ECONOMICS AND ENVIRONMENT ~ ](92) » 2025 eISSN 2957-0395 @ ]

Patrycja ZESEAWSKA = lwona ZAWIEJA = Matgorzata WORWAG

AIR QUALITY IN POLAND AND THE POTENTIAL
OF ELIMINATION OF ODOURS FROM ORGANIC
WASTE: A REVIEW OF THE LITERATURE

Patrycja ZESLAWSKA (ORCID: 0009-0001-1764-6292) — Czestochowa University of Technology,
Faculty of Infrastructure and Environment

lwona ZAWIEJA (ORCID: 0000-0002-4480-8736) — Czestochowa University of Technology,
Faculty of Infrastructure and Environment

Matgorzata WORWAG (ORCID: 0000-0001-9029-8944) — Czestochowa University of Technology,
Faculty of Infrastructure and Environment

Correspondence address:
J.H. Dabrowskiego Street 69, 42-201 Czestochowa, Poland
e-mail: Patrycja.zeslawska@pcz.pl

ABSTRACT: InPoland, the problem of odour emissions is mainly associated with the agricultural sector, industry and municipal
management. Odours pose a serious environmental challenge, negatively affecting both the quality of human life and the state
of the environment. The aim of this article was to review the literature on the possibility of eliminating odours, in terms of sus-
tainable development. The article describes the characteristics of air quality in Poland, taking into account selected odour
compounds emitted into the atmosphere, assesses odour nuisance, paying particular attention to the characteristics of pollut-
ants from animal husbandry and the possibility of elimination using the biofiltration process, in addition, the impact of air pollut-
ants on human health and the functioning of ecosystems is determined, basic regulations and the possibility of odour
management are detailed. It should be noted that animal husbandry is a key source of odour emissions. Technologies (including
biofiltration) that rely on microorganisms to biologically break down pollutants can effectively reduce malodourous compounds
emitted into the air. In the absence of unified standards and regulations relating to odourant emissions, it is crucial to carry out
activities aimed at establishing clear air quality regulations. It is essential to reduce the negative effects of odourant emissions
based on sustainable solutions.
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Introduction

Odours are a significant environmental problem, affecting both the quality of human life and the
health of ecosystems (Blanes-Vidal et al., 2012). The sources of odours are diverse, resulting from the
conduct of complex biological and chemical processes. They include both anthropogenic processes,
resulting from human activities, and natural biological processes. Odourous emissions can come
from such sources as waste processing plants, wastewater treatment plants, food industry plants,
and the agricultural sector.

In Poland, air quality issues, including odour emissions, are increasingly being monitored and are
a serious environmental problem. Unpleasant odours can lead to social conflicts, deterioration of the
quality of life and health of residents. Odours negatively affect the environment, contributing to the
degradation of local ecosystems. However, this issue is complex and involves both ecological, eco-
nomic and social aspects. The analysis of the main sources of odour emissions, the assessment of
their impact on the environment and strategies for odour disposal are issues that should be reflected
in air quality regulations and standards. In the context of animal husbandry, including poultry, the
main compounds emitted into the atmosphere are ammonia, hydrogen sulfide and volatile organic
compounds. These compounds are formed by the decomposition of organic matter present in animal
manure and other organic materials used in agricultural production (Hristov et al., 2013). One of the
technologies used to reduce odour emissions is biofiltration. It involves filtering contaminated air
through a layer of biological material. Effective biofiltration is made possible by the presence of
microorganisms responsible for the decomposition of pollutants, including malodourous gases. Bio-
filters enjoy a high degree of effectiveness in reducing odours. The use of biofilters in the elimination
of odours from animal husbandry can reduce odour nuisance and contribute to improving air quality
(Grzelka et al., 2018). In Poland, the problem associated with the lack of regulations and legal stand-
ards regarding the issue of odourous emissions needs to be developed and normalised. It is necessary
to introduce and enforce standards and regulations that will protect human health and the environ-
ment from the negative effects of odour emissions (Parzenta-Gabor et al., 2020).

The purpose of the article was to review the literature on the possibility of eliminating odours,
in terms of sustainable development. Increasing the efficiency of the deodourization process, emis-
sion control, public education and effective enforcement are key elements of air quality management
strategies, in the context of odour emissions.

Air quality in Poland — characteristics of selected compounds

Air pollution is defined by the World Health Organisation as polluted air, the chemical composi-
tion of which negatively affects humans, animals, plants and other elements of the ecosystem, such as
water or soil (Kowalska, 2020). Air quality is an important element that determines the conditions of
human life, the functioning of the ecosystem, the animal and plant world. The above factors signifi-
cantly affect global climate change. According to the European Environment Agency, in Europe the
most problematic atmospheric pollutants include particulate matter (PM10 and PM2.5), nitrogen
dioxide and tropospheric ozone. Due to high levels of air pollution, globally nearly half a million peo-
ple die each year, while in Poland the figure is in the order of 47,000 people a year. Recent years have
shown that air quality standards have been exceeded almost all over Poland. Exceeded norms relat-
ing to the concentration of PM10 particulate matter occurred in 91% of the measurement zones,
especially in the Silesian, Lodz and Lesser Poland Voivodeships. Poland, relative to other European
countries, ranks very low on air quality lists. Both the pollution of PM10, PM2.5 as well as polycyclic
aromatic hydrocarbons (PAHs) or sulfur dioxide reach, especially in Upper Silesia, values much
higher than in Western Europe (Kuchcik & Milewski, 2018). In Poland, thanks to measuring stations,
it is possible to continuously monitor air quality. It is possible to monitor pollutants such as sulfur
dioxide, nitrogen dioxide, ozone, PM10 particulate matter and PM2.5 particulate matter. Figure 1
shows the measurement data from 10:00-11:00 a.m. on 30.07.2024 for the air quality index in Poland,
according to the Chief Inspectorate for Environmental Protection (Inspekcja Ochrony Srodowiska,
2024). Interpreting the data in the figure, it can be concluded that the air quality on that day through-
out the country was good or very good. The air quality standard in Poland (Table 1) is intended to
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protect public health and the environment. Colour variation is part of an information system that
helps the public understand the current state of air pollution.
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Figure 1. Air quality in Poland as of 30.07.2024 Source: Inspekcja Ochrony Srodowiska (2024)

