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ABSTRACT 

The impact of air pollution with microparticles (PM2.5 and PM10) on the respiratory systems of workers engaged in the surface 

mining of coal at the Bellaqevc power plants of Kosovo is studied in this paper. The parameters of lung function are defined 

via body plethysmography. The resistance of the airways (Raw) was recorded, intrathoracic gas volume (ITGV) was measured, 

and the specific resistance of the airways (SRaw) and specific conductance (SGaw) were calculated. The research was 

performed within two groups: a control group and an experimental group. The control group consisted of 28 healthy people, 

whereas the experimental group consisted of 50 workers engaged in the surface mining of coal at the Bellaqevc power plants 

of Kosovo. The results obtained from this research indicated that the mean specific resistance (SRaw) was significantly 

increased in the experimental group (p<0.01) compared to the control group (p>0.1). The study also found that smoking favors 

the adverse effects of air pollution caused by coalsurface mining at the Bellaqevc power plants (p<0.01). 

Measurements of the respiratory systems were made prior to and following provocation with histamine–aerosol (1 mg/ml) in 

the control and experimental groups. Changes between these two groups following this provocation with histamine–aerosol 

were found to be statistically significant (p<0.01). In order to cause a respiratory pathology from air pollution, it is required a 

lot of time, such pollution can permanently cause respiratory system disorders. These scientific findings suggest that the long-

term exposure of workers to microparticles PM2.5 and PM10 during the process of surface mining coal at the Bellaqevc power 

plants of Kosovo poses a risk to their health by causing increased bronchial reactivity, bronchial asthma, or chronic obstructive 

pulmonary disease (COPD). 
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INTRODUCTION

Air pollution has extensive systemic effects on the human 

body, affecting both the respiratory system and the 

cardiovascular system through multiple mechanisms, 

including oxidative stress, inflammation, and endothelial 

dysfunction  [1]. The correlation between air pollution and 

cardio-respiratory disease is a global concern [2].   

In addition to morbidity and cardio-respiratory mortality, 

recent studies have found that air pollution is also 

correlated with health effects, such as dementia, structural 

changes in children's brains, cognitive impairment, and 

diabetes [3].  

A study conducted in the United States showed that the 

incidence of lung cancer is related to exposure to PM2.5 

microparticles [4]. In another study by the American 

Cancer Society, the incidence of lung cancer increased by 

8% with 10 μg × m-3 increases in the levels of PM2.5 

microparticles measured between cities  [5]. PM2.5 

microparticles have also been associated with decreased 

parathyroid hormone levels in exposed individuals [6]  

Regardless of its origin, air pollution is a toxic mixture of 

microparticles and particulate matter (PM) composed of 

organic chemicals (polycyclic aromatic hydrocarbons 
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(PAHs), metals (iron, nickel), gases (ozone), endotoxins, 

bacteria, and minerals (quartz, asbestos) [7].  

 Air pollution has become the leading cause of premature 

death [1]. Global estimates indicate that environmental 

pollution causes 1.15 million deaths worldwide 

(corresponding to almost 2% of the total number of deaths) 

[8].   The risks of air pollution on human health are mainly 

related to PM microparticle concentrations, especially 

PM2.5 microparticles, which have been classified as 

carcinogenic by the International Agency for Research on 

Cancer [9,10].  PM2.5 microparticles penetrate deep into 

the lungs and contribute to respiratory diseases causing 

lung cancer and cardiovascular disease [11,12].  Such 

microparticles are the result of thermal power plant 

release, the burning of coal or wood, vehicles, or directly 

causing fires in the mountains, and such released micro-

particles can remain suspended in the air for long periods 

of time. Based on this, the essential purpose of this study 

was to compare bronchial reactivity between healthy 

persons and persons exposed to high levels of PM2.5 and 

PM10 microparticles in the specific work environment of 

coal surface mining at Bellaqevc thermal power plants in 

Kosovo. There is no doubt that the most direct type of 

microparticle air pollution damage is reflected in the 

human respiratory system; thus, our study is focused 

within this context. 

