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Abstract: The article discusses determinants of living environment in Central and Eastern Europe.
As an example, the city of Radzionkow was chosen, with 16 thousand inhabitants, located in the
Silesia agglomeration in southern Poland, in the area where hard coal has been mined for almost two
hundred years, which largely serves as a source of heating for houses and flats. 360 buildings in 6
groups of 60 buildings were examined in the selected city, which allowed to distinguish 3 different
areas in terms of the quality of the living environment depending on the technical condition of
buildings, the method of heating and location. To a large extent, determinants are the existing spatial
and geophysical conditions of a given location. Many research and reports on the living environment
do not take into account the factors mentioned, focusing only on the statistical data of pollution,
excluding spatial factors. In the research presented, the author, taking into account location variables,
shows differences in the measurements of air pollution in relation to the designated location zones
depending on the morphological structure of the building, the degree of its modernization and the
types of heating used in buildings.

Keywords: quality of the living environment, spatial location conditions, air pollution research, the
problem of city ventilation, spending of EU funds to improve the quality of the environment

1. Introduction

In Central and Eastern Europe today, the problem of air pollution caused by inefficient heat
sources has become one of the most important urban problems. On a macro scale, air pollution
resulting from the use of fossil fuel as a heat source is extremely harmful to the Earth’s climate due to
the production of greenhouse gases, while taking into account the micro scale it directly has a negative
impact on human health at local and regional scale (e.g. air pollution with PM2.5 and PM10), [1],[2],[3].
These dust particles, due to their dimensions, are even transported over considerable distances by
even weak winds. It was found that solid particles (0.1 — 1 ym) can be moved even up to a distance
of several thousand kilometers [4]. The latest research [5] shows that a significant amount of PM 10
excreted in Silesia is able to cover several hundred kilometers to eastern or northern Poland, and even
to Scandinavia. Air pollution in this region of Poland is one of the external factors of air pollution,
among others in eastern Czechoslovakia [6]. Poland, with Bulgaria, is one of the countries with the
highest level of PM10 air pollution (above 50 pg/m3) in Europe [7],[8][9]. Both high-altitude and
low-altitude emissions have a significant impact on measurable and perceptible air quality in a given
area [10],[11],[12],[13],[14],[15]. Emissions at 40 meters above ground level are considered to be high
altitude emissions. Emissions at "low altitudes" include all sources of dust pollution up to a height of
40 m. In Poland, pollution at low altitudes is mainly caused by individual home furnaces and local
boiler, and to a lesser extent with transport.

Pollution with fine particles (PM 2.5 and PM10) is one of the most important research problems
nowadays [16]. PM 2.5 particles, consisting of particles smaller than 2.5 m in diameter and PM 10
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particles between 2.5 ym and 10 ym in diameter, are extremely dangerous. Man breathing fluctuations
very dangerous substances that get into the human body cause various diseases of the respiratory
and cardiovascular systems [17]. Epidemiological studies confirm that permanent exposure to PM
2.5 significantly contributes to a higher incidence of cardiopulmonary disease, and complications
that even lead to increased mortality among the population [18], [19]. Therefore, a better and more
comprehensive understanding of all conditions related to PM 2.5 and PM 10 pollution is necessary.
This can be of great importance in preventing pollution and protecting human health. Much research
has been conducted around the world on PM 2.5 and PM10 dust pollution, mainly focusing on spatial
issues and the time of occurrence of pollution [5-10], sources of pollution [20], [21],[22],[23], and health
effects on humans [24],[25][26][27]. Also, studies on the estimates [28][29][30][31].

Studies have shown that on a macro scale meteorological conditions have an impact on the direct
impact of PM 2.5 and PM 10 pollutants [32],[33][34][35]; on a micro scale, PM 2.5 pollution is strongly
associated with land use [36][37][38][39]. Some researchers suggest that there is scope for optimizing
land use and use to reduce PM 2.5 and PM 10 pollution at city level [40],[41],[42]. However, there
is a noticeable lack of research characterizing the strong link between spatial development and the
compositional system and terrain topography in the context of the occurrence of particulate pollutants
PM 2.5 and PM10 k [37], [43]. Therefore, an attempt to determine the impact of land use on PM 2.5
and PM10 pollution showing the distribution of pollutants in different functional and spatial zones
seems necessary and significant even in the individual case with very characteristic climatic, terrain
and spatial conditions, which is Radzionkow in southern Poland.