Table 1. Air quality standards in Poland

Category Designation Information

Verygood  Dark greencolor  Air quality is good, air pollution is not a threat

Sufficient  Yellow color Air quality is acceptable, air pollution may pose risks to those at risk

Moderate  Orange color Air quality is average, air pollution poses a risk to those at risk

Very bad Brown color Air quality is dangerously bad, vulnerable people should absolutely avoid going outside

Source: Kostrz and Satora (2017).

Air quality indicators are a comprehensive system that converts measured pollutant concentra-
tions into a single number that unifies values and facilitates reporting of air quality with impacts on
human health (Shah & Patel, 2021). The Common Air Quality Index (CAQI) was proposed to facilitate
real-time comparisons of air quality in European cities and regions. The index was developed as part
of the CITEAIR project, funded by the European Union (van den Elshou et al.,, 2014). The CAQI index
is calculated based on concentrations of key pollutants, which include nitrogen dioxide (NO;), PM10
and PM2,5, ozone (03), carbon monoxide (CO) and sulfur dioxide (SO;). Index values range from
0-100, with lower values characterising better air quality. The index is available in hourly and daily
versions, taking into account and distinguishing roadside and urban background locations. CAQI
defines two areas for monitoring pollution. The first relates to urban background areas, which repre-
sent the general state of air quality in populated areas. The second area focuses on monitoring road-
side areas. The monitoring covers sites near streets that have significant traffic. The indicator is based
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on five classes of air quality: classes 1-3 characterise good air quality, class 4 and 5 refer to poor air
quality. Class 4 poses a threat to vulnerable groups, while class 5 may pose a health risk to the general
population. The main purpose of the CAQI air quality index is to draw the public’s attention to urban
air pollution, its sources and, at the same time, its indirect impact on quality of life (Kuklinska et al.,
2015).

The European Air Quality Index (EAQI) refers similarly to CAQI to the presentation of air quality
based on various such as: PM10, PM2.5, NO,, 03, SO,, CO. EAQI indices in relation to the CAQI index
have a larger character, resulting from the presented results using not only current values, but also
forecasts and monitoring ranges. The European Air Quality Index is a device that aims to aerate the
air and distribute its quality to users in Europe. Available throughout Europe. EAQI indices allow for
detailed information on the performance of air in individual countries, cities, and regions (Rios et al.,
2024).

The Health Air Quality Index (HAQI) is a global air quality indicator that uses satellite data to
assess air pollution concentrations worldwide. It enables monitoring of air quality in regions without
traditional measurement stations. The HAQI is an indicator that provides a simple way of presenting
the health risk resulting from predicted levels of air pollution (Duncan et al,, 2021).

Odours

Odours are compounds that are a mixture of volatile chemicals, both organic and inorganic. Their
presence is noticeable in areas adjacent to municipal landfills, livestock farms, sewage treatment
plants, and refineries (Capelli et al., 2008). In recent years, the problem associated with the spread of
malodourous substances has become increasingly troublesome, especially in industrialised coun-
tries. The problem stems from the proximity of urban areas to industrial and agricultural facilities,
successively emitting odourants. Growing public awareness of environmental problems is also influ-
encing the proclamation of opinions opposing odour emissions into the atmosphere, especially from
facilities located near agglomerations. There are also growing expectations for effective management
of odour emissions (Ranzato et al., 2012).

Odourous compounds include both organic compounds and inorganic molecules that affect
odour levels (Table 2) (Zhu et al,, 2016). Odours are a social problem and negatively affect human
health and well-being, as well as ecosystem functioning (Conti et al., 2022). Prolonged exposure to a
mixture of volatile compounds can lead to various diseases, including dermatitis, asthma, or neuro-
logical problems and damage (Piccardo et al., 2022). Odours emitted into the atmosphere include
compounds such as esters, sulfides, aldehydes, mercaptans, amines and others. Nuisance compounds
also include ammonia, scatol, pyridine, aldehydes, ketones and volatile fatty acids. High concentra-
tions of the above-mentioned compounds cause poisoning of the human body. Odour nuisance is not
only due to the presence of chemical compounds, but also to the presence of microorganisms that are
involved in the decomposition of organic matter. Microorganisms such as Pseudomonas, Flavobacte-
rium, proteins are responsible for the decomposition of hydrocarbons: Micrococcus albus, Serratia
maecescens (Michalak et al., 2014; Ozonek et al., 2009; Kosmider, 2007).

Division of odour compounds

Volatile inorganic compounds (VIC) Volatile organic compounds (VOCs)
Hydrogen sulfide Organic compounds of sulfur, alcohols, volatile fatty acids, alkanes,
Ammonia ketones, esters

Source: Zhu et al. (2016).

