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Abstract

:

A 2020 investigation into air quality in urban areas found that nitrogen oxide and PM10 concentrations were above average. With the exception of summer, three seasons were found to have the highest nitrogen oxide concentrations, with a significant decrease during COVID-19. The significant PM10 relationship showed how communication affects the worsening of air quality, especially in the winter. The highest concentration of nitrogen oxide of 53.99 µg m−3 indicated the possibility of advection of pollutants from outside the agglomeration. The highest level of nitrogen oxide content, 95.95 µg m−3 in the atmospheric air, confirmed the significant presence of pollutants of communication origin. The advancement of electro-mobility and the application of cutting-edge technologies alongside renewable energy sources may contribute to a decrease in the amount of harmful substances released into the atmosphere.
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1. Introduction


Global environmental concerns include air contaminants, which, because of their transboundary reach, contaminate vast areas and endanger the health of those exposed to them [1,2]. Urban populations are nonetheless exposed to high pollutant concentrations that exceed EU regulations to protect human health [3], despite efforts by European (EU) governments to reduce air pollutant emissions and enhance air quality.



The size and urbanization of the city have a significant impact on the output of air pollutants (industrial plants, power plants, factories). Sulfur oxides, nitrogen oxides and carbon oxides are the principal pollutants in gas form, while volatile oxides, primarily created during the combustion of fuels, are the main pollutants in dust form [4]. In Poland and throughout Europe, there are two main dust fractions that are distinguished and used as a component of air quality monitoring in urban areas: PM10 (coarse fraction), whose dust particles have aerodynamic diameters below 10 µm, and PM2.5 (fine fraction), whose dust particles have aerodynamic diameters below 2.5 µm [5]. Contrary to popular assumption, human activities such as driving and heating homes and apartments are the main producers of air pollution.



Nitrogen (78.08 vol%), oxygen (20.95 vol%), argon (0.934 vol%) and carbon dioxide (0.034 vol%) make up the bulk of dry air. Per volume of air, vapor content ranges from 0.1% to 5% [6]. The primary gases and elements of air are only found in trace amounts. Only carbon dioxide can considerably modify the basic composition of the air at the Earth’s surface. These modifications suggest that the nitrogen/oxygen ratio of the entire air mass has slightly decreased [7].



The study’s goal was to factor-assess the impact of the Krakow agglomeration and Bacau County (cities with number of inhabitants above 500,000) on atmospheric air quality for the entire year of 2020, including COVID-19.




2. Materials and Methods


2.1. Krakow Agglomeration


The Krakow agglomeration served as the study region, and an air quality analysis was created for it, taking into consideration the number of registered vehicles between January and December 2020 as well as a few indicators of chemical pollution and ambient air temperature. According to the investigation, the State Inspectorate for Environmental Protection in Krakow collected air quality data from two locations. Additionally, two points were used to gather meteorological data from the Institute of Meteorology and Water Management. However, information on the number of automobiles registered in Krakow was sourced from the city’s department of communication.



The data from January to December 2020 for the analysis were obtained from two measurement stations: air quality monitoring located in Krakow at Bujaka St., the station type is the background with the following coordinates Φ 50.010575, λ 19.949189 (P1), and Bulwarów St., a type of industrial station with geographical coordinates: Φ 50.069308, λ 20.053492 (P2) (Figure 1). The results of air pollution were referred to as the limit values specified in the Notice of the Minister of Climate and Environment of April 12, 2021, on the publication of the uniform text of the Regulation of the Polish Minister of the Environment on the levels of certain substances in the air [8].



The following indicators were used to analyse the air quality: PM10—suspended dust, As (PM10)—arsenic in suspended dust, C6H6—benzene, Cd (PM10)—cadmium in suspended dust, Ni (PM10)—nickel in suspended dust, Pb (PM10)—lead in suspended dust, NO—nitrogen oxide, NO2—nitrogen dioxide, NOX—nitrogen oxides, SO2—sulphur dioxide. In the conducted studies, the indicated indicators were also used by some researchers [1,9,10].




2.2. Bacau County


The air quality monitoring systems that are a part of the National Air Quality Monitoring Network (RNMCA) and are installed in Bacau County give information regarding the quantity of pollutants at the ground level (at the level of the air that is inhaled) [11].



