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Abstract

:

It is estimated that the excessive emission of airborne particulate matter shortens the life expectancy of a European city inhabitant by up to eight months. The conducted comparison shows the emission and concentration of PM10 in Poznan against the supra-regional background. The purpose of the comparison with similar area and population cities is to identify the position of the Poznan agglomeration in terms of particulate matter emissions. The main sources are: original research, PM official measuring stations’ data, and the relevant organizations’ reports. On the basis of the conducted comparison, it can be concluded that Wroclaw and Poznan achieve very similar results in terms of emissions. Cracow, on the other hand, as a city where for several years there have been significant problems with the phenomenon of smog and excessive emission of particulate matter, reaches extremely different values compared to Poznan. The article presents also the air quality in Poznan and other Polish and European cities. There were also measurements of PM mass and number conducted in Poznan. The results show that there is a significant difference between the air quality measured at official measuring stations (only some of them are measuring PMs at all) and that measured with portable equipment in different parts of the city.
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1. Introduction


Economic development and the associated climate change are constantly contributing to significant deterioration of air quality. Due to the complexity of this problem it is now considered on a global scale. According to data [1], about 90% of the inhabitants of European cities are exposed to pollutants at concentrations higher than the air quality levels that are considered harmful to health. It is estimated that the excessive emission of dust suspended in the air (e.g., Particulate Matter, PM10) shortens the life expectancy of a European city inhabitant by more than eight months. Deteriorating air quality negatively affects the health of the entire population, however some groups are particularly vulnerable. These include not only children, pregnant women, and elder people, but also inhabitants of industrial cities and people living near the communication routes [2,3].



Particulate matter (PM) is a term generally used to describe a type of air pollutant consisting of a complex of various mixtures of suspended particles that differ in composition, place of formation and size. For example, suspended dusts 2.5 are atmospheric aerosols, the diameter of which does not exceed 2.5 µm. According to the World Health Organization (WHO), dust of this diameter is the most dangerous to human health among atmospheric pollutants. WHO reports that long-term exposure to PM2.5 dust results in a shorter life expectancy. These dusts are so small that they freely penetrate the lungs and even the blood vessels of human beings. Short-term exposure to PM10 or PM2.5 results in an increased number of cardiovascular and respiratory diseases, such as: exacerbation of asthma, acute respiratory reactions, and decreased lung function. Poznan is undoubtedly one of the cities where the problem of air pollution occurs, as in the whole of Poland, it is mainly associated with household heating, industry, road transport, energy and agriculture (Figure 1). The household energy has the largest share in air pollution sources in European cities, the second (17%) compares with industry and the rest are energy supply, agriculture, and others. The European Union (EU) has been working on improving air quality in Europe for many years. Its activities mainly focus on monitoring the emission of harmful substances into the atmosphere, improving quality used fuels and implementation of environmental protection requirements to the transport and industry sectors and energy [4,5,6,7,8].



The European Union agency responsible for providing information on the environment is the European Environment Agency (EEA). Thanks to the annual reports prepared by the EEA, it is possible to analyze air quality in all European Union countries [1,7,8,9].



It was on their basis that it was assumed that the permissible values of the annual average concentration of suspended dust (according to the European Commission) are as follows [10]:




	
PM10 (40 µg/m3),



	
PM2.5 (25 µg/m3).








The EEA report on air quality in the years 2000–2017, updated in 2019, shows that the highest values of the average annual concentration of PM10 particulate matter (above the limit value of 40 µg/m3) were recorded in Turkey, Poland, Italy, Macedonia, and Bulgaria. For PM2.5 airborne particulate matter, the annual average concentration values were exceeded in seven Member States (including Poland) and three other reporting countries (Slovakia Bulgaria, Spain). Thus, the main aim of the work is to establish the place of the city of Poznan compared to other cities in Poland and Europe, and to establish the reasons for the differences. On this basis, it can be concluded which actions taken by city managers have the greatest impact on the air quality in cities, and indirectly on the health of their inhabitants [8,10,11].




2. Materials and Methods


The materials enabling the comparison were, inter alia, data from annual reports published by the Main Inspectorate of Environmental Protection (in the case of Poland), the National Office for Environment, Agriculture and Geology (Germany) and Slovak Hydrometeorological Institute (Slovakia), ministries of the environment of the given countries, services, and applications allowing users to determine the level of air pollution and EEA database [12,13,14,15]. A device for air quality monitoring was used in the conducted research of external environment in Poznan. The criterion of air quality in the city was assumed particulate matter emission depending on the number and mass. The device used to conduct measurements is the TSI Optical Particle Sizer (OPS) Model 3330 (Figure 2).