Odours emitted into the atmosphere as a result of human activities are a significant environmen-
tal problem (Brancher et al., 2017). Odourants present in the atmospheric air are characterised by a
very low threshold of odour sensitivity. Table 3 shows selected groups of compounds and their
assigned odour sensibility thresholds.
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Odour sensitivity thresholds for selected compounds

Group of compounds Odour perception threshold
Alcohols (methanol) 33 ppm

Acids (aceticide) 363 ppb

Aldehydes (formaldehyde) 0.83 ppm

Ketones (acetone) 13.5 ppm

Esters (ethyl acetate) 3.9 ppm

Sulfur compounds (dimethy! sulfide) 5.89 ppb

Amines (methylamine) 35 ppb

Source: Szulczynski et al. (2017).

Selected compounds emitted into the atmosphere

A compound that negatively affects air quality is hydrogen sulfide. Hydrogen sulfide is classified
as a colourless, highly toxic gas with a specific unpleasant odour. In the environment, it is present in
volcanic gases, oil or natural gas deposits. Hydrogen sulfide is produced by microorganisms in the
process of decay and decomposition of proteins from organic matter (Janoszka et al., 2013). Hydro-
gen sulfide and organic sulfur compounds are good markers for odour emissions. This is due to their
low threshold of odour sensitivity relative to other odourous compounds (Sobczynski et al., 2014).
The odour threshold for hydrogen sulfide is 0.18 mg/m? and is detectable even at a very high dilution
of 1/100,000 (1 cm?3 of H,S per 100 dm?3 of air) (Stetkiewicz, 2011).

Another compound emitted into the air is ammonia. Ammonia in an aqueous environment exhib-
its an alkaline reaction. It is an important compound that affects climate, ecosystems and air quality.
Ammonia plays a key role in the production of greenhouse gases, soil acidification and water eutroph-
ication (Sanchis et al., 2019). The presence of ammonia in the air is relatively short, at about 17 hours.
Ammonia emissions contribute to the formation of ammonium salts due to the reaction that occurs
with acid gases (Gu et al,, 2022). Atmospheric ammonia contributes to the formation of aerosols with
other pollutants present in the air, for example PM2.5, nitrates and sulfates. According to Cao et al.
(2021), reducing ammonia emissions has the effect of reducing and lowering PM2.5 concentrations
(Caoetal, 2021). The presence of ammonia in the atmosphere from the agricultural sector is a major
environmental problem worldwide. Global atmospheric emissions of ammonia have been estimated
at 47 million tons. About 94% of global anthropogenic pollutants emitted into the atmosphere are
associated with the agricultural sector. About 68% of these pollutants come from livestock farming
and production, including manure storage and use (Steinfeld et al., 2006). Livestock production is
associated with land processing. The functioning of the agricultural sector is associated with the use
of about 28% of land in the European Union. According to Leip et al. (2015), the livestock industry,
due to ammonia and nitrogen oxide emissions, is responsible for 78% of the loss of ecosystem biodi-
versity on land, 81% of global warming, 80% of soil acidification and air pollution 73% of nitrogen
and phosphorus pollution of water. Ammonia emissions occur at every stage of animal farming and
manure handling. Ammonia present in the air comes mainly from livestock feces (Soto-Herranz et al.,
2021). Key factors affecting the intensity of emitted ammonia are temperature, rate of and quality of
ventilation, feed composition, and species of animals raised (Santonja et al., 2017).

According to the Regulation of the Minister of the Environment of January 26, 2010 on reference
values for certain substances in the air (Rozporzadzenie, 2010), based on Article 222(2) of April 27,
2001 - Environmental Protection Law (Act, 2001), reference values for ammonia must not exceed
400 micrograms per cubic meter (ug/m? ) in one hour, while for the entire calendar year the value
must not exceed 50 micrograms per cubic meter (pg/m3). These values allow assessment of the max-
imum concentration of ammonia in the air, which is an important part of the standards affecting air
quality, in terms of environmental protection and human health (Rozporzadzenie, 2010).
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Assessment of odour nuisance

Odour nuisance is a serious environmental problem in many areas, both urban and rural. Odour
assessment and disposal are often overlooked in urban planning and development processes (Bad-
ach et al., 2018). The occurrence of odour nuisance compounds is difficult to assess directly in terms
of quantity and olfactory sensation, so it is necessary to introduce objective methods to assess the
impact of odour (Nicell, 2009). Odour emissions from industrial facilities cause opposition from com-
munities living around them. Accordingly, odourous emissions are considered pollutants that require
immediate attention due to the extensive social and environmental problems (Lebrero et al., 2011;
Mudliar et al., 2010; Zarra et al., 2009; Talaiekhozani et al., 2016; Liu et al., 2018). The remedy is to
implement a comprehensive odour management program that includes measurement, characterisa-
tion, control and continuous monitoring of odourant emissions. Odour assessment characterisation
uses several methods (Bokowa, 2010). These include analytical, sensory and mixed (sensory-analyt-
ical) techniques (Munoz et al., 2010). According to Gostelow et al. (2001), the lack of a comprehensive
theory of smell has led to two main classes of odour measurement. Analytical techniques are used
and preferred in terms of repeatability of testing, as well as in terms of creating odour, emission and
dispersion models. Sensory techniques present less accuracy and repeatability of results, due to the
subjective evaluation of odour. Analytical techniques rely on the use of analytical instrumentation to
identify and quantify stinky chemicals. Analytical techniques are characterised by repeatability and
accuracy of measurements (Gostelow et al.,, 2001). Sensory analysis of odours allows assessment of
the sensory component qualitatively and quantitatively using the human sense of smell as a detector.
Sensory techniques measure the total impact of a given odour on human sensation (Gostelow et al.,
2001). Technologies to reduce pollution associated with odourant emissions can be divided into two
groups: techniques to immobilize the odourant compound from the emitted gas stream and tech-
niques to prevent emissions (Wysocka et al,, 2019). Odour neutralisation methods can also be divided
into two techniques: wet, which includes biological treatment and photocatalysis, and dry i.e.: adsorp-
tion, application of UV light, thermal oxidation (Yang et al., 2016; Zarra et al., 2019). Of the aforemen-
tioned techniques, wet techniques are most commonly used as odour reduction methods (Mauer et
al,, 2016; Yang et al,, 2016; Couvert et al., 2006). In odour control and treatment, the first element is
to identify and determine the gas or gases responsible for the odour and measure concentration lev-
els. These factors are the basis in selecting the method needed to minimise odour emissions (Brancher
et al, 2017; Mauer et al.,, 2016; Laor et al,, 2014). A method of assessing odour nuisance that com-
bines both analytical and sensory techniques is the “electronic nose” (ENose). ENose detects the
existence of a gas in the air, which allows it to be used in situ for continuous air quality monitoring
(Deshmukh et al,, 2015; Neumann et al., 2013). Dodd and Persuad developed the electronic nose in
1982. The devices were designed to mimic the human sense of smell. The devices can detect volatile
aromatic compounds from a variety of sources (Deshmunk et al.,, 2015). Electronic noses are com-
bined with various online assistive technologies to provide more reliable results. They can be inte-
grated with other monitoring systems, such as meteorological instruments. The technique is develop-
ing rapidly and is increasingly being used to evaluate the effectiveness of the deodorisation process
of odour compounds produced by various human activities (Szulczynski et al.,, 2017). According to
Szulczynski et al. (2017), the use of “electronic noses”, due to the specifics of their operation, can be
an effective solution in terms of complementing odourant measurement techniques. Limitations on
the use of electronic noses are due to the lack of defined regulations and their standardisation. The
use of ENose is justified because the development of methods for the analysis of odourant compounds
involves the need for such meters (Szulczynski et al., 2017).

