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Nowadays the human health and everyday quality of life are closely related to air quality 

as one of the major environmental issues. Suspended particles can cause many problems 

in human health by penetrating deep into the lungs and causing respiratory issues, asthma, 

allergies, and even severe damage to the cardiovascular system. In this paper, we use 

statistical analysis to estimate the urban air pollution from PM2.5 and PM10 in Vasil 

Shanto cross-road in Tirana in the month of April 2024. Sampling filters have been 

collected every 24 hours during weekdays and 48 hours on the weekends. Concentrations 

of PM10 range from 25.62 µg/m³ to 69.03 µg/m³, with an average value of 42.96 µg/m³, 

while the values for PM2.5 range from 13.10 µg/m³ to 63.79 µg/m³, with an average of 

30.34 µg/m³. Such concentrations are significantly above the standard limits, indicating 

a high level of pollution in the Vasil Shanto cross-road area, and the ratio between 

PM2.5/PM10 indicates that the primary source of pollution in this area is the fuel burning 

from transport vehicles. The value of Fisher’s test, F=0.39343 and a p-value of 0.03179, 

indicates that the variances for PM10 concentrations in April 2024 and April 2013 are 

significantly different at the 0.05 significance level. The results of Welch's t-test with a 

t-value of -0.7502 and a p-value of 0.4582 indicate a non-statistically significant

difference in the mean PM10 concentrations between 2024 and 2013. Human exposure to

high levels of air PM could pose significant health risks, necessitating a combination of

measures at various levels, from individual actions to governmental policies, to improve

air quality in the city.
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1. INTRODUCTION

Urban air pollution is the source of many problems, 

including human health risks from inhalation of gases and 

particles, accelerated corrosion and deterioration of materials, 

damage to monuments and historic buildings, and damage to 

vegetation in and around the cities [1]. Burning wood, diesel, 

and other fuels and open burning releases particulate matter 

into the atmosphere, generally in the form of smoke. In 

addition, dust from agricultural operations, unpaved roads, and 

dust storms contains significant amounts of PM10 [2-4]. 

Inhalation of PM10 can cause nose and throat irritation, 

bronchitis, and damage to lung tissue. Finer particles (PM2.5) 

travel deep into the lungs and cause or worsen respiratory 

problems such as asthma and chronic bronchitis [5, 6]. PM2.5

particles are formed mainly by the combustion of fuels in 

motor vehicles, by the production of energy in thermal power 

plants, by various industrial processes, and by the use of 

firewood and gas for cooking and heating. Research has shown 

that gases such as sulfur dioxide (SO2), nitrogen oxides (NOX), 

and volatile organic compounds (VOC) interact with other 

compounds in the air to form fine particulate matter (PM). In 

Europe, air pollution is seen as the main environmental risk to 

the health of the population, as it causes respiratory and 

cardiovascular diseases, which in the most severe cases lead to 

premature death [7]. This phenomenon affects the entire 

population, but the most vulnerable groups are most at risk, 

such as children and the elderly, people with a history of 

certain diseases, as well as those who live in areas with higher 

levels of pollution and who, in general, live in more difficult 

socio-economic conditions [8-10]. The Western Balkans are 

air pollution hotspots in Europe with levels of PM2.5, PM10, 

NO2, and O3 that often exceed the EU safety limits of air 

quality. This isn’t just an environmental issue; it is a serious 

health crisis. Studies have indicated that air pollution in the 

Region is directly related to respiratory diseases and other 

serious health problems [10-12]. Air pollution, especially fine 

particulate matter, can increase the risk of infection with some 

viruses, as fine particles can remain in the air for long periods, 

can travel long distances, and can also penetrate deep into the 

lungs. Research on SARS-CoV-1 and SARS-CoV-2 has 

demonstrated that air pollution is a major contributor to 

disease severity. Such pollution, especially with PM2.5, 

combined with excessive urbanization and vehicle density in 

Albania, has been associated with increased risk and severity, 

not only of viral infections, including COVID-19 [6], but also 

with a higher rate of Chronic Obstructive Pulmonary Disease 

(COPD) prevalence in the country [13]. 
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The fact that in 2020, the 96% of the European Union 

population was exposed to levels of PM higher than those set 

out in the World Health Organization guidelines [9], imposed 

the overall objective in the European Commission's action 

plans that the air pollution in Europe, by 2030, would be 

reduced to levels that are considered harmless to the health of 

the population and to natural ecosystems. Therefore, the limits 

that can be met by our planet will be maintained and respected, 

and an environment free from toxins will be created [14].  

