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Air pollution is one of the most serious global environmental problems. It negatively 

affects not only ecosystems and the quality of the living environment but also has direct 

consequences on human health. In this way, air pollution poses a double threat, damaging 

nature and endangering the well-being of the population, making its treatment one of the 

most important priorities for environmental protection and public health. Air pollution is 

mainly caused by various human activities, such as transport, industry, agriculture, fossil 

fuel combustion, as well as pollution from waste and many other activities. One of the 

main problems of air pollution is the high concentrations of PM10 and PM2.5  particulate 

matter. These particles pose a significant challenge, particularly for developing countries, 

including the Republic of North Macedonia. This study addresses air pollution in the city 

of Skopje during the period 2023–2024, with a particular focus on the concentrations of 

PM10 and PM2.5 particles. During the research for this paper, through the results obtained 

from the Lisice station in the city of Skopje for the two-year period 2023–2024, from the 

analyses performed, it was found that the concentrations of PM10 and PM2.5 particles have 

often exceeded the permitted limits. Regarding PM10 particles, in 2023, a total of 91 

exceedances of the permitted threshold were recorded, while in 2024, 99 exceedances 

were recorded. PM2.5 particles have also recorded exceedances for six months in 2023 

and 2024. These exceedances show that air pollution in Skopje continues to be a serious 

environmental and health problem, which requires stricter and more efficient measures 

to reduce pollution, improve air quality, and protect the health of city residents. 
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1. INTRODUCTION

Air pollution in the world today is considered one of the 

biggest environmental problems and has the greatest impact 

on global health [1-4]. Despite the application of numerous 

government regulations, air pollution around the globe 

continues to increase, causing numerous effects on human 

health, which is thought to cause 7 million premature deaths 

per year [5].  

Air pollution is thought to be a major driver of non-

communicable diseases, including lung cancer, stroke, heart 

disease, and various breathing problems [6-9]. Therefore, 

given these concerns, addressing air pollution problems 

requires the application of policies on energy, waste 

management, and transportation [10-12].  

In the Western Balkan countries, specifically in North 

Macedonia, air quality in urban areas is degraded and 

characterized by very high levels of pollution, especially PM2.5

and PM10 particles. This pollution is thought to be a 

consequence of rapid urbanization, outdated industrial 

infrastructure, materials used for heat, and a lack of green 

spaces [13-15]. 

Skopje, the capital of North Macedonia, according to 

literature and various reports from the European Environment 

Agency (EEA), is considered one of the cities with high 

pollution, especially from the highest concentrations of fine 

particles PM2.5 and PM10, and from emissions from housing 

that act as a major contributor to poor air quality [16, 17]. 

During the winter months, the permitted values of these 

particles are constantly exceeded, where this alarming 

situation is reported to come from the specific topography of 

the city of Skopje, which is positioned in a valley, and the city 

of Skopje is also affected by the metrological phenomenon of 

thermal inversion, therefore, this phenomenon blocks 

pollutants in the very low atmosphere, making it impossible 

for them to disperse at higher altitudes [14]. 

This study aimed to assess air pollution levels and temporal 

trends of PM2.5 and PM10 pollution in the city of Skopje during 

the period 2023-2024.  

This timeframe was chosen because it includes the most 

recent data from continuous air quality monitoring in the city. 

The Lisice monitoring station, which was selected due to its 

location in an urban area affected by traffic pollution, urban 

activities, and seasonal heating, was used.  
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This study provides the most recent data and a more 

comprehensive overview of local-level PM2.5 and PM10 

concentrations for Skopje and the Western Balkans region, 

compared to other reports and studies. 

2. MATERIALS AND METHODS

The data used in this research consists of secondary data 

obtained from the Lisice monitoring station. The data were 

collected by the Ministry of Environment and Spatial Planning 

of North Macedonia, specifically through the Macedonian 

Environmental Information Center and the Air Quality 

Monitoring Unit. The data are monitored 24 hours a day. 

Measurements of air pollution particles PM2.5 and PM10 are 

carried out by applying reference and automatic monitoring 

methods. The gravimetric method (EN12341) is more accurate 

and is applied only as a reference method for official 

verification. This method is applied for calibration and 

validation of all automatic monitoring stations. 

GRIMM Aerosol Technik GmbH's Calibration Tower 

Model 7.850 is used to calibrate the automated PM10 and PM2.5 

analysers. The official monitoring authority in charge of 

Skopje's air quality monitoring network performs data 

validation and quality control procedures. 