It enables the measurement of particles in the range from 0.3 to 10 μm for concentration from 0 to 3000/cm3. The OPS is a lightweight, portable device that provides fast and accurate particle concentration and size distribution measurement using single particle counting technology. The protocol for research in Poznan was programmed. The samples were gathered every ten seconds for 31 min at each of three chosen places. It enables to gather 186 samples each time. In order to analyze the collected research results, appropriate characteristics were developed. The number and mass distributions of solid particles as well as total averages will be presented particle concentration by number and mass. The 6 measurements (3 in the morning and 3 in the afternoon) were taken. The places of measurement were chosen according to proximity of road, household, and point (industry) emission sources and close to the official measuring stations [16].




3. Results


3.1. Comparison of Particulate Matter Emissions in Poznan with Other Cities


3.1.1. Comparison with European Cities


Cities similar to Poznan were selected for the comparative analysis, mainly in terms of population density. The first of the selected cities is Dresden, which is the capital of Saxony in eastern Germany. The second city is Bratislava (the capital of Slovakia), it is divided into 5 districts, there are 6 measuring stations in its area, 4 of which are state-owned [3,17]. Dresden covers an area of 328.28 km2, and in 2019 it had a population of around 557,000 (Table 1).



There are 3 measuring stations of the National Office for Environment, Agriculture and Geology (LgULG) in Dresden city, where PM10 and PM2.5 are measured [20]:




	
Bergstraße,



	
Winckelmannstraße,



	
Nord.








Bratislava is a city with an area of 367.9 km2, 432 thousand habitants, there are 4 measuring stations belonging to the national air quality monitoring network [15,21]:




	
Bratislava-Jeséniova,



	
Bratislava-Kamienne namestie,



	
Bratislava-Trnawskie myto,



	
Bratislava-Mamatejowa.








Based on the results obtained from the reports (Polish Chief Inspectorate of Environmental Protection and the Free City of Saxony), a comparison was made of the average annual concentration of PM10 dust in Poznan, Dresden, and Bratislava agglomeration (Table 2).



The agglomeration is the area which comprises a city or town proper and the suburban fringe or thickly settled territory lying outside, but adjacent to, its boundaries. A single large urban agglomeration may comprise several cities or towns and their suburban fringes [7,8]. In the case of Poznan it is the city and 15 other districts, e.g., Buk, Dopiewo, Swarzedz. The study was prepared for 2017–2019. It shows that the average annual concentration of PM10 is lower in Dresden than in Poznan every year, and this applies to all measuring stations. In analyzed cities, there was an increase in the average annual concentration of PM10 (compared to 2017), although in 2019 there was a slight decrease [18,22,27,28]. As can be seen, the average annual concentration of PM10 is lower in Bratislava than in Poznan agglomeration in 2017, 2018, and 2019, and this applies to all measuring stations. However, both in Bratislava and in Poznan, the average annual concentration increased in 2018 compared to 2017. At no measurement station was any exceedance of the permissible level recorded in any year [12]. In the case of Poznan, there are no measurement results for the station at Polanka St., so it is not possible to compare the difference in the annual concentration at one station. Every year the biggest annual concentration value was measured in Poznan (marked red in Table 2).



The next step of the analyzes enables to compare Poznan with cities of neighboring countries (Dresden, Bratislava, Brno, Vilnius and Gothenburg, Copenhagen beyond Baltic Sea). Ukrainian and Belarusian cities were not considered due to the lack of data on the emissions of the separated PM10 and PM2.5 fractions. The data are presented in Figure 3.



In 2018 the average PM10 concentration in Poznan was the second largest after Vilnius, however in 2019 there was a significant decrease in Vilnius which made Poznan almost even. The rest of the cities had lower concentration of PMs than Poznan, even though Gothenburg and Copenhagen noted an increase.




3.1.2. Comparison with Other Polish Cities


After comparing the emissions in European cities, selected cities in Poland were analyzed. When selecting the cities to be thoroughly compared in Poland, a similar territorial area and a similar population density in a given agglomeration were taken into account. It was assumed that the data of selected cities may differ by up to 25% compared to the data of Poznan. Two proper cities were selected: Wroclaw and Cracow. As shown in the Table 3, the area of the cities and the population density are similar. In 2016, Cracow was included in the list of the most polluted cities in the European Union prepared by the WHO (World Health Organization), which is an additional argument for the rightness of including it in the analysis.