The use of artificial neural networks (ANNs) in the ENose meter allows for pattern recognition
that improves odour detection in “electronic noses”. Artificial neural networks correspond to a min-
iature human brain, it is a biological model of the nervous system, consisting of neurons arranged in
layers. Dharwl and Kaur report (Dharwal & Kaur, 2016) that artificial neural networks have applica-
tions in many different fields. The use of artificial neural networks allows the collection of more accu-
rate measurement results and influences the reduction of measurement errors. The application of
artificial neural networks in the issue of odour origin management has a wide range of applications.
The main factors determining the functioning of artificial neural networks include the elements,
structure and learning algorithm. Environmental odour management is categorised in terms of four
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different aspects: measurement, characterisation, continuous monitoring, and control and treatment.
Figure 2 shows the application of artificial neural networks to environmental odour management
issues (Zarra et al,, 2019).
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Figure 2. Application of artificial neural networks for environmental odour management
Source: Zarra et al. (2019).

Dynamic olfactometry, on the other hand, makes it possible to estimate odours from the environ-
ment and determine the odour threshold of a single substance (Maxeiner & Mannebeck, 2004). It is
the most widely used method for evaluating gas samples for odour intensity, the amount of malo-
dourous substances including odourants. Dynamic olfactometry is defined in the unit (1ouE/m?3),
which corresponds to 1 m3 of volumetric gas into which the odourant was introduced. The principle
adopted in the method is based on a 50% probability of detecting malodourous substances by a
selected team of experts (PN-EN 13725:2007; Szulczynski, 2021). The odour concentration measure-
ments involve a team, which meets certain criteria of odour sensitivity and odour sensitivity. It is
required that each member individually determines the reference substance n-butanol, the smell of
which allows the panelists to tune their sense of smell (Lisman & Huszat, 2018). The following factors
are key in the application of dynamic olfactometry: air sampling method, test site, selection of pan-
elists, available technology, test site. The above-mentioned factors have standardised standards of
repeatability and reproducibility. They are characterised by reliability in the presence of gases with
higher concentrations. Dynamic olfactometry is not a suitable method for evaluating odour com-
pounds at very low concentrations and noxious substances (Littarru, 2007). Olfactometric measure-
ments are labor-intensive and time-consuming. In static methods, the air sample is diluted in a spe-
cific, fixed volume before being transferred to a panel that evaluates odour intensity. In contrast,
dynamic methods, which are currently preferred, involve continuously mixing an odour sample of
known flow rate with a corresponding volume of clean air, also of known flow rate. There are various
standards that have been developed to regulate dynamic olfactometry processes (Littarru, 2007).
In a study conducted by Littarrua (2007), which involved the use of dynamic olfactometry with an
“electronic nose,” odour disturbance from four identical biofilters for processing odorous emissions
from a municipal waste organic fraction composting plant was evaluated. The biofilters processed
emissions from composting plants with the same flow rate. The qualitative differences were the age
of the composted waste. The measurement equipment included an array of 10 MOS sensors and
Winmuster software, which allows prediction based on linear and nonlinear methods. In the study,
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Littaurra used the CEN/TC 264 /WG2 olfactometer standard and the ECOMA TOO07 olfactometer with
a panel of 8 panelists. Based on the results, it was concluded that dynamic olfactometry allows the
determination of odour intensity, the use of an electronic nose in the study confirmed the correlation
of the two methods and the possibility of frequent quantification of biofilter emission substances
using ENose, which contributes to cost reduction. In addition, it has been observed that the combina-
tion of dynamic olfactometry and electronic nose makes it possible to estimate odour intensity in
samples taken from the environment (Littarru, 2007; Boeker & Haas, 2007). Dynamic olfactometry is
used to assess odour nuisance in many industrial fields. Spinaze (Spinazze et al., 2022) used this
method in his research to evaluate odour samples from oil refineries. In addition, his study focused
on the panelists’ potential hazardous exposure to chemicals. The resulting concentration values were
used for the toxicological risk assessment of occupational exposure of panelists participating in the
olfactometric analysis of samples, from oil refineries.

