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Abstract
The air in Kraków is one of the most polluted in Europe. Polish standards for notification and alert levels for PM10 particulate matter 
are one of the the highest in Europe and exceed the recommendations of the World Health Organization (WHO) for safe daily con-
centrations by several times. The article presents the results of airborne dust measurements in three districts of Kraków. The study has 
shown that the concentration of PM2.5 and PM10 particulate matter exceeded the annual average permissible levels. Empirical mea-
surements of PM2.5 show significantly higher air pollution values than the data notified by stationary monitoring stations installed in 
two locations. The high value of Pearson linear correlation coefficient confirms that weather conditions have a significant impact on air 
quality in Kraków. Wind speed in the autumn and winter seasons has by far the greatest influence on air quality in al. Krasińskiego, 
in the Ruczaj and Kurdwanów districts. A strong negative correlation was displayed. Manual measurements should be used to verify 
data obtained from air monitoring stations. It is to be expected that, in Kraków, air purity will improve due to the implementation of 
an anti-smog resolution and subsidies for the replacement of obsolete heating systems with more environmentally friendly solutions. 
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Introduction 
In the 21st century, the problem of human pressure on 

the environment has become a major issue. As a result of 
population growth, urbanization, industrial development 
and communication boost, the demand for energy and nat-
ural resources has increased. This has caused the growing 
concentration of pollutants introduced into the natural envi-
ronment, especially into the air. The increase in the emission 
of pollutants from anthropogenic sources has forced national 
and international authorities to adopt stringent regulations. 
Through environmental monitoring, the society can stay in-
formed about any threats emerging when the airborne pollut-
ant standards are being surpassed.

Commission Directive (EU) 2015/1480 of 28 August 2015 
amending several annexes to Directives 2004/107/EC and 
2008/50/EC of the European Parliament and of the Council, 
laying down the rules concerning reference methods, data 
validation and location of sampling points for the assessment 
of ambient air quality, is an important document regulating 
low-stack emissions [1]. Suspended particulate matter was 
included in the group of pollutants with harmful effect on hu-
man health. It was agreed that information on the state of air 
quality must be available to the public. 

In Poland, the basic legal act pertaining to air quality is 
the Act of 27 April 2001 Environmental Protection Law [2]. 
The law defines the principles of using the environment and 
protecting its components. Air protection programs aim to 
improve air quality and achieve specific levels of concentra-
tion of harmful substances. The Environmental Protection 
Law has been amended several times, for example the Act 
of 10 September 2015 [3] gives the provincial assemblies the 
possibility to introduce restrictions and bans on the operation 

of heating installations, in particular furnaces, boilers and 
fireplaces where solid fuels are burned. This applies to instal-
lations supplying heat to a central heating systems or directly 
releasing heat [2]. 

Under the amended Environmental Protection Law, 
the Małopolska Region Assembly adopted Resolution No. 
XXXII/452/17 of 23 January 2017 on the introduction of re-
strictions and bans on the operation of installations in which 
fuels are burned, the so-called antismog resolution [4]. For 
Kraków, it stipulated a ban on the use of poor quality solid 
fuels from July 1, 2019 to August 31, 2019. The limitation con-
cerned biomass with humidity exceeding 20% and coal with 
grain size up to 5 mm constituting 5% of fuel, ash content 
above 10%, sulfur content above 8% and calorific value below 
26 MJ/kg. In turn, as of September 1, 2019, a total ban on 
burning solid fuels in stoves, boilers and fireplaces has been in 
effect in Kraków. The only permissible fuels are natural gas or 
light fuel oil. Moreover, it is forbidden to smoke bonfires and 
use stationary barbecues [5].

With regard to energy efficiency, the European regulations 
have been implemented into Polish law by the Energy Effi-
ciency Act of 20 May 2016 (Journal of Laws of 2016 item 831) 
[6]. Municipalities and local authorities are obligated to apply 
at least one solution improving energy efficiency. Examples 
of such measures are: investments in new installations and 
equipment, modernization of old installations, implementa-
tion of the EMAS environmental management system [2].

Particulate matter concentration standards
The permissible level, or air quality standard [7], is the 

concentration of a substance that can be reached in a given 
period of time and should not be exceeded after that time.
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The information level is the level of the substance in the 
air above which there is a risk to human health from brief ex-
posure to pollutants of vulnerable population groups. The in-
formation level for PM2.5 is 150 µg/m3, the averaging period 
is 24 hours, the information level for PM10 is 100 µg/m3, the 
averaging period is 24 hours [8]. The alarm level is the con-
centration of a substance in the air which, if exceeded in the 
short term, could cause a hazard to human health [9,10,11].