The cities compared in Poland are Poznan, Wroclaw, and Cracow, the last one has the largest number of measuring stations. The first discussed parameter is the annual average PM10 dust concentration expressed in micrograms per m3. As can be seen, the average annual concentration of PM10 particulate matter in Poznan and Wroclaw is similar. No exceedance of the permissible level was recorded in any of the measuring stations through the years (Table 4).



There were three stations measuring concentration of PM10 in Poznan (station at Chwialkowskiego St., Dabrowskiego St., and Szymanowskiego St.) and one more station in 2019 (Polanka station). The lowest average annual concertation of PM10 in Poznan was noted at Szymanowskiego St. station and was equal 25 µg/m3. The highest one was in 2018 at Dabrowskiego station [36,37]. It is located near one of the main exit routes from Poznan leading towards Poland’s western border. In Wroclaw, there are two measuring station (at Korzeniowskiego Street and Orzechowa Street). The average annual concentration of PM10 in Wroclaw is the lowest in 2019 at Wroclaw Orzechowa station, the highest in 2018 at Korzeniowskiego Street, but none of them were that high to exceed the acceptable level of 40 µg/m3. When analyzing the annual average concentration of PM10 in Cracow, it can be seen that this concentration decreased in 2019 compared to 2018. The values of the average annual concentration in Cracow are much higher than in Poznan. In 2017 almost every station in Cracow recorded an exceedance of the limit value. For 4 stations in 2018 in Cracow, the limit was exceeded, and in 2019 in one station. The maximum value every analyzed year was noted at Krasinskiego St. [34,35].



The 36th maximum concentration is the concentration value at the 36th measurement exceeding the allowable level. The 35 is the permissible level of the number of cases above the permissible concentration of PM10 dust (Figure 4, Figure 5 and Figure 6).



In the case of the maximum concentration of PM10 dust, it can be noticed that in Poznan the maximum concentrations reached highest values at Dąbrowskiego and Chwialkowskiego Street (Figure 4). In the case of 3 stations in Poznan, the permitted level was exceeded. Additionally, no maximum PM10 dust concentration values lower than 40 μg/m3 were recorded at any of the stations. In Wroclaw [15], on the other hand, the permissible level was exceeded only in one station, and the maximum concentration values were below 40 μg/m3 (Figure 5).



Taking into account the maximum concentration of PM10 in Cracow and Poznan, a significant difference can be noticed again (Figure 4 and Figure 6). In Cracow, the maximum values are much higher than in Poznan. At each station, the permissible level is exceeded. As before, there is a decrease in the value of the maximum concentration of PM10 suspended dust in 2019 compared to 2018.



In the case of the maximum concentration of PM10 dust (Figure 4 and Figure 5), it can be noticed that in Poznan the maximum concentrations reached higher values. In the case of 3 stations in the area of Poznan an exceedance of the limit was registered. Additionally, not at any of the station’s values of the maximum concentration of PM10 was less than 40 μg/m3 recorded. In Wroclaw, while the limit was exceeded only for one station, and the values the maximum concentration was below 40 μg/m3. Analyzing the number of exceedances above the permissible PM10 concentration level (Table 5), it can also be concluded that in Poznan this number was higher than in Wroclaw, both in 2018 and 2019.



When analyzing the number of exceedances above the permissible PM10 concentration level, it can also be concluded that in Poznan this number was much lower than in Cracow, both in 2018 and 2019. Additionally, in Cracow, at each station, the permitted level was exceeded by as much as 400% in the case of stations on Krasinski Avenue. At other stations, the exceedances range from 50 to 70%. It should be noted that in both agglomerations the number of exceedances of the permissible level is lower in most measuring stations in 2019 compared to 2018. In order to extend the analysis, data on the emission of suspended dust PM10 in the compared agglomerations were also collected. The presented data are divided according to the type of emission and expressed in Mg/year. On the basis of the collected data, the characteristics of the emission volume in a given city were made, broken down into its types (Figure 7). When analyzing the emission of PM10 suspended dust in selected agglomerations, it can be noticed that the highest emission occurs in Wroclaw in 2018. The sum of the missions in Poznan is comparable to that in Wroclaw. In 2019, the smallest sum of emissions was recorded in Wroclaw, and Poznan, as in 2018, achieved a comparable value. In Cracow, the largest point issue was registered in both 2018 and 2019. It increased significantly in 2019 compared to 2018 and is over three times higher than in Poznan. The communal and housing emission reaches the highest values in Poznan and Wroclaw. It should be noted that it decreased significantly in both agglomerations in 2019. Road transport emissions are similar in Poznan and other agglomerations. Figure 7 shows the amount of suspended dust PM2.5 in the compared agglomerations in 2018 and 2019. As in the case of PM10 dust, the highest emission occurs in Poznan and Wroclaw in 2018. Similarly, to the previous analysis, municipal and household emissions achieve the highest values in Poznan and Wroclaw. It also decreased significantly in 2019. In Cracow, the largest point issue was registered in both 2018 and 2019. It increased significantly in 2019 compared to 2018 and is over three times greater than in Poznan [39].