The study shows that the use of dynamic olfactometry allows for case-by-case evaluation and
estimation of the minimum dilution factor that can be applied to individual cases. The researchers’
risk assessment is based on the specific time of exposure to a particular compound capable of causing
toxic effects. In his research, Hove et al. (2017) conducted an extensive analysis of improving the
repeatability of dynamic olfactometry. The methodology for testing odour emissions using dynamic
olfactometry is included in the EN 13725:2022 standard, amending the EN 13725:2003 standard and
covers the assessment of odour emissions in EU Member States. The changes included in the new
standard address the issue of uncertainty and introduce concepts such as Secondary Odour Refer-
ence Mass (SROM). In accordance to the EN 13725:2022 standard, the research conducted by Hove et
al. (2017) focused on improving the precision of dynamic olfactometry in laboratories and on an
extensive simulation of the precision of olfactometry’s application in the evaluation of n-butanol
odour and odourants from pig farms. The study shows that the type of odour, the influence of the
performance level of panelists, and the size of the panel under study affect the precise evaluation of
n-butanol. The study concludes that for precise and reliable measurements using dynamic olfactom-
etry, it is necessary to invest in panel size to improve the precision of the laboratory. In addition,
it was found that dynamic olfactometry is widely used to assess the impact of odours and control
emissions.

Odours are the cause of many air quality complaints and are a social problem (Aatamila et al.,
2011; De Feo et al., 2013). The techniques used to price odours are constantly being upgraded and
improved. As a result, numerous studies on odour reduction are being conducted; however, the prob-
lem of odour nuisance is still open (Brattoli et al., 2011; Sironi et al., 2010).

Characterization of pollution from animal husbandry/case study

Livestock farming and the production of animal products are the backbone of the global agricul-
tural and food industry. Meeting the demand for livestock products is a challenge for producers, also
posing huge environmental risks in terms of greenhouse gas emissions. The agriculture industry is
the source of nearly 18% of greenhouse gas emissions (Hristov et al., 2013). A significant threat from
livestock production is the emission of malodourous substances, including ammonia. Odours are con-
centrated locally and cause negative impacts on surrounding agglomerations (Blanes-Vidal et al,,
2012). The agricultural sector and the industry associated with the processing of animal raw material
is a major source of ammonia emissions into the environment. In 2019, it was reported that about
95% of total ammonia emissions came from the agricultural industry. Odour nuisance is associated
with the emission of 164 different substances generated during animal husbandry (Kotodiejczyk et
al, 2011).

The poultry sector has been characterised by very rapid growth in recent years. The chemicals
and energy required to produce feed, and the accompanying harmful gases are responsible for cli-
mate change. Poultry farming is carried out in special poultry houses, characterised by a high density
of animals, responsible for the emission of many odourous substances (Konkol et al., 2022). Signifi-
cant elements affecting the formation of pollutants include high humidity, reduced air exchange, high
temperature and fixed elements of livestock buildings, e.g. bedding, animals, nests (Stuper-Sza-
blewska et al., 2018). The most important pollutants of poultry housing include particulate matter,
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including dust, microorganisms and toxins formed in the process of their metabolism. Pollutants also
include gases such as ammonia, carbon dioxide, volatile fatty acids and other trace gaseous com-
pounds (about 100) (Hartung & Schulz, 2007). Table 4 shows the pollutants generated as a result of
poultry farming in poultry houses.

Examples of air pollution in poultry houses

Type of pollutant Examples

Gases Ammonia, hydrogen sulfide, carbon dioxide, carbon monoxide, osmogens

Bacteria/fungi 100 to 1,000 colony-forming units/liter of air 80 percent of the group staphylococcaceae/
streptocococcaceae

Ashes About 90% is organic matter, particles contain antibiotic residues

Source: Hartung and Schulz (2007).

Physical pollution generated during poultry farming is a problem inherent in livestock produc-
tion. The intensity of the pollution produced is due to the stocking density of the birds, the type of
bedding used. Dust generated by the use of bedding contains microorganisms and their metabolites,
which cause odour nuisance. Important factors that reduce the amount of contaminated dust include
odourlessness or water absorption. Excessively dry bedding is unfavourable due to the high presence
of dust and the higher incidence of fungal diseases. Adequate moisture content of bedding is between
65% and 75% dry matter (Stuper-Szablewska et al., 2018). A dangerous factor for the surrounding
agglomerations is microbial pollution associated with poultry farming. Among the most common
microorganisms in the air are granulocysts, bacilli and bacilli, as well as pathogenic microorganisms
such as Staphylococcus, Streptococcus, Bacillus and Clostri- dium. Animal manure contains most of the
developing microflora. Microorganisms spread with the air to surrounding buildings for up to 500
meters from livestock buildings. The soil around the farms is also subject to microbial contamination.
Among the main nuisances reported by residents neighbouring poultry houses is discomfort caused
by the odour nuisance. Ammonia, hydrogen sulfide, organic acids, or phenols are mainly responsible
for unpleasant odours.