In Albania, for the period 2017– 2024, a significant increase 

in the number of deaths has been observed for the years 2020 

and 2021, by 6.414 and 9.316, respectively, compared to the 

average of 21.191 deaths in the previous three-year period 

2017-2019 [15]. It is likely that this higher number reflects the 

true number of lives lost due to COVID-19 and/or its 

consequences.  

The categorization and rate of morbidity and mortality in 

Albania and the evaluation of the main factors, among them 

those factors related to air pollution and their impact on human 

diseases, such as tumors, respiratory and circulatory diseases, 

have been carried out in previous studies [11, 13, 16]. 

According to INSTAT reports [15], we demonstrate that the 

percentage ratio of these diseases and the mortality rate 

associated with them have changed in the period 2017-2024 

(Figure 1).  

Despite the fact that cardiovascular diseases still remain the 

main cause of death in Albania, in 2020 and 2021 there is a 

significant increase, by about 4 times, in respiratory diseases, 

with an average of 10.35% deaths from respiratory diseases 

over the total of deaths for those two years, compared to an 

average of 2.56% for the rest of the period.  

In this paper, we have used statistical analysis to estimate 

the urban air pollution from PM2.5 and PM10 in April 2024, in 

Vasil Shanto cross-road in Tirana. A comparison between 

April 2013 and April 2024 data in the same sampling site has 

been carried out as well, by using statistical tests. The use of 

statistical analysis for air quality control and monitoring data 

provides the best way to understand the pollution problems 

and their sources, so they can be effectively addressed at local, 

national, and international levels. 

 

 
 

Figure 1. Main diseases and rate of mortality in Albania during the period 2017-2024 (Source: INSTAT, Annual reports) 

 

 

2. MATERIALS AND METHODS 

 

Samples of PM10 and PM2.5 were collected during April 

2024 in Vasil Shanto cross-road, which is situated in the 

western part of Tirana city centre, in a relatively high traffic 

density zone. Sampling was performed by using a Tecora 

ECHO PM10/ PM2.5 simultaneous air sampler with an average 

flow rate of 38.33 L/min, at a level of 3.2 m from the ground.  

Measurements are taken over a sampling period of 

approximately 24 hours, with some exceptions extending to 48 

hours at weekends. The results are expressed in µg/m³, with 

the air volume being measured under ambient conditions near 

the sampling inlet at the time of collection. For the 

determination of PM10 and PM2.5, Sartorius glass fibre filters 
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with a separation efficiency greater than 99.5% are used. 

Control and blank filters are also included, following the same 

procedure. Filters were previously placed in a desiccator for 

48 hours to remove excess moisture and then weighed (both 

before and after sampling). The difference in filter weights 

before and after sampling has been considered for the 

calculation of PM values. 

Descriptive statistics have been used for the content of 

PM2.5 and PM10 in Vasil Shanto cross-road during the period 

01.04.2024 - 02.05.2024. Statistical tests of Fisher and 

Welch's t-test have been used to compare the content of PM10 

in the same sampling site, and for the same period of the year 

(month of April) in both years 2013 and 2024.  

To evaluate the normality of PM10 contents in 2024 and 

2013, the Shapiro-Wilk normality test was used. The 

normality distribution was confirmed at p-value > 0.05. The 

Fisher test was calculated by taking the ratio of the two groups' 

variances, as 𝐹 =
𝑆1

2

𝑆2
2  to verify if both populations of PM10 

contents in 2024 and 2013 have equal variances. The above 

statistic follows an 𝐹 - distribution with degrees of freedom 

scaled by the ratio of true variances and p-value<0.05, to 

confirm that the variances are not equal.  

To test the null hypothesis that the difference of the mean 

levels of PM10 between the years 2024 and 2013 is null, 

Welch's 𝑡 - test has been defined by the statistic in formula (1): 

 

𝑡 =
𝑋̅1−𝑋̅2

√
𝑆1

2

𝑛1
 + 

𝑆2
2

𝑛2

  
(1) 

  

where, 𝑋̅𝑖 ,  𝑠𝑖
2,  𝑛𝑖, 𝑖 = 1,2 are respectively the sample means, 

the sample variances, and the sample sizes for each of the two 

groups under study [17]. 