Extending the analysis reveals the importance of considering particulate matter air pollution in terms of both emissions and concentration. Annual average concentrations and the number of exceedances of permissible levels reach much higher values in the agglomeration Cracow than in Poznan. Analyzing for emissions, however, shows higher values for particulate matter for Poznan and Wroclaw. A significant annual decline in the value of household and living emission (PM fraction) in Polish agglomerations may be caused, inter alia, by the local government programs like KAWKA bis [38]. The performed comparison shows the emission and concentration of suspended dust PM10 in Poznan against the supraregional background. Taking into consideration values of average PM concentration in Polish cities and the ones in neighboring countries, which have a similar number of habitants, it can be stated that in most cities the average in 2019 is lower than 2018 (Figure 8). The only exceptions are Copenhagen and Gothenburg but still the values are lower than in most Polish cities. Additionally, Dresden, Brno, and Bratislava obtained better results than Poznan. The worst air quality was noted in Cracow, GZM (the metropolitan union with Bytom, Chorzow, Katowice, Sosnowiec, and around 30 other districts). Belarusian and Ukrainian cities could not be analyzed, because there are no certificated national stations measuring PMs (Figure 8).



Additionally, based on monthly average concentration of PMs in Poznan in 2018 and 2019, it can be observed that the changes in values are seasonal (Figure 9). The average concentration of PM10 and PM2.5 is lower from May to September and higher in months with lower temperature while more habitants commute by car, the houses are heated and, due to shorter days, more electricity is used.





3.2. Measurements in Poznan


The Chief Inspector of Environmental Protection (CIEP) deployed 4 measurement points in Poznań. These are the stations on the streets: Chwialkowskiego (1), Szymanowskiego (2), Polanka (3), and Dabrowskiego (4) [34]. All of them allow the measurement of PM concentration. Two of them are automatic stations, two are manual. Another CIEP station located close to Poznań (in the neighboring Czerwonak commune) is the automatic station in Kozieglowy (5). In Figure 10, the following are marked respectively: green color—manual stations, blue—automatic stations, yellow—automatic-manual stations, and red—measuring points where the tests were carried out: Rondo Rataje (A), Fabryczna (B), Przemysłowa (C).



The mass concentration and the number of solid particles were measured in Poznan using the apparatus Optical Particle Sizer OPS 3330. The measurements took place in three different points in Poznan characterized by the proximity of: point, household and living, and road transport emission sources. The tests of air quality (understood as measuring mass and number concentration of PM10) were carried out in the morning rush hours (first measurement) and in the afternoon (second measurement). Each of the measurements lasted 31 min, during this time the device collected 186 samples (1 sample/10 s). In total, 6 measurements were carried out. The measurement points were chosen as they were located in places characteristic for emission sources: point, household and living, and road transport (Figure 11 and Figure 12).



It can be observed that there are more PM10 in number and mass in the morning near point and household emission sources [38]. When it comes to road transport emission it can be stated that the mass is significantly higher than the number of PM, thus in the road transport emission there is a greater share of larger particulate matters. The CPM in all measurement points is approximately a few hundred micrograms per cubic meter at the same time, official measuring stations at Dabrowskiego and Zelazna Street noted average concentration of PM10 24 μg/m3 during the time of first measurement and 12 μg/m3 during the second. It is crucial to highlight the difference between designated measuring points and level of emission in other parts of the city where people also live, commute, and work.



The collected data are compared with daily average from the closest measuring station (Table 6). It can be noted that the differences between the first measurement (morning) and the second (afternoon) are greatest in the case of the proximity to the sources of road emissions, additionally, the measurement from Polanka station (3 in the Figure 10) are not available. At the B point, the values from the conducted studies are lower than the daily average from the closest station. In the case of household and living (H&L) there is the slightest difference. The average emission for Poznan on the measurement day equals 24.5 µg/m3 [1].