These compounds cause irritation and stimulation of the olfactory epithelium, thereby affecting
the perception of odour. Ammonia and hydrogen sulfide are formed in livestock buildings as a result
of microbial decomposition processes of urine and protein (Stuper-Szablewska et al., 2018). There
has been a steady increase in livestock production in Poland and around the world, including the
number of poultry farms. Breeding is focused on two main production groups. Breeding poultry for
meat and laying hens for eggs (Windhorst, 2006). The high consumption of animal products contrib-
utes to the generation of huge amounts of waste requiring processing. Uncontrolled storage and
improper management of waste generated by poultry production lead to many undesirable conse-
quences. These include groundwater contamination, greenhouse gas emissions, and malodourous
emissions, among others (Bo6jti et al., 2017). Factors affecting the composition of manure include the
type of poultry raised, the amount of nutrients, or the composition of the feed (Boijti et al., 2017).
Farmed chickens consume large amounts of protein and nitrogen-rich substances in their diet. The
conversion of nitrogen contained in the feed is inefficient, and as much as 50-80% of it is excreted.
Due to such high values of excreted nitrogen, chicken manure is rich in nitrogenous substances and
other nutrients. Farms with a particular emphasis on livestock production pollute the air, causing
environmental hazards. Animal husbandry plays an important role in this context, as it contributes to
the emission of harmful gases (Marszatek et al., 2011). Figure 3 shows the factors that cause the for-
mation of malodourous compounds in poultry farming production, the compounds formed, air treat-
ment methods and the environmental impact. Elements affecting the formation of malodourous com-
pounds, such as hydrogen sulfide, ammonia, volatile organic compounds, and greenhouse gases, are
significantly affected by the type of feed used, manure, urine, and bacteria involved in the anaerobic
decomposition of organic matter. Methods of air purification from malodourous compounds can be
biofiltration, bio scrubbers, ozonation, or chemical oxidation. The use of effective methods of deodor-
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ising compounds formed during poultry farming has a positive environmental effect and neutralises
and minimises negative impacts on the ecosystem and humans.

LA

Polutry breeding

ODORS

Figure 3. Methods of treating air from odours generated from poultry
farming

Source: Konkol et al. (2022).

Positive environmental effect

Deodorization of odours- biofiltration

Gaseous compounds from animal husbandry result from microbial decomposition of animal
feces (including chicken manure), usually under anaerobic conditions. They are formed by the
decomposition of carbohydrates and proteins (Gutarowska et al., 2014). A well-known method for
reducing odourous or toxic substances is biofiltration. The use of microorganisms to clean the air of
malodourous compounds occurs using biofilters or bio scrubbers. The mechanism of action of biofil-
ters is the decomposition of odours by microorganisms into odour-neutral substances. Effective bio-
filtration is possible with the use of appropriate biofilter fillings (Kunowska-Slésarz et al., 2016).
Biofiltration is one of the methods characterised by high efficiency and low process costs. The appli-
cation of biofiltration is very wide, among others, it is used in municipal management, animal hus-
bandry, agriculture, or waste management (Grzelka et al.,, 2018). The area of use of biofiltration is
very wide and includes areas such as the processing of oily substances, wastewater treatment plants,
feed mills, farms, slaughterhouses, paint shops (Chmiel & Palica, 2005). The main element that fills
the biofilter is the filter bed, which is primarily responsible for the odour treatment process. The key
parameter considered in the selection of the filter material is its porosity, which is responsible for
effective filtration. The most common and most frequently selected filter materials are wood bark,
peat, and sawdust. The organic nature of the filter material provides natural nutrients and access to
nutrient compounds for the microorganisms residing in the biofilter (Miller et al., 2018). A negative
aspect associated with the use of organic materials is structural stability compared to inorganic
materials. The relatively short useful life of biological materials in a biofilter, e.g. compost or peat,
increases the costs associated with disposal, maintenance, replacement. When compost is used to fill
a biofilter, its efficiency and absorption capacity decreases by 72% after 7 months of the process
(La et al,, 2018). For the proper functioning of the biofilter and the viability of microorganismes, it is
necessary to maintain appropriate parameters such as temperature, humidity, porosity, reaction. The
humidity inside the bed should be in the range of 40-60%. It translates into biological activity of
microorganisms. Too low humidity results in inhibition of biological activity of microorganisms,
while too high humidity results in loss of ability to degrade malodourous compounds (Miller et al.,
2018). Biofilters are capable of reducing emissions of many malodourous substances. Ammonia
emissions are reduced by 51%, hydrogen sulfide by 80%, and odours by 67% (Konkol et al., 2022).
Figure 4 shows a diagram illustrating the principle of the biofilter. Contaminated air through a system
of pipes enters the chamber, which contains the filter material along with microorganisms. Through
their presence, the decomposition of odour compounds and adsorption of airborne contaminants on
the surface of the biomass takes place. The purified air passes through the biofilter column and then
escapes outside the biofilter.
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Figure 4. Diagram illustrating the principle of operation
of the biofilter

Source: Vikrant et al. (2017).
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The advantages of using biofilters include very high treatment efficiency: soil filters - 99% effi-
ciency, non-soil filters - 95% efficiency, as well as economic considerations. The biological method of
air purification does not generate any other waste or leachate that will require disposal. Table 5
shows the properties of selected filter beds.

Table 5. Selected properties of materials used in the biofiltration process

Type of material pH Bulk density, kg/m? Porosity
Bark 6.5+7.5 650+750 0.4+0.55
Peat 45+55 100 0.85
Coniferous wood chips about 6 250+400

Compost

Coconut fiber 45 100+250

Keramzyt - 400 0.6+0.7

Wood from the roots

Source: Grzelka et al. (2018).