The values for the following key meteorological factors for sampling, including wind direction and speed and temperature, are continuously recorded in order to characterize the sampling conditions and the correlation of the pollutant concentration level with the pollution sources.



In 2020, Bacau County’s air quality was measured continuously using two automatic stations that are a part of the National Network for Air Quality Monitoring (RNMCA) and are situated at two separate locations throughout the county (Figure 2). Table 1 provides a description of the measurement points.



The monitored pollutants, the measurement methods, the limit values, the alert and information thresholds, as well as the long-term objectives and criteria for the location of the monitoring points, shall be established by national atmospheric protection legislation and comply with the requirements of European regulations and national legislation by Romanian Law no. 104 of 15 June 2011 on ambient air quality, as subsequently amended and supplemented [13].




2.3. Statistics


A description statistical analysis was regarded maximum, minimum, average and standard deviation (SD) on the base average monthly data from 2022. The test probability p as significant was assumed at the level of <0.05. Parametric tests due to the abnormal distribution of most of the analyzed indicators, including physicochemical ones, were used [14].



Non-parametric tests were used due to the lack of normality of the distribution of analyzed results air pollution of the Shapiro–Wilk test. Similarly, as the normal distribution condition was not met, the Spearman’s rank method was used (n = 12) together with the assessment of its value to check the relationship between the above-mentioned variables [15]. The Statistica 13 software (StatSoft, Krakow, Poland, StatSoft, Inc., Tulsa, OK, USA) was used for statistical analysis [14].




2.4. Characteristics of the Selected Agglomeration


2.4.1. Location—Krakow Agglomeration


The agglomeration includes the county-owned portion of Krakow, which is the second-largest city in terms of both area and population in Poland and one of the most significant in all of Europe. Krakow is situated on the Vistula River in the south of the country (Figure 3a).



Generally, Krakow is situated in a basin at the junction of such geographic lands as the Zachodniobeskidzkie Foothills, Krakowsko-Częstochowska Upland and Sandomierz Basin (Figure 3b). As a result, it has a very good communication location, connecting transit nodes and tourist routes. There are 23 universities in Krakow. The city implements the concept of a “smart city”, which is connected with the idea of a “city of the good life” [8].




2.4.2. Location—Bacau County


Bacau County, which is in Moldova’s central region and is a component of Romania’s North-East Development Region, has a 6621 km2 area (Figure 4a). Bacau County is bordered to the west by Covasna and Harghita counties, to the east by Vaslui county, to the north by Neamt county and to the south by Vrancea county (Figure 4b).



The most significant industrial hub of Moldova is still located in Bacau County, one of the most industrialized areas in the area. Three municipalities, five cities and 85 communes make up the primary administrative subdivisions. The county seat is represented by Bacau, one of Moldova’s major cities with access to a number of European routes [11].





2.5. Climate


2.5.1. Krakow Agglomeration


Krakow has a cloud cover that is comparable to other locations in the country. We can see clouds approximately 160 days a year, with the majority of those days happening in the winter. There are over 37 days with clear skies, with the most occurring in September. The Vistula valley, where there are also the most days with fog, has the fewest days with clear skies. The formation of the so-called urban heat island affects the temperature increase by 1–2 °C in the most built-up places and where there are the most house furnaces, in addition, the specific configuration of residential building divisions—housing estates causes changes in air circulation and changes in the direction and speed of wind [16].



Due to the agglomeration’s location in the valley between the uplands and the Carpathians, where the values are defined by minimal values of annual amplitude, the yearly fluctuation of air humidity exhibits greater differentiation than in the centers located in the lowlands.



The driest time of year is summer as well as the last part of spring; relative humidity values are the lowest during these times, and insufficient humidity levels are the highest. There are various changes in humidity throughout the day during warm weather. Primarily in the spring and fall, air drying takes place [17].




2.5.2. Bacau County


Bacau County’s climate is an illustration of a progressive change from a strong continental climate in the east to a mild one in the west. The relief created by height, fragmentation, and exposure brings several regional subtleties and alters the climate in different parts of Bacau County. As a result, various distinct climatic regions can be identified, including the climate of the highlands, the sub-Carpathian region, the Tutovei Hills, and the Siret Valley.



The air temperature registers average annual values between 9 °C (in the eastern half of the county) and 2–3 °C (western extremity) [12].



