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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-Ocana 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 (Dré6zdz 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.

Advantages Disadvantages
, Ammonia
Biodegradable
substances e Antibiotics

Micronutrients — < Hormones

.
@@ T Heavy metals

Macroelements — - i
- Raw chicken manure \ Fatt id
High total solids "~ Aty acits
Odors
Characteristics of chicken manure
Source: (Tawfik et al., 2023).
Example composition of livestock manure
Origin of MAKROELEMENTS [%)] MICROELEMENTS [mg*kg]
manure N P20s Ca0 MgO0 K20 Cu B Mo Mn Zn
Chicken 1,20 0,79 0,73 0,21 0,80 8,73 | 9,59 0,52 76,63 | 66,60
Pigs 0,49 0,71 0,44 0,16 0,68 538 | 3,60 0,33 63,22 | 48,51
Cattle 047 0,29 0,45 0,16 0,67 4,46 | 4,46 0,29 64,65 | 34,60
Horses 0,54 0,29 0,45 0,16 0,95 3,36 | 3,51 0,25 70,41 | 2591

Source: (Kamirski & 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 & Szatytowicz,
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
anegative 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
(Czekata, 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 (Czekata, 2015).

Poultry meat production in selected countries in Europe

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

Belgium 38800 43327 45294 46125 46339 46959 44779 44898 45512 449,04 4282 538,62
Germany 1456 1627 1511 1625 1614 1627 15684 1613 1588 1543 1565 1570
Greece 18047 19053 18963 = 212,65 2144 21991 22995 23974 23869 24877 27389 @ 27821
Poland 1661,98 189406 2011,04 226836 234355 254514 259345 269601 254021 272989 274604 289197
Slovenia 57,09 59,8 58,76 64,01 68,66 69,17 70,01 72,94 72,21 73,66 7737 77,36
Iceland 78 82 84 911 9,71 9,47 9,58 9,09 9,34 9,44 9,65 10,08
Tiirkiye 179799 194335 1962 192562 218924 222634 219817 219447 229707 247164 237637 Nodata
Italy 122345 124279 129496 136627 13271 128495 136586 138948 137624 121316 133414 138827

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 (Czekata, 2015; Hutnik & Mulica,
2008; Smurzynska 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 (Rozporzadzenie, 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
etal, 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 (Tanczuk 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
etal, 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 (Ptuciennik-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
etal, 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 & Selimbasi¢, 2008).

According to Czop and Zydek (Czop & Zydek, 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:

e temperature;

¢ humidity;

« carbon to nitrogen quotient;
e aeration.

Gas outlet

N

Compost MiX mbem Temperature

sensor

Gas inlet =— Effluent

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 etal., 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.

The contribution of the authors

Conceptualisation, P.Z., .Z.; literature review, P.Z, 1.Z.; methodology, P.Z; formal analysis, P.Z.; writing, P.Z., L.Z,
M.W..; conclusions and discussion, PZ.

The authors have read and agreed to the published version of the manuscript.

DOI: 10.34659/€is.2026.97.2.1192



ECONOMICS AND ENVIRONMENT 2(97) = 2026 9

References

Abdeshahian, P, Lim, J. S, Ho, W. S,, Hashim, H., & Lee, C. T. (2016). Potential of biogas production from farm
animal waste in Malaysia. Renewable and Sustainable Energy Reviews, 60, 714-723. https://doi.org/10.
1016/j.rser.2016.01.117

Alavi, N,, Daneshpajou, M., Shirmardi, M., Goudarzi, G., Neisi, A., & Babaei, A. A. (2017). Investigating the effi-
ciency of co-composting and vermicomposting of vinasse with the mixture of cow manure wastes, bagasse,
and natural zeolite. Waste Management, 69, 117-126. https://doi.org/10.1016/j.wasman.2017.07.039

Barszczewski, ]., & Szatytowicz, M. (2011). Gospodarka azotem w warunkach zréznicowanego nawozenia taki na
glebie torfowo-murszowej. Woda-Srodowisko-Obszary Wiejskie, 11, 7-19 https://yadda.icm.edu.pl/
baztech/element/bwmetal.element.baztech-article-BATC-0007-0038/c/httpwww_itep_edu_plwy-
dawnictwowodazeszyt35201 1artykulybarszczewski20szatylowicz.pdf (in Polish).