Impact of air pollution on human health and ecosystem functioning

An adult inhales about 10-12m?3 of air per day. Along with the inhaled air, pollutants enter the
body. Prolonged exposure to unpleasant odours causes deterioration in people’s quality of life and
well-being (Blanes-Vidal et al., 2012). Odours cause many negative effects, which include runny nose,
cough, stress, irritability, depressive states or various allergic reactions. Compounds included in
odours can cause stimulation of the trigeminal nerve resulting in irritation of the mucous membranes
of the nose, throat, as well as the eyes (Schiffman & Wiliams, 2005). The emission of odourous com-
pounds also causes a significant increase in psychosomatic symptoms, which mainly include diffi-
culty with concentration, headaches, nausea and even problems leading to depression (Ilski, 2008;
Michatek et al., 2014). Odours have multifaceted effects on the environment that go beyond odour
nuisance. Chemicals present in odours can affect the microbial composition of soils. Their toxicity
and bioavailability depend mainly on the chemical form of the compound and the amount in which it
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is present in the environment (Mocek-Ptdciniak, 2011). Odours containing toxic substances, such as
hydrogen sulfide, directly affect living organisms. Hydrogen sulfide toxicity occurs at low concentra-
tions and causes stress effects in animals and leads to disease. Intensive livestock production contrib-
utes to the pollution of the aquatic ecosystem through the emission of gaseous and solid pollutants.
The easy permeability of odour pollution mainly affects standing water, rivers and lakes. Water pol-
lution by nitrogen and phosphorus compounds leads to eutrophication and blooms (Czerwinski et al.,
2017). Sulfur oxides contribute to the formation of acid rain, which, by lowering the pH, causes many
negative effects, showing harmful effects on aquatic organisms, plants and invertebrates (Boggia et
al.,, 2019).

Regulations and odour management

The emission of unpleasant odours and volatile odour compounds has become a global environ-
mental problem. Odour nuisance and the number of complaints from people exposed to unpleasant
odours have led to increased interest in the issue of standardisation and regulation of concentrations,
incidence and intensity of emitted odourous substances. For this reason, it is necessary to develop
effective air treatment methods that are economically viable and beneficial to the environment
(Parzenna-Gabor et al,, 2020). Human economic activity is a major source of environmental and
health hazards, which requires corrective measures, including the need for necessary legal regula-
tions (Kancelaria Senatu, 2014). Currently in Poland, there are no clear standards regulating odour-
ous air emissions, which often leads to public dissatisfaction (Kancelaria Senatu, 2014). The need to
establish legal norms in Poland for the control of odour nuisance is influenced by the fact that more
than half of the complaints, petitions, comments addressed to the Provincial Environmental Inspec-
torate and the Chief Environmental Inspectorate relate to air pollution problems. The basic legal act
regulating environmental protection issues in Poland, including with odour nuisance, is the Environ-
mental Protection Law of April 27, 2001 (Act, 2001). The Ministry of Environment has taken a num-
ber of legislative initiatives in the aspect of odour nuisance, methods of assessing the odour quality of
air under Article 222 of the above Act. The analysis of allegations regarding the correctness of the
measurement methodology derived from standard EN13725:2007 “Air Quality-Determination of
Odour Concentration by Dynamic Olfactometry,” as well as the social assessment made regarding the
issue, resulted in the abandonment of legislative work related to odourous air quality. Despite
attempts to introduce odour nuisance regulations, work on the draft law on odour nuisance started
in 2008 did not result in the implementation of new legislation.

As a result, new obligations were introduced and existing regulations were improved, targeting
the activities of local governments and businesses. The Ministry of the Environment, in cooperation
with the Ministry of Economy, the Ministry of Infrastructure and Development and the Ministry of
Agriculture and Rural Development, in 2013-2014 conducted an analysis of existing regulations that
dealt with odour nuisance. Among other things, it analysed issues concerning minimum distances of
buildings, spatial planning from farms or production facilities (Ministerstwo Srodowiska, 2016).
Research on odour components and technologies for their reduction, such as biofiltration, is essential
for the formulation of scientifically based standards and regulations. The introduction of regulations
that take into account permissible levels of emissions of odourous compounds and control technolo-
gies will significantly affect air quality in Poland. Analysis of the effectiveness of the technologies used
and their implementation at the level of local governments and businesses is crucial to develop regu-
lations that care for the environment and protect public health.

European regulations and directives are also taken into account in assessing air quality in Poland.
The CAFE Directive (Directive, 2008) concerns air quality in Europe. The directive sets limit levels for
PM2.5 and PM10 particulate matter, nitrogen dioxide (NO,), sulfur dioxide (SO,), ground-level ozone
(0,), carbon monoxide (CO), volatile organic compounds (VOCs), and heavy metals. The provisions of
the directive are key to the management and monitoring of air quality in Poland, including through
the activities of the Chief Inspectorate for Environmental Protection. In Poland, the Chief Inspectorate
for Environmental Protection carries out monitoring of air pollutants included in the directive within
the framework of State Air Monitoring, which is based on the requirements of the CAFE Directive.
This makes it possible to track pollution levels, sources of pollution and take corrective measures to
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improve air quality. It is important to define and establish air quality objectives, which are defined in
such a way as to avoid, prevent and reduce the harmful effects of polluted air on human health and
the environment. The directive establishes measures to assess air quality in EU member states on the
basis of common methods and criteria. Obtaining air quality data helps in implementing effective
methods of counteracting air pollution, as well as long-term changes and improvements in the state
of the air resulting from the implementation of national and European measures. Analysis of this
information makes it possible to assess the effectiveness of measures and decisions to implement
new solutions in environmental and air quality policy.

Directive 2024/2881 of the European Parliament and of the Council of October 23, 2024, on air
quality and cleaner air for Europe (AAQD). The directive introduces new provisions for air protection
monitoring and management, while merging the two existing directives (2008/50/ECand 2004/107/
EC) into a single piece of legislation. The Directive was published on November 20, 2024, and aims to
introduce regulations that will further gradually improve air quality and achieve levels of pollutant
concentrations that, according to the best available and most up-to-date scientific sources, are con-
sidered harmful to human health, ecosystems, biodiversity, according to the Eighth EU Environment
Action Program, and greater synergy between the Union’s air quality policies.