For Welch’s t-test, the degrees of freedom (df) are given by 

formula (2): 
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Formula (2), known as Welch Satterthwaite equation, 

adjusts for unequal variances and sizes between the two 

samples, providing a more accurate assessment of statistical 

significance. The hypothesis of Welch’s t-test provides 

information that there is insufficient evidence in support of the 

alternative hypothesis that two populations have unequal 

means, and therefore, the means of PM10 between those years 

are equal at p-value>0.05. 
 

 

3. RESULTS AND DISCUSSION 
 

The measured data of PM10 and PM2.5 at the "Vasil Shanto" 

cross-road in Tirana, during the period 01.04.2024-02.05.2024, 

are graphically presented in Figure 2. 

Both PM10 and PM2.5 values in the abovementioned period 

and sampling site are generally high, very close to, or even 

above the limits established in European and Albanian 

standards.  

The proportion of PM values within and above the 

permitted limits (EU standards) is presented schematically in 

Figure 3. It can be observed that in the time period of our 

study, the content of PM10 is 66.67% within the EU limits and 

33.33% outside them, while 62.50% of PM2.5 values are above 

the EU limits and only 37.50% comply with them. Such a 

finding still indicates the high degree of pollution with PM2.5 

particles and, therefore, the possible high risks they might 

present to the health of the population in this area. 

 

 
 

Figure 2. Values of PM10 and PM2.5 during the period 01.04.2024-02.05.2024 
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Figure 3. Ratio of PM10 and PM2.5 compared with EU 

standards 

 

Table 1. Summary of descriptive statistics for PM2.5 /PM10 

ratio 

 
Descriptive Statistics PM2.5/PM10 Ratio 

Minimum 0.5040 

1st Quartile 0.6387 

Median 0.6936 

Mean 0.6947 

3rd Quartile 0.7507 

Maximum 0.9241 

 

The correlation between PM2.5 and PM10 concentrations was 

remarkably strong, with a correlation coefficient of 0.9158. 

We can estimate the ratio between PM2.5 and PM10 to gain a 

deeper understanding of air pollution in the area. Some 

Descriptive Statistics for the ratio between the daily content of 

PM10 and PM2.5 are presented in Table 1. 

If we look at the ratios between the daily content of PM10 

and PM2.5, we notice that PM2.5 occupies a significant part of 

the total PM10 value (on average 69.47% for the entire period 

under study), which shows that the main source of urban air 

pollution in this area is the means of transport. According to 

INSTAT [18], the number of registered vehicles in the Tirana 

region increased by 8.7% from 2022 to 2023, followed by an 

additional 2.3% rise in the first quarter of 2024. By the end of 

Q1 of 2024, the total number of transport vehicles in Albania 

had reached 887,321, compared to 445,956 in the same period 

of 2013, marking a significant rise of 98.9%. Furthermore, 

over 90% of vehicles on Albanian roads continue to rely on 

traditional fuels, such as diesel and gasoline [18]. These 

increases in vehicle numbers and the continued reliance on 

fossil fuels are key contributors to the air pollution in the area. 

Additionally, the presence of ongoing construction activities 

leads to the generation of heavier particulate matter and dust, 

further exacerbating the situation. The 95% confidence 

interval for the PM2.5/PM10 ratio is 0.6489536; 0.7403840, 

indicating that approximately 65% to 74% of the total 

particulate matter (PM10) consists of fine particles (PM2.5). 
Ratios above 0.5 are typically associated with anthropogenic 

sources, such as coal combustion, heavy industrial activity, 

and urban traffic, all of which emit a higher proportion of fine 

particles [19]. 

This observed ratio is considered moderate to high, 

suggesting a significant level of air pollution, likely dominated 

by vehicle emissions and industrial pollutants in the area, 

confirming the above findings. 

In Figure 4(a), the distribution of days by levels of PM10 and 

PM2.5 using Cluster Analysis is presented. We have grouped 

the days into 4 clusters by the levels of PM10 and PM2.5 by 

applying the K-means algorithm. The optimal number of 

clusters is achieved using the Elbow method, as it is presented 

with an elbow at k=4 in Figure 4(b). 

 

 
(a) 

 
(b) 

 

Figure 4. (a) Classification of levels of PM2.5 and PM10 with 

the K-means method, (b) Elbow method for optimal 

clustering in K-means 
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first day. The lowest levels with at most 27 µg/m3 of PM2.5 

concentration and at most 37µg/m3 of PM10 concentration are 

observed during nine days, including the consecutive days 

from the 14th day to the 21st day, presented in Figure 4(a) by 

dots in purple colour. The cluster with dots in green colour 

presents seven days with moderate levels of PM2.5 

concentration from 25 µg/m3 to 35.5 µg/m3 and PM10 

concentration levels between 37.6 µg/m3 to 45.5 µg/m3, 

including consecutive days from the 9th day to the 12th day. 