Billen, P, Costa, ]., Van der Aa, L., Van Caneghem, ]., & Vandecasteele, C. (2015). Electricity from poultry manure:
a cleaner alternative to direct land application. Journal of Cleaner Production, 96, 467-475. https://doi.
org/10.1016/j.jclepro.2014.04.016

Cesaro, A., Belgiorno, V,, & Guida, M. (2015). Compost from organic solid waste: Quality assessment and Euro-
pean regulations for its sustainable use. Resources, Conservation and Recycling, 94, 72-79. https://doi.org/
10.1016/j.resconrec.2014.11.003

Chan, M. T, Selvam, A., & Wong, ]J. W. C. (2016). Reducing nitrogen loss and salinity during ‘struvite’food waste
composting by zeolite amendment. Bioresource Technology, 200, 838-844. https://doi.org/10.1016/].
biortech.2015.10.093

Czekata, W. (2015). Stan aktualny i tendencje rozwoju w gospodarce nawozami naturalnymi w Polsce. Archiwum
Gospodarki Odpadami i Ochrony Srodowiska, 17(1), 39-45. https://bibliotekanauki.pl/articles/357123.
pdf (in Polish).

Czop, M., & Zydek, K. (2017). Badanie warto$ci nawozowej wybranych kompostéw z odpadéw zielonych. Archi-
wum Gospodarki Odpadami i Ochrony Srodowiska, 19(1), 39-52. https://bibliotekanauki.pl/articles/
357557.pdf (in Polish).

Drozdz, D., Wystalska, K., Malinska, K., Grosser, A., Grobelak, A., & Kacprzak, M. (2020). Management of poultry
manure in Poland-Current state and future perspectives. Journal of Environmental Management, 264,
110327. https://doi.org/10.1016/j.jenvman.2020.110327

Eurostat. (n.d.). Production of poultry meat in slaughterhouses. https://ec.europa.eu/eurostat/databrowser/
view/tag00043/default/table?lang=enhttps://ec.europa.eu/eurostat/databrowser/view/TAG00043/
default/table

Gtowny Urzad Statystyczny. (n.d.). https://stat.gov.pl/

Gu, W, Lu, Y, Tan, Z., Xu, P, Xie, K,, Li, X,, & Sun, L. (2017). Fungi diversity from different depths and times in
chicken manure waste static aerobic composting. Bioresource Technology, 239, 447-453. https://doi.org/
10.1016/j.biortech.2017.04.047

Guo, H,, Gu, ], Wang, X,, Nasir, M,, Yu, J., Lei, L., & Wang, Q. (2020). Elucidating the effect of microbial inoculum and
ferric chloride as additives on the removal of antibiotic resistance genes from chicken manure during aero-
bic composting. Bioresource Technology, 309, 122802. https://doi.org/10.1016/j.biortech.2020.122802

Hutnik, E.,, & Mulica, E. (2008). Techniczne aspekty racjonalnego przechowywania nawozéw naturalnych.
Inzynieria Rolnicza, 12, 315-321. https://yadda.icm.edu.pl/baztech/element/bwmetal.element.baztech-
article-BAR0-0041-0041/c/httpir_ptir_orgartykulypl102ir1022155pl.pdf (in Polish).

