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ABSTRACT : In Poland, the problem of odour emissions, especially in the context of agricultural activities, is a significant 
challenge both in terms of the quality of life of local communities and with regard to environmental protection. Despite 
the existing legal regulations on air protection, their lack of detail in terms of standards relating to odour emissions makes 
this issue still an open problem. The article characterises chicken manure as a valuable raw material used in the compost-
ing process, which is also a problematic source of odour emissions. In particular, the essence of the composting process 
is discussed, during which, as a result of microbiological transformations, a number of malodorous compounds are pro-
duced, negatively affecting air quality. The article presents the characteristics of chicken manure, the idea of the com-
posting process and manure management in the context of reducing ammonia emissions into the atmosphere. 
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Introduction – legal considerations

Odour emissions from chicken manure constitute a significant environmental problem, affecting 
not only the quality of life of rural residents but also compliance with environmental regulations and 
sustainable farm management. Effective odour management is crucial on poultry farms, where 
manure management practices impact both the environment and the economic efficiency of farms. 
Among the various manure management methods, composting is widely recognised as a method for 
recycling nutrients and partially reducing odour-causing compounds such as ammonia, hydrogen 
sulfide, mercaptans, aldehydes, ketones, and volatile organic compounds (VOCs) (Jiang et al., 2023). 
Despite its potential, chicken manure composting in Poland remains relatively marginal compared to 
other methods of manure management, and its impact on odour emissions in Poland has not been 
fully documented. This study focuses exclusively on chicken manure composting, with the aim of 
assessing odour emissions and developing strategies for their reduction as part of sustainable agri-
cultural practices. Global population growth is resulting in increased demand for food (Wang et al., 
2025; Wu et al., 2021). It is estimated that per capita food consumption will double by 2050 (Manog-
aran et al., 2020). The poultry industry is one of the fastest-growing sectors of the economy, due to 
intense consumer demand. The increased demand for meat is leading to a huge production of chicken 
manure (Oviedo-Ocaña et al., 2022). It is estimated that a chicken produces about 80-100g of manure 
each day, which is about 3-4% of its body weight (Abdeshahian et al., 2016). Direct management of 
chicken manure, as an organic fertiliser, without prior processing, is a serious environmental prob-
lem that carries a number of risks as a consequence. Proliferation of pathogens, attraction of insects 
or rodents, or emission of offensive odours are just a few of the many undesirable effects of using 
“raw” chicken manure. In view of these problems, farmers are implementing various waste manage-
ment methods. The techniques used can be costly and require the use of alternatives (Manogaran et 
al., 2022). 

The odour problem is still unresolved. In Poland, there is no uniform legal act that comprehen-
sively regulates issues related to odour emissions. It is necessary to introduce legislation that covers 
and regulates issues related to odorous emissions. The Law of 27 April 2001 – Environmental Protec-
tion Law (Journal of Laws 2001, No. 62, item 627) is the key legislation in Poland on environmental 
protection. Article 222 (Proceedings in the absence of emission standards and permissible levels) of 
the Act (Journal of Laws 2001, No. 62, item 627) authorises the minister responsible for environmen-
tal affairs to determine,  by regulation, the standards of odorous air quality and the method of its 
assessment. Such a regulation has not yet been issued.  Standard PN-EN 13725:2007 “Air quality-
Determination of odour concentration by dynamic olfactometry” was published by the Polish Com-
mittee for Standardisation (PKN) in 2007. The purpose of the standard was to standardise methods 
for measuring odour concentrations in the air, which was important for monitoring and controlling 
odour emissions from various sources. The standard describes the use of dynamic olfactometry to 
measure odour concentrations. The method involves diluting an air sample and presenting it to an 
evaluation panel made up of qualified personnel. In July 2022, PN-EN 13725:2007 was replaced by 
PN-EN 13725:2022-07, which provides updated guidelines for measuring odour concentrations, tak-
ing into account technological advances and experience from the older version of the standard. The 
Act of 14 December 2012 on Waste (Journal of Laws 2013, item 21), and more specifically Art. 16, 
item 2 of this Act, stipulates that waste management should be carried out in a manner that does not 
cause nuisance by noise or odor and must not cause danger to water, air, soil, plants, or animals (Act 
of December 14, 2012 on Waste, Journal of Laws 2013, item 21). In 2016, the Code against Odor 
Nuisance was created by the Ministry of the Environment to reduce odor nuisance by proposing 
recommendations and actions that will contribute to this (Ministry of the Environment, 2016). This 
document has no legal force. Despite numerous initiatives, Poland still has not enacted a so-called 
“odor law” that would comprehensively regulate odor emissions. The aim of this study is to provide 
practical guidance for farmers and manure processors, as well as support in shaping policies regard-
ing odour regulation. Previous research indicates that the choice of manure management technology 
significantly impacts odour emissions. Aerobic composting, conducted in controlled tunnels or aer-
ated windrows, reduces odour intensity compared to traditional open composting, while anaerobic 
fermentation, such as in biogas plants, reduces odour through process containment and energy 
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recovery (Dróżdż et al., 2020; Krawczyk, 2017). This study builds on these findings, examining com-
posting technologies in the context of current Polish regulations and environmental conditions, pro-
viding a case study combining legal, technological, and environmental perspectives.