The objectives will ultimately result in a non-toxic environment by 2050 at the latest. The direc-
tive sets new, lower permissible levels of pollutants that members will be obliged to comply with
from 2030. The directive, in line with WHO recommendations, requires EU member states to set up
measurement superstations in urban and non-urban areas to analyse and monitor pollutants hith-
erto not included in EU regulations, such as ultrafine particles of soot, ammonia and particulate mat-
ter potential.

New limit levels set by the AAQD

New Standards

Pollutant Averaging Period Current Standards (from 2030)
Annual average 40 20

PM10 [ug/m?]
Daily average (permissible number of exceedance days) 50 (35 days/year) 45 (18 days/year)
Annual average 20 10

PM2,5 [ug/m3]
Daily average (permissible number of exceedance days) None 25 (18 days/year)

Benzo(a)pyrene [ng/m3| Annual average T 1,0
Annual average 40 20

Nitrogen Dioxide [ug/m?] Daily average (permissible number of exceedance days) None 50 (18 days/year)
Hourly average (permissible number of exceedance hours) 200 (18 hours/year) 200 (1 hour/year)
Max. 8-hour running average 10 10

Carbon Monoxide [mg/m?] ; ol )
Da|Ily average (permissible number of exceedance days) z przekroc None 418 days/year)
zeniem)

Benzene [ug/m?] Annual average 5 34
Annual average 20 20

Sulfur Dioxide [ug/m?] Daily average (permissible number of exceedance days) 125 (3 days/year) 50 (18 days/year)
Hourly average (permissible number of exceedance hours) 350 (24 hours/year) 350 (3 hours/year)

Arsenic [ng/m?]
Cadmium [ng/m?|

Nickel [ng/m?]

Source: Directive (2024).

Annual average
Annual average

Annual average

6 (target level)
5 (target level)

20 (target level)

6.0 (permissible level)

5.0 (permissible level)

20.0 (permissible level)
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The new measures included in the directive aim to improve air quality, better understand the
impact of air pollution on human health and the environment and improve mechanisms for informing
the public about the dangers of high concentrations of pollutants in the air. Table 6 shows the new
permissible levels of pollutants set by the AAQD. The change means, among other things, a reduction
in the permissible average annual concentrations of PM10 from 40 to 20 pg/m3, PM2.5 from 20 to
10 pg/m?3 and nitrogen dioxide from 40 to 20 pg/m3.

Summary

Farming, industry, human anthropogenic activities and natural factors are the causes of odour
emissions, which are a significant environmental and social problem. The complexity of odour issues,
their composition, specificity, toxicity and nuisance, as well as their negative impact on the ecosystem
and human life, requires special attention both scientifically and legislatively. The presented case
study on odour emissions from livestock farming illustrates the specificity of the compounds that
make up the odours generated in the farming process. It makes it possible to determine the impact of
the odours emitted in this case on the surroundings and the environment. Poland lacks precise legal
regulations on odour issues, which indicates the need for standards and specific guidelines to help
manage odour nuisance. The use of biofiltration is effective and justified due to the reduction of odour
emissions. It is a step towards sustainable development and environmental protection. Air quality in
Poland needs to be improved, so the application of remedial strategies on this issue is justified.
The specificity of odours is problematic, so it is important and necessary to establish appropriate
legislation that takes into account the issue of odours, the impact on the environment and the local
community.
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JAKOSC POWIETRZA W POLSCE | POTENCJAL ELIMINACJI ODOUROW Z ODPADOW
ORGANICZNYCH: PRZEGLAD LITERATURY

STRESZCZENIE: W Polsce problematyka emisji substancji ztowonnych zwigzana jest gtéwnie z sektorem rolnym, przemystem
i gospodarka komunalng. Odoury stanowig powazne wyzwanie srodowiskowe, wptywajac negatywnie zaréwno na jako$¢ zycia
ludzi, jak réwniez na stan Srodowiska. Celem niniejszego artykutu byto dokonanie przegladu danych literaturowych na temat
mozliwosci eliminacji odouréw w kontekscie zréwnowazonego rozwoju. W artykule opisano charakterystyke jakosci powietrza
w Polsce, hiorgc pod uwage wybrane zwigzki ztowonne emitowane do atmosfery, dokonano oceny ucigzliwosci zapachowe;,
zwracajac szczegdlng uwage na charakterystyke zanieczyszczen pochodzacych z hodowli zwierzat i mozliwosci ich eliminacji
z wykorzystaniem procesu biofiltracji, ponadto okreslono wptyw zanieczyszczen powietrza na zdrowie ludzi i funkcjonowanie
ekosystemdw, szczegétowo opisano podstawowe regulacje prawne oraz mozliwosci zarzadzania odourami. Nalezy podkreslic,
Ze hodowla zwierzat jest kluczowym Zrédtem emisji odouréw. Technologie (miedzy innymi biofiltracja), ktére polegaja na wyko-
rzystaniu mikroorganizméw do biologicznego rozktadu zanieczyszczen, moga skutecznie redukowac zwigzki ztowonne emito-
wane do powietrza. W zwigzku z brakiem ujednoliconych norm i przepiséw, odnoszacych sie do emisji odourantéw, kluczowe
jest prowadzenie dziatart majacych na celu ustanowienie klarownych regulacji prawnych dotyczacych jakosci powietrza. Nie-
zbedne jest ograniczenie negatywnych skutkéw emisji odouréw, opartych na rozwigzaniach zgodnych z zatozeniami zréwnowa-
Z0nego rozwoju.

StOWA KLUCZOWE: odoury, regulacje prawne, zanieczyszczenia powietrza, zréwnowazony rozwoj
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