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Abstract

Agriculture contributes significantly to anthropogenic emissions of greenhouse gases (GHG). Live-
stock production, including pig production, is associated with several gaseous pollutants released
into the atmosphere, including carbon dioxide (CO,), methane (CH,), ammonia (NH,) and nitrous
oxide (N,0). Emissions of volatile organic compounds (VOC), including alcohols, aldehydes, and
aromatic and aliphatic hydrocarbons, as well as typically odorous pollutants, are an inseparable
element of raising and breeding farm animals. These emissions can degrade local and regional air
quality, contribute to surface water eutrophication and acid rain, and increase the greenhouse gas
footprint of the production sector. The paper is organized as follows. First, the sources and fac-
tors influencing the level of emissions from pig houses are described. Next, the effects of dietary
methods (optimization of animal diets), hygienic methods (including microclimate optimization)
and technological methods (application of technological solutions) for mitigating emissions from
pigs are discussed.
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The main cause of global climate changes is the emission of greenhouse gases
(GHG), which in 2018 exceeded 3,893 Mt in the European Union alone, of which as
much as 10% came from the agricultural sector (Eurostat, 2019). Emissions of gase-
ous pollutants from agricultural sources are a serious threat to the environment. They
are not only an indicator of the sanitary state of air, but also significantly contribute
to the acidification and eutrophication of terrestrial and aquatic ecosystems and to
climate change (Herrero and Thornton, 2013). In case of agricultural activity, GHG
emissions result from biological processes occurring on arable lands and permanent
grasslands which include the cultivation of crops, organic and mineral fertilization,
the decomposition of crop residues and the burning of grass (Syp, 2017). Livestock
farms are an important source of their emissions.
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Livestock production has a major share in the global greenhouse gas (GHG) bal-
ance, including carbon dioxide (CO,), methane (CH,), ammonia (NH,) and nitrous
oxide (N,O) released into the atmosphere (Wang et al., 2018).

According to calculations by Gerber et al. (2013), global animal production ac-
counts for 14-18% of GHG emissions and 64% of ammonia emissions. In Europe, as
much as 94% of released ammonia comes from agriculture, of which 71% is associ-
ated with animal faeces management (Eurostat, 2016). The livestock sector accounts
for an average of 53% and 21% of total methane and nitrous oxide emissions from
agriculture (Sajeev et al., 2017).

Pork is the most widely consumed meat product in the world, and pig production
is the second contributor of GHG emissions from livestock sector. Overall, GHG
emissions from pig houses are estimated to 448.4 kg CO, equiv. per slaughter pig
produced or 4.87 kg CO, equiv. per kg carcass. The fattening period accounts for
more than 70% of total emissions, while the gestation, lactation and weaning periods
each contribute to about 10% of total emissions (Philippe and Nicks, 2015).

Sources of emissions

The sources of released gaseous pollutants include the animals themselves, fae-
ces (whether freshly excreted, remaining in channels, or stored in slurry tanks), feed,
and technological equipment (Figure 1).
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Figure 1. Sources of gaseous pollutants in animal facilities
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Animals primarily emit CO, and NH,, and in smaller quantities trace gases such
as alcohols, aldehydes, amines and sulphur compounds.

Carbon dioxide is a key greenhouse gas; its global warming potential (GHG)
by definition is 1 (Marszafek et al., 2018). CO, emitted from pig slurry is generated
during putrefaction and fermentation processes (aerobic and anaerobic decomposi-
tion of organic substances) taking place in pig slurry, as well as during hydrolysis
of urea. Another source of CO, in piggeries is the animals’ respiration. According to
Philippe and Nicks (2015), fattening pigs excrete about 1.70 kg of carbon dioxide
per day with exhaled air. Smaller amounts of CO, are released from manure during
hydrolysis of urea and aerobic and anaerobic degradation of organic matter.

Methane is a dangerous greenhouse gas with global warming potential 21 times
greater than that of carbon dioxide, and it is responsible for 18% of the global green-
house effect (Mohajan, 2012). CH, released from pig slurry is produced by the an-
aerobic decomposition of organic matter by bacteria. This process takes place mainly
(65-75%) during storage of pig slurry, but may also occur after its application in
fields. CH, present in pig facilities is also generated as a result of bacterial fermenta-
tion in the large intestine of pigs (Marszatek et al., 2018).