There is not enough data available to carry out research on the impact of land use on the degree of
PM 2.5 and PM10 dust pollution, which is a major research challenge. Several attempts have been made
during the current decade. Interpolation of pollutant concentrations is based on dense monitoring
grids, while in reality monitoring sites are usually rare and include at most several locations in large
cities or single points in small cities. Dispersion models simulating the fate of pollutants may be useful
in some cases, but their dependence on many spatial variables requires very accurate output data
[44],[45].

In Poland, in recent years, energy and climate policy in the field of counteracting air pollution is
increasingly present in public debates, political decisions and scientific research. However, it is more
often associated with problems of the mining and energy sector than the problems of direct pollution
of urban areas. The common opinion among Polish citizens is that the air in small-town and rural
areas is clean and more healthy than in large cities and metropolises. However, scientific publications
in this field prove that the situation is quite the opposite - air in small towns and villages is often much
more polluted than in cities [46],[47][48][49]. The problem of air pollution in small urbanized areas in
Poland is largely due to the use of conventional old inefficient energy carriers and building heating
systems [50]. The effects of burning low calorie coal include the emission of harmful components into
the atmosphere such as sulfur dioxide (SO 2), nitrogen dioxide and nitrogen oxides (NO x), carbon
oxides (CO x) and harmful solid particles. Among the solid particles, the most dangerous to health
and life are fine particles with a diameter below 10 ym, including PM2.5 and PM10 dust [51]. Direct
inhalation of particulates (PM2.5) is associated with an increased incidence of cardiovascular disease
[52]. The components of these particles often also include other impurities such as arsenic, cadmium,
nickel and some polycyclic aromatic hydrocarbons such as benzo (a) pyrene, which are considered
mutagenic, as well as substances that contribute to carcinogenicity, they are also one of the most
dangerous ingredients that pollute the atmosphere [53],[54].

The burning of conventional energy carriers such as hard coal contributes to the degradation
of the natural environment: in the form of the greenhouse effect, water and soil pollution, etc. In
small-town and rural areas in Poland there is also a problem associated with the modernization of old
electrical networks. There are also no gas installations and networks.

The quality of the living environment depends on many factors] [55]. To a large extent,
determinants are the existing spatial conditions of the location. When considering air quality, the
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pollution occurring, the topographic layout of a given locality and the spatial structure of buildings are
important. Many reports on the living environment do not take into account these factors by focusing
solely on the statistics of pollution, excluding spatial factors [56],[57],[58]. In the presented studies, the
author, taking into account location variables, shows differences in the measurements of air pollution
in relation to the designated location zones depending on the morphological structure of the building.

2. Subject and method of research

Radzionkow is a city and a commune in southwestern Poland, in the Slaskie Voivodeship, in the
Tarnogorski county, in the northern part of the Upper Silesian Industrial District (GOP), which is one
of the most important cultural, scientific and economic centres in Poland. The oldest mentions about
Radzionkow come from 1326-1357 year. The subject of the study was the northern and central part of
the Radzionkow commune. In terms of morphology, the central part of the building is a preserved
oval system with a historic route. Most of the buildings are located along streets marked out along the
plot boundaries. Buildings in the frontage of the ovary have a regional frontage, stone, classicizing
character - characteristic for the end of the 19th and the beginning of the 20th century. Historicizing
architecture is complemented by modernist and functionalist buildings. Most residential buildings
were built after the Second World War in a modernist and postmodern style. In the eastern part of the
village, there is a railway line separating part of the village (communication connection via historic
viaducts under the railway lines). In the eastern part of the village, there is the Silesian Insurgents
Mountain Park and the Silesian Botanical Garden.

The types and types of city heating zones were determined by the preliminary acceptance of 6
characteristic areas in which they were selected due to their location, similar building structure in
terms of age and type of buildings, and similar topography. In these areas, 60 buildings were randomly
selected and analyzed and their heating and insulation method was checked. In total, 360 buildings in
6 groups of 60 buildings were tested in the city. The obtained results allowed defining and determining
3 basic urban zones characteristic in terms of heating and insulation of buildings (Figure 8).

