5463 0.179
June 23.7 352 29.78 8723 0.349
July 28.6 406 33.7 13,682 0.455

August 28 395 33.7 13,312 0.374
September 22 255 25.77 6571 0.185

October 21 241 25.77 6211 0.174
November 20.3 282 24.22 6830 0.192
December 20.1 245 24.22 5934 0.167

The mean value of the odour concentration during the study was 281 ouE·m−3 and it
was characterised by low variability for olfactometric tests (coefficient of variation 22.5%).
Analysing the changes of concentration during the year (Figure 7), a comparable level
of odour concentration during the year was noted, excluding the summer months. The
increased concentration of odours during this period was due to the high temperature in
the building, which helps (promotes) the release of odours.
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Figure 7. Mean odour concentration for breeding hens for eggs.

In the literature, there are no studies on odour emissions from a poultry house for
breeding hens for eggs, but results are available for other production groups. Lim et al. [19],
conducting research in a battery cage house for laying hens in the spring, found an aver-
age odour concentration similar to the results of this study, amounting to 281 ouE·m−3.
Concentration measurements in a deep pit house for laying hens and in a battery system
with a ventilated manure belt were studied by Valli et al. [11], and they measured mean
values of 233 and 143 ouE·m−3, respectively. Huang and Guo [20] also measured the odour
concentration in the building for laying hens in a cage system and the recorded mean odour
concentration was 583 ± 216 ouE·m−3.

The mean odour emission factor from the house containing breeding hens for eggs in
the studied period was 0.237 ouE·s−1·kg−1, and its variability was higher than in odour
concentrations. The coefficient of variation was 39%. On the other hand, the nature of the
changes during the year was similar to the changes in the odour concentration. Moreover,
for the odour emission factors, higher values were observed in the summer period, which
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are the result of higher odour concentrations and higher air exchange. Outside of this
period, the factors have similar values (Figure 8).
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Figure 8. Odour emission factors for breeding hens for eggs.

Studies in a battery cage hen house for laying hens, in the period from March to May,
were conducted by Lim et al. [19]. They determined the mean odour emission factor to be
equal to 0.06 ouE·s−1·kg−1. Hayes et al. [21] analysed the odour emissions from two hen
houses. The first of these, a battery cage hen house, was studied in the spring and the mean
odour emission factor was 0.26 ouE·s−1·kg−1. In the second, having a deep-litter/slatted
floor, the mean odour emission factor was higher in the summer season, and was equal
to 0.67 ouE·s−1·kg−1. Comparative studies in three poultry houses with different manure
removal and storage systems—deep-litter pit, manure belt with natural drying and manure
belt with forced drying—were conducted by Fournel et al. [22]. They obtained the following
odour emission factors: 0.166, 0.096 and 0.105 ouE·s−1·kg−1, respectively. Summarising,
the odour emission factor for breeding hens for eggs calculated in this study falls within
the scope of the published research results.

3.2. Fattening Pigs

The values of odour concentrations observed in the fattening house and the determined
odour emission factors are included in Table 3.

Table 3. Mean odour concentration and odour emission factors for fattening pigs Adapted from [23]
own study.

Month Temperature
(◦C)

Odour
Concentration

(ouE·m−3)

Ventilation Rate
(m−3·s−1)

Odour Emission
(ouE·s−1)

Odour Emission
Factor

(ouE·s−1·kg−1)

January 15.1 542 3.36 1821 0.188
February 15.6 631 3.36 2120 0.238

March 16.5 643 3.62 2328 0.310
April 18.7 547 4.1 2243 0.583
May 21.3 292 4.51 1317 0.421
June 24 184 5.9 1086 0.412
July 25.3 144 6.12 881 0.476

August 25.1 252 6.09 1535 0.642
September 20.3 455 4.93 2243 0.788

October 17.8 355 3.81 1353 0.290
November 17.3 574 3.81 2187 0.315
December 16.8 782 3.62 2831 0.361
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The mean odour concentration in the fattening house was 450 ouE·m−3 and was
higher than for breeding hens. The range of changes in the observed concentrations was
also higher, as evidenced by the value of the coefficient of variation equal to 43%. Odour
concentrations in the summer season, when the ventilation rate was the highest, were
much lower than in the periods when the air exchange was at a low level (Figure 9). In
addition to large changes in the ventilation rate, resulting mainly from the lack of a heating
system (this is a typical solution for Polish conditions), other factors influencing the odour
concentration were the animal stock, which varied during the research period, and the
quality of litter and frequency of bedding.
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Figure 9. Mean odour concentration for fattening pigs.