The most methane is produced by ruminants, whose stomachs contain a large
number of microbes that anaerobically break down plant fibre, which is resistant to
digestive enzymes. Monogastric animals emit less methane than ruminants; as much
as 86% of intestinal methane emissions come from cattle farms, and only 10% from
pig production (Wang et al., 2018).

According to the International Panel on Climate Change (IPCC), in Western Eu-
ropean countries, with an average annual temperature of 10-14°C, annual methane
production from enteric fermentation amounts to 1.5 kg/pig, while production from
manure is 9-12 kg/pig (IPCC, 2006).

The second important source of methane (10—15%) is the anaerobic breakdown
of animal faeces. The volume of methane emissions from faeces is mainly influenced
by the way they are stored, which is associated with temperature and oxygen access,
as the largest quantities of this gas are produced in anaerobic conditions (Ddmmgen
et al., 2012). Factors that favour methane production also include high temperature,
a high level of degradable organic matter, high moisture content, a neutral pH, and a
C:N ratio of between 15 and 30 (Janus et al., 2016).

Another greenhouse gas is nitrous oxide, the main source of which is agriculture.
In Poland, agriculture accounted for 78.7% of N,O emissions in 2018 (Eurostat,
2019). The main source of N,O emissions in agriculture is organically fertilized soil,
on which plant debris left in the fields and animal excrement undergo degradation
(Philippe and Nicks, 2015).

Nitrogen oxides can react with water vapour in the atmosphere to form nitric
acid, which falls to the surface of the earth as precipitation, causing acidification of
the environment and eutrophication of aquatic ecosystems.

The gas that causes the most problems in livestock farming is ammonia. Its emis-
sions are one of the main factors increasing soil acidification. Although an aqueous
solution of ammonia is alkaline, the compound causes significant acidification of the
environment. This is due in part to oxidation in the atmosphere to nitrogen oxides,
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which in contact with water are converted to nitric acid, but mainly to reactions with
acids present in the environment and subsequent denitrification and nitrification taking
place in the soil. Both of these processes, which are part of the natural nitrogen cycle,
are accompanied by the formation of hydrogen ions and thus by an increase in acidifi-
cation (Figure 2). Soil acidification leads to the dissolution and leaching of nutrients,
macro- and microelements, and toxic heavy metals. Ammonia affects plant vegetation
indirectly (by acidifying the soil) and directly (causing plasmolysis and cell death).
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Figure 2. Ammonia reactions in air and soil

On farms with a high share of livestock production, the main source of ammonia
emissions is livestock excrement, collected, stored and used in the form of solid
manure and fermented urine or slurry. The release of ammonia depends on the pres-
ence of nitrogen compounds contained in animal excrement (amino acids, amides,
urea and uric acid) and the activity of microorganisms. The most important factors
affecting this process are the urinary urea concentration, pH and slurry temperature
(Colina et al., 2000).

NH, concentrations in swine buildings show large variations and are related to
a number of factors, including animal age, activity and density, outdoor temperature,
ventilation control (Rodriguez, 2020). Ammonia emissions are obviously influenced
by season with typically higher emission rates during summer time (about 7.0 g NH,/
pig/day) and lower emission during winter time (about 3.0 NH,/pig/day). These re-
sults are explained by the greater ambient temperature and/or higher ventilation rate
in summer time. Ammonia emissions are highly correlated with animal activity, and
especially with feeding and excretory behaviour (Philippe et al., 2011).



Emissions of gaseous pollutants from pig farms 93

An inseparable element of raising and breeding farm animals is emissions of vol-
atile organic compounds (VOCs), including alcohols, aldehydes, and aromatic and
aliphatic hydrocarbons, as well as typically odorous pollutants — phenols, indoles,
amines, fatty acids and organosulphur compounds (Hansen et al., 2016; Opalinski
et al., 2010; Chmielowiec-Korzeniowska, 2009; Chmielowiec-Korzeniowska
et al., 2018). These gases are also released from the waste storage site (dunghills
and open slurry tanks) and the land fertilized with them (Webb et al., 2010, 2014),
and they cause a variety of undesirable reactions and even toxicity to people if the
concentration exceeds a certain threshold (Orzi et al., 2018). VOCs are also impor-
tant precursors of atmospheric photochemistry, some of which play a key role in the
formation and production of atmospheric pollutants such as O, and secondary or-
ganic aerosol (Ziemann and Atkinson, 2012). Many VOCs form ground-level ozone
by ‘reacting’ with sources of oxygen molecules such as nitrogen oxides (NOx) and
carbon monoxide (CO) in the atmosphere in the presence of sunlight (Swamy et al.,
2012).