As cross-section and explanatory material, 4 cross-sections of the terrain profile are presented,
showing the valley character of the arrangement of buildings (Figure 1,2,3,4). In addition, one
longitudinal section of the terrain was presented showing the rise of the land opposite to the direction
of the inflow of fresh air along with the prevailing wind directions, i.e. from the south-west (Figure
5, 6, 7). Against the background of the existing building tissue, the dominant wind directions are
presented, along with the marking of streets adapted to the ventilation directions of the city and streets
constituting barriers and obstacles to ventilation (Figure 6, 7). Initial research areas were designated,
and after the analysis 3 dominant zones A, B and C were determined (Figure 8). Detailed tests and
observations regarding PM2.5 and PM10 dust were performed for zone A (Figure 10). The performed
tests were verified and compared with the Official documents [56], [57].
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Figure 1. Cross-section through the beginning of the Radzionkow urban zone - the difference between
the central and valley part is about 32 m and the terrain slopes from north-west to the centre of the
valley is 7%. (Author’s drawing using data from https://mapy.geoportal.gov.pl).
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Figure 2. Cross-section through the central part of the Radzionkow urbanized area - the difference in
levels between the valley part and the elevation from the south-eastern side is 45m, and the percentage
decrease is 7% . (Author’s drawing using data from https://mapy.geoportal.gov.pl).
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Figure 3. Cross-section through the valley the difference in levels is 30 m on the north-west side and 35
on the south-west side the width of the valley in this place is about 1400m . A decrease of 3.3% in the
north and 5% in the south. (Author’s drawing using data from https://mapy.geoportal.gov.pl).
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Figure 4. Cross-section of the urbanized area Radzionkow, the difference between the bottom of the
valley and the surrounding hills is at the highest point 35m, in the cross-section, these are points less
than 500m apart, in this place the percentage of landfall is 7%. (Author’s drawing using data from
https:/ /mapy.geoportal.gov.pl).
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Figure 5. The longitudinal section within the urban area of Radzionkow - the difference in levels is 14
meters over a length of 1400m. (Author’s drawing using data from https://mapy.geoportal.gov.pl).
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Figure 6. Directions of dominant winds for the Slaskie Voivodeship. (source:

https://globalwindatlas.info/area/Poland / %C5%9Al%C4%85skie).
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Figure 7. Radzionkow’s building layout against the background of the dominant wind direction with
directions of perpendicular roads shown (magenta colour) constituting barriers for the ventilation of
the city, and few roads in accordance with the directions of the dominant number of winds (marked in
yellow colour).
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Figure 8. Three zones (A, B and C) with different morphological and environmental conditions in the
city of Radzionkow, for which different spatial policies should be pursued in terms of protecting the
quality of the living environment.

3. Results and Discussion

Radzionkow’s urbanized area cannot be treated as a morphologically homogeneous structure.
From the presented cross-sections of the terrain (Figure 1,2,3,4, 5) it can be clearly seen that the entire
urbanized area of Radzionkow is located in a small river valley located in the Szarlejka catchment,
and the decrease from the North-East to South-West is 1%. As illustrative and explanatory material, 4
cross-sections of the terrain profile (Figure 1,2,3,4) and one longitudinal section (Figure 5) showing
the valley character of the layout of the buildings were presented. In addition, historical layers of
urban tissue development indicate the development of buildings from the lowest parts to the highest
areas. In order to examine specific environmental zones, 6 areas were initially adopted, in which they
were selected due to their location, similar building structure in terms of age and type of facilities, and
similar topography. In these areas, 60 buildings were randomly selected and analyzed and their heating
and insulation method was checked. In total, 360 buildings in 6 groups of 60 buildings were tested in
the city. The obtained results allowed defining and determining 3 basic urban zones characteristic in
terms of heating and insulation of buildings (Figure 8). Considering the most important environmental
conditions from the point of view of urban tissue ventilation, westerly and south-westerly winds
encounter a natural barrier in the form of a 35-meter high hill on the eastern side of the city (Figure
1,2,3,4 and 6). An additional obstacle is buildings placed parallel to the roads running from north-west
to south-east (Figure 7). In the entire spatial arrangement of the city, only 19% of roads are from the
southwest to the northeast, the remaining 81% are roads that are mostly perpendicular, and thus not
intended to ventilate the city (Figure 7). The road system mostly consists in separating them in their
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original shape after mid-field divisions running perpendicular to the slopes of hills. Considering
the topographic shape of the city and the prevailing winds from the southwest - the city is very
unfavourably situated and laid out in terms of the possibility of natural ventilation of the tern.