Another method is the automatic method with beta 

analyzers (β-attenuation - BAM). It is one of the most used 

devices for continuous measurement of PM10 and PM2.5, where 

most of the stations in the city of Skopje (Rektorat, Centar, 

Lisice, Gazi Baba, Karposh) use BAM analyzers for 24-hour 

measurement. 

This study covers the period from 2023 to 2024. 

The data set has an hourly temporal resolution. Missing data 

were considered as "missing values" and excluded from the 

analysis. Daily averages were determined from 24-hour 

measured readings, while monthly averages were derived from 

the corresponding daily values, from which monthly averages 

were derived. 

Days exceeded were identified based on the limit values set 

out in Directive 2008/50/EC, and the laws of the Republic of 

North Macedonia.  

Table 1. Permitted values according to EU Directive 2008/50/EC [18] and the values of the Air Pollution Law (No. 151/21 and 

3/25) [19] 

Pollutant 

Limit/Standard 

Value for 24-hour 

According to the 

Directive 2008/50 EC 

Additional 

Information 

Limit 

Values/Standards for 

Years According to 

Directive 2008/50 EC 

Limit/Standard Value 

for 24-hour According 

to the Air Pollution 

Law (No. 151/21 and 

3/25) 

Limit Values/Standards 

for Years According to 

Air Pollution Law (No. 

151/21 and 3/25) 

PM10 50 µg/m³ 

should not be 

passed more than 

35 times in a 

calendar year 

40 µg/m³ 50 µg/m³ 35 µg/m³ 

PM2.5 Not specified -- 25 µg/m³ 25 µg/m³ 
Note: Directive 2008/50/EC does not specify a 24-hour limit value for PM2.5, only annual limit/target values are provided. 

Statistical processing of data and processing of figures were 

done using Microsoft Excel and Pastel 5. 

The data of this study were based on data received and 

analyzed from the monitoring station "Lisice," coordinates: 

Longitude 21°28′12″ and Latitude 41°58′42, and Altitude 235 

m.  

The Lisice monitoring station is a combined urban location 

affected by residential zones, city traffic, and seasonal heating 

emissions. The environment around is marked by urban 

activities and population exposure common in the urban area 

of Skopje.  

Therefore, the results of this research aim to reflect 

particulate pollution levels at the chosen urban monitoring 

location instead of the whole city of Skopje. 

For each of the two study years' monitored months, daily 

average concentrations were computed. Additionally, using 

daily mean concentrations, the number of days that exceeded 

the relevant limit values was determined and tallied. 

The evaluation was conducted in compliance with the limit 

values specified in the applicable EU Air Quality Directives 

and the Republic of North Macedonia's Air Quality Law 

(Table 1). 

The Wilcoxon signed-rank test was used to compare the 

monthly mean PM10 and PM2.5 concentrations between 2023 

and 2024. The comparatively limited sample size (n = 12 

months) and possible deviations from normalcy led to the 

selection of this non-parametric test. 

3. RESULTS

From the results presented through graphs from the "Lisice" 

monitoring station, for air pollution in the city of Skopje, for 

the period January-December 2023-2024, of the PM10 and 

PM2.5 parameters, we will discuss this research paper for the 2-

year period. We have conducted the analyses and processing 

of the results, referring to the Law on Ambient Air Quality, 

Parliament of Macedonia, 2015; the Official Gazette of the 

Republic of North Macedonia, No:4/13 for PM2.5 and the 

Official Gazette of the Republic of North Macedonia, No. 

50.05, for PM10, in full compliance with Directive 2008/50/EC, 

always for µg/m³.  

The results of the average values show that PM10 particles 

showed the highest values during the months of December, 

January, and February for the years 2023 and 2024. The results 

also showed high values exceeded during these months of the 

years 2023 and 2024 (Figure 1 and Table 2). 

The minimum value of PM10 particles for the year 2023 was 

recorded during the month of May (22.9 µg/m³), while the 

maximum was in the month of December (131.7 µg/m³), and 

the average values for the year 2023 were (47.06 ± 33.91 

µg/m³). While for the year 2024, the minimum values were 

recorded in the months of May and June (35 µg/m³), while the 

maximum was in the month of January (96.3 µg/m³), and the 

average value for the year 2024 was (46.47 ± 26.24 µg/m³) 

(Table 2). 
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Figure 1. PM10 mean monthly concentration (µg/m³) 2023-

2024 

Table 2. Summary statistics of PM10 and PM2.5 

concentrations (2023–2024) and Wilcoxon signed-rank test 

results 

Month 

Mean PM10 

Concentration 

(µg/m³) 