In livestock buildings, the main sources of VOC emissions are feed, litter, and
the animals themselves. An important factor in the transmission of these pollutants is
organic dust. As the dust concentration in buildings increases, the amount of ammo-
nia and odorous compounds and the number of microorganisms in the air increases
as well. Odour from livestock facilities is related to the emission of several hundred
different substances (odorants) into the air, especially carboxylic acids, phenols, al-
dehydes, ammonia and others (Chmielowiec-Korzeniowska et al., 2018; Mielcarek-
Bochenska and Rzeznik, 2015).

Odorous substances identified on animal farms are classified into four main groups.
Around dunghills, the sources of unpleasant odours are straight- and branched-chain
volatile fatty acids, indoles and phenols, ammonia and volatile amines, and vo-
latile sulphur compounds. Acetic, propionic and butyric acid are the most common
volatile fatty acids (VFA) produced by microbial degradation of plant fibre and
anaerobic fermentation of amino acids such as leucine, isoleucine, and lysine (Re-
charla et al., 2017). Volatile sulphur compounds (i.e. hydrogen sulphide, dimethyl
sulphide, and carbonyl sulphide) are formed during the breakdown of sulphur-
containing amino acids such as cystine and cysteine. Aromatic compounds such as
phenols, cresols, indoles and skatoles are by-products of the degradation of tyros-
ine and tryptophan. These compounds are formed in the gut microbiota, as well as
during anaerobic storage of pig manure. Nitrogen compounds, ammonia and vola-
tile amines arise as a result of protein degradation, and thus the content of amino
acids in the diet is the main factor affecting the production of odorous compounds
in pig excrement (Chen et al., 2018). Cho et al. (2015) emphasize the close rela-
tionship between emissions of odorous compounds and the bacteria that colonize
faeces.

Irrespective of the concentration, these compounds have an adverse local effect
on air quality and reduce the quality of life of people living in the vicinity of farms.
The scale of the problem is quite serious, as evidenced by the growing number of
complaints regarding odour nuisance from farms reported to the Inspectorates of
Environmental Protection (http://sdr.gdos.gov.pl).
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Factors determining the volume of emissions

The volume of gases emitted depends on the animal species (Table 1), animal
age and weight, the housing system and, above all, the number of animals kept in the
building (Table 2). For every kilogram of animal body weight, 1 m? of air per hour is
released into the natural environment through ventilation systems. Hence the larger
the scale of production, the greater the quantity of chemical and biological pollutants
arising in the building, which increases the burden on the environment.

Table 1. Ammonia emissions factor for assessment in Poland (Sapek, 2013)

Animals Emissions factor kg NH,/animal/year
Dairy cows 27.8
Other cattle 12.5
Pigs 5.1
Sheep or goats 1.9
Poultry 0.26
Horses 12.5

Table 2. Dependence of the environmental burden on herd size (Walczak, 2017)

Herd of dairy cows Herd of sows
Number — — — —
of animals emissions emissions emissions emissions
CO, eq. (1) VOCs (kg) CO, eq. (1) VOCs (kg)
20 252 1440 2 104
60 755 4320 6 312
120 1511 8640 11 624
240 3022 17 280 22 1248
480 6043 34 560 45 2496
700 8813 50 400 63 3640

Based on the literature reports regarding CO,, CH, and N,O production from
animals and manure in pig houses, total GHG emissions are estimated at 4.87 kg
CO, equiv. per kg carcass. The fattening period accounts for more than 70% of total
emissions, while the gestation, lactation and weaning periods each contribute about
10% of total emissions (Philippe and Nicks, 2014).

Typically, gaseous emissions from pig houses present a diurnal pattern as a con-
sequence of the comprehensive effects of temperature, ventilation rate and animal
activity. Diurnal variation in ammonia and methane emissions is highly correlated
with the diurnal variation in animal activity (R, = 0.94) and ventilation flow (R, =
0.79) (Blanes-Vidal et al., 2008). The highest emission rates are usually observed
during feeding time (Moehn et al., 2004). For fattening pigs fed ad libitum, the first
peak of emission occurs in the morning and a second peak in the afternoon (Philippe
etal., 2014).
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The location of fans in the building also modulates emission levels. Air inlets or
outlets located near the manure surface increase the level of emissions due to greater
air flow at the interface (Hayes et al., 2006). Zong et al. (2015) showed that the use of
partial pit ventilation (PPV), i.e. ventilation with an extra pit-exhaust unit extracting
a portion of the air directly from the emission source zone, substantially improves
indoor air quality.