 

MATERIALS AND METHODS 

Our study was focused on research regarding increased 

bronchial reactivity and chronic obstructive pulmonary 

disease by applying the Chronic Respiratory Disease 

Questionnaire by the Medical Research Council (MRC)  

[13].   

In this way, we ascertained the manifestation of increased 

bronchial reactivity and COPD by measuring objective 

respiratory system parameters via the body 

plethysmography of workers working in surface mining in 

at the Bellaqevc power plants. Research on work 

performed during the exposure to various microparticles 

has helped identify the major causes of increased bronchial 

reactivity and obstructive lung diseases, such as climatic 

conditions in the workplace, various habits, smoking, 

working conditions, and workplaces. It is important to note 

that there are statistically significant differences between 

non-smokers and smokers. There are also statistically 

significant differences between people who suffer from 

chronic obstructive bronchitis and those who do not,which 

corresponds to the value of the MRC questionnaire [14].  

 In the present study, the selection of employees was 

conducted in a randomized manner, and all research 

participants were informed about the procedures and 

purpose of the research. All workers taking part in the 

research were informed not to take any medication for at 

least 48 hours before the examination so as not to interfere 

with the results of our tests. So, lung function was 

determined under resting conditions. Then, the specific 

resistance of the airways (Raw) and the volume of 

intrathoracic gas (ITGV) were measured by applying the 

body plethysmography technique. From the results 

obtained for the Raw and ITGV, specific airway resistance 

(SRaw) and specific conduction (SGaw) values were also 

calculated. 

We applied an additional procedure to both the control 

group and experimental group in order to verify whether 

the selected individuals were healthy and did not exhibit 

bronchial reactivity in their airways. We demonstrated this 

by performing provocation testing for bronchoconstriction 

using bronchoconstrictor agents, such as histamine-

aerosol (1 mg/ml). In our case, we used histamine-aerosol 

as a constrictive substance of the airways. 

The research was conducted in two working groups: The 

control group included 28 healthy individuals, and the 

experimental group included 50 workers with permanent 

work in the surface mining of coal at the Bellaqevc power 

plants of Kosovo. Plethysmography is a very precise type 

of equipment, which serves to measure the volume of air 

inside the chest. This equipment consists of a plastic 

cabinet that enters the individual to be measured. He/she 

blows into a turbine, which, like in spirometry, records the 

volume and flow of air the subject performs. By means of 

plethysmography, we can record the pressure-pressure 

curves as well as the pressure-air flow curve. In the case of 

changes in the respiratory system, increased 

hyperreactivity or COPD immediately requires the 

initiation of appropriate therapeutic treatment with the 

following drugs: adrenergic bronchodilators, 

anticholinergic substances, or methylxanthines [15-18]. 

Whereas anti-inflammatory drugs: corticosteroids, 

antihistamines, and antileukotrienes [19-22].  

Since the treatment of these diseases via medicine is 

limited, the only possibility for truly avoiding respiratory 

disorders is the taking of preventive measures [23,24]. 

Since in this study we are dealing with the difference 

between two research groups, on this basis we have used 

t-test as a differentiating mechanism regarding the level of 

significance between the two comparative groups: the 

control group and the experimental group (workers of the 

surface mining of coal in Bellaqevc of  Kosovo power 

plants). In the control group and the experimental group, 

we have two series of values of plethysmography 

parameters, which are obtained as a result of 

measurements prior and after provocation with histamine. 

Statistical processing includes determining the mean value 

(X), standard deviation (SD) and standard error (SEM), as 

well as testing statistical differences between workers and 

the control group. Statistical method - ANOVA was used 

for analysis. The ANOVA test was used to analyze the 

variations between the results obtained within the group. 

The parameters are summarized in the MS-EXCEL 

software. The results obtained were tested with the help of 

the Student's t-test, in order to ascertain the significant 

differences between the experimental group and the 

control group. The computer software INSTAT-3 and 

STATISTICA FOR WINDOWS were used for statistical 

processing. 