The seven remaining days exceed the moderate levels. In 

this cluster, the levels of PM2.5 vary from 31 µg/m3 to 43.7 

µg/m3, and levels of PM10 vary from 50 µg/m3 to 60 µg/m3.  

All the days in this cluster are sunny days except the 16th 

day, which is a rainy day. From the clustering analysis, we 

estimate that particulate matter (PM) levels remained at or 

below moderate levels 66.67% of the time, while exceeding 

the moderate levels 33.33% of the time under study. 

The Summary of Descriptive Statistics for PM2.5 and PM10 

in Vasil Shanto cross-road for the period 01.04.2024-

02.05.2024 is presented in Table 2. 

The average value for the content of PM2.5 is 30.34 ± 2.266 

(µg/m3), which is above the European and Albanian norms (25 

µg/m3), while for PM10 it is 42.96 ± 2.372 (µg/m3), being is an 

average within the norms (50 µg/m3 for PM10).  

 

Table 2. Summary of descriptive statistics for PM2.5 and 

PM10 

 
Descriptive Statistics PM10 (µg/m3) PM2.5 (µg/m3) 

Mean 42.96186691 30.34188 

Standard Error 2.371864073 2.265866 

Median 41.20774843 30.78777 

Standard Deviation 11.61971344 11.10043 

Sample Variance 135.0177403 123.2196 

Kurtosis -0.52333251 2.242373 

Skewness 0.432169664 0.970009 

Range 43.41311272 50.69481 

Minimum 25.61789645 13.09505 

Maximum 69.03100917 63.78987 

Sum 1031.084806 728.205 

Count 24 24 

Confidence Level (95.0%) 4.906574665 4.687302 

 

However, even PM10 values (averaged) are above the limit 

of 70% of the maximum value (or 35 µg/m3), as a possible 

value to be exceeded only 3 days per month [20]. The PM 

values are much above the WHO guidelines [21], 

corresponding with the findings in a previous study for the air 

quality in Tirana [22]. From the graph in Figure 2, it can be 

clearly observed that these exceedances are to a significant 

extent for both parameters. The minimum and maximum 

values for PM2.5 in the period under study have been 13.10 

µg/m3 and 63.79 µg/ m3, respectively, whilst a minimum of 

25.62 µg/m3 and a maximum of 69.03 µg/m3 have been 

measured for PM10 during the same period.  

Considering that the values of the above data can be affected 

by weather conditions, we have also compared the 

measurements on sunny and rainy days for the PM2.5 and PM10 

and presented them in Figure 5. As it is seen in Figure 5 the 

average value of PM10 content on sunny days turns out to be 

44.98 µg/m3, while on rainy days it is 32.89 µg/m3, as for 

PM2.5, the results are as follows: the average value of PM2.5 

content is sunny days is 31.97 µg/m3, whilst in the rainy days 

is, 19.68 µg/m3. 

It can be clearly observed that on sunny days, the 

concentrations of PM10 and PM2.5 are higher compared to those 

on rainy days, as also presented in the boxplots of Figure 6. 

The average value for PM10 in sunny days is 44.50 µg/m3 and 

in rainy days 39.88 µg/m3, whilst for PM2.5, such values are 

32.43 µg/m3 and 26.17 µg/m3 respectively, due to the rainfall, 

which can reduce the concentrations of airborne particles by 

washing them out of the atmosphere. Rain acts like a natural 

air purifier, washing away pollution particles from the air. This 

washout effect explains why PM levels drop after rainfall, 

especially for the tiny, dangerous PM2.5 particles, which 

decrease 19% compared to just 10% for larger PM10, possibly 

due to their floating longer in the air. 

 

 
 

Figure 5. The average values of PM10 and PM2.5 on sunny 

and rainy days 

 

 
 

Figure 6. Boxplots of PM10 and PM2.5 on sunny and rainy 

days 
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2013. However, persistent sources, such as fuel combustion 

from diesel and gasoline vehicles, continue to dominate, as 

indicated by the PM2.5/PM10 ratio of 0.65 to 0.74, which 

remains above 0.5. This finding is further supported by data 

showing that the number of transport vehicles nearly doubled 

during the comparative periods [18]. 

