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Abstract:

The air quality assessment is performed in a division into zones, and each zone in Poland is assessed separately.
Its result is the assignment of a class for individual pollutants. Poland remains in the forefront of EU countries
with the most polluted air. The air quality management remains a pressing challenge in Poland, which
consistently ranks among the European Union (EU) countries with the highest levels of ambient particulate
matter pollution. Czestochowa, a medium-sized industrial and transport hub in southern Poland, represents
an illustrative case where multiple sources of emissions converge. The city is characterized by a mixed-source
profile that includes industrial emissions, transport-related pollutants, and household combustion for heating.
The aim of the study presented in this paper is an analysis of the air pollution management in Czestochowa
with a specific focus on the role of local industrial areas and their spatial distribution. Methodologically, the
study combines data from national monitoring networks, EU air quality reports, and academic research with a
comparative policy analysis. Paper identifies, analyses and assesses the level of air pollution quality for chosen
city and indicates final recommendations for local communities that meet problems with polluted areas
resulting from industry zones existence. The results reveal that while industrial areas contribute significantly
to local emission hotspots, the seasonal dominance of household heating (so-called "low-stack emissions") and
traffic congestion remain equally important contributors to overall pollution. Research findings indicate that
management strategies must be multi-scalar, combining local, regional, and national interventions. In this
context, an action plan for 2025-2035 has been proposed as the proposed solution for the identified problem.
This strategy has been structured into three phases: short-term (2025-2027) interventions targeting residential
heating and initial industrial audits; medium-term (2028-2031) strategies focused on district heating expansion
and renewable integration; and long-term (2032-2035) transformations aiming for full alignment with World
Health Organization (WHO) air quality standards and the development of sustainable industrial clusters. The
study highlights that Czestochowa’s future air quality improvements depend not only on technological
modernization but also on governance, stakeholder engagement, and regional cooperation.
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INTRODUCTION

According to European Environment Agency reports a sig-
nificant proportion of Europe's urban population lives in
cities where EU air quality standards for the protection of
human health are regularly exceeded. The air pollution is
one of the most important factors that have huge impact
on the human health and it generates economic costs, in-
crease medical costs and it also reduce productivity by
working days reduction. Air pollution is a local, pan-Euro-
pean and hemispheric issue, that results in the transfer of
air pollutants released in one country to other countries.
There are some three pollutants that are now generally
recognised as the most significantly affecting human
health such as: particulate matter, nitrogen dioxide and
ground-level ozone [1].

Air pollution has negative influence on the human health
and ecosystems, what was presented in Figure 1. Certain
harmful air pollutants are emitted directly from vehicles,
such as ‘primary’ particulate matter (PM) and nitrogen ox-
ides (NOx). Others, such as ozone and ‘secondary’ PM,
form in the atmosphere after emissions of precursor pol-
lutants, including NOx and volatile organic compounds.
Different sources of pollution, including transport and
non-transport sources, emit different types and ratios of
pollutants [2].

Air quality has not always been the result of human-in-
duced air pollutant emissions. It should be emphasized
that there is no consistent linear relationship between de-
creasing emissions and observed air pollutant concentra-
tions.
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Fig. 1 Mechanism of the air pollution negative influence
on the human health and ecosystems
Source: EEA 2020.

One of the more significant phenomena is the growing
share of long-distance transport of air pollutants to Eu-
rope from other countries.

There are various sources of the air pollution, both an-

thropogenic and of natural origin [3, 4, 5]:

— burning of fossil fuels in electricity generation,
transport, industry and households;

— industrial processes and solvent use, for example in
chemical and mineral industries;

— agriculture;

— waste treatment;

— volcanic eruptions, windblown dust, sea-salt spray and
emissions of volatile organic compounds from plants
are examples of natural emission sources.

One of the long -term goals of the European Union is the

desire to achieve the level of the air quality, which does

not cause unacceptable concentrations having a negative
impact on human health and thus increasing the risk of
danger to human life and the natural environment. The

European Union operates at many levels, seeking to

achieve the above goal. This happens, among others,

through: appropriate regulations, cooperation with the
sectors responsible for air pollution, as well as coopera-
tion with international, national and non -governmental
authorities, as well as research. In 2013, the European

Commission has implemented a proposed Air Quality

Packet including new reducing funds.