The type and amount of chemical pollutants generated is closely linked to the
housing system (floor type), nutrition of the pigs and manure management.

Wang et al. (2011) confirm the relationship between emitted pollutants and the
pig housing system. In fattening farms without litter, the authors recorded average
ammonia emissions of 8.82 g/day/pig, whereas in a deep litter system, in identi-
cal conditions and at the same stocking density, the level was four times lower, at
2.16 g/day/pig. Comparison of the two systems showed significant differences in the
concentration of odours expressed in odour units (OU). The average odour concen-
tration in a pig house without litter was 105.4 OU, while in housing with deep litter it
was only 67.5 OU. According to Nowakowicz-D¢bek et al. (2017), keeping pigs on
a slatted floor increases greenhouse gas emissions by as much as 65% and NH, by 78%.

Tymczyna et al. (2009) showed that pig farms without litter release more odorous
compounds into the environment, including thiols and alcohols, but less methane.
According to the authors, this is explained by the intensification of methanogenic
processes in the litter, in which the temperature, oxygen availability, and pH create
better conditions for the development of methane bacteria than in the slurry channels
of a pig farm without litter.

The specific environment within the litter, especially the combination of aerobic
and anaerobic areas, as opposed to strictly anaerobic slurry, explains these emission
factors. Litter may differ in terms of bedding material, the amount and frequency of
application, space allowance, litter management, and removal strategy. These param-
eters influence the physicochemical characteristics of the manure, such as density,
humidity, temperature, pH, and C/N ratio, all of which interact to modulate gas emis-
sion levels (Philippe and Nicks, 2015).

A litter system with weekly manure removal and straw supply is associated with
low NH, emissions (on average 6 g/day/pig) (Kavolelis, 2006). Osada et al. (1998)
showed that weekly removal of manure reduced the levels of CH, and N,O emissions
by about 10% compared with the traditional deep-pit system. With the same remov-
al strategy, Guarino et al. (2003) observed a 19% reduction in CH, emissions, but
a doubling of N,O emissions.

Frequent manure removal and separation of its solid and liquid fractions also
reduce emissions of pollutants. Landrain et al. (2009) demonstrated that installing
V-shaped scrapers under the grates can reduce ammonia and nitrous oxide emissions
by 54% and 49%.

On slurry farms, emissions of gaseous pollutants can be reduced by lowering
the slurry emitting surface. Some authors have observed a 7-13% reduction in CO,
production after installing a partly slatted floor, compared with a fully slatted floor
(Sun et al., 2008; Guingand et al., 2010). The use of a partly slatted floor has been
shown to reduce cumulative emissions of GHGs (expressed in CO, equiv.) by 4-13%
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compared with a fully slatted floor. Moreover, separation of faeces from urine by
placing a belt conveyor at an angle of 4° under the floorboards (urine drains from the
belt into a gutter leading to a closed storage vessel, while faeces remain on the belt
for up to 24 h) may significantly reduce emissions of gaseous pollutants, including
ammonia and methane (Koger et al., 2014).

The amount and type of gases released from faeces depends on the number and
activity of microorganisms inhabiting them, substrate availability, environmental
conditions, e.g. the presence of oxygen, faecces pH and consistency, and the means
of removal (Naseem and King, 2018). Bacterial activity is poorly developed in fresh
faeces. During storage, the number of microorganisms increases, and with it the
level of volatile gaseous substances generated. Hence an important source of release
of organic and inorganic gaseous compounds is waste storage sites, including dung-
hills or tanks for liquid waste (fermented urine or slurry). In this case, the emissions
depend on the way the pile is formed, its area, how well the tanks and channels are
sealed, the use of absorbent and insulating materials, nitrogen content in the feed,
and temperature conditions (Hansen et al., 2020).

Numerous transformations of nitrogen compounds take place in stored manure.
The direction of these changes depends on multiple physical and chemical factors
and on the number of microbes present in the manure, primarily the activity of uri-
colytic bacteria, which determine the quality of the manure as fertilizer. A rapid ther-
mophilic phase with a C:N ratio of 0:1 results in the formation of slow-acting organic
complexes of biogenic elements (Maeda et al., 2011).