A comparison of the data for the sunny period before the 

rainy days, with the rainy period itself, has been carried out. 

The average content of PM10 (for a period of 5 days before the 

rain) is 55.93 µg/m3 (much higher than the standard) and is 

almost halved on rainy days, at the value of 28.76 µg/m3. 

Similar findings are observed for PM2.5, where the averages 

are 38.73 µg/m3 and 17.88 µg/m3, respectively. The greater 

variation of PM2.5 and PM10 concentrations on sunny days 

shows that clear weather conditions can bring different levels 

of air pollution, perhaps due to other factors such as wind, 

industrial activities, etc., while the traffic of means of transport 

is almost the same and, therefore, its impact on urban air 

pollution remains the same. This is also proven by the fact that 

we have a smaller variation in PM2.5 concentrations than in 

PM10 concentrations. 

PM10 concentration data for the month of April in two 

separate years: from 01.04.2013 to 30.04.2013 and from 

01.04.2024 to 02.05.2024, have been compared. As presented 

graphically in Figure 7, there is a difference between the sets 

of measurements. The data for 2024 shows more stable PM10 

values compared to those of 2013. This indicates that factors 

such as traffic still remain significantly influential and almost 

unchanged, while the role of other sources of pollution, such 

as road construction, or possible waste burning in that area in 

the open air, is reduced. 

 

 
 

Figure 7. Boxplots of PM10 in 2024 and 2013 

 

For the data of PM10 contents in 2024 and 2013, the 

Shapiro-Wilk normality test resulted respectively W=0.96005 

at p-value=0.4394 and W=0.95808 at p-value=0.4515, 

confirming the normal distribution of the PM10 contents in 

2024 and 2013. 

When comparing the variances of PM10 content in 2024 and 

2013, the F test resulted in a value of 0.39343, df=23, and a p-

value of 0.03197. This indicates that the variances of the two 

populations are significantly different at the 0.05 significance 

level. Given this result, it would be more appropriate to use the 

Welch's t-test for comparing the means of the two populations 

[17]. 

The Welch's t-test value (t=-0.7502, df=34.751, p-

value=0.4582) indicates that there is no statistical difference 

between PM10 values in 2024 and 2013. Therefore, the levels 

of PM10 between those years are considered statistically 

similar. 

 

 

4. CONCLUSIONS 

 

From the evaluation of the measurements for the 

determination of the content of suspended solid matter in the 

urban air of the city of Tirana and, respectively, the content of 

PM10 and PM2.5 in the "Vasil Shanto" cross-road, as well as 

from the comparison of the results obtained with the results of 

previous studies in this area, we conclude that: 

The values measured in the “Vasil Shanto” cross-road 

during April 2024 show a daily PM10 content ranging from 

25.62 µg/m3 to 69.03 µg/m3, with an average value of 42.96 

µg/m3, while for PM2.5, they range from 13.10 µg/m3 to 63.79 

µg/m3, with an average of 30.34 µg/m3. It is estimated that the 

PM10 content is within EU and Albanian standards on 66.67% 

of the days, while it is above the allowed limit of 50 µg/m3 on 

33.33% of the days, and the PM2.5 content exceeds the 

maximum allowed limits of 25 µg/m3 on 62.5% of the 

monitored days. This indicates a high level of urban air 

pollution in this area with PM10 and PM2.5 particles. 

The average PM2.5/PM10 ratio of 69.47% indicates that 

PM2.5 particles dominate suspended particulates, posing 

significant health risks. This highlights vehicle fuel 

combustion as the primary source of air pollution in the area. 

Despite the fact that there is no statistical difference when 

comparing the concentration data for PM10 for the same month 

(April) in 2013 and in 2024 (the Welch's t-test value, t=-0.7502, 

and p-value=0.4582), more stable PM10 values have been 

observed in 2024. This indicates that factors such as traffic 

remain significantly influential and almost unchanged, while 

the role of other factors, such as pollution due to construction 

or road works, is lower. 

Continuous exposure to PM2.5 and PM10 levels beyond the 

recommended WHO and EU thresholds is associated with 

significant health risks and severe diseases. A coordinated, 

evidence-based approach is crucial for mitigating air pollution 

and safeguarding public health in Tirana and beyond. 

Community initiatives, such as expanding green spaces and 

supporting clean air projects, coupled with government actions 

like investing in sustainable transport and eco-friendly policies, 

are essential for improving air quality.  
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