The EU's air quality directives (2008/50/EC Directive on

Ambient Air Quality and Cleaner Air for Europe and

2004/107/EC Directive on heavy metals and polycyclic ar-

omatic hydrocarbons in ambient air) set pollutant concen-
trations thresholds that shall not be exceeded in a given
period of time. In case of exceedances, authorities must
develop and implement air quality management plans.

These plans should aim to bring concentrations of air pol-

lutants to levels below the limit and target values. There

are also WHO guideline values are set for the protection
of health, and are generally stricter than the comparable

politically agreed EU standards [6, 7, 8].

According to European Directives, the air quality status

should be maintained where it is already good, or

improved. The risk posed by air pollution to vegetation
and natural ecosystems is most important in places away
from urban areas. The assessment of such risks and the

compliance with critical levels for the protection of
vegetation should therefore focus on places away from
built-up areas. Air quality plans should be developed for
zones and agglomerations within which concentrations of
pollutants in ambient air exceed the relevant air quality
target values or limit values, plus any temporary margins
of tolerance, where applicable. Air pollutants are emitted
from many different sources and activities [6, 7].

Air pollution is measured by European Environment Agen-
cy's with using European Air Quality Index which allows
users can gain insights into the air quality of individual
countries, regions and cities.

Europe has recorded a significant decrease in the emis-
sions of many air pollution over the past decades, which
has probably contributed to the improvement of air qual-
ity. Still, the concentration of the air pollution is high and
thus the problems related to the quality of the air persist,
especially in the city areas, in which air quality standards
(ozone, nitrogen dioxide and particle particles) are often
noted.

In the years 2010-2023, a decrease in industrial air pollu-
tion emissions was recorded in Europe (Figure 2). A de-
crease in greenhouse gas emissions (carbon dioxide (COz),
sulphur oxides (SOx)) and other impurities (nitrogen ox-
ides (NOx), solid particles (PM10) and heavy metals has
been reported by a sector. During this period, the value
generated by the industry for the European economy in-
creased, which is associated with an increase in efficiency
in terms of the indicator of the generated emission and
production of the sector value [9].
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Fig. 2 Industrial reledses of pollutants to air and economic
activity in the EU-27
Source: EEA 2023.

Phenomena regarding the activity of the European indus-
try cause the release of pollutants to the air, which is as-
sociated with the emission, among others: nitrogen ox-
ides (NOx), particulate matter (in this case PM10), non-
methane volatile organic compounds (NMVOCs) and
heavy metals including cadmium (Cd), lead (Pb) and mer-
cury (Hg). Between 2010 and 2023, industrial releases of
heavy metals (Cd, Hg and Pb), SOx and PM10 decreased
by over 75% in the European Union (Figure 3).

The observed reduction of industrial pollution emissions
into the air partly results from the introduced European
regulations, such as the EU Emissions Trading System and
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the Industrial Emissions Directive. A reduced level of air
pollution emissions is also associated with the
introduction of modern energy efficiency technologies
and limitations as well as the transfer of various
production and energy-saving industries (such as textile
or metal production) outside Europe. In order to reduce
pollution emissions, EU industrial policy is aimed at
switching to zero pollution, neutral climate industry based
on a on circular material flows and the use of natural re-
sources. Monitoring of release of air pollution is the key
to tracking progress towards achieving text goals.
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Fig. 3 Change of pollutant releases into air in EU-27 countries
in the period 2010-2023
Source: EEA 2023.

Air pollution is one of the most critical environmental
challenges in Poland, directly linked to industrial develop-
ment, urbanization, and transport intensity.

According to the European Environment Agency, Poland
is among the countries with the highest concentrations of
particulate matter (PM10, PM2.5) and nitrogen oxides
(NOx). The World Health Organization emphasizes that
exposure to polluted air increases the risk of respiratory
and cardiovascular diseases, which remain leading causes
of premature mortality [1, 6].

The report of the Chief Inspectorate for Environmental
Protection (GIOS) from the beginning of 2025 indicates a
slow improvement in air quality in Poland, but the prob-
lem of low emission from solid fuel combustion in home
furnaces is still significant. In recent years, Poland, despite
some progress, still remains a country with one of the
worst air quality in Europe. The air quality in the country
is varied, with forecasts indicating the deterioration of the
situation in the central and south-eastern part of the
country due to poor wind, while the northern area is to
have better quality. Reports on air quality in Poland in
2020-2025, published, among others By GIOS, they point
to a slow improvement in the situation, although there is
still a big problem with pollution, especially in regions
such as Silesia and Lesser Poland, where there are cities
with the worst air quality (e.g. Zywiec or Pszczyna). The air
quality indicator (AQl) is used to assess the level of pollu-
tion, and WHO standards are still often exceeded,

although regions that meet these standards, such as
Stupsk, also appear [10].