Storage of animal faeces outside of buildings, in conjunction with their aerobic or
anaerobic decomposition, can cause ammonia losses of up to 30%. Further ammonia
losses take place during fertilization. Their volume depends on the type of excre-
ment, the stage of plant growth, and the type of soil and plants being fertilized. An
important factor determining the level of ammonia losses is the rate and technique of
fertilizer application (Riitting et al., 2018).

Waste obtained on pig farms, including solid manure, fermented urine, and liquid
manure, varies in consistency, chemical composition, bioavailability of minerals,
and fertilizing effects. Waste management is one of the most important and most
difficult problems on farms, especially large-scale farms. The development of indus-
trial farming, which for economic reasons involves a housing system without litter,
entails an increase in the production of manure in liquid form, i.e. slurry.

Legal regulations

Currently, livestock farms must meet quality and economic requirements, and at
the same time they are required by Polish and European law to take into account the
state of and impact on the natural environment.

The intensification of animal production ensures greater profits, but also increas-
es the level of pollutants in the natural environment. For this reason livestock farms
raising or breeding over 210 LSU are categorized as enterprises that can significantly
affect the environment (Journal of Laws 2010 no. 213 item 1397).

Their activity is guided by the Best Available Techniques Reference Document
(BREF), which contains requirements and recommendations for intensive pig and
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poultry farming. The document requires the use of housing systems and techniques
that entail the lowest possible emissions. The BREF was introduced by European
Council Directive 96/61/EC of 1996 (IPPC Directive — Integrated Pollution Preven-
tion and Control) (IPPC, 2008). The related document (the IPPC Directive) is the
Commission Implementing Decision (EU) 2017/302 of 15 February 2017 establish-
ing best available techniques (BAT) conclusions, under Directive 2010/75/EU of the
European Parliament and of the Council, for the intensive rearing of poultry or pigs.

Methods for reducing emissions of gaseous pollutants

The dynamic development of animal production and high concentrations of ani-
mals in a small area create the need to develop methods to minimize the impact of
farms on the natural environment. This process, however, must take into account
all key aspects of raising and breeding livestock, legal requirements, and economic
considerations. Intensive measures are currently underway in EU countries and in
many American and Asian countries to reduce the scope of this phenomenon and
improve environmental safety. The most important challenge for climate protection
in agriculture is to introduce production methods that will help reduce greenhouse
gas emissions.

The problem of reducing emissions of pollutants into the natural environment,
especially ammonia emissions, can be solved in a number of ways: by optimizing
animal diets (dietary methods) and litter quality (hygienic methods) and by apply-
ing appropriate technological solutions (technological methods) (Korczynski et al.,
2010).

Dietary methods involve the optimization of feed composition or supplementa-
tion of the feed ration with various types of additives regulating the degree of excre-
tion of biogenic compounds.

The techniques applied at the level of diet are aimed at improving the efficiency
of absorption of nutritional compounds, which will reduce their content in faeces.

Supplying animals with excessive amounts of feed does increase production ef-
ficiency, but results in the excretion of excessive amounts of substrates with the
faeces. Hence the main goal of dietary techniques is to improve the absorption of
nutritional compounds. An important element of reducing losses of nitrogen (es-
pecially ammonia) and phosphorus to the environment is rational determination of
protein requirements for fattened animals (e.g. phase feeding) and maximization of
its utilization from feed.

Reducing the protein content in feed in combination with supplementation with
essential amino acids (methionine, lysine, threonine and tryptophan) can signifi-
cantly reduce the amount of nitrogen excreted without causing production losses.
The formation of other protein fermentation products, such as fatty acids, hydrogen
sulphide, and indolic and phenolic compounds, is reduced as well (Galassi et al.,
2010; Chen et al., 2018). Reducing the level of crude protein in the diet of pigs by up
to 12% can decrease the release of odorous compounds from manure by 40% (Cho
etal., 2015).