The atmospheric precipitation regime is between 550 mm (at the eastern limit of the county) and 1000 mm on the mountain peaks. The average annual quantities in July are between 60 and 100 mm (West), reaching 20–30 mm in the East. The average annual quantities in January are between 30 and 60 mm.





2.6. Communication


2.6.1. Krakow Agglomeration


Krakow has the greatest rail links of any large Polish city, it is connected to the majority of other major cities, and it has connections for international passenger travel. Together with the bus station and a connection to the Balice airport, the major train station in Krakow serves as the city’s communication hub. The Krakow agglomeration has a sophisticated transportation system. The city had 169 bus lines and 21 tram lines as of the year 2020. The road system in this area is remarkably large. Both the S7 and the A4 highways pass through Krakow, with the A4 running from west to east and the latter from north to south. This makes travelling between big cities efficient.



The public transport infrastructure includes “Park and rides” car parks, which encourage you to leave your vehicles in designated places and use public transport. They are located at Czerwone Maki and the Balicka Stock Exchange. There is a place called “Kiss and Ride” in the city, where you can pick up and drop off passengers safely [18].




2.6.2. Bacau County


In Bacau County, there is a comprehensive rail, road and airway system.



A network of 455 km long county, national and European roads (E85, E574) runs across the county of Bacau. The municipality of Bacau, which serves as the county seat, is situated where major roads and airports converge. North–south and east–west railroad and road arteries of importance to the United States and Europe pass through the city. The Pan European Corridor No. IX’s Pan European Road E85 (DN2) travels via Bacau in a north–south direction and connects to the main corridor that travels through Moldova to Greece, Bulgaria, Ukraine and ultimately Russia. Regarding railway transport, Bacau is located on the Pan European Corridor IX of the railway network, which crosses Romania from south to north and unites the cities Giurgiu, Bucharest, Ploiesti, Buzau, Focsani, Bacau, Iasi [11].



Air traffic is served by George Enescu Bacau International Airport. It has a runway which is 2500 m long and 80 m wide and a total area of over 200 ha, annually serving over 200,000 passengers.






3. Results and Discussions


3.1. Atmospheric Air Quality—Krakow Agglomeration


Sources of PM are both natural and anthropogenic [17]. The mean concentration of PM10 was exceeded at two research stations (Figure 5). The highest was found in January with a value of 58.59 µg m−3 at the station Bujaka Str. and 55.09 µg m−3 at Bulwarow Str., at the permissible concentration of 40 µg m−3. The lowest with a concentration close to 18 µg m−3. The permissible level of airborne dust concentration was also exceeded in November (background station) and December (background station and industrial station). In the analyzed period, PM10 concentrations of over 15 µg m−3 are noticeable.



The station at Bulwarów Str. recorded the greatest concentration of benzene in December with a value of 3.68 µg m−3, and the station at Kraków Bujaka Str. recorded the lowest concentration in May with a value of 0.25 µg m−3 and an allowed concentration of 5 µg m−3. This demonstrates that the amount of benzene in the air has increased (Figure 6).



The station on Kraków Bulwarów Str. had the greatest average As concentration, 1.71 ng m−3, while the station on Bujaka Str. had the lowest average As concentration, 1.66 ng m−3, with an allowed concentration of 6 ng m−3 (Figure 7).



Differently, the highest concentration of Ni was recorded in October at the station Bulwarów Str., with a value of 2.34 ng m−3, while the lowest was in February at the station Bujaka Str., with a value of 0.67 ng m−3 at the permissible concentration of 20 ng m−3 (Figure 8).



The highest average daily concentration of Cd in dust was recorded in December at the background station at a value of 0.64 ng m−3, while the lowest was in June at the representative station for air quality assessment at 0.17 ng m−3 at the reported concentration of 5 µg m−3 (Figure 9).



The results on lead concentration during the test did not show any exceeding of the limit values. The highest concentration was recorded in December at an industrial station with a concentration of 0.01446 µg m−3, while the lowest was in September at a station qualified for background testing, with a value of 0.00399 µg m−3 at the permissible concentration of 0.5 µg m−3 (Figure 10).



In January, March, September, November and December, the background station’s average nitric oxide concentration was higher.



The highest concentration was recorded in January in the mentioned station with a value of 53.99 µg m−3, and at the industrial station with a value of 43.11 µg m−3 with a permissible concentration of 30 µg m−3. The permissible level of air pollutants was also exceeded at this station only in December. Generally, a decrease in NO concentration by more than 10 µg m−3 is noticeable (Figure 11).