The city of Czestochowa, situated in southern Poland, is
an example of a medium-sized urban area that is heavily
influenced by the presence of industrial zones. The con-
centration of metallurgy, heavy industry, and logistics in-
frastructure contributes significantly to local air pollution.
This research focuses on assessing the air quality in
Czestochowa in relation to industrial area locations, iden-
tifying main pollutant sources, and formulating recom-
mendations for improved management practices and
strategies for effective air pollution management.

The aim of the study presented in this paper is an analysis
of the air pollution management in Czgstochowa with a
specific focus on the role of local industrial areas and their
spatial distribution.

The relevance of this study lies in the need to understand
how the spatial distribution of industrial areas influences
the air quality and how local governments can align air
quality management strategies with broader EU climate
and environmental policies. Recent European directives,
including Directive (EU) 2016/2284 on the reduction of
national emissions of certain atmospheric pollutants (NEC
Directive), impose obligations on member states to
achieve significant emission reductions by 2030.

The research findings analysis points toward the necessity
of elaboration and implementation of integrated manage-
ment in the form of strategy that balances local industrial
regulation, transport planning, and residential heating
policies. The city’s pollution levels remain above EU and
WHO recommendations, with significant implications for
public health. The presented recommendations provide a
framework for sustainable air pollution management in
industrially burdened urban areas. The paper includes
elaborated strategy of integrated management within the
policy that meet mentioned above EU and WHO recom-
mendations.

RESARCH METHODOLOGY

The research methodology consisted of the following

steps:

1. Literature review on the collection of national and re-
gional reports on air quality (documents and reports
of European Environment Agency, European Union
and Polish Chief Inspectorate for Environmental Pro-
tection).

2. Data analysis that is based on the statistical analysis of
air quality indicators for Czestochowa based on moni-
toring stations located within and near industrial
zones.

3. Comparative evaluation — analysis of Czestochowa re-
sults against regional averages for the Silesian Voi-
vodeship and EU reference values.

4. Impact assessment — identification of correlations be-
tween industrial activity and pollutant concentrations.

5. Recommendations — development of local policy
guidelines and technical improvements to reduce the
impact of industry on air quality.
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The study is constrained by the limited number of moni-
toring stations in Czestochowa (two fixed and one mo-
bile), which restricts spatial representativeness. Further-
more, industrial self-reporting of emissions may underes-
timate actual contributions. Despite these limitations, tri-
angulation of datasets increases the robustness of find-
ings.

Annual air quality assessments are key documents in the
process of issuing and changing permits for the introduc-
tion of gases or dust into the air and integrated permits
(they do not matter only in the installation application
procedure due to the emission to the air).

According to art. 225 of the Environmental Protection Law
In the area indicated in the annual assessment of air qual-
ity as an area of exceeding the air quality standard, the
release of the permit (from a newly built or changed in-
stallation) for the introduction of a substance into the air
for which the standard of air quality has been exceeded is
possible only after conducting compensation proceed-
ings, which ensures adequate reduction of existing emis-
sions. In other words, if the new industrial installation or
installation changed significantly is located on the above-
mentioned The area indicated in the annual assessment
of air quality, in accordance with the Environmental Pro-
tection Law, will not obtain an emission permit against ef-
fectively conducted compensation proceedings. In prac-
tice, compensation proceedings are difficult to conduct,
time-consuming and expensive. The knowledge of the lo-
cation of the installation relative to mentioned areas of
exceeding is therefore crucial in the investment process.
Without conducting compensation proceedings, an envi-
ronmental decision can be obtained and building an in-
stallation (or make a significant change), but you cannot
obtain a permit specifying the conditions of using the en-
vironment, which in particular is a condition for putting
the installation for use under Art. 76 of the Environmental
Protection Act.

RESEARCH RESULTS AND DISCUSSION

Poland’s air quality remains problematic, with 36 out of
46 zones in 2022 exceeding permissible levels of PM10 or
PM2.5 (EEA, 2023). The dominant sources of pollution are
domestic heating (coal-based), transport, and heavy in-
dustry.