Chen et al. (2018) showed a positive effect of a low-protein diet supplemented
with alpha-ketoglutarate on the gut microbiota of pigs. The feed supplementation
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increased the number of Bacteroides and Bifidobacterium bacteria, while reducing
the number of Escherichia coli and the amount of ammonia generated in the caecum.
In addition, the inclusion of organic acids, including benzoic acid, or fibre as feed
additives reduces NH, emissions (Galassi et al., 2010; Eriksen et al., 2014). Un-
fortunately, an additional carbon source in feed enhances methanogenesis, thereby
increasing the amount of methane produced (Philippe and Nicks, 2015). Eriksen
et al. (2014), by adding benzoic acid to the diet of pigs, reduced ammonia emis-
sions by more than 60%, while increasing the release of sulphur-containing com-
pounds.

The positive effects of other biologically active substances, including probiotics,
prebiotics and herbal preparations, are well known. Zhang and Kim (2014) demon-
strated that a probiotic animal feed supplement containing the bacteria Lactobacillus
acidophilus, Bacillus subtilis and Clostridium butyricum increases the absorption
of amino acids and decreases the content of nitrogen compounds in the manure,
thereby reducing ammonia emissions. Recharla et al. (2017) showed that the use of
0.2% symbiotics containing bacteria and yeast significantly reduces the amount of
ammonia and hydrogen sulphide in the faeces.

Natural biologically active substances contained in herbs support a number of
processes taking place in animals and facilitate nutrient uptake, thus exerting a ben-
eficial effect on their metabolism (Valenzuela-Grijalva et al., 2017).

Bartos et al. (2016), by supplementing pig feed with a mixture of essential oils,
obtained a significant decrease in ammonia emissions, which they ascribed to inhibi-
tion of urease activity.

Saponin preparations containing extract of the Yucca schidigera plant have simi-
lar effects. These compounds are successfully used to control ammonia generated in
animal housing, as well as to reduce its release from animal faeces. The use of this
plant extract in animals feed improves metabolic efficiency (Alagawany et al., 2016).

According to Saeed et al. (2018), these compounds inactivate urease, which is
responsible for the breakdown of urea into ammonia. The authors suggest that the
active substances contained in the Yucca schidigera extract inhibit the growth of
uricolytic bacteria. Chepete et al. (2012) found that saponins bind the ammonia,
thereby reducing its release from faeces. The authors showed that the use of saponin
extract of feed reduces the amount of ammonia released from poultry droppings by
28-44%. Mroczek (2009) obtained similar effects by enriching the diet of fattening
pigs with saponin extract.

All these observations support the hypothesis that phytochemical feed additives
can have a beneficial effect on intestinal function. The benefits of prebiotics in pig
diets are most often associated with increased synthesis of short-chain fatty acids
(SCFA). Increasing the concentration of SCFA raises the intestinal pH and reduces
the rate of protein fermentation in the gut (Lindberg, 2014; Roberfroid et al., 2010).
Lactulose also has a stimulating effect on the growth and/or activity of the intestinal
microbiota. It is broken down in the large intestine into lactic and acetic acid, which
stimulate the growth and activity of Bifidobacterium and Lactobacillus bacteria and
reduce the activity of proteolytic bacteria. Immobilization of proteolytic bacteria re-
duces the release of ammonia into the external environment. Acidifiers improve nu-
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trient digestibility in the small and large intestine, thus increasing nutrient retention
(Papatsiros and Billinis, 2012).

Other prebiotics of interest to scientists are oligosaccharides, including oligo-
fructose and inulin. Dietary supplementation with inulin has a positive effect on
SCFA production and reduces the generation of putrefactive fermentation products,
thereby reducing the amount of odorous compounds released. Studies show that
a diet for piglets with 4% inulin increases the share of lactic acid bacteria and bifi-
dobacteria in the intestines (Tako et al., 2008). Pierce et al. (2005) found that a 1.5%
inulin supplement in the diet of piglets significantly improved feed digestibility, and
thus reduced the amount of nitrogen excreted into the environment.

Grela et al. (2016) emphasize that oligosaccharides included in animal diets im-
prove their health. By stimulating the natural gut microbiota, they inhibit the growth
of pathogenic and putrefactive bacteria such as Salmonella, Clostridium difficile and
Escherichia coli. Van de Wiele et al. (2007) showed that the use of inulin resulted
in greater SCFA production, a higher number of Bifidobacterium spp., and a longer-
lasting bifidogenic effect than the addition of oligofructose, which has a lower de-
gree of polymerization.

Irrespective of the type of supplementation used, assessment of nutrient utiliza-
tion efficiency and the impact on the amount of pollutants emitted requires a com-
prehensive approach to the problem that takes into account the environmental and
economic value of the method used.