Characteristics of chicken manure

The characteristics of chicken manure are crucial in choosing the most effective strategy for man-
aging this type of waste. In Poland, chicken manure is mainly used as an organic fertiliser, rich in 
nitrogen, which farmers directly distribute to crop fields. Poultry manure is a valuable resource due 
to its high content of not only nitrogen, but also phosphorus and organic matter (Li et al., 2021). Raw 
chicken manure should be converted because, in its original form, it causes significant ammonia 
emissions and contributes to environmental pollution (Ma et al., 2022). Manure consists of a large 
amount of macronutrients, micronutrients, organic matter, enzymes and microorganisms. It also con-
tains unfavourable components, which include high nitrogen content in the form of ammonia, antibi-
otic and hormone residues, heavy metals, and fatty acids (Tawfik et al., 2023). Figure 1 shows the 
advantages and disadvantages of raw/fresh chicken manure.

Figure 1. Characteristics of chicken manure
Source: (Tawfik et al., 2023).

Table 1. Example composition of livestock manure

Source: (Kamiński & Markiewicz, 2014).

Nitrogen in chicken manure is mainly in the form of urea 30% and protein 70%. Under oxy-
gen-limited conditions, these compounds are converted to ammonium nitrogen (Shapovalov et al., 
2020). The properties of manure are mainly due to the bedding used and the type of livestock. For 
example, the composition of livestock manure is shown in Table 1.
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Despite its many advantages, improper management of chicken manure can cause serious envi-
ronmental problems, which include air, soil and water pollution. The key is to make optimal use and 
use appropriate storage and application methods to minimise the negative effects of application.

Management of natural fertilisers

Natural fertiliser management plays a key role in ensuring agricultural productivity and sustain-
ability, as well as environmental security (Alavi et al., 2017). Of particular importance in this regard 
are natural fertilisers, which are an essential part of traditional and organic farming. Natural fertilis-
ers, such as manure, slurry and compost, are important sources of nutrients for plants. Natural fertil-
isers positively influence the content of biogenic components, and thus contribute to increasing 
yields, replenishing deficiencies, or enriching with organic substances (Barszczewski & Szatyłowicz, 
2011).

Natural fertilisers are characterised by a rich chemical composition and many beneficial physical 
properties that significantly improve soil quality and fertility, and are an alternative to mineral fertil-
isers, which, despite their effectiveness, are associated with higher application costs and often have 
a negative impact on the environment and farm economics. Due to their origin and specificity, natural 
fertilisers require a different approach both in agricultural practice and in the context of legislation 
(Czekała, 2015). According to the Polish Law on Fertilizers and Fertilization of 10 July 2007 (Journal 
of Laws 2021, item 76), and the provisions of the Decree of the Council of Ministers of 31 January 
2023 on the “Programme of Actions aimed at Reducing Pollution of Waters with Nitrates from Agricul-
tural Sources and Preventing Further Pollution”, the maximum allowable dose of nitrogen from natu-
ral fertilizers is 170 kg N/ha per year per pure component (Decree of the Council of Ministers of 31 
January 2023 on the “Programme of Actions aimed at Reducing Pollution of Waters with Nitrates from 
Agricultural Sources and Preventing Further Pollution”, Dz.U. 2023, item 244; Act of 10 July 2007 on 
Fertilisers and Fertilisation, Dz.U. 2007, No. 147, item 1033). Nitrogen application limits contained in 
the above regulations are intended to minimise the negative impact of agriculture on the quality of 
aquatic ecosystems by preventing excessive nitrogen compounds from entering the environment. 
Excessive use of natural fertilisers relative to the area of agricultural land can have a negative impact 
on the environment (Czekała, 2015).