Analyzed city, Czestochowa, belongs to the Silesian Voi-
vodeship, one of the most industrialized regions in Po-
land.

Anthropogenic emission is the main source of air pollution
in the Slaskie Voivodeship. In the field of PM10 and PM2.5
and Benzo (a) pyrene, the largest share is the emission
from the municipal and daytime sector (surface emission),
in the field of nitrogen oxides, this is the issue of industrial
activities (point emission) and transport (linear emission),
in relation to sulphur oxides, the greatest emission comes
from industrial activities (point emission). Participation in
the concentrations of pollution in the air in the voivodship
also has an influx of emissions from Poland and Europe,
and periodically also from Africa and Asia. The source of
emission that affects the concentration of pollution,

especially in areas directly adjacent to roads with signifi-
cant traffic in the Slaskie Voivodeship, is road transport.
Community pollution in the form of dust arises mainly as
a result of abrasion of brakes, tires and road surfaces and
pollution from the surface of the road, while nitrogen ox-
ides are emitted from exhaust pipes. Road transport has
a significant share in the total emission of nitrogen oxides
in the analysed city voivodeship. The highest emission
from the road transport sector occurs in the areas of large
cities and along communication thoroughfare with the
highest traffic of car traffic per day. In the Slaskie Voivode-
ship these are the A4 and A1 motorways. The Upper Sile-
sian agglomeration is responsible for 32% of nitrogen ox-
ides emissions, 32% PM10 dust and 32% PM2.5 dust on a
voivodship. On a scale of the whole country, the Slaskie
Voivodeship is responsible for about 10% of the issue of
the abovementioned road transport pollution.
Industrial location in relation to residential zones plays a
key role in shaping pollution exposure levels. Many indus-
tries are located in the Slaskie Voivodeship. Metallurgy,
power plants, coke and mining have the largest share in
dust pollution (GIOS, Chief Inspectorate for Environmen-
tal Protection).
Czestochowa covers an area of approximately 160 km?
and is situated in the north of the Silesian Voivodeship.
The city is traversed by major transportation corridors, in-
cluding national roads and railway lines, and lies in a geo-
graphic depression that limits natural ventilation. Indus-
trial activities are concentrated in specific zones, particu-
larly Rakéw, where metallurgical operations are located,
and Dzbdéw, which hosts manufacturing plants.
The analysed city is characterized by:
— the presence of heavy industry, including metallurgy
and machinery production,
— dense road networks, increasing NOx and CO, emis-
sions,
— residential heating based on fossil fuels, further wors-
ening winter smog.
Czestochowa, located in the northern part of the Silesian
Voivodeship, is a medium-sized city with a population of
approximately 220,000. Historically associated with heavy
industry, particularly metallurgy, machinery, and chemi-
cal processing, the city retains industrial facilities that are
spatially interlinked with residential and commercial
zones. This urban-industrial configuration increases the
exposure of residents to emissions from both industrial
and domestic sources.
The Czestochowa industry, traditionally based on metal-
lurgy and textile industry, is currently characterized by the
dynamic development of automotive, glass and fuel-en-
ergy industries. The city focuses on investments, offering
attractive conditions, including location in the Katowice
Special Economic Zone (KSE), as well as tax breaks. Cur-
rently, there are three dominated industries: automotive,
glass and fuel-energy industries in Czestochowa. The
number of business entities registered and operating in
Czestochowa is around 26,700, including in the public sec-
tor 357 and in the private sector 26343.
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Air quality in Czestochowa is a topic that is worth follow-
ing on a regular basis, especially during the heating pe-
riod. Municipal measuring stations, including those on the
streets of Baczynskiego and Stradom, regularly provide in-
formation on the concentration of suspended dust PM10
and PM2.5, which are the main components of air pollu-
tion. These harmful particles can lead to serious health
problems, especially in people with respiratory diseases,
children and seniors. Owing to data from such sources as
Airly, the current concentration of pollutants in Czesto-
chowa is visible.

Smog over Czestochowa is a problem that regularly inten-
sifies in the winter. Combustion in furnaces and transport
emissions contribute to deterioration of air quality, which
results in higher concentration of suspended dust. Daily
smog measurement in Czestochowa allows to assess
when the concentration of harmful substances in the air
achieves levels that can threaten health. Air pollution can
cause coughing, eye irritation, and in the long run even
increase the risk of cardiovascular and respiratory dis-
eases.

