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EMISSION OF GREENHOUSE GASES AND ODORANTS
FROM PIG SLURRY - EFFECT ON THE ENVIRONMENT
AND METHODS OF ITS REDUCTION

EMISJA GAZOW CIEPLARNIANYCH | ZWI AZKOW ODOROTWORCZYCH
Z GNOJOWICY SWINSKIEJ - WPLYW NA SRODOWISKO NATURALNE
ORAZ SPOSOBY JEJ OGRANICZENIA

Abstract: Pig slurry is classified as a natural liquid fierér, which is a heterogeneous mixture of urirsecks,
remnants of feed and technological water, usedetoove excrement and maintain the hygiene of livésto
housing.The storage and distribution of pig slurry on faarmd affect the environment as they are associaitéd w
among othersthe emission of various types of gaseous pollutantsnin&H,, CO,, N,O, NH;, H,S, and other
odorants.Methane (CH), carbon dioxide (C® and nitrous oxide (D)D) are greenhouse gases (GHGs) which
contribute to climate change by increasing thergiease effect. Ammonia (NjHand hydrogen sulfide @3) are
malodorous gasegsponsible for the occurrencearfour nuisancahich, due to their toxicity, may endanger the
health and lives of humans and animals.;Ni#i$0 influences the increase of atmosphere ardsigification.
The article presents the environmental impact eeghouse gases and odorous compounds emitted fgpm p
slurry. Key gaseous atmospheric pollutants such as, M:S, CH, CO, and NO have been characterized.
Furthermore, methods to reduce the emission of mdand GHGs from pig slurry during its storage and
agricultural usage have been discussed.

Keywords: pig slurry, greenhouse gases (GHGs), odorous congf emission of gaseous pollutants, reduction
of emission

Introduction

Intensive non-bedding pig farming leads to the fation of large quantities of waste
in the form of slurry which is a liquid heterogemsomixture of animal excrement (the
urine to faeces ratio is approximately 60 to 40 dfgdigested food residues, and water used
for hygienic and cleaning purposes in livestockldngs [1, 2]. Typical pig slurry is
characterized by slightly alkaline reaction, higieaific conductivity, as well as a high
content of suspended solids and organic substaRaeslurry contains an average of 6-8 %
dry matter and is affluent in mineral componentsilgaligestible for plants, i.e. nitrogen,
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phosphorus, potassium, calcium, magnesium, andisodt is also rich in trace elements:
iron, cobalt, boron, zinc, manganese, copper, nuEghm, selenium, while the amount of
heavy metals (lead, cadmium, mercury, arsenic) ithabntains generally does not pose
a risk to the soil environment [2, 3]. Microbiologi properties of pig slurry are determined
by the presence of bacteria (microorganisms from Ehterobacteriaceae family and
Streptococcus genus are dominant), viruses (e.g. rotavirus Ajesaky's disease virus),
fungi, as well as eggs and oocysts of gastro-im@sparasites (e.g. Ascaris, Trichuris) [2].
In legal terms, i.e. according to the Fertilizersl &ertilizing Act of 10 July 2007 [4], pig
slurry is a natural fertilizer intended for agrituhl application, and therefore the most
appropriate way of its management should be ugitg fertilize arable lands. However,
due to the limited number of agronomic applicatdates of pig slurry (from | March to
30 November) [5] and its dose limits (170 kg ofaifen in a pure ingredient per 1 hectare
of farmland per year) [4, 6], in areas where laggale pig fattening farms are located and
where there is a shortage of farmland on whichshigry can be applied, it is not possible
to totally utilize the resulting pig slurry, ancetleby its surplus must be stored [7].

The storage and distribution of pig slurry on agitieral lands both affect the
environment as they are associated with, amongtiiee emission of various types of
gaseous pollutants (greenhouse gases and odoroyuands). Pig slurry may contribute
to climate change, being the source of methanehocarioxide and nitrous oxide
emissions. These gases cause the greenhouse®ffeeipping the infrared radiation and
its subsequent emission as reverse thermal radjatitnich leads to the increase of
temperature on the Earth surface [8-10]. Ruralsaedso struggle with specific challenges
concerning air quality. In areas where we have dal dvith intensive non-bedding pig
farming atmospheric pollution with odorants emitfeam fields sprayed with pig slurry,
from slurry tanks and livestock buildings is preseNllalodorous compounds cause
the formation of unpleasant and onerous odourshwaie the reason for inconvenience for
the local communities living in areas adjacenthe farms. They can also trigger a large
number of diseases such as ailments of the respiratystem (rhinitis, bronchitis,
pneumonia, asthma), skin infections, allergiesdhehes, migraines, or states of nervous
irritation [8, 11-14].