Another air pollution indicator, NO2, did not exceed the permissible level. In turn, the highest concentration of 36.55 µg m−3 was recorded in April at the background station, and the lowest in June at the industrial station, 16.73 µg m−3. Generally, a decrease in the concentration of this indicator is noticeable (Figure 12).



The result of nitrogen oxide concentration in the background point exceeded the data from the comparable station each month. The value of this pollutant in the background station ranged from 39.90 to 115.79 µg m−3, and in the second station, the concentration was slightly lower between 21.90–95.95 µg m−3 (with exceedances in January–March, September–December) at the permissible concentration of 30 µg m−3 The highest concentrations were recorded in January and the lowest in June, which indicates a decrease in concentration (Figure 13).



The highest concentration of SO2 was recorded in January at the Krakow, Bujaka Str. with the value of 7.77 µg m−3, while the lowest was in July at the same point with the value of 1.93 µg m−3. The permissible level of pollutants in the air was below the permissible level (Figure 14).




3.2. Atmospheric Air Quality—Bacau County


Measurements made for particulate matter PM10 in Bacau County showed that the permissible limit values were not exceeded (Figure 15). The highest value was registered in November 2020 in the industrial area of Bacau—39.02 µg m−3, while the lowest value was registered in the urban background station, in May, this being 7.04 µg m−3.



Monitoring for the parameter C6H6 (Figure 16) showed that its limit value was exceeded only in August in the urban background station with a value of 12.11 µg m−3. High values of this parameter were also recorded in November (4.9 µg m−3), December (4.94 µg m−3) and January (4.65 µg m−3), but no exceedances were recorded. The lowest value for benzene was recorded in May and June (0.45 µg m−3) at the measurement point in the Prefecture zone (urban area).



Regarding the parameter As (Figure 17), it did not register exceedances according to Law no. 104 of 15 June 2011 on ambient air quality, as subsequently amended and supplemented. The highest average concentration was recorded in March with a concentration of 0.44 ng m−3, while the lowest was in June and September with a value of ng m−3 with the permissible concentration of 6 ng m−3.



The measurements for Ni (Figure 18) made in the urban background station did not show any exceedance of the maximum allowable value of 20 ng m−3. Thus, the lowest average value was recorded in September, 1.4 ng m−3, and the highest average value was recorded in March—2.72 ng m−3.



The highest average recorded value for the Pb (Figure 19) quality parameter was in August, 0.091 µg m−3, while the lowest value for this parameter was in December, 0.0053 µg m−3. According to the current legislation, the permissible limit value is 0.5 µg m−3.



Cadmium is another heavy metal measured in suspended particles in the air with a maximum permissible value of 5 ng m−3 (Figure 20). The measurements for this parameter did not indicate, as in the case of other heavy metals, overruns. The highest average value recorded in the urban background station of Bacau municipality was 0.36 ng m−3 in March and the lowest was 0.1 ng m−3 in September.



Regarding the measurements made for nitric oxide (Figure 21), it was found that there were no exceedances for any of the measurement points throughout 2020. The highest average value for NO was recorded in January, with 19.35 µg m−3 in the urban background station, while the lowest value was recorded in the same area in May, with 2.57 µg m−3.



Another parameter measured by the National Network for Air Quality Monitoring is nitrogen dioxide. The monitored parameter did not record exceeded values according to Law no. 104 of 15 June 2011 on ambient air quality, as subsequently amended and supplemented.



The highest average value for NO2 was recorded in January in the urban area of Bacau municipality, namely, 38.21 µg m−3, while the lowest value was recorded in the industrial area of Bacau municipality—7 µg m−3 in March (Figure 22).



The average concentration of nitrogen oxides has been surpassed both in the urban background station and in the industrial area. Thus, there were recorded exceedances in January, October, November and December in both measurement areas, while in February and September, there were recorded exceedances only in the urban background station. The lowest average recorded was 14.44 µg m−3 in March with a permissible concentration of 30 µg m−3 (Figure 23).



The results of the SO2 average concentration (Figure 24) during the test did not show any exceeding of the limit values. The highest concentration was recorded in January at the industrial station with a concentration of 9.85 µg m−3, while the lowest was in September at the same station that qualified for industrial testing, with a value of 5.22 µg m−3 at the permissible concentration of 20 µg m−3.