Between 2015 and 2022, Czestochowa consistently ex-
ceeded EU limit values for PM10 and PM2.5. The highest
concentrations were observed during winter, when resi-
dential coal combustion peaks. Annual averages of PM10
ranged between 40-55 pg/m3, compared to the EU annual
limit of 40 ug/m3. PM2.5 concentrations averaged 25-35
pug/m3, far above the WHO guideline of 5 pug/m3. Data
from Chief Inspectorate for Environmental Protection in-
dicate that Czestochowa has seen a gradual decline in an-
nual average PM2.5 concentrations since 2015 [11]. How-
ever, concentrations remain above WHO guideline levels
(5 pg/m3) and frequently exceed EU annual limits in win-
ter months (25 pg/m?3 for PM2.5) [1, 12]. Peaks occur in
period January — March, coinciding with domestic heating
demand [13, 14]. Benzo[alpyrene, a key carcinogen, ex-
ceeded the target value of 1 ng/m3 in all years of the
study, with winter averages exceeding the target by 300-
500%. This pollutant is strongly linked to domestic coal
burning but also associated with industrial emissions from
coke and metallurgical processes.

Industrial emissions in Czestochowa are spatially clus-
tered in the northern and eastern zones of the city. These
areas include steel processing, chemical industries, and
manufacturing facilities. While modernization has re-
duced SO, emissions, particulate matter and NOx remain
problematic, particularly near industrial-residential inter-
faces [15, 16].

Traffic-related NO, levels are highest along the national
road DK1 and within the central districts. Although aver-
age levels are within EU limits, short-term peaks coincide
with rush hours [10]. These emissions also contribute sec-
ondary particulate formation [17].

Household combustion remains the dominant source of
PM2.5, especially in single-family housing areas using coal
or wood. The municipal “anti-smog resolution” has stim-
ulated some transitions, yet progress is uneven due to so-
cio-economic constraints [18].

The location of industrial facilities within close proximity
to residential neighbourhoods intensifies localized expo-
sure risks. The absence of sufficient buffer zones and out-
dated emission abatement technologies contributes to
hotspots. Enforcement of Best Available Techniques (BAT)
remains a critical challenge [19].

Czestochowa exemplifies a “mixed-source” city: industrial
emissions are important but often overshadowed by do-
mestic heating during the winter [14].

This seasonal duality complicates management strategies,
requiring both structural interventions (district heating,
renewables) and behavioral changes (energy efficiency,
fuel switching) [20].

Czestochowa is influenced by transboundary pollution
flows from the broader Silesian region. This implies that
local policies alone cannot secure compliance with WHO
standards; regional coordination mechanisms are neces-
sary [21].

The evidence points toward the necessity of integrated
management that balances local industrial regulation,
transport planning, and residential heating policies. Fur-
thermore, alignment with EU Green Deal and Poland’s Na-
tional Air Protection Program is indispensable [6, 22, 23,
24].

Data show that PM10 and PM2.5 concentrations in
Czestochowa frequently exceed both EU annual and daily
limit values. In 2022, annual average PM10 was 42 pg/m?3,
compared to the EU limit of 40 ug/m3, while PM2.5 aver-
aged 28 ug/m3, exceeding the WHO guideline (5 pug/m3).
Benzo[a]pyrene exceeded the target value by more than
300% in winter months [14].

Industrial emissions (mainly metallurgical plants in Rakéw
district) account for 20-25% of PM emissions in Czesto-
chowa, with significant contributions of SO, and NOx.
Proximity to residential areas leads to localized hotspots,
particularly under low wind conditions. GIS mapping con-
firmed that monitoring stations located near industrial
sites recorded consistently higher PM and SO concentra-
tions.

Figure 4 presents schematic map-style visualization of
Czestochowa showing industrial zones (red squares) and
residential areas (blue circles), annotated with approxi-
mate pollution intensity values (ug/m?3).

Emission inventories indicate that industry contributes
approximately 20-25% of particulate matter emissions,
35% of SO, emissions, and 30% of NO, emissions in
Czestochowa. Proximity analysis shows that monitoring
stations near the Rakow industrial zone reported system-
atically higher SO, and NOx concentrations compared to
other stations.

The highest pollution concentrations were observed in
the northern and eastern industrial zones of the city, par-
ticularly near steelworks and logistics centres. Air moni-
toring stations indicated that the residential districts clos-
est to these industrial areas experience significantly
higher pollutant levels than the city average.
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Fig. 4 Schematic Map of Industrial Zones and Residential Areas
in Czestochowa with Approximate Pollution Intensity
Source: own study based on AQl presented in
https://www.iqair.com/poland/silesia/czestochowa.