Ivankin, A. N.,, Pandya, U., & Saraf, M. (2014). Intensification of aerobic processing of the organic wastes into
compost. Composting for Sustainable Agriculture, 3, 23-42. https://www.researchgate.net/profile/And-
rew-Ivankin/publication/288969095_Intensification_of_Aerobic_Processing_of the_Organic_Wastes_into_
Compost/links/570cdb3008ae2b772e42809¢/Intensification-of-Aerobic-Processing-of-the-Organic-
Wastes-into-Compost.pdf - page=34

Ji, Z., Zhang, L., Liu, Y, Li, X,, & Li, Z. (2023). Evaluation of composting parameters, technologies and maturity
indexes for aerobic manure composting: A meta-analysis. Science of The Total Environment, 886, 163929.
https://doi.org/10.1016/j.scitotenv.2023.163929

Jiang, Y, Yao, Y,, Liu, H,, Zhang, S., Bai, X, Ma, X,, ... & Ren, Q. (2023). Volatile organic compounds conversion path-
ways and odour gas emission characteristics in chicken manure composting process. Frontiers in Ecology
and Evolution, 11, 1192132 https://doi.org/10.3389/fevo.2023.1192132

Kaminski, E., & Markiewicz, W. (2014). Technika nawoZzZenia nawozami naturalnymi. Poradnik. Falenty-
Ktudzienko. http://zsae-karolewo.pl/korona/Poradnik PW Technika nawozenia.pdf (in Polish).

Kang, |, Yin, Z,, Pei, F, Ye, Z,, Song, G., Ling, H., Gao, D., Jiang, X., Zhang, C., & Ge, ]. (2022). Aerobic composting of
chicken manure with penicillin G: Community classification and quorum sensing mediating its contribution
to humification. Bioresource Technology, 352, 127097. https://doi.org/10.1016/j.biortech.2022.127097

Krawczyk, W. (2017). Wptyw kompostowania i temperatury na zakres emisji amoniaku z pomiotu kurzego. In
J. Walczak, & W. Krawczyk, (Eds.), Najefektywniejsze metody redukcji niekorzystnych oddziatywan rolnictwa

DOI: 10.34659/€is.2026.97.2.1192



ECONOMICS AND ENVIRONMENT 2(97) = 2026 ] O

w zakresie Srodowiska naturalnego i zmian klimatu oraz mozliwosci szacowania ich efektéw. Krakéw: 1Z-PIB
https://monografie.iz.edu.pl/files/978-83-7607-259-3.pdf (in Polish).

Li, M,, Lj, S,, Meng, Q., Chen, S., Wang, ], Guo, X., Ding, F, & Shi, L. (2023). Feedstock optimization with rice husk
chicken manure and mature compost during chicken manure composting: Quality and gaseous emissions.
Bioresource Technology, 387, 129694. https://doi.org/10.1016/j.biortech.2023.129694

Li, M.-X,, He, X.-S., Tang, ]., Li, X,, Zhao, R,, Tao, Y.-Q., Wang, C., & Qiu, Z.-P. (2021). Influence of moisture content on
chicken manure stabilization during microbial agent-enhanced composting. Chemosphere, 264, 128549.
https://doi.org/10.1016/j.chemosphere.2020.128549

Ma, R, Liy, Y, Wang, ]., Li, D., Qi, C,, Li, G., & Yuan, ]. (2022). Effects of oxygen levels on maturity, humification, and
odor emissions during chicken manure composting. Journal of Cleaner Production, 369, 133326. https://
doi.org/10.1016/j.jclepro.2022.133326

Maleki, S., Ranjbar, F, Beheshti-Alagha, A., & Sharifi, R. (2023). Release kinetics of carbon, nitrogen, phosphorus,
and potassium during co-composting of poultry manure mixed with different ratios of wheat straw and
zeolite. Waste and Biomass Valorization, 14(1), 57-68. https://doi.org/10.1007 /s12649-022-01852-4

Manogaran, M. D., Mansor, N., Affendi, N. U. R,, Noor, M., Baloo, L., & Salehuddin, N. F. (2020). Optimisation of dial-
lyl disulfide concentration and effect of soil condition on urease inhibition. Plant, Soil & Environment, 66(2).
https://www.agriculturejournals.cz/pdfs/pse/2020/02/04.pdf