Mean PM2.5

Concentration 

(µg/m³) 

Year 

2023 

Year 

2024 

Year 

2023 

Year 

2024 

January 77.4 96.3 77.4 96.4 

February 89.7 25.4 57.8 57.2 

March 48.8 35.7 29.4 23.3 

April 26.1 30.9 16.7 15.3 

May 22.9 35 12.2 12.2 

June 24.9 35 9.5 14.8 

July 29.9 27.8 7.6 13.9 

August 25.8 29.4 10.7 14.7 

September 33.7 29 12.7 29 

October 38.5 43 27 27 

November 45.7 78.6 27.3 57.8 

December 131.7 91.6 66.9 58 

Mean ± 

Standard 

Deviation 

(SD) 

47.06 ± 

33.91 

46.47 ± 

26.24 

29.6 ± 

24.2 

34.96 ± 

26.4 

Wilcoxon 

Signed-Rank 

test 

W = 36.0, p-value 

0.85 

W = 15.0, p-value 

0.203 

Figure 2. Number of days with PM10 exceedances during 

2023 and 2024 

During this year 2023, there were a total of 91 days of 

exceedances above the threshold of the allowed values, while 

during this year 2024, there were a total of 99 days of 

exceedances above the allowed values (Figure 2 and Table 3). 

PM2.5 particle results show that in 2023 the highest 

maximum values were recorded in January (77.4 µg/m³) and 

December (66.9 µg/m³) indicating high seasonal pollution 

during winter, similar high results recorded in maximum 

values were also reported in 2024 January (96.7 µg/m³) where 

a high increase was also in November (57.8 µg/m³), the 

minimum values were recorded during the spring-summer 

months (May-August) being also associated with favorable 

atmospheric conditions and better dispersion of pollutants 

(Table 2 and Figure 3).  

Figure 3. Monthly mean PM2.5 concentrations (µg/m³) in 

2023–2024 

The average value for 2023 was 29.6 ± 24.2 µg/m³, while in 

2024 it was 34.96 ± 26.4 µg/m³, indicating a higher 

deterioration of pollution in 2024 (Table 2). The high standard 

deviation values in both years indicate large seasonal 

variability in PM2.5 particle concentrations. 

Table 3. Number of days exceeded by PM10 and PM2.5 

particles during 2023 and 2024 

Month 

PM10 Exceeding the 

Number of Days per 

Month 

PM2.5 Exceeding the 

Number of Days per 

Month 

2023 2024 2023 2024 

January 18 19 28 20 

February 22 23 26 26 

March 13 4 21 13 

April 0 0 3 0 

May 0 0 0 0 

June 0 0 0 1 

July 0 0 0 0 

August 0 0 0 0 

September 2 2 0 1 

October 3 10 0 26 

November 10 20 15 26 

December 23 21 24 26 

Total number 

of days 

exceeded 

91 99 117 139 

In 2023, there were exceedances over the allowed threshold 

in the months of January, December, February, March, April, 
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and November (Figure 4). 

Also, in 2024, there were exceedances of the allowed 

threshold for a full 8 months, starting from the months of 

January, December, November, February, March, June, 

September, and October (Figure 4).  

Figure 4. Number of days with PM2.5 exceedances during 2023 and 2024 

Also, during the comparison of these two years, it was 

observed that in the months of April, May, June, July, and 

August, in both years, there were no exceedances above the 

permitted threshold (Figure 4). With this, we can conclude that 

climatic conditions play a key role in air pollution in general. 

The results of the Wilcoxon test showed no statistically 

significant changes between the monthly average 

concentrations of PM10 between 2023 and 2024 (W = 36.0, p 

= 0.85), similar results were also presented by the monthly 

concentrations of PM2.5 (W = 15.0, p = 0.203), showing no 

statistically significant changes between 2023 and 2024. 

4. DISCUSSION

From the analysis of the data analyzed for monitoring the 

concentration of air particles PM2.5 and PM10 for the years 

2023 and 2024 in the city of Skopje, on many days of the year, 

we have allowed exceedances compared to research [18] and 

the air quality law No:4/13 [19].  

The results showed different seasonal variations, where 

during the winter months of December, January, and February, 

there were higher values of pollution from these particles, 

while during the months of April-August, there were lower 

values of pollution from PM10 and PM2.5 particles.  

Similar results are reported in previous research in Skopje 

[20]. Research [20] reports that the biggest polluters during 

winter are houses and apartments that are traditionally heated 

with wood and coal, releasing large amounts of particles, and 

industries that use coal fuel are also known as the main 

polluters. 