Winter months showed up to 3-4 times higher pollutant
levels due to coal-based heating. However, summer peaks
of SO2 and NO: were associated with industrial activity.

This suggests a combined impact of both industrial and

residential sources. Czestochowa’s air quality problems

reflect the broader situation in Poland, where “low-stack”
emissions from households dominate, but industry re-
mains a relevant contributor. While EU directives require
stricter emission standards, enforcement at the municipal

level is uneven [25].

The location of the industry in close proximity to housing

amplifies exposure risks. Previous studies in Upper Silesia

confirm similar patterns [26]. Air protection programs in

Czestochowa have focused mainly on reducing residential

coal burning through subsidies for gas connections and re-

newables. However, industrial emissions require stronger
monitoring and stricter integration with local land-use
planning.

The study confirms that:

— PM10, PM2.5, and BaP exceedances remain chronic in
Czestochowa.

— Industrial emissions account for up to one-quarter of
PM loads and significantly affect local hotspots.

— Air management strategies must integrate industrial
emission reduction with transport and residential
measures.

Recommendations include:

— Establishing stricter industrial emission monitoring
and reporting.

— Creating green buffer zones between industry and res-
idential districts.

— Accelerating household coal-to-gas and renewables
transition.

— Integrating industrial zoning policies into the local air
protection plan.

To mitigate the negative impact of industrial zones on air

quality in Czestochowa, the following measures are rec-

ommended [27]:

1. Technological modernization introducing stricter
emission standards and promoting the use of best
available techniques (BAT) in the industry.

2. Urban planning creating buffer zones of green infra-
structure (trees, shrubs) between industrial areas and
residential districts.

3. Air quality monitoring expanding the network of local
monitoring stations, particularly in neighbourhoods
adjacent to industry.

4. Transport policies promoting low-emission public
transport and regulating heavy truck traffic near resi-
dential areas.

5. Public participation involving local communities in de-
cision-making processes regarding industrial develop-
ment and air quality management.

6. Renewable energy adoption incentivizing the transi-
tion from coal-based heating systems to renewable
and clean energy sources.

As a supplement to the recommendation presented in the
paper, it was proposed to implement in the analysed city
a specific action plan for period 2025-2035 that support
reducing the emissions of pollutants resulting from the
presence of an existing industrial zone.
The Action Plan is presented as a narrative strategy
framed within the context of environmental governance
and sustainable development. It is structured into three
chronological phases that reflect the progression from im-
mediate interventions to long-term systemic transfor-
mation.
In the first phase concerning Measures (2025-2027), the
priority is to tackle the most acute contributors to poor air
quality — domestic heating and industrial compliance
gaps. The municipality should accelerate the replacement
of outdated coal stoves through expanded subsidies and
enforce the regional anti-smog resolution. Simultane-
ously, industrial audits should be conducted to evaluate
compliance with BAT requirements. Initial low-emission
zones in the city centre would reduce transport-related
NO,. These measures correspond with EU NEC Directive
2020 interim targets.
The second phase (2028-2031) aims at systemic improve-
ments. Expansion of district heating and natural gas net-
works should reach peri-urban areas. Industrial zones
must integrate renewable energy technologies, such as
photovoltaic arrays and biomass co-firing. Transport man-
agement should include electrification of public buses and
incentives for electric vehicles. By 2030, the city should
achieve compliance with EU PM2.5 limits (20 pug/m?3 an-
nual mean). This phase will require coordinated financing
through EU Cohesion Policy funds.

The final phase (2032-2035 presented Long-term Trans-

formation) envisions a structural transformation toward

sustainable urban-industrial coexistence. By 2035, Czesto-
chowa should aim to meet WHO’s recommended PM2.5
annual guideline of 5 pg/m3. Industrial zones must transi-
tion into low-emission clusters with circular economy
principles. Urban planning should emphasize green infra-
structure, reducing urban heat islands and fostering air
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dispersion. These measures align with the EU Green
Deal’s 2050 climate neutrality objective.