Emission of greenhouse gases from pig slurry
and methods of its reduction

Considerable amounts of GGCH, and NO are emitted during pig slurry storage and
application on arable land. The greatest influeoreemissions of the greenhouse gases
(GHGs) from pig slurry have environmental factor&l ananagement practices [8-10, 15,
16].

Carbon dioxide is a key greenhouse gas, its globatming potential (GWP)
by definition is 1 [17]. CQ@ emitted from pig slurry is generated during pwogibn and
fermentation processes (aerobic and anaerobic qexsition of organic substances) taking
place in pig slurry, as well as during the hydridysf urea. A source of COn piggeries,
apart from slurry, are also animal respiration psses [10, 18-21]. Its permissible
concentration in livestock buildings amounts to @@pm [22]. Elevated concentration of
CO, reduces the frequency and increases the deptreggiiration in animals, while
long-lasting and excessive concentration of,G€ads to metabolic disorders or even
acidosis [23].
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Methane is the most abundant organic gas in thesghere and the predominant
greenhouse gas emitted from slurry storage faaslitits GWP (for a period of 100 years) is
28 times higher than that of GQL7, 24]. CH released from pig slurry is produced by the
anaerobic decomposition of organic matter by b&ctérhis process takes place mainly
(65-75 %) during the storage of pig slurry, but nadso occur after its application on the
fields. CH, present in pig facilities is also generated assallt of bacterial fermentation in
the pig large intestine. CGHemission from pig slurry during its storage is daxed by
anaerobic conditions, temperature increase (25635 Idbw oxidation-reduction potential,
neutral reaction, C:N ratio in the range of 15-83d a high content of organic substances.
The factor limiting the release of GHrom pig slurry is the presence of ammonium ions
and sulfides. The average daily amount of,@hission from 1 thof pig slurry varies
from a few to as much as 100 g [8-10, 16, 19-2],, 25

Nitrous oxide is a greenhouse gas with a very NP (which for the period of
100 years is 265 times higher than for £@nd a very long lifetime in the atmosphere,
which greatly contributes to the greenhouse effett 26, 27]. NO also contributes to the
destruction of the ozone shield [20, 26L(Nemission from the stored slurry is negligible
(emissions are chiefly caused by crust formatiothatsurface of the slurry) and comes
mainly from the soil fertilized with the slurry sia this gas is one of the intermediates of
denitrification process (formation of nitrogen desm nitrate reduction). It is also released
during nitrification (transformation of ammonium ndtrate). The factors affecting the level
of N,O are: the composition of pig slurry and the teghai of its application on farmland,
soil type, moisture, temperature, pH and the alvdiite of soluble organic matter as well as
weather conditions. Increasedemissions can also occur during composting, iaerat
or aerobic treatment of pig slurry [10, 18, 20, 2%;30].

Pig production accounts for 13 % of global greersigogas emissions from livestock
sector, making it the second contributor of GHGanfrthis sector. The reduction of
greenhouse gas emissions from pig breeding wip kelminimize their impact on climate
change [15, 16, 20]. The document which postullmesr GHG emissions in the European
Union is Decision No 406/2009/EC of The Europeani&aent and of The Council of
23 April 2009 on the effort of Member States toueesl their greenhouse gas emissions by
2020 by 30 % in comparison to 1990, which also psas further joint reduction of GHG
emissions by 2050 by 60-80 % compared to 1990 [31].

The reduction of GHG emissions from pig slurry tenachieved by various methods.
In the first place, rational nutrition of pigs staie ensured. Feeding animals with fodder
characterized by a decreased content of crudeiprptemotes the reduction of Gknd
N,O emission from pig slurry, while the reductionoofide fibre content in feed rations for
pigs lowers the ClHemission [8, 20, 29].

The release of GHGs from pig slurry in livestockldings can be reduced by rapid
faeces removal from both the floor and the piggemppropriately frequent pit flushing,
avoiding high temperature in animal housing as waslthe use of biofilters [8, 20, 25, 29,
32]. Haeussermann et al. [25] found that pig sluemoval, after each fattening period,
combined with a complete cleaning of the slurryroieds reduces the mean g#ission
rate per animal per year by 40 % in comparisorhéopig slurry removal without cleaning
the slurry pits [25].