Many research teams have analysed the odour concentration in fattening houses.
Guo et al. [24], conducting research in a non-litter, fully slatted-floor piggery for fattening
pigs with a manure deep pit, recorded higher mean odour concentrations in the summer
season, ranging from 397 to 655 ouE·m−3. By comparison, during one year of measurements
made by Guo et al. [25] in the same building, the mean odour concentrations were higher
and ranged from 1390 to 2025 ouE·m−3. Studies in the fall–winter and summer seasons
in a fully slatted-floor fattening house were conducted by Sun et al. [26]. They obtained
much higher results, and mean odour concentrations ranged from 728 to 3821 ouE·m−3

and from 404 to 570 ouE·m−3, respectively. A similar range of odour concentrations in
a non-litter, slatter floor fattening house was obtained by Akdeniz et al. [13], of 1500 to
3500 ouE·m−3. Romain et al. [27] carried out research in a non-litter piggery for finishers
during the autumn–winter season. The odour concentrations determined by them ranged
from 50 to 1570 ouE·m−3. Research for both fully slatted-floor and deep-litter systems
in laboratory conditions was undertaken by Wang et al. [12]. They obtained lower mean
odour concentrations, ranging from 89.6 to 119.3 ouE·m−3 and from 60.5 to 73.6 ouE·m−3,
respectively.

The determined mean odour emission factor was 0.419 ouE·s−1·kg−1, which is almost
twice as high as the emission factor for breeding hens at a comparable level of variability
(coefficient of variation 41%). This may be related to the area of odour release. In a fattening
house, manure covers almost all of the area of the pens, whereas in a poultry house, most
of the manure is under the slatted floor, which is a small part of the poultry house area. The
highest values of the emission factor were observed in the summer, and the lowest in the
winter, which resulted mainly from the ventilation rate (Figure 10). The odour emission
factor ranged from 0.188 to 0.788 ouE·s−1·kg−1 and is within the published values. During
daily studies in the summer season, in a fully slatted-floor fattening house, Guo et al. [24]
obtained a mean odour emission factor equal to 0.18 ouE·s−1·kg−1. During autumn–winter
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and summer studies in the same fattening house, Sun et al. [26] obtained odour emission
factors ranging from 0.08 to 0.49 ouE·s−1·kg−1. From fall measurements in a non-litter
fattening house, Romain et al. [27] determined the odour emission factor to range from
0.03 to 0.31 ouE·s−1·kg−1. Research on deep litter was carried out in laboratory conditions
by Wang et al. [12], comprising two, two-week measurements made in December and
January. They obtained odour emission factors equal to 0.038 and 0.104 ouE·s−1·kg−1,
respectively. These factors are much lower than the results of this work; however, they may
result from differences between production and laboratory conditions. During the research,
Wang et al. [12] bedded the pens each day, which is not practiced in industrial production.
Additionally, the pen area per pig was 1.7 times bigger than that in industrial conditions.
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Figure 10. Odour emission factors for fattening pigs.

3.3. Dairy Cows

Table 4 presents odour concentrations and emission factors for dairy cows housed in a
semi-open litter barn.

Table 4. Mean odour concentration and odour emission factor for dairy cows.

Month Temperature
(◦C)

Odour
Concentration

(ouE·m−3)

Ventilation Rate
(m−3·s−1)

Odour Emission
(ouE·s−1)

Odour Emission
Factor

(ouE·s−1·kg−1)

January 5.3 525 0.307 161 0.248
February 6.4 405 0.322 130 0.201

March 8.9 358 0.339 121 0.187
April 14.8 348 0.382 133 0.205
May 18.6 225 0.4159 94 0.144
June 24.3 263 0.453 119 0.183
July 27.1 245 0.4886 120 0.184

August 23.5 252 0.429 108 0.166
September 15.2 305 0.394 120 0.185

October 11.3 342 0.328 112 0.173
November 5.6 405 0.335 136 0.209
December 3.7 432 0.304 131 0.202

The mean odour concentration in the tested barn for dairy cows was 342 ouE·m−3 and
was lower than for fattening pigs, but higher than for breeding hens. It was characterised
by low variability, as evidenced by the coefficient of variation amounting to 25%. As in
the case of the fattening house, the concentration of odours was lower in the summer and
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higher in the winter (Figure 11). This is due to a smaller stream of fresh air entering the
building. In the period of low temperatures, air vents in the side walls of the building were
covered with curtains.
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Figure 11. Mean odour concentration for dairy cows.

The measured odour concentrations were in the range of the published results.
The lowest odour concentration was obtained by Zhao et al. [28]. Conducting research
in a free-stall dairy cattle barn with a solid floor, they observed concentrations from
79 to 142 ouE·m−3 during the warm and hot season. Concentrations in a similar range
(9–163 ouE·m−3) were determined by Valli et al. [11]. These are the mean values of three
dairy cow barns: a tied barn, a free-stall barn with a slatted-floor, and a free-stall barn
on deep-litter. Akdeniz et al. [13] obtained comparable values of odour concentration
ranging from 170 to 300 ouE·m−3. The measurements were made in two free-stall barns
for dairy cows. Higher odour concentrations were observed by Maasikmets et al. [29].
During measurements in two types of barns—a tied barn with a solid manure system
and a free-stall barn with a liquid manure system—the mean odour concentrations were
642 and 1483 ouE·m−3, respectively. Keck et al. [30] measured the odour concentration
in a free-stall barn for dairy cows with a solid floor and littered cubicles, and recorded
a mean odour concentration of 870 ouE·m−3. This is the average result of multi-point
measurements carried out just above the floor surface and at a height of 3 m from the three,
communication, feed area, and cubicle areas.