Against the background of existing building tissue, taking into account the age of the buildings,
three zones A, B and C can be clearly characterized by different environmental conditions (Figure 8)
allowing conclusions on necessary actions related to high dustiness. PM2.5 and PM10 occurring in the
city (Figure 10).

Zone A 53% of buildings are heated with coal, zone B 39% of buildings heated with coal, zone C
35% of buildings heated with coal, outside these zones new housing estates are heated with gas and
renewable energy sources, while public buildings are heated from the network heating. In zone A,
44% of insulated buildings, in zone B, 48% of buildings are insulated, in zone C 68% of buildings are
insulated, except for the designated zones, buildings constructed today are all insulated or meet the
standard (Figure 8)[58].

3.1. Characteristics of Zone A

Zone A (Figure 8) has the worst environmental conditions since 53% of buildings are coal-fired,
it is also the lowest zone in the valley at the level of 296 m above sea level to 306 m above sea level,
with an average 1% slope in the opposite direction to the natural ventilation direction. This zone is
limited from the south-east and north-west side by 35 hills. In this zone, only 6 streets are close to
the prevailing natural winds dominating in this area, the remaining roads, i.e. approx. 39, are set
perpendicular to the dominant wind direction. The ventilation of this zone is definitely the worst
because it has the most cubature barriers - most of the objects located are parallel to the roads. In
zone A, 44% of insulated buildings, the average is overstated by the smallest residential buildings,
the largest percentage being insulated, however, emitting much less pollution than large multi-family
tenements usually heated by several stage installations or central coal installations.

It is also the oldest and the most intensively built-up zone. The building intensity (floor index
space) of this zone is from 0.3 - 2.0. In order to improve the quality of the environment, it is necessary
to increase expenditure primarily on heating buildings in zone A by introducing subsidies in zone A
for gas heating or using the existing potential in the form of the possibility of connecting to a heating
system that is connected to the Jerzy Zietek housing estate. The largest stone buildings, often under
conservation protection, require special expenditures.

3.2. Characteristics of Zone B

In zone B (Figure 8), 48% of buildings are insulated, the average is inflated by buildings erected as
filling construction gaps after 1980. The closer to the historic layout of the centre, the more buildings
are insulated and coal-fired. On the other hand, insulated objects do not meet the requirements of WT
(Technical Conditions for Buildings) of 2014, specifying the maximum energy intensity parameter at
120 kWh / (m2year), and what traditional brick wall technology translates into insulation thickness
with polystyrene or mineral wool with a lambda factor of 0.031 W / (mK) about 15cm thick (Figure
9)[58]. Typically, the insulation thickness of objects ranges between 5 and 10cm. In zone B, 39%
of buildings are heated with coal, which significantly affects the deterioration of the quality of the
environment in this area, but at the same time affects the deterioration of the environment in zone A
below the valley. In area A on slopes of hills, streets perpendicular to the direction of ventilation cities
is becoming natural channels of pollution towards the bottom of the valley. According to the City Hall,
the average age of coal boilers in the Radzionkow area are boilers from 2003 - it can be assumed that
the average age of the boiler in this area coincides with official data. Most of the buildings in this zone
come from the post-war period, and they were built mostly in 1945 and 1990.
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3.3. Characteristics of Zone C

In zone C (Figure 8) 68% of insulated buildings, usually they are mostly relatively new buildings
built on the outskirts of the city, the closer to the centre the number of insulated buildings decreases
with their age. Most of the insulated objects are objects that do not meet the requirements of
WT (Technical Conditions to be met by Buildings) from 2014 determining the maximum energy
consumption parameter at the level of 120 kWh / (m2year), in a similar way as it was in zone B [58].
Thickness of insulation of objects hesitates between 5 and 10cm (Figure 9). In zone C, 35% of buildings
are heated with coal, which significantly affects the deterioration of the quality of the environment
in this area, but at the same time affects the deterioration of the environment in zone A located at
the bottom of the valley. According to the Municipal Office, the average age of coal boilers in the
Radzionkow area is boilers 2003 - it can be assumed that the average age of the boiler in this area is
slightly younger than provided by statistical data. Most of the buildings in this zone come from the
post-war period and were erected in 1960 and 2010.