At the stage of storage, an effective way of longrthe GHG emissions from pig
slurry is the storage of slurry in hermetically Iselatanks or in tanks equipped with
a special covers, e.g. plastic flm cover or corabioms of lightweight expanded clay
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aggregate with lactic acid (common cover matelliks straw can increase emissions of
methane and nitrous oxide), preferably at a tentperabelow 15 °C (an experiment
conducted in a commercial piggery, emptied of gigswed thaincreasing the temperature
of slurry from 15 to 20 °Q@esults indoubling of CQ emissions), and mixing the slurry just
before emptying the tank [20, 24, 25, 29, 33]. Betrgl. [24] showed that combinations of
cover materials (perlite, lightweight expanded claggregate or chopped straw) and
acidification (using lactic acid) of pig slurry necks CH and NO emissions during storage
effectively [24].

Operations which reduce GHG emissions from pigrgluuring its storage and
applying into the soil are: acidification, sepasatinto solid and liquid fractions (however,
some authors observed increased emissions aftaratiem of pig slurry into fractions),
anaerobic digestion (promotes anoxic processes kaodas (rich in C@ and CH)
production, which can be used for electricity ameathproduction) and aeration (pig slurry
aeration lowers ClHand CQ emissions while increasing,@ emission; however, the total
effect of GHG emissions is lower in comparison i@issions from pig slurry not subjected
to aeration) [8, 16, 20, 25, 29, 32-35]. Bertoralet35] concluded that the separation of
pig slurry reduces the X emissions with respect to the non-separated ysldrney
estimated that amending the soil with 100 kg ofrglproduces around 18.7 g of®kN in
58 days, while separating the slurry and applyimghe soil the two resulting solid and
liquid fractions produces around 8.1 g ofONN [35]. Fangueiro et al. [32] found that pig
slurry acidification followed by solid/liquid sepion may be an effective solution in
terms of reducing emissions of@® (by more than 30 %) and G@fter soil application of
the resulting fractions [32].

The reduction of Clirelease from pig slurry can also be achieved byattidition of
humic acids (reduction of GHemissions by 34 % by improving methanotrophic &aa)
or tannins from quebracho trees (reduction of, @rhissions by up to 95 % due to the
noxious effects of these compounds on methanod@0}) while that of NO by spring
application of pig slurry on the fields, surfacepbqation of pig slurry (e.g. using trailing
hoses) and rapid soil incorporation (injection &iry increases PO emissions from
agricultural soils), as well as fertilization withig slurry subjected to separation into
fractions or acidification followed by separationd fractions or acidified liquid fraction of
pig slurry [29, 32-36].

Emission of odorous substances from pig slurry
and methods of its reduction

More than 400 volatile organic and inorganic commsiwith a high odour nuisance
which are formed as a result of chemical and enzigmeactions and microbial activity are
emitted from pig slurry. The identified substancemy include: alcohols, amines,
aldehydes, ketones, carboxylic acids, esters, remye organic sulfides, aromatic
compounds (phenols, indoles, toluene, pyridinegf Hnd NH [37-40]. Odour-generating
compounds are generally the end or intermediatdymts of fermentative degradation of
substances contained in faeces and urine (mainly pafteins and fermentable
carbohydrates) by anaerobic bacteria. As a redulprotein degradation odorants are
generated which, according to the scientific litera concerning pig slurry, are classified
into four main groups of chemical compounds: vtdafatty acids, indoles and phenols,
ammonia and volatile amines, and volatile sulfuntaming compounds (Table 1).
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However, carbohydrate degradation results mainlghexformation of volatile fatty acids
with straight carbon chain [9, 12, 37-40].