The mean odour emission factors were characterised by low variability during the
research period. The coefficient of variation was 13%. In contrast to fattening pigs and
breeding hens, lower odour emission factors were observed in the summer (Figure 12).
However, the differences in the values of emission factors between the seasons were not as
large as for poultry and pigs. The mean value of the odour emission factor for the whole year
was 0.190 ouE·s−1·kg−1. This is comparable to the results published by Akdeniz et al. [13],
who determined the odour emission factor based on studies conducted in two free-stall
dairy barns, ranging from 0.024 to 0.128 ouE·s−1·kg−1. Much lower values were found by
Maasikmets et al. [30], both in a tied barn with a solid manure system—0.004 ouE·s−1·kg−1—
and in a free-stall barn with a liquid manure system—0.031 ouE·s−1·kg−1.
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Figure 12. Odour emission factors for dairy cows.

3.4. Comparison of Odour Concentrations and Emission Factors

Figures 13 and 14 present the collective results for the studied buildings regarding
the odour concentration and odour emission factors. The line inside the box represents
the median (Me), the top and bottom lines are the upper (Q3) and lower (Q1) quartiles,
respectively, and the so-called whiskers are the minimum and maximum values.
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Statistical analysis showed significant differences in odour concentrations between stud-
ied buildings (α = 0.05). Comparing the values of odour concentrations in the tested objects, the
highest concentrations of odours were observed in the fattening house (Me = 499 ouE·m−3),
and the lowest in the breeding hen house (Me = 281 ouE·m−3). In the building for dairy
cows, the odour concentration was between these values (Me = 342 ouE·m−3). Apart from
the differences between the median and mean values, differences also occurred in the range
of typical concentrations, expressed by the value of the quartile range (Q3 − Q1), which
includes 50% of all observations. For poultry and dairy cows, typical odour concentration
values changed in relatively narrow ranges of 233–334 ouE·m−3 and 255–405 ouE·m−3,
respectively. For pigs, the range was 262–617 ouE·m−3. For all groups of animals, there
were incidental odour concentrations that exceeded the median value.
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Moreover, for the odour emission factor, the statistical analysis showed significant
differences for all groups of animals (α = 0.05). As in the case for odour concentrations, the
highest factor was for fattening pigs (Me = 0.412 ouE·s−1·kg−1), and 50% of observations
ranged from 0.300 to 0.529 ouE·s−1·kg−1. The median of odour emission factors for dairy
cows and poultry were similar and amounted to 186 and 191 ouE·s−1·kg−1, respectively.
However, the range of changes for poultry (0.180 and 0.268 ouE·s−1·kg−1) was larger than
for dairy cows (0.175 and 0.204 ouE·s−1·kg−1). For pigs and poultry, odour emission factors
periodically exceeded twice the median value. Such large deviations did not occur for
dairy cows.

4. Conclusions

Based on the results of this research, The following conclusions were formulated:

• Odor concentration in fattening house ranged from 144 ouE·m−3 to 782 ouE·m−3

(mean value 450 ouE·m−3), and odor emission factor was from 0.188 ouE·s−1·kg−1

to 0.788 ouE·s−1·kg−1 (mean value 0.419 ouE·s−1·kg−1). The values were the highest
among studied facilities.

• Lower odor concentration (mean value 342 ouE·m−3) and emission factor (mean value
0.190 ouE·s−1·kg−1) were noted in free-stall barn. The range of odor concentration and
emission factor was from 225 ouE·m−3 to 435 ouE·m−3 and from 0.144 ouE·s−1·kg−1

to 0.248 ouE·s−1·kg−1, respectively
• Mean odor concentration in the hen house (281 ouE·m−3) was 18% lower than in

the dairy cow barn. It ranged from 212 ouE·m−3 to 406 ouE·m−3. The emission
factor for poultry was from 0.167 ouE·s−1·kg−1 to 0.455 ouE·s−1·kg−1 (mean value
0.232 ouE·s−1·kg−1)

It can be concluded that both the odour concentrations and the odour emission factor
differ for individual animal species, and they varied during the year. These are the values
measured in three specific buildings and should not be generalized, because odour emission
is a very complex process, which is influenced by many factors, including: building
construction, type of ventilation system, type and dose of feed, manure removal system
and storage facilities, topography, weather conditions and others. The result of this study
may be helpful in planning, above all, suburban housing estates and selecting the location
of new livestock buildings. Most people migrating from cities to rural areas identify the
countryside with an idyllic land, not a place where agricultural production is carried out.
This knowledge will allow to avoid many problems and conflicts arising at the meeting
point of town and village in the future.
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