Hygienic methods used to control the emission of gaseous pollutants from farms
are presented in many studies. The methods described include measures to reduce
the generation of pollutants in livestock buildings and during manure storage and to
limit their spread.

There are two basic principles of odour control: reducing odours at the source and
removing them from the gas stream before they are dispersed in the atmosphere. The
first goal can be achieved using dietary supplements that reduce odours released from
faeces (Eriksen et al., 2010; 2014), while odours that have been emitted can be removed
by various treatments, such as changing the physicochemical properties of facces using
various types of additives improving their hygienic quality (Korczynski et al., 2010).

It is crucial to ensure optimal temperature and humidity conditions in livestock
buildings (by means of properly functioning ventilation and heating) and to maintain
hygiene by efficiently draining animal manure and the water used to clean the build-
ings, as well by using smooth, easy-to-clean surfaces. In buildings with a system
without litter, replacing concrete, porous slats with cast iron, metal or plastic can
reduce NH, production by 10-40% (Philippe and Nicks, 2015). The gas-emitting
area can be reduced by decreasing the area of the slatted floor. Frequent addition of
litter and removal of contaminated material, as well as systematic flushing of slurry
channels is not without significance (Sommer et al., 2006).

An effective way to reduce the concentration of pollutants in livestock buildings
is to reduce the dust concentration in the air by fogging or spraying the litter with
oil. Adding disinfectants and acidifiers to the litter and faeces reduces the number
of bacteria that inhabit it, including uricolytic bacteria, thus affecting the amount of
ammonia released.
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Faecal pH is one of the most important factors determining the concentration of
ammonia in the aqueous phase, and thus affects the release of this gas. Studies have
shown that the release of ammonia from litter begins at a pH of about 7, and reaches
a maximum value of 8 or higher (Monteiro et al., 2010).

Research by Kai et al. (2008) showed that lowering the pH of slurry to below
6 reduced ammonia release by 70% at the site of its formation, i.e. on the pig farm, by
about 10% during its storage, and by 67% during its application as fertilizer. Petersen
et al. (2012) indicate that acidification of faeces also reduces methane. Wang et al.
(2014) showed that acidification of the swine slurry to pH 5.5 resulted in a reduction
of CH, emissions by 80.8% and NH, emissions by 40.2%, but increased H,S emis-
sions by 11.3%.

The use of sulphuric acid for acidification increases the concentration of inor-
ganic sulphur in slurry, which may increase hydrogen sulphide emissions. Eriksen et
al. (2014), however, emphasize that low pH inhibits the growth and activity of mi-
croorganisms colonizing faeces, and thus reduces the amount of pollutants released.

Much attention has recently been focused on natural sorbents of gaseous pollut-
ants. Aluminium silicates (natural and synthetic) have found the widest application.
These include zeolite, bentonite and perlite, which have the ability to absorb water
(to dry the litter) and gases without changing their structure. The addition of alu-
minosilicate or humic material to litter reduces the emission of odorants from the
substrate to the air. This is confirmed by the research of Opalinski et al. (2010).

As an alternative to chemical approach, biological treatments, which include
blends of enzymes, enzyme inhibitors and/or microorganisms, are increasingly used
(Pezzuolo, 2019).

The addition of enzymes (Gungor et al., 2016) or bacteria accelerating the min-
eralization of odorous compounds (Matusiak et al., 2013) in faeces has proven effec-
tive. Matusiak et al. (2013), in a study assessing the effect of bacteria isolated from
soil on the decomposition of isobutyric acid, dimethylamine, trimethylamine and
hydrogen sulphide, i.e. compounds present in chicken manure, have shown that Ba-
cillus subtilis, Bacillus megaterium and Pseudomonas fluorescens are able to reduce
the content of these compounds by as much as 49.8%.

The quantity of pollutants released is largely determined by the physicochemical
properties of the faeces. The selection of litter material or the presence of organic
material in the slurry determines the rate of microbial transformations taking place
in them.

One way to reduce the release of ammonia is to increase the amount of litter
under the animals. The addition of litter material improves the C:N ratio and ad-
ditionally aerates the litter, which promotes bacterial growth and N assimilation.
Jiang et al. (2011) showed that the C:N ratio could affect the NH, and CH, emissions
significantly, but not the N,O. An unfavourable C:N ratio in excrement and manure
causes them to become mineralized too quickly and leads to poor nitrogen retention.