Table 1
Classification of odorants released from pig slasya result of protein degradation [38]
Type of bacteria responsible fo The most important
Examples : ' - .
Odorant group of odorants the formation of a given group | decomposition process resulting
of odorants in a given group of odorants
acetic acid,
propionic apld, Srreptococeus,
butyric acid, .
_ _ isobutyric acid Peptostreptococcus, Eub:?\ctt_enum, o _ )
Volatile fatty acids f Y Lactobacillus, Escherichia, deamination of amino acids
valeric acid, g 7 :
. ) . Clostridium, Propionibacterium,
isovaleric acid, Bacteroides. M haera
caproic acid, » Viegasp
capric acid
indole,
skatole, Propionibacterium, Escherichia, decomposition of tyrosine,
Indoles and phenols cresol, Eubacterium, Clostridium phenylalanine and tryptophan
4-ethylphenol
ammonia,
Ammonia and E:ctifvsec:ir;l% Streptococcus, decomposition of urea,
volatile amines methylamine, Peptostreptococcus, Bacteroides |  decarboxylation of amino acids
ethylamine
Volatile sulfides, . "
sulfur-containing | methanethiol, Megasphaera sulfates reduction, decomposition
h sulfur-containing amino acids
compounds ethanethiol
Table 2

Genus of bacteria present in pig excrement and phesnof odour-generating compounds produced by them
during the decomposition of substances containdaleioes and urine [38]

Examples of odorous compouds
formic acid, acetic acid, propanoic acid, butaragit, ammonia, volatile amines
formic acid, acetic acid, propanoic acid, butarsait,
Peptostreptococcus 2-methylpropanoic acid, pentanoic acid, hexanoid,ac
3-methylbutanoic acid, 4-methylpentanoic acid, amiaovolatile amines
formic acid, acetic acid, propanoic acid, butarsait,

Genus of bacteria
Streptococcus

Eubacterium 2-methylpropanoic acid, pentanoic acid, hexanoid,ac
3-methylbutanoic acid, 4-methylpentanoic acid, ied@nd phenols
Lactobacillus formic acid, acetic acid, propanoic acid, butareaicl
Escherichia formic acid, acetic acid, propanoic acid, butaraziicl
formic acid, acetic acid, propanoic acid, butarsmi,
Clostridium 2-methylpropanoic acid, pentanoic acid, hexanoigd,ac

3-methylbutanoic acid, indoles and phenols
formic acid, acetic acid, propanoic acid, butarsait,
Propionibacterium 2-methylpropanoic acid, pentanoic acid, hexanoid,ac
3-methylbutanoic acid, indoles and phenols
formic acid, acetic acid, propanoic acid, butarsait,
Bacteroides 2-methylpropanoic acid, pentanoic acid, hexanoid,ac
3-methylbutanoic acid, 4-methylpentanoic acid, amiaovolatile amines
formic acid, acetic acid, propanoic acid, butarsait,
Megasphaera 2-methylpropanoic acid, pentanoic acid, hexanoid,ac
3-methylbutanoic acid, 4-methylpentanoic acid, tilda
sulfur-containing compounds
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Odour formation is a complex process involving eliéint bacterial species and a wide
range of chemical compounds released during therabi& digestion (Table 2). A type of
odorant being formed depends on many factors, pilynan the conditions of slurry
storage and the diet of animals. According to stsidy many authors the main compounds
responsible for the high intensity of pig slurrypleasant smell arep-cresol, skatole,
4-ethylphenol, 4-methylphenol, acetic acid, INH,S, dimethyl sulfide, dimethyl disulfide,
and dimethyl trisulfide [9, 12, 37-40].

The key odorant emitted from pig slurry which ptdlsl the air and can pose a great
risk to health as well as animal and human lif&H;. This gas has got a characteristic
(pungent, irritating and unpleasant) scent andat@ady be felt in very low concentrations.
The low NH; concentration is sometimes the reason for odowamae (odour threshold of
approximately 5 ppm), at higher concentrations ;N¢huses irritation of mucous
membranes, coughing fits, breathing disorders,venaleath. When it comes to pigs, the
primary response to the excess of Nglincreased susceptibility to respiratory ailnsesmd
infections. This gas may contribute to a significdecline in animal productivity as well as
animals’ death [9, 11, 41-44].

NH; is not only an odorant but also the main factoredaining an increase in the
acidification of atmosphere and soil. Blemitted from terrestrial ecosystems returns to the
Earth's surface with dry and wet atmospheric pitipn causing disturbances of the
nitrogen cycle in the environment, thereby contiity to soil acidification and
eutrophication of surface waters [9, 18, 41-46]eThain source of Niemission is
agriculture, especially animal husbandry, whoseeslia the global NK emissions from
land-based sources is approximately 64 %. Pig mtomlu accounts for about 15 % of
global NH; emission from animal husbandry [41]. In Poland &8 % of NH emission
comes from agriculture, wherein livestock faecesoaat for around 69 % of this
emission [47].