The admissible concentration standards are the same 
throughout the European Union, but the notification and 
alarm levels are treated individually, as their values are not 
specified in the laws. In a controversial approach, the Polish 
24-hour standards for PM10: notification (100 µg/m3) and 
alarming (150 µg/m3) are the highest in Europe. Alarming 
standards exceed the recommendations of the World Health 
Organization (WHO) for safe daily concentrations [12] by 
three times.

Methodology and Experimentals 
The study was conducted in three stations located in 

Kraków (fig. 1): on the border of district I Stare Miasto and 
VII Zwierzyniec, as well as in districts VIII Dębniki and XI 
Podgórze Duchackie. The choice of location of measuring 
points was determined by two factors:

•	 the presence of measuring stations of the Voivode-
ship Inspectorate for Environmental Protection in 
Kraków in the case of the location of stations no. 1 in 
aleja Zygmunta Krasińskiego and no. 3 Kurdwanów, 
in order to compare the results;

•	 the absence of a measuring station in the Ruczaj area 
(station no. 2), to inform the residents and students 
of the Jagiellonian University about the particulate 
matter levels.

The research was conducted from July 23, 2018 to March 
6, 2019. The WP6130 dust meter, equipped with PM10 and 
PM2.5 particulate matter concentration (in the range of 0-999 
µg/m3), air temperature and humidity detectors was used as 
the measurement tool. The device is equipped with airborne 

formaldehyde and volatile organic compound concentration 
detectors. Measurements were taken once a day in real time 
and then were compared with measurements for a 24-hour 
averaging time. Readings were taken after the results were sta-
bilized 20 seconds after the device was turned on.

At the same time, meteorological data was taken from the 
AccuWeather online platform for individual measuring sta-
tions [14]. The data consisted of the following parameters: PM 
2.5 and PM 10 particulate matter, cloudiness, relative humid-
ity, air temperature, wind speed and direction, precipitation 
and atmospheric pressure. 

The measurements of concentrations of PM2.5 and PM10 
particulate matter in al. Krasińskiego in Kraków were taken in 
the following periods:

•	 in the summer: from July 23, 2018 to September 18, 
2018;

•	 in the autumn: from September 26, 2018 to October 
26, 2018 (Fig. 2);

•	 in the winter: from January 18, 2019 to March 06, 
2019 (Fig. 2). 

The highest dust concentration was recorded on February 
1, 2019, when PM2.5 was 146 µg/m3 and PM10 was 163 µg/m3. 
The lowest concentration was recorded on October 24, 2018, 
when: PM2.5 was 5 µg/m3 and PM10 was 7 µg/m3. In addition, 
the weather conditions for the current measurement hour are 
marked. Cloudiness ranged from: 0% to 88% in the summer, 
from 9% to 90% in autumn, from 0% to 98% in the winter. 
According to the weather forecast, relative humidity oscillated 
between 42% and 84% in the summer, between 42% and 77% 
in autumn, between 36% and 99% in the winter. According to 
the weather forecast, air temperature was: from 19°C to 30°C 
in the summer, from 8°C to 21°C in autumn, from -6°C to 
17°C in winter. Wind speed was: 4-20 km/h in the summer, 
7-41 km/h in autumn, and 4-43 km/h in the winter. Precip-
itation of maximum 2 mm was recorded on three days only. 
Atmospheric pressure ranged from 101.00 kPa to 102.40 kPa 
in the summer, from 100.50 kPa to 103.60 kPa in autumn, and 
from 100.00 kPa to 103.30 kPa in the winter.

Tab. 1. Permissible levels for particulate pollutants present in the air [8]

Fig. 1. Location of measurement points (Kraków. 1- al. Krasińskiego, 2- Ruczaj, 3- Kurdwanów) [13]

Tab. 1. Dopuszczalne poziomy zanieczyszczeń pyłowych w powietrzu [8]

Fig. 1. Lokalizacja punktów pomiarowych (Kraków. 1- aleja Krasińskiego, 2- Ruczaj, 3- Kurdwanów) [13]
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At the monitoring station in al. Krasińskiego, the permissible 
PM10 particulate matter concentration was exceeded 21 times, 
reporting the value of 50 µg/m3 in a 24-hour standardized result 
period, whereas in Kurdwanów, this level was exceeded 15 times 
[15, 16]. Comparing the PM2.5 readings taken by the dust me-
ter and by the monitoring station, it may be claimed that both 
in al. Krasińskiego and in Kurdwanów, the dust meter showed 
significantly higher contamination. In the case of PM10 particu-
late matter, the difference between dust meter measurements and 
monitoring station measurements is not statistically significant 
and may result from measurement error. 