Table 2. Poultry meat production in selected countries in Europe

Time
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Country 

Belgium 388,09 433,27 452,94 461,25 463,39 469,59 447,79 448,98 455,12 449,04 428,2 538,52

Germany 1456 1527 1511 1525 1514 1527 1584 1613 1588 1543 1565 1570

Greece 180,47 190,53 189,63 212,65 214,4 219,91 229,95 239,14 238,69 248,77 273,89 278,21

Poland 1651,98 1894,06 2011,04 2268,36 2343,55 2545,14 2593,45 2696,01 2540,21 2729,89 2746,04 2891,97

Slovenia 57,09 59,8 58,76 64,01 68,66 69,17 70,01 72,94 72,21 73,66 77,37 77,36

Iceland 7,8 8,2 8,4 9,11 9,71 9,47 9,58 9,09 9,34 9,44 9,65 10,08

Türkiye 1797,99 1943,35 1962 1925,62 2189,24 2226,34 2198,17 2194,47 2297,07 2471,64 2376,37   No data

Italy 1223,45 1242,79 1294,96 1366,27 1327,1 1284,95 1365,86 1389,48 1376,24 1213,16 1334,14 1388,27

Source: Eurostat,n.d.

The management of natural fertilisers, despite the numerous benefits of their use, is also associ-
ated with potential environmental risks, which include, among others, the emission of ammonia into 
the atmosphere. The amount of natural fertilisers produced depends closely on the number of ani-
mals raised. Table 2 shows data from the official Eurostat website on poultry meat production in 
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slaughterhouses in selected European Union member states from 2013-2024. Analysis of the avail-
able data shows that Poland was and remains the largest poultry producer in Europe. In 2024, 
Poland’s poultry meat production was nearly 3 million tons (Eurostat, n.d.). All values in the table are 
given in tons.

Fertiliser storage, especially on farms characterised by intensive livestock production, is an 
important problem of nitrogen management in agriculture (Guo et al., 2020). During storage, there 
are intensive emissions and losses of ammonia (NH3). Farms generating large amounts of manure 
often face difficulties in managing it due to seasonal constraints and the need to adjust applied rates 
in relation to needs and crop type. As a result, storage and warehousing of natural fertilisers becomes 
necessary, but it carries the risk of increased ammonia emissions, which negatively affects both fer-
tiliser efficiency and aquatic ecosystems and air. The amount of ammonia emitted during fertiliser 
storage is determined by a number of factors. Of key importance is the manner in which manure piles 
are formed, the surface area of landfills, or the tightness of liquid fertiliser tanks. An important ele-
ment related to reducing ammonia emissions into the air is the optimisation of tank designs, the use 
of covers over the slurry surface, and the acidification of slurry (Czekała, 2015; Hutnik & Mulica, 
2008; Smurzyńska et al., 2016).

In order to minimise ammonia emissions from agricultural activities, a law was published in 
August 2019 on amending the Law on the Greenhouse Gas Emission Trading System, which is called 
the “Code of Good Agricultural Practice for Ammonia Emission Reduction.” The Code was developed 
by experts and aims to identify good agricultural practices that positively affect the reduction of 
ammonia emissions and, at the same time, are applicable to Polish agriculture. The Code includes 
information related to low-emission techniques for the distribution and storage of natural fertilisers 
and animal feeding and breeding systems. 