For PM10 particles, the number of exceedances increased 

from 91 days in 2023 to 99 days in 2024, an increase that we 

believe presents a continuing challenge for air quality. The 

highest levels of exceedances were recorded in December and 

February on 2 days; this is related to traffic demands from 

residential and commercial services, atmospheric conditions, 

and pollution from traffic and industry. 

This is in accordance with studies of various cities in the 

Pristina region [21], Tirana [22], Serbian [23], where during 

winter the highest values of PM10 particles were shown due to 

the heating of homes and unfavorable meteorological 

conditions [24, 25].  

While for PM2.5 particles, we had more exceedances, 

recording exceedance values in six months of the year for the 

two years studied, reaching the maximum value (96.4 µg/m³) 

for January 2024, and (77.4 µg/m³) for January 2023. 

These high values of PM2.5 particles are also reported in 

various global studies, which are thought to be a consequence 

of low temperatures and weak winds, especially during the 

winter season [26-30].  

PM2.5 particles have been reported to pose a very serious risk 

to human health, not only causing premature cardiovascular 

and cerebrovascular diseases, but also inducing endothelial 

dysfunction and oxidative stress, which negatively affect 

human health [31-33].  

While during the summer months PM2.5 particles showed 

minimal values (7.6–16.7 µg/m³) for 2023 and (12.2–15.3 

µg/m³) for 2024, these results indicate that climatic factors, 

including temperature, wind, and precipitation, are factors that 

influence the distribution of these particles.  

The results of this research showed that PM2.5 particles 

increased compared to 2023. This is due to the fact that 

temperatures during the winter of 2024 were lower, which led 

to an increase in the demand for heating fuel. 

Many studies report that Balkan cities experience very 

severe pollution during the winter, which is mainly driven by 

the heating of residential buildings using coal and wood for 

heating, where the values of this pollution are three times 

higher than in the summer and exceed the values allowed 

according to WHO guidelines [23, 34-36].  

These findings highlight the necessity of applying strategies 

for controlling Skopje’s air quality, especially in winter when 

exposure to particulate matter poses the greatest health risk. 
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Regulation and stricter inspection controls of industrial 

emissions, improved traffic control, and the application of new 

technologies for cleaner heating.  

The significant seasonal variation also means that the 

prediction and mitigation of pollution events should take into 

account meteorological circumstances. 

This study does not include direct measurements of 

metrological parameters, including wind speed, temperature, 

precipitation, humidity, and thermal inversion data. 

Discussions regarding climatic and topographic factors are 

based on previous research conducted in the city of Skopje. 

We recommend that future studies combine measurements of 

PM10 and PM2.5 particles with meteorological parameters. 

In conclusion to this discussion, we recommend that there 

be continuous monitoring and effective intervention in the 

creation of new regulations and strategies for monitoring air 

quality in Skopje, and we also recommend that the number of 

monitoring stations in this city and other cities in North 

Macedonia be increased. 

5. CONCLUSION

From the data of this research, we conclude that the particles 

for PM10 and PM2.5 at the "Lisice" station in the city of Skopje 

during the period of 2023 and 2024, air pollution has been 

continuously above the permitted limits in both years, with the 

largest number of exceedances in 2024.  

From the results, we conclude that PM10 has had a greater 

number of exceedances over the permitted values during 

several days, while PM2.5 has had more exceedances during the 

winter months. 

These seasonal variations may be associated with climatic 

conditions and increased heating activities during colder 

periods. 

In addition to possible climatic factors, air pollution in 

Skopje may also be associated with factors such as 

geographical location, traffic pollution, industrial pollution, 

and urban impacts, especially pollution from fuels used for 

heating during the coldest months of the year. However, these 

factors should be considered as possible explanations rather 

than direct findings of this study. 

To better identify the primary causes of air pollution in 

Skopje, future research should integrate PM data with 

meteorological characteristics like wind speed, temperature, 

rainfall, and thermal inversion events, as well as emission 

inventories. 

We recommended that the relevant authorities implement 

focused strategies to lower PM10 and PM2.5 air pollution. To 

make these acts more noticeable and successful, they should 

be arranged into long-term initiatives.  

Comprehensive inspections, industrial controls of air 

pollution-causing operations, air risk monitoring, and public 

notification during high-risk periods are some of the measures. 

Reducing emissions at the source, subsidizing health-

related technologies (like solar energy and energy-efficient 

systems), offering treatments to improve home insulation to 

lower fuel consumption, and increasing lighting in high-rise 

buildings in densely populated areas should be the main short-

term initiatives. 
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