NH; emitted from pig slurry is the product of bacteriegradation of nitrogen
compounds contained in it. The largest quantitfddtd; are produced by decomposition of
urea present in animals’ urine catalyzed by thesgeenzyme which is characterized by
a very fast hydrolyzing activity and produced bycrabrganisms present in faeces. &l
also generated as a result of microbial degradatigmoteins found in the feces, however,
this process proceeds very slowly, therefore theg &iHission from faeces can play a more
important role when the slurry is stored for manyntins. The total Nklemission from pig
slurry consists of partial emissions of this commbdrom pig slurry located in livestock
housing and storage tanks, as well as from sailéiZed with slurry [41-43].

The content of nitrogen compounds in pig slurrg $ize of the surface covered with
the slurry, the temperature and pH of the slursywall as the velocity of airflow over its
surface affect the level of NHemission from pig slurry present in husbandryliées. The
amount of NH released into the atmosphere during pig slurryag® depends on the
composition of the slurry, time and conditions (pemature, frequency of stirring) of its
storage, and construction (type of material, tight) and parameters (capacity) of the tank.
The size of NH emission from slurry while it is applied onto awidtural land is dependent
upon the content of dry matter and NHitrogen in the slurry, weather conditions
(sunshine, wind speed, rain), the seasons, thedfypeil and its humidity, the type of crop,
as well as doses of pig slurry and ways of itsrihgtion (surface broadcasting, band
application, direct injection) [18, 41, 43, 46].
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The need to reduce NHemission from pig slurry results not only from lexpcal
reasons and concerns about humans’ and animalkhHmat also from the existence of
a number of Polish [22, 48] and EU legal acts defjrthe permissible concentrations of
NH; in the environment, the workplace and buildingslieestock. The Regulation of the
Minister of Agriculture and Rural Development daféslFebruary 2010 [22] concludes that
the NH; concentration should not exceed 20 ppm in faeditin which pigs are kept [22].
Furthermore, the Threshold Limit Value (TLV) of Nitb which workers may be exposed
during an 8-hour workday and average weekly workingg over their whole working life,
without any adverse effects on their health (albemvretired) or that of next generations is
14 mg/ni [48]. Another very important reason for limitingH emission from pig slurry is
the reduction of losses of nitrogen as a fertiizemponent. The lost NHowers the
fertilizing value of pig slurry and thus increasé® financial outlays incurred for the
purchase of mineral fertilizers. The deficiency rifrogen in the soil, one of the most
important macronutrients, results in the deteriorabf quality and decrease in crop yields,
therefore this element must be supplemented biliZation with compound or nitrogen
fertilizers which generates additional costs [3,44].

The other odorant emitted from pig slurry, spegiathpleasant and harmful to humans
and animals, is pb. This gas has a strong characteristic smell ttEmoeggs and is
perceptible at very low concentrations. Moreoveis ihighly toxic, readily absorbed into
the body through the lungs, and to a small exterdugh the skin. & emitted from the
slurry is generated by the bacterial decomposiifoproteins containing sulfur amino acids
(cysteine, methionine) under anaerobic conditiamsl the bacterial reduction of sulfates.
Due to its weight, 6B accumulates at the bottom of slurry tanks ancepasthreat to
workers particularly during the work associatedhvateaning of tanks. Long-term exposure
to relatively low concentrations of,8 (concentrations of 13 below 30 ppb contribute
substantially to the formation of unpleasant odpumghich can also occur in the case of
people living in the vicinity of poorly designedusly tanks, causes headaches and
dizziness, irritation of eye mucosa and respirativagt, as well as cough and nausea.
At slightly higher concentrations, ,B induces a range of ailments such as vomiting,
respiratory system inflammation, impairment of dmelision damage, as well as
psychomotor disorders. Pulmonary oedema is a vemynmon complication resulting from
the exposure to hydrogen sulfide. At high concéiatna, H'S becomes undetectable due to
the immediate damage to the olfactory nerve. Deatlurs as a result of respiratory system
paralysis. HS can also be dangerous for animals, especialpanly ventilated buildings,
where it can lead to pigs’ death [44, 49-51].