Manogaran, M. D., Shamsuddin, R, Yusoff, M. H. M,, Lay, M., & Siyal, A. A. (2022). A review on treatment processes
of chicken manure. Cleaner and Circular Bioeconomy, 2, 100013. https://doi.org/10.1016/j.clcb.2022.100013

Manyapu, V,, Lepcha, A, Sharma, S. K., & Kumar, R. (2022). Chapter One - Role of psychrotrophic bacteria and
cold-active enzymes in composting methods adopted in cold regions. In G. M. Gadd & S. Sariaslani (Eds.),
Advances in Applied Microbiology (Vol. 121, pp. 1-26). Academic Press. https://doi.org/10.1016/bs.
aambs.2022.08.001

Matusiak, K., Skéra, J., BorowskKi, S., Pielech-Przybylska, K., Nowak, A., Wojewédzki, P, Herman, J., Okrasa, M., &
Gutarowska, B. (2017). Mikrobiologiczne, pytowe i odorowe zagrozenia na fermach drobiu oraz biologiczna
metoda eliminacji. Inzynieria Ekologiczna, 18(3), 184-193. https://bibliotekanauki.pl/articles/400303.pdf
(in Polish).

Mendes, L. B, Edouard, N., Ogink, N. W. M., van Dooren, H. J. C,, Tin6co, I. de F. F, & Mosquera, ]. (2015). Spatial
variability of mixing ratios of ammonia and tracer gases in a naturally ventilated dairy cow barn. Biosystems
Engineering, 129, 360-369. https://doi.org/10.1016/j.biosystemseng.2014.11.011

Ministerstwo rolnictwa i rozwoju wsi (2019). Kodeks doradczy dobrej praktyki rolniczej dotyczqcy ograniczenia
emisji amoniaku. https://www.gov.pl/web /rolnictwo /kodeks-dobrej-praktyki-rolniczej-w-zakresie-ogran-
iczania-emisji-amoniaku (in Polish).

Ministerstwo Srodowiska. (2016). Kodeks przeciwdziatania ucigzliwosci zapachowej. https://www.gov.pl/web/
klimat/uciazliwosc-zapachowa (in Polish).

Nettmann, E., Bergmann, I, Pramschiifer, S., Mundt, K., Plogsties, V., Herrmann, C., & Klocke, M. (2010). Polypha-
sic analyses of methanogenic archaeal communities in agricultural biogas plants. Applied and Environmen-
tal Microbiology, 76(8), 2540-2548. https://doi.org/10.1128/AEM.01423-09

Noor, R. S, Sun, Y, Qu, J., Hussain, F, Waqas, M. M., Shah, A. N,, & Noor, R. (2021). Quantifying the effects of co-
composting organic biomass mixtures with inorganic amendments to obtain value-added bio-products. Plos
One, 16(7), e0253714. https://doi.org/10.1371/journal.pone.0253714

Ofei-Quartey, M. N. L., Appiah-Effah, E., Akodwaa-Boadi, K., Ampaw, B., Taylor, T. S., & Millogo, Z. E. N. (2023).
Enhancing the economic potential of organic waste by co-composting using ratio modelling toward a circu-
lar economy. Journal of Material Cycles and Waste Management, 25(3),1560-1580.https://doi.org/10.1007/
s10163-023-01633-8

Oviedo-Ocana, E. R., Herndndez-Gémez, A., Dominguez, 1., Alexis Parra-Orobio, B., Soto-Paz, ., & Sanchez, A.
(2022). Evaluation of Co-composting as an alternative for the use of agricultural waste of spring onions,
chicken manure and bio-waste produced in moorland ecosystems. Sustainability, 14(14), 8720. https://doi.
org/10.3390/su14148720

Petric, I, & Selimbasi¢, V. (2008). Composting of poultry manure and wheat straw in a closed reactor: optimum
mixture ratio and evolution of parameters. Biodegradation, 19, 53-63. https://doi.org/10.1007/s10532-
007-9114-x

Pilarska, A., Pilarski, K., Dach, ]., Boniecki, P,, & Dobrzanski, K. (2014). Nowoczesne metody oraz perspektywy
zagospodarowania nawozdéw naturalnych. Technika Rolnicza Ogrodnicza Le$na, 2. https://bibliotekanauki.
pl/articles/884005.pdf (in Polish).