4. Discussion


When analyzing all the results related to air pollution in urban areas, it is important to remember about their seasonality, related to both home heating and daily and weekly changes in traffic emissions. Significant differences can also be noted during the summer holidays. This is important when using modeling to obtain air pollution maps. In terms of air quality understood as PM10 concentration, Poznan compares well with other cities in Poland, but much worse than neighboring cities located nearby. The situation is improving year by year; however, this is not as spectacular as it is in Cracow. Actions to improve air quality, especially regarding particulate matter emissions, should begin before such high levels of exceedance are achieved as in Krakow. In all analyzed Polish cities, however, a decrease in the number of days with exceeded permissible values is observed. The conducted research shows that averaged values are not everything. The air quality can vary considerably up to several hundred meters from the measuring site. All measurement points were located in places where the inhabitants of the city travel on a daily basis. This is especially noticeable when measuring at a point related to traffic emission. The average of the measuring points that are distant from the street does not indicate a real danger. Therefore, it is important to establish a dense network of measuring stations and to warn residents of exceeded limits on a regular basis. Poznan has taken steps to improve air quality, these are activities based on the elimination of low-emission heat sources caused by solid fuel furnaces, control of home furnaces and home boiler rooms as well as improvement of communication and reduction of transport emissions, district heating, gas or electric heating. Cracow: “Infoair—what do we know about smog?” It is a program that informs the public about air quality. Cracow was the first city in Poland to introduce a system of informing about high air pollution with the concentration of PM10 dust at the level exceeding 150 µg/m3. Moreover, from 6 July 2015, urban transport company in Cracow puts on displays with the timetable located at communication stops municipalities, information on the air condition in Cracow. On the basis of the conducted comparison, it can be concluded that Wroclaw and Poznan achieve very similar results in terms of emissions. Cracow, on the other hand, is a city where for a few years there have been significant problems, with the phenomenon of smog and excessive emission of particulate matter reaching extremely different values compared to Poznan. However, it should be noted that for each of the compared cities, it actively works for air protection and reduction air pollutant emissions. The effects of these activities can be seen in significantly reduced municipal and household emissions in 2019 compared to 2018. Both Bratislava and Dresden have lower concentrations of particulate matter than Poznan, but these values increased in 2018 compared to 2017. Wroclaw and Poznan have similar emission values, but Cracow’s efforts to improve air quality are worth following. Most of the reports consist the data about the whole countries, e.g., there are comparisons of harmful compounds in Poland, Germany, Norway, and the Czech Republic. These dates are average form the data from the cities, and the annual value is an average from hourly measurements from stations in a few points in the city. This makes the comparison a huge generalization and makes it harder to propose the appropriate corrective actions.




5. Conclusions


The purpose of the article is to identify the position of the Poznan agglomeration compared with similar cities in terms of particulate matter emissions. It can be concluded that Wroclaw and Poznan achieve very similar results in terms of emissions. Cracow, on the other hand, as a city where for several years there have been significant problems with the phenomenon of smog and excessive emission of particulate matter, reaches extremely different values compared to Poznan. When comparing Poznan, Dresden, and Bratislava (2017–2019) it can be seen that every year the biggest annual concentration value was measured in Poznan. Average PM10 concentration in Poznan is one of the highest comparing with neighboring countries’ cities and the Vilnius noted better improvement in the matter. The communal and housing emission reaches the highest values in Poznan and Wroclaw and it can be significantly improved as the Cracow example shows. Changes in values of PM10 are seasonal. It can be observed that there are more PM10 in number and mass in the morning near point and household emission sources. When it comes to road transport emission it can be stated that the mass is significantly higher than the number of particles, thus in the road transport emission there is a greater share of larger particles. The location and the distance of the measuring station from the emission source is crucial.
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Figure 1. Air pollution sources in Polish cities, based on [1]. 
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Figure 2. The TSI Optical Particle Sizer (OPS) Model 3330 [16]. 
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Figure 3. Average PM10 concentration in cities of neighboring countries of Poland in 2018 and 2019, own study based on [13,29]. 
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Figure 4. Maximum concentration of PM10 (36th) in Poznan [27,28]. 
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Figure 5. Maximum concentration of PM10 (36th) in Wroclaw [31,32]. 
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Figure 6. Maximum concentration of PM10 (36th) in Cracow [30,38]. 
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Figure 7. PM10 emission in Polish agglomerations in 2018 and 2019 [19,24,25,33,34,40]. 
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Figure 8. Average PM10 concentration in Polish and neighboring countries in 2018 and 2019, own study based on [13]. 
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Figure 9. Monthly average concentration of PM10 and PM2.5 in Poznan in 2018 and 2019, own study based on [16]. 
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Figure 10. Measuring point and stations in Poznan. 
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Figure 11. Number of PM10 per cm3 in Poznan (own study). 
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Figure 12. Mass concentration of PM10 in Poznan (own study). 
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Table 1. Descriptive parameters of analyzed European cities, based on Refs. [17,18,19].
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	City
	Area (km2)
	Population Density