3.3. Atmospheric Air Temperature—Krakow Agglomeration


The highest average temperature at the Kraków–Balice synoptic station was recorded in August, 20.9 °C, and the lowest in December, 1.5 °C, and January, 1.6 °C (Table 2).



The highest average temperature in the third-order climatological station Kraków–observatory was recorded in August, 20.9 °C, and the lowest in December, 1.4 °C. Another month with recorded low temperatures in January.




3.4. Atmospheric Air Temperature—Bacau County


The average monthly air temperatures recorded at the Bacau weather station in 2020 are shown in Table 3. The lowest temperature recorded at the Bacau weather station was at the level of January at 0.0 °C, while the highest temperature was recorded at the level of August at 22.5 °C [19].




3.5. Number of Vehicles—Krakow Agglomeration


In Krakow Agglomeration, at the end of 2020 were registered 90,482 road vehicles.




3.6. Number of Vehicles—Bacau County


In Bacau County, at the level of 2020, 255,307 road vehicles were registered in circulation.




3.7. Statistical Analysis


A negative strong correlation occurred between the temperature measured in point 2 (industrial station, Bulwarów Str.), and the concentration of NO_2, NOX_2, PM10_2, which confirms the increase in the concentration of pollutants along with the temperature decrease. On the other hand, a different high positive correlation occurred between NO_2 and NOX_2 (Table 4).



The highest correlation occurred between the concentration in point 2 (industrial station located in the Izvoare district of Bacau), of SO2_2 and NO_2; NO_2 and NOX_2, which confirms the increase in the concentration of pollutants. A different high negative correlation also occurred between PM10_2 and temperature (Table 5).





4. Discussion of the Results


To effectively reduce harmful emissions to the low, area and linear air, continuous quality monitoring is recommended, which is important for taking measures to minimize the negative impact on its condition.



One of the important indicators of air pollution recognition is particulate matter (PM10). The highest average concentration of PM10 in the urban agglomeration exceeded 50 µg m−3 in January. Some researchers [20] have attributed the concentration of particulate matter exceeding 40 µg m−3 to pollutants emitted by motor vehicles. Excessive PM10 concentration usually occurs in the winter. Additionally, Houthuijs [21] pointed to the problem of meeting air quality standards, especially in the winter season. Such a problem may be a consequence of temperature drop and coal combustion in installations with low efficiency. Particulate matter air pollution is a serious problem in large cities and urban-industrial agglomerations both in Poland and in Europe [5].



The concentration of nitrogen oxide and nitrogen oxides was most often exceeded in the winter–spring and autumn–winter periods in the agglomeration. Some researchers [22] have concluded that the impact of this air pollution might have on the character of buildings, indicating compact buildings as favorable.



The impact of COVID-19 on air quality is confirmed by a favorable decrease from April in the concentration of PM10, NO, NO2, and NOX. A similarly favorable downward trend in air pollution during the US pandemic was shown by Berman and Ebisu [23].



The content of nitrogen oxides was within the range of 21.90–95.95 µg m−3, which proved to be exceeded and showed the greatest differences of the results. The most frequent exceedances of this indicator were observed in January, March, September, October, November and December 2022 (Table 6). According to Rozbicka [24], the amount of nitrogen oxides in the atmospheric air is influenced by the number of emissions and meteorological conditions. The lowest temperatures occurred in January and December 2020, when the highest values of pollutants were most often found, including nitrogen oxides and PM10. Transport contributes to the increase in the share of greenhouse gases through emissions of PM10 and nitrogen oxides [25]. An additional positive correlation occurred between NO and NOX. That same correlation was confirmed [26].



Road traffic and low emissions have a detrimental effect on air quality in Krakow and in Bacau, which directly affects the quality of life and health of the inhabitants. The reduction of pollutants emitted by vehicles should be a priority for each agglomeration and county. Regarding sustainable transport systems, the following solutions should be indicated: the creation of a car-free zone, low emission zone (LOZ), city center tolls for electric vehicles (EV), hybrid electric vehicles (HEVs), zero-emission vehicles (ZEVs), bike-sharing, car-sharing, carpooling, Park & Ride, Bike & Ride, Kiss & Ride [27,28,29,30]. According to Kowalski et al. [31], significant in transport systems is the long life of equipment. Electric cars do not contribute to the direct emission of pollutants into the air because the source of their propulsion is electricity. The emission of exhaust gases and CO2 escaping into the atmosphere is minimized to zero.