120 kWh/(m2 year) 95 KkWh/(m2 year) 70 KWh/(m2 year)

WT 2014 WT 2017 WT 2021

Figure 9. Change of standards related to thermomodernization in Polish legislation in accordance with
the Technical Conditions to be met by buildings (WT) in 2014 - 120kWh/m2year), after 2017 maximum
95kWh/m?2year, after 2021 maximum 70kWh/m2year.[58]

3.4. Measurements of air pollution in the urban area of Radzionkow

Currently, there is only one measuring point (Figure 10), air quality in Radzionkow located on
Szymaly street outside the designated zones due to the open flattened space causing the ventilation of
the location of the measurement site, at a distance exceeding 1 km to the west, there is no building
that would be coal-fired. The measuring point is actually located on the edge of the urban area of
Radzionkow in the most favourable climate. The installed measuring indicators are located at a height
of approx. 6.5 m. It should, therefore, be assumed that this indicator shows the most favourable
situation in the city actually located outside the designated reliable location (A, B, C). Considering the
fact that on a sunny windy day, e.g. 30/12/2019, the sensor indicators showed a PM10 dust level of
52 ug/m3 - acceptable daily total indicator up to 50 pug/m3 daily, this indicator did not fall below 50
ug/m3 and at times it reached 110 pug/m3 o, the average hourly result is approx. 65 ug/m3, compared
to the number of hours daily there is pollution in the form of PM10 suspended dust in the size of 1440
ug/m3. This indicates that the indicator is exceeded by 2280% - daily, and the average daily exceeding
is 130%, and in total it is exceeding 360 pg/m3 per day - in very favourable weather conditions and
in a convenient location. According to WHO recommendations, the permissible daily concentration
should not be exceeded for more than 35 days a year, and the alarm level is 300 pg/m3 (daily average).

Exceeding admissible PM 2.5 standards. In EU countries, its maximum level is 25 ug/m3 [? ]. In
the study, at the same time at the measuring point, it was 30 xg/m3, while in zone A measured with
a hand-held apparatus for measuring pollution it was 120 ug/m3, and in the rooms of an insulated
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and gas-heated building, it was 91 ug/m3. It follows that in zone A the test results are four times
worse than those measured at the measuring point. At the same time, it proves that the standard was
exceeded by 480%. Daily tests performed during the highest concentration of PM2.5 at the measuring
point in the amount of 75 ug/m3 indicated on the hand-held apparatus in zone A pollution at the level
of 300 g/ m3, showing exceeding the standard by 1200%. On less windy days in zone A - observations
with the help of a hand-held measuring device exceeded 2000%.

live data
PM10 @ 104% 52 ueme
PM2.5 @ 1425 35 ugm
PM1 @ 21 pgim®
TEMPERATURE 1-c
HUMIDITY 685
AIR PRESSURE 1032 kea

historical data
CAQI (PM) . PM Temperature

EFW1 W PM25 I PM10

0 1:00

o
yesterday 13.00 today 0.00 now

Figure 10. Air pollution at the measuring point at Szymaly street. (https:/ /airly.eu/map).

According to official documents, in order to determine the environmental quality policy, surveys
were conducted for 991 buildings / residential premises (780 detached buildings, 116 semi-detached
houses, 76 terraced houses and 19 apartments in the block or tenement house), 24 enterprises and 14
public buildings. In housing, the average house / flat is 129.7 m2 [56], [57]. The oldest residential
building dates from 1860, the newest from 2014, and the average construction date is 1961. Some
people have modern boilers (the latest was from 2015), but a large group of people use outdated
heating installations (the oldest from 1960). The average year of boiler production is 2003, and the
average power - 20.3 kW. On average, 4 people live in one household. For enterprises, the average
heated area is 247.9 m2, and the average year of construction of the building is 1951 (oldest: 1800,
newest: 2011). On the other hand, for used boilers, the average power is 27.5 kW, and the year of
production - 2005. For public buildings covered by the survey, the average heated area is 579.0 m2,
and the year of construction 1960 (oldest: 1885, newest: 1986). The average boiler power is 5 kW (most
public buildings have a connection to the heating plant and the boilers are only an additional source of
heat, and those that are heated only with the help of the boiler did not know its power), and the average
year of production is 2003. The commune authorities plan to replace the installation and co-financing
to replace boilers for RES heating media, however, the slowness of changes did not affect the radical
improvement of the environment in Radzionkow. An additional survey regarding the interest in
replacing the heat source conducted on a group of 701 people showed that 81.31% are interested in
replacing the heat source or purchasing renewable energy sources or a more ecological source [56],[57],
but further survey showed that only 9.13% of people are interested in replacing the heating source as
soon as they receive co-financing a further number of respondents in planting postpones replacement
of the installation in a further - unspecified perspective.
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4. Conclusions