The phased strategy is expected to reduce premature
mortality linked to air pollution by 20-30% by 2035, im-
prove industrial competitiveness, and enhance quality of
life. Challenges include financial constraints, social ac-
ceptance, and the need for regional policy coordination.
However, Czestochowa can leverage its position as a me-
dium-sized city to serve as a model for integrated urban-
industrial air quality management in Central Europe.
Action plan recommend to: prioritize domestic heating re-
placement and industrial audits, implement low-emission
zones to reduce traffic-related NO,, measures align with
EU NEC Directive 2020, expand district heating, integrate
renewable energy in industrial zones, electrify public
transport.

CONCLUSIONS

The case of Czestochowa demonstrates that air pollution
management in medium-sized cities with industrial zones
requires an integrated and multi-scalar approach. Czesto-
chowa is influenced by transboundary pollution flows
from the broader Silesian region. This implies that local
policies alone cannot secure compliance with WHO stand-
ards; regional coordination mechanisms are necessary. In-
dustrial area location is a critical factor, yet the interplay
with transport and residential sources demands compre-
hensive governance. Future improvements will depend on
the systematic implementation of phased measures tar-
geting household heating, industrial modernization, and
sustainable mobility.

The evidence points toward the necessity of integrated
management that balances local industrial regulation,
transport planning, and residential heating policies. Fur-
thermore, alignment with the EU Green Deal and Poland’s
National Air Protection Program is indispensable. Czesto-
chowa exemplifies the challenges faced by Polish cities
where industrial zones directly influence air quality. The
city’s pollution levels remain above EU and WHO recom-
mendations, with significant implications for public
health. Addressing this issue requires a combination of
stricter industrial regulation, improved urban planning,
and active participation of local communities. The pre-
sented recommendations provide a framework for sus-
tainable air pollution management in industrially bur-
dened urban areas.

From a broader perspective, the Czestochowa case under-
scores the necessity of regional solidarity and cross-bor-
der collaboration in air quality governance. Transbound-
ary emissions undermine local efforts and call for harmo-
nized monitoring systems, joint emission inventories, and
cross-regional mitigation programs. Without such cooper-
ation, progress in single cities will remain constrained by
the structural legacy of industrialization in Upper Silesia.
Strengthening ties with EU institutions and leveraging EU
funds for modernization projects are therefore strategic
priorities.

The city’s experience also highlights the socio-economic
dimension of environmental management. Many

households continue to rely on outdated heating systems
due to affordability barriers, while industries face cost-in-
tensive modernization challenges. Policies must therefore
integrate environmental objectives with social justice
mechanisms, ensuring that clean air strategies do not ex-
acerbate inequalities. Subsidy programs for low-income
households, incentives for small and medium-sized enter-
prises, and education campaigns on sustainable practices
can play decisive roles in facilitating this transition.

In addition, the integration of technological innovation
and data-driven tools offers a pathway to more precise
and effective interventions. Expanded air quality monitor-
ing networks, real-time pollution alerts, and advanced
modelling of pollutant dispersion can enhance both gov-
ernance and public engagement. Digitalization and smart
city approaches can further support transport optimiza-
tion, energy efficiency, and emission tracking, strengthen-
ing the city’s adaptive capacity.

Looking ahead, resilience-building must become a guiding
principle in Czestochowa’s environmental policies. Cli-
mate change is expected to exacerbate air pollution epi-
sodes through heatwaves, altered atmospheric circula-
tion, and increased energy demand. Preparing for these
shifts requires long-term strategies that link air quality
management to climate adaptation, circular economy
principles, and regional sustainable development goals.
Finally, the study contributes to the wider body of re-
search on medium-sized industrial cities, demonstrating
that they face unique challenges distinct from large met-
ropolitan areas or rural regions. Czestochowa illustrates
that industrial heritage, urban form, and socio-economic
conditions converge to create complex air quality issues
that cannot be addressed through isolated interventions.
Future research should therefore focus on comparative
analyses across similar urban-industrial contexts, the ef-
fectiveness of multi-level governance frameworks, and
the role of citizen participation in shaping sustainable
transitions.

For policymakers, the findings provide actionable evi-
dence on the importance of coordinating industrial regu-
lation, residential heating programs, and sustainable
transport strategies within a regional framework. For re-
searchers, the case of the examined city air pollution
opens avenues for interdisciplinary studies combining en-
vironmental science, urban planning, public health, and
social policy. By bridging policy and academic perspec-
tives, this study not only sheds light on the pressing chal-
lenges of air pollution but also outlines a pathway for me-
dium-sized European cities to become laboratories of sus-
tainable urban-industrial transformation.
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