Natural fertilisers permanently produced on farms should be stored in an environmentally safe 
manner, preventing leachate from entering surface water, groundwater, and soil during periods when 
they cannot be applied. Natural fertilisers must not be spread on arable land between 1 December 
and the end of February. This prohibition is intended to protect the environment, especially water, by 
reducing the risk of leaching of nitrogen and nutrients during the winter, when soil biological activity 
is low (Ministry of Agriculture and Rural Development, 2019). This issue is also regulated by the Pro-
gramme of Actions aimed at Reducing Pollution of Waters with Nitrates from Agricultural Sources and 
Preventing Further Pollution (Rozporządzenie, 2023), which allows for certain exceptions, including: 
application to autumn-sown crops, permanent crops, and permanent grasslands when average daily 
temperatures exceed specific thresholds; use in protected cultivation and containerized crops 
throughout the year; and compliance with existing storage facilities or pre-existing fertilization plans 
approved before the entry into force of the programme. In organic farming, manure composting or 
anaerobic digestion is recommended (Pilarska et al., 2014). Anaerobic digestion generates biogas, 
which can be used as heat energy, while the digestate can be applied as organic fertiliser (Nettmann 
et al., 2010).

Natural fertilisers, such as poultry manure, not only provide essential nutrients and improve soil 
fertility but can also contribute to economic benefits in agricultural production. Effective manage-
ment of poultry manure allows its use as a substrate for biogas production or other energy recovery 
systems, which can reduce energy costs and improve overall farm efficiency (Tańczuk et al., 2019). 
Proper application and storage of poultry manure ensure nutrient availability for crops while mini-
mising losses to the environment, including ammonia emissions and nitrate leaching.

The essence of the composting process

Food production carries a huge amount of waste, which settles at 1.3 billion tons per year world-
wide (Maleki et al., 2023). Nearly 9 billion tons of waste come from agricultural activities and include 
wastes such as straw and manure (Tran et al., 2024). Composting is a widely used method of recycling 
the organic matter of solid waste, allowing it to be converted into a stable, valuable organic fertiliser 
with high nutrient availability for plants (Cesaro et al., 2015; Li et al., 2023; Maleki et al., 2023; Wang 
et al., 2015). Composting is a bio-oxidation process carried out under controlled conditions. Organic 
fractions are broken down by microorganisms such as bacteria and fungi into water, carbon dioxide, 
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minerals, and compost. Through mineralisation and humification, the waste is reduced in volume and 
weight (Płuciennik-Koropczuk & Myszograj, 2020). Mineralisation is the process of releasing nutri-
ents, while humification stabilises them (Kang et al., 2022). Composting is a dynamic process that 
involves the enzymatic decomposition of polymers, such as lignin or cellulose, into soluble organic 
carbon and sugars that provide food for microorganisms (Manyapu et al., 2022).

The composting process can be classified into two main categories: aerobic composting, which 
occurs in the presence of oxygen, and anaerobic composting, carried out in the absence of air. In the 
aerobic method, it is crucial to ensure adequate aeration of the composted mass to allow the supply 
of oxygen necessary for the activity of aerobic microorganisms involved in the composting process. 
In contrast, in the anaerobic method, it is important to maintain anaerobic conditions to allow the 
anaerobes responsible for decomposing organic matter to flourish (Manyapu et al., 2022; Noor et al., 
2021). Aerobic composting is an effective method, converting animal manure into high-quality 
manure, but it is associated with high release and emission of ammonia and greenhouse gases (Zhang 
et al., 2021).

During the composting process, key changes occur in the chemical composition of the mixture, as 
well as in the temperature. In the first phase of composting, microorganisms that metabolise carbo-
hydrates and simple proteins generate heat, raising the temperature of the composted mixture to 
about 45°C. The period of activity of microorganisms in the initial phase of composting lasts about 
12-48h, after which, as a result of the increase in temperature, mesophiles deactivate and die. In the 
next phase of the process, thermophilic organisms generate more heat and raise the temperature of 
the compost to about 55°C. When the temperature of the composted mass reaches above 75°C, no 
more significant biological transformations occur in it (Wroblewski, 2018).

According to Chan, maintaining the temperature 55°C in the composter for at least 1 week is crucial 
in terms of effective removal of pathogenic organisms. Higher temperature has a more favourable 
effect on the rate of decomposition of cellulose, hemicellulose, proteins and fats (Chan et al., 2016).