Results
The Pearson linear correlation coefficient (rxy) [17], ap-

plied in the study of the straight-line correlation between two 
variables of normal or symmetrical distribution, was used in 
the study. The calculated Pearson correlation coefficient for 
the parameters measured in al. Krasińskiego in Kraków is pre-
sented in table 2.

In summer, a moderate positive correlation was identified 
between particulate matter concentrations and relative air hu-
midity (0.51), as well as a weak positive correlation between 
particulate matter concentration and atmospheric pressure 
(0.36). Moreover, a moderate negative correlation between air 
temperature and particulate matter concentration was not-
ed (-0.55). In autumn, a moderate negative correlation was 
found between cloudiness (-0.57) and particulate matter con-
centration, and a strong negative correlation between wind 
speed (-0.63) and particulate matter concentration. In addi-
tion, there is a moderate positive correlation between air tem-
perature and particulate matter concentration (0.51). In the 
winter, a moderate negative correlation between wind speed 
and particulate matter concentration was noted (-0.41).

Table 3 presents the rxy coefficient for the values of the 
parameters recorded in Ruczaj in Kraków.

In summer, a moderate positive correlation was identi-
fied between particulate matter concentrations and relative 
air humidity (0.50), as well as a moderate negative correlation 
between particulate matter concentration and air temperature 
(-0.45). In the autumn, a strong negative correlation between 
wind speed and particulate matter concentration can be seen 
(-0.77), as well as a strong negative correlation between cloud-
iness and particulate matter concentration (-0.62). Further-
more, there was a moderate positive correlation between air 
temperature and particulate matter concentration (0.53). In 
the winter, a weak negative correlation between wind speed 
and particulate matter concentration (-0.39) was observed.

Table 4 presents Pearson correlation coefficients obtained 
for values of particular parameters in Kurdwanów. 

In the summer period, a weak positive correlation be-
tween particulate matter concentration and relative air hu-
midity (0.35) and a weak negative correlation between par-
ticulate matter concentration and air temperature (-0.35) 
were recorded. In autumn, on the other hand, a weak positive 
correlation was reported between particulate matter concen-
tration and relative air humidity (0.36) and a weak positive 
correlation between particulate matter concentration and 
air temperature (0.38). In addition, there was a strong neg-
ative correlation between particulate matter concentration 
and wind speed (-0.68), and a moderate negative correlation 
between particulate matter concentration and cloudiness 
(-0.44). In the winter, a moderate negative correlation be-
tween particulate matter concentration and wind speed can 
be seen (-0.55) and a weak negative correlation between par-
ticulate matter concentration and cloudiness (-0.35).

Disscussion
Pro-environmental activities depend on local government 

bodies. The methods of preventing dust emission are associ-
ated with legal as well as technical and organizational lim-

Fig. 2. Graphic illustration of PM10 and wind speed measurements – autumn. Al. Krasińskiego in Krakow

Fig. 3. Graphic illustration of PM10 and wind speed measurements – winter. Al. Krasińskiego in Krakow

Fig. 2. Ilustracja graficzna wyników pomiarów PM10 i prędkości wiatru - jesień. Aleja Krasińskiego w Krakowie

Fig. 3. Ilustracja graficzna wyników pomiarów PM10 i prędkości wiatru - zima. Aleja Krasińskiego w Krakowie
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itations [18]. As mentioned earlier, the principles of airborne 
particulate matter reduction are specified in the Environmen-
tal Protection Law. Due to the lack of definition of low-stack 
emissions, municipalities and local governments have been 
arbitrarily implementing Low-Stack Emission Reduction Pro-
grams. The restrictions and bans on burning solid fuels in the 
process of heat production proved to be an example of prima-
ry actions [2]. Due to these limitations, residents of Kraków 
have receive grants for the replacement of inefficient solid-fu-
el stoves with more environmentally friendly heating solu-
tions, e.g. gas, electric, oil or municipal heating systems. The 
program is also based on the use of renewable energy sources 
in the heating industry: heat pumps and solar thermal collec-
tors [10, 18]. As part of secondary activities limiting the emis-
sion of pollutants, buildings undergo thermal modernization 
in order to limit energy losses. It consists of thermal insula-
tion of building partitions, as well as replacement of windows 
and doors with elements of appropriate technical parameters, 
while maintaining proper installation. Other important mea-
sures involve changing the heating source, ventilation systems 
and selecting correct stack parameters [2]. Dedusting systems 

which remove pollutants from flue gases also play an import-
ant role. Since transport is an important source of dust, a Eu-
ropean emission standard has been introduced, which clas-
sifies vehicles according to the amount of pollutants emitted 
[16]. Another important pro-ecological action in transport is 
the expansion of public transport. Public buses use specially 
designated lanes, which allows them to travel several times 
faster in a crowded city. It should be noted that as part of its 
pro-ecological activities, the Municipal Tranportation Com-
pany in Kraków has 26 purchased low-emission electric buses 
manufactured by Solaris to run on its routes [19]. 