The results (Table 5) indicated the need for further replace the old ineffective furnaces, with the combustion of solid fuels such as coal and wood, and to replace them with gas boilers fired with natural gas to effectively reduce the emission of harmful pollutants into the air (Figure 25).




5. Conclusions


Based on the analysis of air quality in the Krakow agglomeration and Bacau County during the 12 months of 2020, the following conclusions related to its anthropogenic pollution were formulated:




	
Results above the normative concentrations of nitrogen oxides and PM10 indicate a problem with maintaining the required air quality parameters with a noticeable decrease in their concentrations, except for benzene, which was caused by COVID-19;



	
The highest concentrations of nitrogen oxide of 53.99 µg m−3 were recorded in the winter in the background measuring station, which confirms the advection of pollutants in the area of the studied agglomeration;



	
The concentration of nitrogen oxides was most often exceeded 5 times in the winter–spring and autumn–winter periods, with the highest value of 95.95 µg m−3 in the agglomeration;



	
To effectively reduce harmful emissions into the air, it is advisable to replace heating installations with low-emission ones to replace heating furnaces and apply new technologies related to the use of renewable energy sources and the development of electromobility.
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Figure 1. Location of air quality monitoring stations in the Krakow Agglomeration. 
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Figure 2. Location of air quality monitoring stations in Bacau County. 
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Figure 3. Borders of the Krakow Agglomeration (a); Location of the Krakow agglomeration against the background of the Lesser Poland Voivodeship (Southern Poland) (b). 
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Figure 4. Location of Bacau County at the level of Romania Country (a) and the borders of Bacau County (b). 
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Figure 5. Average PM10 concentration in individual months of 2020. 
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Figure 6. Average concentration of C6H6 in individual months of 2020. 
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Figure 7. Average concentration of As (PM10) in individual months of 2020. 
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Figure 8. Average daily concentration of Ni (PM10) in individual months of 2020. 
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Figure 9. Average daily concentration of Cd (PM10) in individual months of 2020. 
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Figure 10. Average concentration of Pb (PM10) in individual months of 2020. 
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Figure 11. Average NO concentration in individual months of 2020. 
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Figure 12. Average NO2 concentration in individual months of 2020. 
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Figure 13. Average NOX concentration in individual months of 2020. 






Figure 13. Average NOX concentration in individual months of 2020.



[image: Processes 10 02485 g013]







[image: Processes 10 02485 g014 550] 





Figure 14. Average SO2 concentration in individual months of 2020. 
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Figure 15. Average PM10 concentration in individual months of 2020. 
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Figure 16. Average C6H6 concentration in individual months of 2020. 
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Figure 17. Average As concentration in the year 2020. 
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Figure 18. Average Ni concentration in the year 2020. 
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Figure 19. Average Pb concentration in the year 2020. 
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Figure 20. Average Cd concentration in the year 2020. 
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Figure 21. Average NO concentration in individual months of 2020. 
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Figure 22. Average NO2 concentration in individual months of 2020. 
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Figure 23. Average NOX concentration in individual months of 2020. 
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Figure 24. Average SO2 concentration in individual months of 2020. 
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Figure 25. The concept of reducing the level of air pollution. 
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Table 1. The description of the measurement points [12].
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	Measuring Point
	GPS Coordinates
	Station Type
	Monitored

Parameters
	





	BC1
	Φ 46.564186850513565,

λ 26.910435855646913
	Urban
	SO2, NOX, NO, NO2, C6H6, PM10, Pb, Cd, Ni, As
	February, March, May, June, August, September, November and December 2020, 6 consecutive days



	BC2
	Φ 46.55492022950175,

λ 26.924252748032476
	Industrial
	SO2, NOX, NO, NO2, C6H6, PM10
	January–December 2020, continuous monitoring
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Table 2. Average monthly atmospheric air temperatures in individual months in the Krakow agglomeration.
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	Month
	Air Temperature * [°C]
	Air Temperature ** [°C]