According to Ivankin et al. (Ivankin et al., 2014) pH is an important parameter that affects the 
activity of microorganisms. As a result of ammonia production, the pH value can take on different 
ranges from semi-acidic to neutral and alkaline in the range of 4.5-8.1. The optimal pH range after the 
initial reduction phase changes from acidic pH to neutral and takes on a value in the order of 7.0-8.0.

Optimising the C:N ratio in the composting process is crucial, as it affects the efficiency of organic 
matter decomposition, the reduction of odour emissions and the quality of the resulting compost. 
A high concentration of N relative to organic C can reduce the efficiency of the process (Ji et al., 2023; 
Petric & Selimbašić, 2008).

According to Czop and Żydek (Czop & Żydek, 2017), the composting process effectively reduces 
and minimises the amount of waste generated. Biodegradable waste, when subjected to biological 
treatment, transforms into finished compost, which is a valuable source of nutrients beneficial to the 
soil.

In the agricultural sector, and particularly in poultry farming, one challenge is the efficient man-
agement of large quantities of chicken manure (Rashwan et al., 2021). Improper storage or subopti-
mal manure management can lead to:
•	 Soil degradation;
•	 Eutrophication of surface waters 
•	 greenhouse gas emissions;
•	 odour emission problems.

Composting chicken manure makes it possible to turn it into a stable and nutrient-rich organic 
fertiliser (Ofei-Quartey et al., 2023). The management of chicken manure is particularly important in 
the context of growing environmental and sustainability requirements. Despite its many advantages, 
composting chicken manure carries several key challenges associated with the process. Chief among 
these is ammonia (NH3) emissions. Excessive emissions can lead to:
•	 Increased odour nuisance;
•	 air pollution;
•	 loss of fertiliser value.
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Characteristics of odours generated in the composting process of chicken 
manure

The composting process of chicken manure is a biological method of treating organic waste with 
the goal of stabilising organic matter and reducing pathogens. Composting is used as an effective and 
economical method of disposing of solid agricultural waste, producing a useful, humus-rich product 
(Wan et al., 2020). During the process, intensive biochemical transformations take place, leading to 
the emission of odorous compounds. Figure 2 presents a schematic of a compact reactor for conduct-
ing the composting process, the design of which affects the efficiency of the process and the ability to 
monitor parameters such as aeration and temperature. The intensity and composition of the emitted 
compounds depend on:
•	 temperature;
•	 humidity;
•	 carbon to nitrogen quotient;
•	 aeration.

Figure 2. Schematic diagram of a compact reactor for the composting process
Source: authors’ work based on (Gu et al., 2017).

Odours generated during the composting process of chicken manure result from the biological 
activity of microorganisms that decompose organic matter. Key compounds responsible for odour 
emissions include ammonia, hydrogen sulfide, mercaptans, aldehydes and ketones, and volatile 
organic compounds (VOCs).

Currently, ammonia emissions from livestock facilities are the subject of scientific research 
worldwide and an important research problem (Mendes et al., 2015). Ammonia emissions to the 
atmosphere during the application of chicken manure on agricultural land can be extremely high, 
reaching many times higher values than in other fertiliser management processes (Billen et al., 2015). 
Ammonia is formed by the degradation of nitrogenous compounds, mainly urea and proteins.

Hydrogen sulfide is a compound that results from the anaerobic reduction of sulfate and the 
breakdown of sulfur-containing amino acids. In addition, there is a high level of dust in the housing 
on poultry farms. Dust found in buildings contains residues from bedding, feed, microorganisms from 
animal faeces, and exfoliated skin (Matusiak et al., 2017).
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Summary and conclusions