Conclusions
The analysis presented in the paper leads to the following 

conclusions:
•	 Weather has a significant impact on air quality, as 

confirmed by the high value of the Pearson linear 
correlation coefficient. 

•	 Wind speed in the autumn and winter seasons has 
by far the greatest influence on air quality in al. 
Krasińskiego, in the Ruczaj and Kurdwanów dis-

Tab. 2. Pearson's correlation coefficients for the values of individual parameters. Al. Krasińskiego in Krakow

Tab. 3. Pearson's correlation coefficients for the values of individual parameters. Ruczaj

Tab. 4. Pearson's correlation coefficients for the values of individual parameters. Kurdwanów

Tab. 2. Współczynniki korelacji Pearsona dla wartości poszczególnych parametrów przy al. Krasińskiego w Krakowie

Tab. 3. Współczynniki korelacji Pearsona dla wartości poszczególnych parametrów. Ruczaj

Tab. 4. Współczynniki korelacji Pearsona dla wartości poszczególnych parametrów. Kurdwanów
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tricts. A strong negative correlation and a moderate 
negative correlation were displayed.

•	 In all districts, a moderate negative correlation or a 
strong negative correlation between particulate mat-
ter concentration and cloudiness were recorded in 
autumn. 

•	 In the summer, a moderate negative correlation and 
a weak negative correlation between particulate mat-
ter concentration and air temperature were observed 
in all districts, which then changed into a moderate 
positive correlation and a weak positive correlation 
in autumn. 

•	 For the summer period, a moderate positive correla-
tion was observed between air humidity and partic-
ulate matter concentration in al. Krasińskiego and in 
Ruczaj. 

The air in Kraków is one of the most polluted in Europe, 
which was confirmed by measurements taken by monitoring 
stations: in al. Krasińskiego, in Ruczaj and in Kurdwanów, 
where the average annual PM2.5 and PM10 particulate matter 
exceeded the permissible annual levels.

In connection with the current ban on burning solid fuels 
in Krakow, the so-called anti-smog resolution, and subsidies 
for the replacement of obsolete heating with more environ-
mentally friendly solutions, the situation is slowly improving. 

However, the inflow of pollution from the suburban areas, to 
which this ban does not apply, still creates significant nuisance 
for the agglomeration. The location of Kraków in a basin and 
the high level of air corridors [15], which further hinder ven-
tilation, only strengthen the underlying issue. Air pollution 
causes a number of negative health effects within the society 
[20, 21, 22]. The most vulnerable groups are sick people, chil-
dren, pregnant women and the elderly [23, 24]. Nation-wide 
environmental education and increasing the level of environ-
mental awareness among the residents of Kraków are key to 
achieving the goal of reducing air pollution. Environmental 
action consist of both preventive and remedial measures.
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Badanie stężeń PM 10, PM 2,5. w powietrzu atmosferycznym w Krakowie, Polska
Krakowskie powietrze jest jednym z najbardziej zanieczyszczonych w Europie. Polskie normy poziomów informowania oraz alar-
mowego dla pyłu zawieszonego PM10 są najwyższe w Europie i kilkakrotnie przekraczają zalecenia Światowej Organizacji Zdrowia 
(WHO) w odniesieniu do bezpiecznych stężeń dobowych. W artykule przedstawiono wyniki pomiarów zapylenia powietrza w trzech 
dzielnicach Krakowa. Badania wykazały, że stężenie pyłów zawieszonych PM2.5 i PM10 przekroczyły średnioroczne poziomy do-
puszczalne. Pomiary empiryczne PM2.5 przedstawiają znacznie wyższe wartości zanieczyszczenia niż dane ze stacjonarnych stacji 
monitoringu na dwóch stanowiskach. Wysoka wartość współczynnika korelacji liniowej Pearsona potwierdza, że warunki pogodowe 
mają istotny wpływ na jakość powietrza w Krakowie. Zdecydowanie największy wpływ na jakość powietrza ma prędkość wiatru w 
okresach: jesiennym i zimowym na al. Krasińskiego, na Ruczaju i na Kurdwanowie. Wykazano znaczącą odwrotną zależność. Pomi-
ary manualne należy stosować w charakterze weryfikacji danych ze stacji monitoringu powietrza. Należy się spodziewać, że na terenie 
Krakowa czystość powietrza będzie się poprawiać w związku z obowiązującą uchwałą antysmogową oraz dotacjami na wymianę 
ogrzewania na bardziej przyjazne środowisku. 

Słowa kluczowe: cząstki pyłowe, jakość powietrza, zanieczyszczenie, Kraków