	January
	1.6
	4.5



	February
	4.5
	5.5



	March
	5.5
	10.0



	April
	10.0
	12.1



	May
	12.1
	18.7



	June
	18.7
	19.7



	July
	19.7
	20.9



	August
	20.9
	15.5



	September
	15.5
	10.5



	October
	10.5
	5.3



	November
	5.3
	1.4



	December
	1.5
	10.5







* Second row synoptic station Kraków-Balice; ** Third row climatic station Kraków—the observatory.
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Table 3. Average monthly atmospheric air temperatures in individual months in the Bacau County.
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	Month
	Air Temperature [°C]





	January
	0.0



	February
	4.2



	March
	6.6



	April
	10.2



	May
	14.2



	June
	20.8



	July
	21.8



	August
	22.5



	September
	17.9



	October
	12.8



	November
	4.1



	December
	2.2
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Table 4. Statistical values of selected indicators of air pollution and temperature in Krakow Agglomeration.
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Var.

	
Results of Relationship between Variables




	
Unit.

	
NO_2

	
NOX_2

	
PM10_2

	
Temp_2






	
NO_2

	
µg m−3

	
1.000

	
0.987

	
0.809

	
−0.666




	
NOX_2

	
µg m−3

	
0.987

	
1.000

	
0.871

	
−0.690




	
PM10_2

	
µg m−3

	
0.809

	
0.871

	
1.000

	
−0.676




	
Temp_2

	
°C

	
−0.666

	
−0.690

	
−0.676

	
1.000








Bold indicates statistically high significant values showing a dependence at p < 0.05 [15].
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Table 5. Statistical values of selected indicators of air pollution and temperature in Bacau County.






Table 5. Statistical values of selected indicators of air pollution and temperature in Bacau County.





	
Variable

	
Unit

	
Results of Correlation




	
SO2_2

	
NO_2

	
NOX_2

	
C6H6_2

	
PM10_2

	
Temp.






	
SO2_2

	
µg m−3

	
1.000

	
0.901

	
0.787

	
0.788

	
0.663

	
−0.557




	
NO_2

	
µg m−3

	
0.901

	
1.000

	
0.967

	
0.725

	
0.588

	
−0.511




	
NOX_2

	
µg m−3

	
0.787

	
0.967

	
1.000

	
0.663

	
0.493

	
−0.447




	
C6H6_2

	
µg m−3

	
0.788

	
0.725

	
0.663

	
1.000

	
0.887

	
−0.870




	
PM10_2

	
µg m−3

	
0.663

	
0.588

	
0.493

	
0.887

	
1.000

	
−0.914




	
Temp.

	
°C

	
−0.557

	
−0.511

	
−0.447

	
−0.870

	
−0.914

	
1.000








Bold indicates statistically high significant values showing a dependence at p < 0.05 [15].
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Table 6. List of the highest air pollution rates.
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	Parameter
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sept
	Oct
	Nov
	Dec





	Air temperature
	YB
	
	
	
	
	
	
	XK,B
	
	
	
	YK



	Amount of vehicules
	
	
	
	
	
	
	XK
	
	
	
	
	



	PM10
	XBCIK
	
	
	
	
	
	
	
	
	
	XBCK
	XBIK



	Arsenic
	XIK
	
	
	
	
	
	
	
	
	
	
	



	Benzene
	
	
	
	
	
	
	
	XBCB
	
	
	
	XIK



	Cadmium (PM10)
	
	
	
	
	
	
	
	
	
	
	
	XBCK



	Nickel (PM10)
	
	
	
	
	
	
	
	XBCB
	
	
	
	



	Lead (PM10)
	
	
	
	
	
	
	
	
	
	
	
	XBCK



	Nitric oxide
	XBCIK
	
	XBCK
	
	
	
	
	
	XBCK
	
	XBCK
	XBCK



	Nitrogen dioxide
	
	
	
	XBCK
	
	
	
	
	
	
	
	



	Nitrogen oxides
	XBCIK

XBCIB
	XBCIK

XBCB
	XBCIK
	XBCIK
	XBCK
	XBCK
	XBCK
	XBCK
	XBCIK
	XBCBIK

XBCIB
	XBCIK

XBCIB
	XBCIK

XBCIB



	Sulphur dioxide
	XIB
	
	
	
	
	
	
	
	
	
	
	







X—the excess value of the pollution, X—the highest value of the pollution, Y—the lowest average temperature, BC—background, I—industry, B—Bacau, K—Krakow.
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