 

RESULTS 

We could conclude that, in healthy people, there is no 

presence of bronchial reactivity in the respiratory tract, and 

thus they can be used as a control group to assess the 

conditions of the experimental group (see tables 1, 2 and 

diagram).
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Table 1. General characteristics of the researched people. 

 

 

 

 
 

-  Generalized mean values for: Control group n = 28, X ± SEM; Experimental group n = 50, X ± SEM.   

-  The general starting values for: VC (L) and FEV1 (L) are also given.  

-  VC =Vital capacity expressed in liters,  

-  FEV1 - Enhanced expiratory volume in the first second, expressed in liters. 

 

Table 2. Body-plethysmography features of the people involved in this study. 

 

Group N Raw (kPa×s/L) ITGV (L) SRaw (kPa×s) SGaw (kPa×s) 

Control 28 0.12 ± 0.03 2.55 ± 0.4 0.30 ± 0.6 3.33 ± 0.17 

Experimental 50 1.29 ± 0.7 3.20 ± 0.6 4.12 ± 0.9 0.24 ± 0.12 
- Raw (kPa × S/L); ITGV (L); SRaw = Raw × ITGV;  

- SGaw = 1/SRaw.  

- Raw - Airway resistance expressed in kilopascal/second/liter,  

- ITGV - Volume of intrathoracic gas expressed in liters,  

- SRaw - Specific airway resistance which is the relationship between resistance and the volume of     

   intrathoracic gas,  

- SGaw - expresses the relationship between 1/specific resistances. SGaw can also be referred to as  

  specific airway passage or conductivity. 

 

All constitutional data of individuals from both groups are given in Tables 1 and 2. 

 

 
 

Diagram 1. Frequency of people participating in the research of the control and experimental group. 

 

We will first present the results measured via body 

plethysmography for the control group, with the aim of 

eliminating suspicion regarding the presence of bronchial 

reactivity in this group. So, these results will be expressed 

in two series: prior to and after provocation with the test 

for bronchoconstriction using histamine-aerosol (1mg/ml)  

(figs. 1 and 3). 

Group N Age (years) Height (cm) Weight (kg) VC (L) FEV1 (L) 

Control 28 35.7± 0.8 175±0.22 68.5±1.7 3.80±0.12 3.72±0.15 

Experimental  50 55.25±1.33 171±0.14 75.80±1.10 3.75±0.13 3.45±0.28 
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Fig.1. Control and experimental group prior and after 

provocation with histamine–aerosol 1mg/ml. Comparison of the 

values of SRaw and SGaw in between the control group (p>0.1; 

n=28; X±SEM) and the experimental group. (n=50; X±SEM; 

(p<0.01). 

 

 

 
Fig.2. Subject researched as per the smokers and non-smokers 

categories (prior to provocation with histamine-aerosol). 

Comparison of SRaw and SGaw values in between smokers and 

non-smokers categories prior to provocation with histamine-

aerosol. (n=50; X±SEM; (p<0.05). 

 

 
Fig.3. Subject researched as per the smokers and non-smokers 

categories (after provocation with histamine). Comparison of 

SRaw and SGaw values in between smokers and non-smokers; 

after provocation with histamine-aerosol 1 mg/ml. (n=50; 

X±SEM; (p<0.01). 

 

The t-test statistical calculation showed that there was no 

significant difference in the healthy individuals prior to 

and after provocation with histamine-aerosol 1mg/ml 

(p>0.1). To more clearly understand the differences 

between these two plethysmography series results in the 

control group, the same data were presented graphically. 

The statistical calculations for the SRaw and SGaw for the 

control and experimental groups indicated that there was 

an extremely significant difference between these two 

groups (p<0.01). Simply put, these results indicated the 

presence of pronounced bronchial reactivity in the 

experimental group. The parameters SRaw and SGaw, 

analyzed for both groups, are presented graphically in figs. 

1, 2, and 3. 

 

DISCUSSION 

The literature on the health effects of micro-particulate 

pollutants in the workplace, including numerous 

epidemiological and toxicological studies, is extensive. In 

each separate study, correlations were found between air 

pollution and microparticles in workplaces and one or 

more other factors, depending on the level of exposure, 

health status, and age of the exposed workers [25].   