Technological methods used in livestock farming include measures to optimize
the microclimate of livestock housing and techniques to reduce emissions of pollut-
ants into the environment. These methods also apply to slurry storage and manage-
ment methods (Wang et al., 2011; 2014; Ershadi et al., 2020).
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One parameter that affects emissions of gases from slurry is temperature (Mis-
selbrook et al., 2016), so installations that lower the slurry temperature are used
when it first flows from livestock buildings in the floor under the slats. Moreover,
installing a spray system in slurry channels and spraying them with acids reduces the
pH of the suspension, and thus the amount of ammonia released.

Another technology for slurry treatment is aeration. This technology neutralizes
odours and blocks methane formation (Calvet et al., 2017). Mostafa et al. (2020) re-
duced greenhouse gas emissions by aerating the slurry. Test results indicate that the
highest mitigation potentials were 12.0, 57.6, and 10.4% for nitrous oxide, methane,
and ammonia, respectively.

An important element of prevention of the spread of pollutants from waste stor-
age sites (both solid and liquid manure) is the use of physical barriers. Materials used
to cover the top layer of slurry in the tank include pellets, e.g. perlite or zeolite, chaff,
various oils, plastic foil, peat, and other materials that float on the surface of slurry.
The effectiveness of these materials in reducing odorous gas emissions is as high as
90% (Berg et al., 20006).

Good effects in livestock buildings can be obtained using ultraviolet radiation,
negative air ionization, ozonation (Bildsoe et al., 2012; Liu et al., 2011), or a phyto-
tron chamber (Domagalski et al., 2012), by fogging the air, or by spraying the litter
with oil, which reduces the dust concentration in the air and thus the level of pollut-
ants. These techniques have generally not been adopted in practice, although they
are effective and do not require complicated installation. Some of them (ozone and
UV radiation) pose some danger to animals and their handlers. In addition, UV rays
do not reach the deeper layers of manure. In these layers, saprophytic microflora will
continue to develop despite the treatment, transforming biogenic compounds into
odorous gases (Oleksy et al., 2015).

Very good results in the removal of impurities after their formation are achieved
using biological methods, including biofiltration. These methods are also included
in the BREF Reference Document as recommended BAT techniques to reduce pol-
lutant emissions.

Biofiltration is the filtration of air discharged from the building via ventilation
devices by the biologically active filtration material in biofilters (Tymczyna et al.,
2010). When pollutants come into contact with the population of microorganisms,
including bacteria, fungi and actinomycetes, naturally occurring or intentionally in-
troduced into the filtration material, gaseous air pollutants are partially or completely
decomposed. Research in pig houses has shown that the reduction in VOCs may
exceed 80% (Tymczyna et al., 2010).

Filtering polluted air in devices called scrubbers can produce good results. Feil-
berg and Sommer (2013) confirm that both chemical and biological scrubbers can
reduce NH, emissions. Estimates show, however, that the use of chemical scrubbers
can reduce NH, emissions by 90 + 8%, while safer biological scrubbers (without
aggressive reagents) achieve reductions of only 46 = 40%. In the case of chemical
scrubbers, the addition of acid (usually sulphuric acid) lowers the pH of the scrub-
bing water, which absorbs dissolved NH, to form an ammonium salt solution (Van
der Heyden et al., 2015).
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Conclusions

Effective reduction of greenhouse gas emissions from pig production can be
achieved by creating a suitable microclimate in the piggery (hygienic and techno-
logical methods), as well as by implementing a suitable feeding strategy (dietary
methods). The works cited in this review indicate that hygienic and technological
methods have measurable benefits, but their selection and application should take
into account the animals’ bioclimatic requirements in terms of comfort and the spe-
cific characteristics of the housing system. Furthermore, their implementation should
encompass the entire production cycle. Unfortunately, investment and operating
costs in the current market situation may be hindrances to their application.

Diet manipulation taking into account the needs of pigs in accordance with their
physiology and stage of growth not only reduces emissions of pollutants, but is easy
to implement and economically viable.

To sum up, it is not possible to discuss all methods of controlling pollution from
livestock farms. It is important for applied research to comprehensively consider
their environmental and economic potential. The methods should cover all stages
of the formation of these pollutants, while further development of livestock farming
without taking into account the burden on the environment caused by greenhouse
gases seems impossible. Despite numerous studies and applications, work on new,
effective methods to reduce emissions of pollutants from livestock is still ongoing.
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