The need to reduce emission ofSHrom pig slurry is dictated not only by a big ado
nuisance of this gas but also by its strong toyidit order to ensure the safety of life and
health of breeding farms’ employees as well as atlsrRolish law defines the TLV of,B
in the workplace, which is 7 mgfmduring an 8-hour workday [48] and the maximum
concentration of kB in facilities for pigs, which is 5 ppm [22].

Odour nuisance of pig slurry can be reduced byutgeof appropriate methods of pigs’
feeding and rational ways of storing as well aslhdpg of pig slurry. Good results in
reducing emissions of odour, mainly Bthare achieved by optimizing the composition of
fodder, i.e. lowering the crude protein content éimel addition of synthetic amino acids
[43, 45, 52, 53]. Portejoie et al. [54] proved ttta¢ reduction of crude protein content in
the diet of fattening pigs from 20 to 12 % cause@duction of ammonia emissions from
slurry by 63 %, from the moment it was producedgplication onto the fields [54].
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In livestock buildings with non-bedding system oig pfarming the release of
malodorous compounds from slurry can be limitedhkisato shortening the time of its
deposition in the open space, reduction of the ssgsurface of slurry under grates, the
use of ventilation techniques, which produce low\alocity around the slurry storage
areas, avoiding high temperature in the piggerilifies, and the use of biofilters [18, 43,
55, 56].

The method, which effectively reduces the emisgibodour-generating compounds
from slurry during its storage is to keep it inlsgatanks equipped with airtight covers and
mixing the slurry only before emptying the tank I8, 43, 55]. Scotford and Williams [57]
reported almost 100 % reduction in Nimission from the slurry stored in a lagoon
covered with a floating cover made of polyethylef&]. Misselbrook et al. [58]
demonstrated that covering the pig slurry with getaof floating clay granules reduced
NH; emissions by 77 % [58]. Matulaitis et al. [33]adsished that straw cover, sawdust
cover and plastic film cover have a high reductdfiect on NH emission from the stored
pig slurry [33].

An increasingly common way to reduce odour emisdiom pig slurry is adding
chemical substances (inorganic acids, calcium hydep hydrogen peroxide), minerals
(zeolites), rocks (peat), or biological preparagiofplant extracts, specially selected
enzymes or non-pathogenic microorganisms), whictiomcconsists in reducing the
intensity of putrefactive fermentation processeasding of volatile organic and inorganic
compounds into stable chemical combinations, ongimg the physicochemical properties
of slurry [18, 55, 59]. Numerous scientific studjé8, 46, 60-64] indicate that acidification
of pig slurry with sulfuric acid to a pH of about65significantly reduces the release of
ammonia. Kai et al. [62] found that acidifying thkirry to a pH of 5.5 reduced the jH
emission from livestock buildings by about 70 %gnfr the stored slurry by about 10 %,
while from the slurry applied on the fields by ab&d@ % in comparison to non-acidified
pig slurry [62]. Furthermore, Dai and Blanes-Vif&l] proved that lowering the pH of pig
slurry to 5.5 by addition of sulfuric acid and @sration reduced the NK¢mission from the
stored slurry by about 77 % compared to pig sluroy subjected to acidification and
aeration [61]. However, due to the several risksoeiated with the use of sulfuric acid
(foam formation during acid addition, corrosiveeeff of acid, strong acid which affects the
health of farmers and animals) variant acidifyiggits have been searched and tested [64,
65]. Regueiro et al. [65] stated that aluminum atelf can be considered as a good
alternative to HSO, when the pH of pig slurry is lowered to 5.5. Thed#ication of pig
slurry to pH 5.5 with AI(SQ,); reduced ammonia volatilization during storage
by 69 % [65].

An environmentally friendly method of reducing temission of odorants, especially
phenolic ones (almost 100 % reduction in the emissif p-cresol) from pig slurry is the
use of minced horseradish roots or horseradishxfuee in the presence of calcium
peroxide or hydrogen peroxide [66-6&nother environmentally friendly and low-cost
method for odour removal from pig slurry involvée tuse of lignin peroxidase combined
with peroxides (Ca® or 2NaCO0s;-3H,0,). Such pig slurry treatment reduces odour
intensity by 40-60 % and phenolic compounds by exiprately 90 % [69].