Ptuciennik-Koropczuk, E., & Myszograj, S. (2020). Kompostowanie komunalnych osadéw sciekowych. https://
mostwiedzy.pl/pl/publication/download/1/konwersja-komunalnych-osadow-sciekowych-w-nawoz-or-
ganiczny-w-systemach-trzcinowych_50798.pdf (in Polish).

Rashwan, M. A, Naser Alkoaik, F, Abdel-Razzak Saleh, H., Blanqueza Fulleros, R., & Nagy Ibrahim, M. (2021).
Maturity and stability assessment of composted tomato residues and chicken manure using a rotary drum
bioreactor. Journal of the Air & Waste Management Association, 71(5), 529-539. https://doi.org/10.1080/
10962247.2020.1859416

DOI: 10.34659/€is.2026.97.2.1192



ECONOMICS AND ENVIRONMENT 2(97) = 2026 _I ]

Rozporzadzenie Rady Ministréw z dnia 31 stycznia 2023 r. w sprawie “Programu dziatan majacych na celu
zmniejszenie zanieczyszczenia wdéd azotanami pochodzacymi ze zrddet rolniczych oraz zapobieganie
dalszemu zanieczyszczeniu”. (Dz. U. z 2023 r, poz. 244). https://isap.sejm.gov.pl/isap.nsf/DocDetails.
xsp?id=WDU20230000244 (in Polish).

Shapovalov, Y, Zhadan, S., Bochmann, G., Salyuk, A., & Nykyforov, V. (2020). Dry anaerobic digestion of chicken
manure: A review. Applied Sciences, 10(21), 7825. https://doi.org/10.3390/app10217825

Smurzynska, A., Dach, ], & Czekata, W. (2016). Technologie redukujgce emisje ucigzliwych gazéw powstajacych
podczas chowu zwierzat gospodarskich. Inzynieria Ekologiczna, 47, 189-198. https://bibliotekanauki.pl/
articles/399828.pdf (in Polish).

Tawfik, A., Eraky, M., Osman, A. 1, Ai, P, Zhou, Z., Meng, F,, & Rooney, D. W. (2023). Bioenergy production from
chicken manure: a review. Environmental Chemistry Letters, 21(5), 2707-2727. https://link.springer.com/
content/pdf/10.1007/s10311-023-01618-x.pdf

Tran, H.-T,, Binh, Q. A,, Van Tung, T,, Pham, D. T,, Hoang, H.-G., Hai Nguyen, N. S,, Xie, S., Zhang, T., Mukherjee, S., &
Bolan, N. S. (2024). A critical review on characterization, human health risk assessment and mitigation of
malodorous gaseous emission during the composting process. Environmental Pollution, 124115. https://
doi.org/10.1016/j.envpol.2024.124115

Tanczuk, M., Junga, R., Kolasa-Wiecek, A., & Niemiec, P. (2019). Assessment of the Energy Potential of Poultry
Manure in Poland. Energies 2019, 12(7), 1244. https://doi.org/10.3390/en12071244

Ustawa z dnia 10 lipca 2007 r. o nawozach i nawozeniu. (Dz. U.z 2007 r.,, nr 147 poz.1033). https://isap.sejm.gov.
pl/isap.nsf/DocDetails.xsp?id=wdu20071471033 (in Polish).

Ustawa z dnia 14 grudnia 2012 r. o odpadach. (Dz. U. z 2013 r, poz. 21). https://isap.sejm.gov.pl/isap.nsf/Doc-
Details.xsp?id=wdu20130000021 (in Polish).

Ustawa z dnia 27 kwietnia 2001 r. Prawo ochrony $srodowiska. (Dz. U. z 2001 r,, nr 62 poz. 627). https://isap.
sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu20010620627 (in Polish).