(People per km2)
	No. of Measuring Stations





	Poznan
	262
	2042
	4



	Dresden
	328
	1697
	3



	Bratislava
	368
	1174
	4
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Table 2. Average annual concentration of PM10 in European cities with the highest annual value in ug/m3 [14,15,18,21,22,23,24,25,26].
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City

	
Station

	
2017

	
2018

	
2019






	
Poznan

	
Polanka

	
26

	
-

	
26




	
Dabrowskiego

	
29

	
32

	
30




	
Szymanowskiego

	
27

	
28

	
25




	
Chwialkowskiego

	
30

	
31

	
28




	
Dresden

	
Bergstraße

	
21

	
23

	
17




	
Nord

	
20

	
22

	
19




	
Winckelmannstraße

	
17

	
18

	
15




	
Bratislava

	
Kamenné námestie

	
19

	
26

	
22




	
Trnavské mýto

	
25

	
29

	
24




	
Jeséniova

	
20

	
24

	
19




	
Mamateyowa

	
23

	
26

	
21
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Table 3. Descriptive parameters of analyzed Polish cities [27,28,30,31,32].
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	City
	Area (km2)
	Population Density

(People per km2)
	No. of Measuring Stations





	Poznan
	262
	2042
	4



	Wroclaw
	293
	2195
	4



	Cracow
	327
	2384
	8
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Table 4. Average annual concentration of PM10 in Polish cities (ug/m3) [12,13,18,27,28,30,31,32,33,34,35,36].






Table 4. Average annual concentration of PM10 in Polish cities (ug/m3) [12,13,18,27,28,30,31,32,33,34,35,36].





	
City

	
Station

	
2017

	
2018

	
2019






	
Poznan

	
Polanka

	
26

	
–

	
26




	
Dabrowskiego

	
29

	
32

	
30




	
Szymanowskiego

	
27

	
28

	
25




	
Chwialkowskiego

	
30

	
31

	
28




	
Wroclaw

	
Korzeniowskiego

	
30

	
32

	
26




	
Orzechowa

	
29

	
29

	
22




	
Cracow

	
Krasinskiego

	
55

	
56

	
50




	
Bujaka

	
43

	
43

	
35




	
Bulwarowa

	
42

	
37

	
34




	
Dietla

	
49

	
47

	
35




	
Piastow

	
38

	
36

	
31




	
Waldow

	
–

	
33

	
29




	
Zloty Rog

	
44

	
42

	
35




	
Swoszowice

	
–

	
–

	
31
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Table 5. Number of cases when the acceptable level was exceeded in Polish cities [19,27,28,30,31,32,33,34].
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City

	
Station

	
2018

	
2019






	
Poznan

	
Polanka

	
-

	
27




	
Dabrowskiego

	
53

	
54




	
Szymanowskiego

	
29

	
23




	
Chwialkowskiego

	
45

	
34




	
Wroclaw

	
Korzeniowskiego

	
48

	
25




	
Orzechowa

	
37

	
11




	
Cracow

	
Krasinskiego

	
161

	
125




	
Bujaka

	
92

	
68




	
Bulwarowa

	
68

	
63




	
Dietla

	
103

	
57




	
Piastow

	
69

	
52




	
Waldow

	
58

	
40




	
Zloty Rog

	
96

	
65




	
Swoszowice

	
–

	
49
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Table 6. A comparison on of real time test results with measurements from the official stations [12,41,42].
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	Measuring Point
	A (Road Tranp.)
	B (Point)
	C (H&L)





	First measurement average (morning)
	14
	16
	23



	Second measurement average (afternoon)
	143
	7
	11



	Daily average from the closest station
	-
	19
	25
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