The amount of scientific evidence on the health effects of 

microparticle pollution in the workplace has been 

increasing in recent years. Some questions remain 

unanswered, but many epidemiological studies have 

indicated that air pollution in the workplace is a risk factor 

for worker mortality and morbidity [26].   Moreover, the 

impact of air pollutants on the respiratory tract has been 

extensively and consistently reported in recent years [27].   
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 Air pollution is one of the leading causes of premature 

death, strokes, lung diseases, asthma, and various other 

diseases [28].   

In this study, the results measured via body 

plethysmography in the control group prior to and after the 

provocation with the bronchoconstriction test with 

histamine-aerosol 1mg/ml did not indicate a significant 

difference (p>0.1). 

The statistical calculations of the SRaw and SGaw for the 

control group and experimental group indicated that there 

was an extremely significant difference between these two 

groups (p<0.01). Simply put, these results indicate the 

significant presence of increased bronchial reactivity in the 

experimental group. 

The difference between the experimental subgroups 

confirmed the favorable effect of smoking on the 

aggravation of the negative respiratory effects of air 

pollution with microparticles PM2.5 and PM10 

 (p< 0.01). 

There is also strong evidence that air pollution with 

various microparticles in the workplace worsens asthma 

morbidity and mortality in people with this disease, and 

there is also some evidence that air pollution with 

microparticles may affect the prevalence of asthma [29]. 

Children are at greater risk of developing asthma when 

exposed to higher concentrations of air pollutants [30].  

A study conducted in France found that 9% of total deaths 

in France are due to PM2.5 anthropogenic microparticles 

[26].  The total mortality calculated for PM2.5 

microparticles is higher than that due to PM10 

microparticles [27].  

The American Heart Association published a scientific 

study stating that 'there is a correlation between PM2.5 

microparticle exposure and cardio-respiratory mortality-

morbidity' [31].   

The harmful effects of particulate matters (PM) and 

respiratory function has been well-verified. In the present 

study, not only did we find strong epidemiological 

evidence of a correlation between air pollution with 

microparticles and asthma, but recent studies, especially in 

industrial and urban areas, have shown the role of 

pollutants in the development of asthma and COPD as well 

[1,32]. 

Sources of air pollution with microparticles includecoal 

surface mining for exploitation, power plants, and ash 

depots created by coal burning, coal self-ignition in mines, 

pollution from local traffic, and heating systems. These 

sources of pollution mainly emit the following pollutants: 

SO2, NO2, CO, CO2, airborne microparticles (PM2.5, 

PM10), and heavy metals (Pb, Zn, Cr, Ni, Cd, Mn).  

Thus, from these facts presented above, it can be 

understood that air pollution is a problem of global 

proportions. The detrimental effect of poor air quality on 

health, which is mentioned in most scientific research, is 

usually attributed to high levels of PM2.5 and PM10 

microparticles and other gases such as SO2, NO, and 

ozone. The same pollution agents have been identified in 

our country, specifically among the population of the 

Kastriot region surrounding the generating power plants in 

Kosovo [33].   

Therefore, our findings, in the context of general 

morbidity, especially respiratory-related morbidity, were 

very close to those of previous studies conducted 

throughout the world [34].   

In terms of air pollution, tests have been carried out that 

measure the reduction in its harmful effects on human 

health after various environmental interventions were 

made in many countries throughout the world. Laden et al. 

conducted a study based on the above. According to this 

research, in six different cities, it was found that the 

reduction in PM2.5 microparticle levels in the atmosphere 

was associated with a reduction in the risk levels of cardio-

pulmonary morbidity and lung cancer. The same beneficial 

effect of reducing pollution levels was confirmed by work 

conducted in Hong Kong, in which children of primary-

school-age were analyzed as a very sensitive subgroup to 

air pollution [35].   