A good way to reduce odour emissions from pig glisrits separation into solid and
liquid fractions by the use of appropriately desigriloors (separation of urine and faeces)
[55], or by sedimentation, pressure filtration,véig, drainage, or coagulation/flocculation
processes [70, 71].
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In order to reduce the emission of odorants, eafigdiH; (even to 99 %) from pig
slurry, biological processes of nitrification andnitrification are also used. Nitrification
takes place in two stages with the use of two gepnéautotrophic bacteriditrosomonas
bacteria oxidize ammonia nitrogen to nitrate-nigeginder aerobic conditions, afterwards
Nitrobacter bacteria oxidize the nitrites to nitrates. As suteof denitrification, nitrates are
reduced to molecular nitrogen and removed fronmststem to the atmosphere in the form
of gas. The process of denitrification is carrieat avith heterotrophic bacteria under
anaerobic conditions [8, 55, 72].

Reducing the release of malodorous compounds,dimgduNH;, from pig slurry, at the
stage of its usage on cropland, can be achievedhbgsing an appropriate application
period, preferably on cool, moist and windless ddgstilizing with diluted slurry or
a liquid fraction of slurry (reduction in slurrysdosity results in easier infiltration into the
soil) and immediate (up to 6 hours) incorporatidrskrry into the soil after its surface
spreading onto agricultural land, or into-the-saiplication of slurry [18, 46, 55, 73].
It is evident from the literature data [55] thatedit injection of pig slurry into the soil
reduces the emission of NHy 47-98 % in comparison to its surface broadngsti
Moreover, the dilution of slurry can reduce thesesle of NH by 44-91 % [55]. Webb et al.
[73] reported that the immediate incorporation hfrry into the soil using mouldboard
plough, chisel plough, and disc harrow reducedNki emission by 99, 83, and 90 %,
respectively [73]. Sommer and Hutchings [46] stateat the incorporation of slurry into
the soil one hour after its spreading on arableldaeduces the N-emissions by 80 %,
whereas after six hours - by 45 % [46]. The redurctf inconvenience associated with an
unpleasant odour released during pig slurry spngadan also be promoted by the use of
slurry tankers with applicators to band spreadihglurry (trailing hoses, trailing shoe) and
the previously introduced cultivation of soil thatits proper loosening and aeration [18,
46, 55, 73]. On the basis of the data presenteNdagwa et al. [55] it can be concluded
that the release of NHuring the application of slurry using trailingd®s, trailing shoe,
and shallow slot injection is about 39-83 % lowrart the emission during the traditional
distribution of pig slurry by surface broadcastiAgcording to the same literature data [55]
cultivating soil before surface distribution of @turry reduces the NHosses by 40-90 %
in comparison to uncultivated soil [55].

Conclusions

Pig slurry is a valuable natural fertilizer and thaost appropriate way of its
management should be to fertilize arable land amadstand. In accordance with binding
laws and regulations natural fertilizers, includiigrry, can be applied in the period from
1 March to 30 November at the maximum dose notexkog 170 kg N/ha per year. For
this reason and due to the excessive formationgo$lprry in comparison to how much of
it can be used in agriculture, pig slurry must toeex.

NHs, H,S, CH, CO, N,O and other products of anaerobic fermentation are
atmosphere polluting substances which are formesignificant quantities during storage
and application of pig slurry onto soils. Bldnd HS are the most important odorants
emitted from pig slurry as they may pose a greatatdh for humans (odour nuisance,
ailments of the respiratory system, death) and alsingsusceptibility to infections and
respiratory diseases, deaths). )Nid also involved in the formation of acid rain and
acidification of soils. Ci{ CO, and NO contribute to climate change by increasing the
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greenhouse effect. Ghas also an impact on health and productivity ige gmetabolic
disorders).

Considering the number of threats that can cause dimission of GHGs and
odour-generating substances from pig slurry, esfigdin rural areas, there is an urgent
need to undertake actions effectively limiting thetlease into the atmosphere. The
reduction of the emission of GHGs and odorants fpagnslurry can be achieved by proper
feeding of pigs (feeding animals with fodder ch&dzed by a reduced content of crude
protein), proper storage of pig slurry (in sealadks, preferably at a temperature below
15 °C, mixing the slurry just before emptying thank), adequate management
(acidification, separation into fractions, anaecoférmentation, aeration) and reasonable
usage on farmlands (choice of the appropriate @gtip and period of application, surface
application of pig slurry and its fast incorporatjo
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