In recent years, mathematical LUR (Land Use Regression) are an alternative to conventional
approaches [59]. They are used to predict the concentration of atmospheric pollution at a given location
by establishing statistical relationships between pollution measurements and potential predictive
variables, e.g. land use, traffic and physical features of land use [59] [60]. Occurrence of PM 2.5 and
PM10 in the mostly residential zone - service does not confirm the general frequent test results that
the industrial zone has higher air pollution than residential zones. This is mainly related to sources of
PM2.5 and PM10 dust emissions, which in Polish realities are more closely associated with restrictive
regulations and controls of zones and industrial entities. On the other hand, in the studied zones,
differences in pollution are clearly noticeable with new multi-family housing and service areas. The
above studies do not confirm the simulation of models [61], thus paying attention to the topographic
and functional specificity of areas in Central Europe due to their historical, economic and spatial
conditions.

As a result of political and economic changes that took place in the 20th century, Poland has only
recently started activities aimed at promoting and supporting renewable energy. The first significant
reduction of air pollutant emissions took place in Poland in the 1990s. This was due to the abandonment
of old industrial technologies that caused significant environmental pollution. At that time, biomass
and coal combustion technology in existing domestic boilers was quite successfully developed [62].
Unfortunately, changes in the technology and technique of individual heating of buildings in less
urbanized areas occurred only to a small extent. In the municipal and multi-family housing sector in
Poland, they are regulated and modernized in many places. In turn, in the private sector, low-efficiency
furnaces are most often used, with no dedusting systems. The purpose of the work is to highlight
the problem of reducing emissions at low altitudes with particular emphasis on topography of the
area. The article contains development challenges that often face selected municipal authorities in the
studied area.

The research showed that:

o the location of air pollution measurement indicators is crucial due to their readings, and
well-ventilated places at altitude can significantly underestimate measurements,

o topographic altitude in the building urban areas has a very strong impact on the measurable
quality of PM 2.5 and PM 10 air pollution,

e building zone shape systems preventing ventilation of the spatial structure deteriorate air
quality, even in cases of quite favorable altitude location (part of zone C in the southern part of
Radzionkow),

e built-up basins and valleys arranged perpendicularly (corridor) to the dominant wind direction
with a dominant number of streets perpendicular to the most common winds generate very
unfavorable initial conditions related to the possibility of air pollution (the shape and form of the
Radzionkow basin in relation to the wind rose),

o the age of construction and the type of ownership in the Silesian agglomeration determine their
impact on the environment,

o residential buildings built before 1980 (zone A and B) generate the greatest air pollution,

o the smallest air pollution is generated by buildings owned by municipalities and education
authorities, which are heated from the municipal heating network.

Several postulates can be specified for the case studied:

o practically for the extremely topographically bad location of the Radzionkow basin, it should be
prohibited to smoke coal in zones A and B, with a requirement to achieve energy consumption of
buildings at the WT 2017 level, i.e. 95 kWh / (m2year),

e in zone A, ventilation corridors should be designated first, in zone C, all buildings should be
insulated
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o the co-financing planned for the insulation of buildings and supporting the replacement of boilers
for gas and other heating devices using renewable energy planned in the commune should apply
to zones A and B to a greater extent, the division of commune funds should take place according
to the parity for the zone min; A 55% of funds, for zone B 35% of funds, for zone C 15% of funds,
in addition, the allocated funds should include a clause on the necessity of spending them within
a year of the funding received,

o the planned actions according to reducing air pollution by PM2.5 i PM10 should start from the
center and move towards the outskirts of the city.
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