Acute and inflammatory changes caused by the sudden 

exposure to high concentrations of microparticles are 

associated with bronchoconstriction and manifested by 

dyspnea and chest pain. Respiratory activity is 

significantly increased and causes exposure to proteolytic 

enzymes. The inflammatory process associated with 

COPD is characterized by an increased number of 

activated alveolar macrophages, neutrophils, cytotoxic 

CD8 + T lymphocytes, B lymphocytes, CD4 + T 

lymphocytes, and the release of numerous inflammatory 

mediators (leukotrienes, cytokines, growth factors, 

chemokines, and oxidizers). Chronic inflammation leads 

to the reconfiguration of small airways, producing lumen 

blockage due to increased mucus production and the 

thickening of the airway walls due to edema and collagen 

formation, which causes fibrosis and narrowing [36].  

The latest available data, taken from the 2016 Kosovo 

Energy Corporation Environmental Report (KEK), shows 

significant pollution within European standards, except for 

dust deposits. However, those few sampling locations 

cannot be considered as a complete reflection of the true 

levels of microparticle air pollution in the region. During 

public consultations with the community and the 

surveying of households in this area during the drafting of 

the questionnaire, numerous respiratory problems and 

other health symptoms were reported that could be 

attributed to environmental pollution with microparticles 

[37,38].  The data from the reports indicated that the 

allowed criteria had been exceeded several times, from the 

average values of 300 mg/(m²d) for 3-4 months during the 

year and the pH according to the WHO, while inorganic 

and solvent substances are constituents of total dust 

concentrations for 2016 to 2019 [39,40]. Based on the 

research and obtained results, it can be concluded that the 

continuous monitoring of the respiratory tract is necessary, 

especially in terms of the presence of an inflammatory 

reaction, which occurs following prolonged exposure to 

microparticles. Thus, it is necessary for these workers to 

undergo systematic visits and testing for bronchial 

reactions to histamine or methacholine, and this is valid for 

timely therapeutic intervention. Subjects with bronchial 

hyperreactivity indicated a preference for the rapid onset 

of permanent changes in their respiratory tracts.  

To protect the environment and reduce global climate 

change, society must make an increased effort to gradually 

shut down coal-fired power plants and switch to renewable 

solar power, wind power, hydropower to protect the 

environment. For example, Germany intends to eliminate 

coal no later than 2038 and even shorten this period by 

three years (to 2035) depending on improvement reports 

that will be conducted in 2026 and 2029 [41,42].  
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CONCLUSION 

In determining the responses to the inhalation of histamine 

hydrochloride-aerosol (1mg/ml) in the control group and 

experimental group, a significantly higher percentage of 

increased bronchial reactivity was found in the workers 

engaged in the surface mining of coal. This was based on 

the measurement of airway resistance (Raw, ITGV), 

specific resistance (SRaw), and specific conductance 

(SGaw). The differences were found to be significant 

(p<0.01) when compared with the control group (p>0.1). 

The experimental group on a whole, as well as the 

subgroup of smokers, indicated extreme significant 

changes in specific resistance (SRaw) and specific 

conductance (SGaw) (p<0.01) compared to the control 

group (p<0.1). The difference between the experimental 

subgroups confirmed the favorable effect of smoking on 

the aggravation of the negative respiratory effects of air 

pollution. 

These studies indicate that the exposure of workers in the 

surface mining of coal in the Bellaqevc power plants of 

Kosovo's to microparticles and other pollutants also causes 

an increase in local mediators and, consequently, an 

increase in bronchial reactivity. The risks of air pollution 

on health are entirely related to the concentrations of PM 

micrograms, especially PM2.5, which has been classified as 

carcinogenic by the International Agency for Research on 

Cancer (IARC). 

Based on the research and results obtained, it can be 

concluded that the permanent monitoring of the respiratory 

tract is more than necessary, especially in terms of the 

presence of an inflammatory reaction, which occurs after 

prolonged exposure to environmental pollutants with 

microparticles. Those with increased bronchial 

hyperreactivity exhibit a predisposition to the rapid onset 

of permanent changes in their respiratory tract, which 

explains why they should be targeted as subjects at a 

higher risk. If respiratory changes are observed, 

appropriate bronchodilator therapy should be initiated 

immediately to treat lung function disorders, since the 

progression of the obstructive process complicates later 

therapeutic treatment. 
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