This article discusses the issue of odour emissions related to manure management in the context 
of sustainable development, focusing on the case of chicken manure composting. Despite its high 
fertiliser value, chicken manure is a source of odour emissions, which pose a significant environmen-
tal and social problem, especially near residential buildings. The composting process is presented as 
a technique that stabilises organic matter and, through appropriate optimisation of the composting 
mixture composition (C: N ratio), reduces odour emissions. Composting chicken manure also con-
tributes to improving the quality of organic fertilisers and environmental protection. It is noted that 
the use of natural fertilisers benefits the agricultural sector economically, and through proper man-
agement and use, it improves soil quality and provides plants with essential nutrients. From an eco-
nomic perspective, using chicken manure as a composting base helps cover the costs of mineral fer-
tilisers, which constitute part of farm expenditures. The composting process also allows for the pro-
duction of a product with utility value – compost – which can be used on farms or sold as organic 
fertiliser. These activities can not only reduce financial costs but also provide an additional source of 
income. Furthermore, the use of odour-reducing technologies helps avoid the effects of social con-
flicts. From a sustainable development perspective, proper management of animal manure, including 
chicken manure, is essential to reducing its negative impact on the environment and increasing the 
efficiency of its use in agriculture. In the context of air quality protection, it is necessary to introduce 
appropriate legal regulations in Poland regarding odour emissions generated by the agricultural sec-
tor. The lack of clear regulations in this area hinders the effective counteracting of odour nuisances. 
Furthermore, to effectively utilise chicken manure as a source of nutrients and simultaneously reduce 
odour emissions generated during the composting process, it is necessary to educate farmers on this 
matter, highlighting the need for good practices in manure management. The issue of odour emis-
sions on farms is often analysed from a legal perspective, highlighting the lack of uniform regulations 
regarding the measurement and reduction of odour nuisance. However, effective odour control 
requires not only clear regulations but also the implementation of appropriate organic waste pro-
cessing technologies. Literature indicates that the choice of composting technology significantly 
affects odour emissions. Aerobic composting, conducted in controlled tunnels or aerated windrows, 
reduces odour intensity compared to traditional, open composting. Anaerobic fermentation (e.g., in 
biogas plants) reduces odour through airtight processes and energy recovery, although it requires 
appropriate substrate preparation. Introducing legal regulations that would define odour emission 
standards and recommended waste processing technologies could effectively reduce odour nuisance 
on farms. For example, statutory requirements for monitoring emissions in biogas plants or during 
composting could serve as a reference point for selecting the most effective technological solutions. 
In summary, the odour problem is not simply a lack of regulation, but rather a result of the interaction 
between law and technology. Effectively reducing odour emissions requires both appropriate regula-
tions and the use of proven odour-reducing technologies, including biofilters.

The following basic conclusions can be drawn regarding chicken manure management:
•	 Composting chicken manure reduces odour emissions while maintaining the high fertilising 

value of the effluent.
•	 Proper manure management not only contributes to environmental health but also has economic 

implications for agriculture.
•	 Implementing universal legal regulations regarding odour emissions in agriculture is crucial to 

effectively reducing odour nuisances and supporting development control.
•	 Education and providing good agricultural practices regarding animal manure management are 

essential to minimising odour emissions and raising environmental awareness among farmers.
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ZRÓWNOWAŻONE ZARZĄDZANIE ODORAMI W GOSPODARCE 
NAWOZAMI NATURALNYMI: ANALIZA PRZYPADKU 
KOMPOSTOWANIA POMIOTU KURZEGO

STRESZCZENIE: W Polsce problem emisji odorów, szczególnie w kontekście działalności rolniczej, stanowi istotne 
wyzwanie zarówno dla jakości życia mieszkańców, jak i dla ochrony środowiska. Pomimo regulacji prawnych dotyczą-
cych ochrony powietrza, brak szczegółowych norm odnoszących się do emisji zapachów sprawia, że zagadnienie to 
wciąż wymaga dalszej uwagi. Niniejszy artykuł przedstawia charakterystykę pomiotu kurzego jako surowca wykorzysty-
wanego w procesie kompostowania oraz wyjaśnia, dlaczego stanowi on problematyczne źródło emisji odorów. W szcze-
gólności omówiono istotę procesu kompostowania, podczas którego w wyniku mikrobiologicznych przemian powstaje 
szereg związków złowonnych, wpływających negatywnie na jakość powietrza. W artykule zaprezentowano charaktery-
stykę pomiotu kurzego, idee procesu kompostowania i gospodarkę nawozami naturalnymi w kontekście ograniczania 
emisji amoniaku do atmosfery.

SŁOWA KLUCZOWE: Odory, kompostowanie, zagospodarowanie obornika, ochrona środowiska, nawozy