Wan, L., Wang, X, Cong, C, Li, ], Xu, Y, Li, X,, Hou, F, Wy, Y., & Wang, L. (2020). Effect of inoculating microorgan-
isms in chicken manure composting with maize straw. Bioresource Technology, 301, 122730. https://doi.
org/10.1016/j.biortech.2019.122730

Wang, K., Li, W, Li, X., & Ren, N. (2015). Spatial nitrifications of microbial processes during composting of swine,
cow and chicken manure. Scientific Reports, 5(1), 14932. https://www.nature.com/articles/srep14932.pdf

Wang, W,, Zhang, P, He, H,, Liu, H,, Yan, ]., He, H., Wen, B, Cui, Z., & Yuan, X. (2025). Effects of Chicken Manure
Combinations on Compost Maturity and Microbial Community Dynamics in Industrial-Scale Composting.
Waste and Biomass Valorization, 1-10. https://doi.org/10.1007 /s12649-025-03056-y

Wroéblewski, P. (2018). Badanie sprawnosci kompostowania wybranych odpadéw organicznych. https://www.
researchgate.net/profile/Piotr-Wroblewski-3 /publication/336369107_Badanie_sprawnosci_kom-
postowania_wybranych_odpadow_organicznych_A_study_on_efficiency_of _composting_of selected_
organic_waste/links/5d9e02ac92851cce3c90ee2a/Badanie-sprawnosci-kompostowania-wybranych-
odpadow-organicznych-A-study-on-efficiency-of-composting-of-selected-organic-waste.pdf (in Polish).

Wu, ], Shangguan, H,, Fu, T, Chen, ], Tang, J., Zeng, R.]., Ye, W,, & Zhou, S. (2021). Alternating magnetic field miti-
gates N20 emission during the aerobic composting of chicken manure. Journal of Hazardous Materials, 406,
124329. https://doi.org/10.1016/j.jhazmat.2020.124329

Zhang, B., Yin, R, Tan, Y, Fan, B, Li, H,, Peng, Y, Yang, R, & Li, G. (2021). Evaluation of maturity and greenhouse
gas emission in co-composting of chicken manure with tobacco powder and vinasse/mushroom bran. Pro-
cesses, 9(12), 2105. https://doi.org/10.3390/pr9122105

DOI: 10.34659/€is.2026.97.2.1192



ECONOMICS AND ENVIRONMENT 2(97) = 2026 _I 2

Patrycja ZESLAWSKA = lwona ZAWIEJA = Matgorzata WORWAG

ZROWNOWAZONE ZARZADZANIE ODORAMI W GOSPODARCE
NAWOZAMI NATURALNYMI: ANALIZA PRZYPADKU
KOMPOSTOWANIA POMIOTU KURZEGO

STRESZCZENIE: W Polsce problem emisji odoréw, szczegdlnie w kontekscie dziatalnosci rolniczej, stanowi istotne
wyzwanie zaréwno dla jakosci zycia mieszkaricéw, jak i dla ochrony $rodowiska. Pomimo regulacji prawnych dotycza-
cych ochrony powietrza, brak szczegétowych norm odnoszacych sie do emisji zapachdw sprawia, ze zagadnienie to
wcigz wymaga dalszej uwagi. Niniejszy artykut przedstawia charakterystyke pomiotu kurzego jako surowca wykorzysty-
wanego w procesie kompostowania oraz wyjasnia, dlaczego stanowi on problematyczne Zrédto emisji odoréw. W szcze-
gdlnosci oméwiono istote procesu kompostowania, podczas ktérego w wyniku mikrobiologicznych przemian powstaje
szereg zwigzkéw ztowonnych, wptywajacych negatywnie na jako$¢ powietrza. W artykule zaprezentowano charaktery-
styke pomiotu kurzego, idee procesu kompostowania i gospodarke nawozami naturalnymi w kontekscie ograniczania
emisji amoniaku do atmosfery.

StOWA KLUCZOWE: Odory, kompostowanie, zagospodarowanie obornika, ochrona srodowiska, nawozy
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