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1. Introduction 

The air we breathe contains emissions from many different sources: industry, motor 
vehicles, heating and commercial sources, household fuels as well as tobacco smoke. The 
effects of air pollution on health have been intensively studied in recent years. The results of 
these studies showed that air pollution harms human health and particularly is harmful for 
those who are already vulnerable because of their age as children and older people or 
existing health problems. The epidemiological evidence suggests that adverse health effects 
are dependent on both exposure concentrations and length of exposure, and that long-term 
exposures have larger, more persistent cumulative effects than short-term exposures [1]. 
Ambient air pollution has been associated with a multitude of health effects, including 
mortality, respiratory and cardiovascular hospitalizations, changes in lung function and 
asthma attacks. Current scientific evidence indicates that air pollution from the combustion 
of fossil fuels causes a spectrum of health effects from allergy to death. Recent assessments 
suggest that the public health impacts may be considerable. Air pollution is associated with 
a broad spectrum of acute and chronic health effects, the nature of which may vary 
depending on constituent of the pollutants as well as the group of the population. Current 
exposure to PM from anthropogenic sources leads to the loss of 8.6 months of life 
expectancy in Europe – from around 3 months in Finland to more than 13 months in 
Belgium. The most recent estimates of impacts of PM on mortality, based on PM10 and PM2.5 

monitoring data in 40 European countries, indicate that close to 500 000 deaths per year are 
accelerated due to exposure to ambient PM in those countries. According to the WHO 
Health Reports, air pollution at current levels in European cities is responsible for a 
significant burden of deaths, hospital admissions and exacerbation of symptoms, especially 
for cardiovascular disease. Because of the tremendous number of people affected, the impact 
of air pollution on cardiovascular disease represents a serious public health problem. 
Results from research studies have demonstrated a strong relationship between levels of 
airborne particles, sulfur dioxide and other fossil fuel emissions and risk of early death from 
heart disease. People with pre-existing conditions such as high blood pressure, previous 
heart disease, diabetes, respiratory disease and high cholesterol have been shown to be 
especially vulnerable. The results of a long-term study on influence of common air 
pollutants on health of US residents showed that individuals living in the more polluted 
cities had a higher risk of hospitalization and early death from pulmonary and heart 
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diseases as compared to those living in the less polluted cities. The study focused on the 
health effects of gaseous pollutants such as sulfur dioxide, which are produced mainly by 
coal-burning power plants and fine particle air pollution, particles with a diameter of less 
than 2.5μm, that come from power plant emissions and motor vehicle exhaust. The 
relationship between air pollution and mortality was much stronger for the fine particle 
component than for the gaseous pollutants. Exposure to PM is associated with increased 
hospital admissions and mortality in adults. The risk increases linearly with the 
concentration of pollution and there is no evidence to suggest a threshold for PM below 
which no adverse health effects would occur. When inhaled, PM10 particles (with a diameter 
of less than 10μm) penetrate deep into the respiratory system. Finer particles (with a 
diameter of less than 2.5μm) then go on to penetrate the lungs and pass into the bloodstream 
and are carried into other body organs. Concerned that these particles cause a wide range of 
health impacts, WHO has developed guidelines addressing their risks. Knowledge about the 
links between health and air quality has significantly advanced in the last years. It was 
determined that short-term exposure to PM2.5 significantly increases the risk for 
cardiovascular and respiratory disease among people over 65 years of age. In the U.S. the 
National Morbidity, Mortality and Air Pollution Study indicated a 0.41% increase in total 
mortality in response to a 10-µg/m³ increase in PM10 in ambient air [2]. The investigators 
linked PM2.5 data to hospital admissions for heart and vascular diseases, heart failure, 
chronic obstructive pulmonary disease and respiratory infections in an epidemiologic study 
of over 11.5 million Medicare participants. The study results predict that for each 100 
hospital admissions for heart failure, one extra admission will occur for each 10 µm/m³ 
increase in PM2.5 [2]. 
New studies also indicate substantial gains in public health resulting from improvements in 

air quality. An improvements in air quality over the last 20 years have increased average life 

expectancy in the U.S. by approximately five months. Researchers at Brigham Young 

University and the Harvard School of Public Health tracked particulate matter air pollution 

in 51 major metropolitan areas from 1978 through 2001 and compared those data to death 

records and census data. On average, life expectancy increased by 2.72 years with about 15% 

of that increase due to improved air quality. Cities that had the greatest air quality 

improvements saw the greatest gains in life expectancy. The results shows that a reduction 

of 10 μg/m3 in the ambient air concentration of particulate matter was associated with an 

estimated increase in average life expectancy of 0.61 years [3]. The magnitude of changes in 

the health state of population in the polluted part of Poland has been estimated in assuming 

that the ambient air pollution decrease is 10% [4]. In the case of cardiovascular diseases, a 

10% reduction of lead concentration in the air will cause a decrease in the incidence by 17.6 

cases per 10 000 people. A 10% reduction of cadmium concentration in the air may result in 

a decrease in neoplasm mortality by more than 4 cases per 10 000 inhabitants. The reduction 

of the concentrations of both heavy metals in the air will lower SDR; in the case of cadmium 

by 24.4, and in the case of lead by 31.6 people. The time scale over which the health effects 

develop is under investigation. Particulate air pollution is consistently related to the most 

serious effects, including lung cancer and other cardiopulmonary mortality. Long-term 

average exposure to PM is associated with both the risks of chronic effects on children’s 

health, such as impaired development of lung function, and the frequency of acute effects, 

such as the aggravation of asthma or incidence of respiratory symptoms. Children who live 

in neighborhoods with serious air pollution problems (emissions from the automobile 
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traffic, heavy industry) have lower IQ and score worse memory tests than children from the 
cleaner environments. The respiratory and cardiovascular effects of air pollution are well 
documented; however the possible neurodegenerative effects of air pollution have been 
unexplored and require further intensive research. The research in the US showed that the 
more heavily exposed children were to black carbon, the lower their scores on several 
intelligence tests. For example, the average IQ of the most heavily exposed children was 3.4 
points less than children with low exposure. When the findings were adjusted for the effects 
of parents’ education, birth weight, and exposure to tobacco smoke, the associations 
remained. The effects were roughly equivalent to those seen in children whose mothers 
smoked ten cigarettes per day while pregnant. The researchers assumed that the harmful 
effects may be caused by the inflammatory and oxidative effects of the black carbon particles 
[5]. These findings suggest additional research is needed to investigate the effects of air 
pollution on the development of intelligence in children and on cognitive decline for people 
of all ages. Globally, the prevalence of asthma and allergies has increased over the last few 
decades. Asthma has become the commonest chronic disease in children and is one of the 
major causes of hospitalization for children aged under 15 years. The increasing prevalence 
of allergic diseases in children throughout Europe is no longer restricted to specific seasons 
or environments. It has only become fully apparent in the last decade that air pollution, 
especially of fine particulates, plays a major role in cardiovascular disease. A half of deaths 
globally arises from cardiovascular disease. Even relatively small increases in the risk of 
cardiovascular disease will translate into huge numbers of additional people suffering more 
severely from the disease. There is now substantial evidence concerning the adverse effects 
of air pollution on pregnancy outcomes and infant death. Evidence reporting associations 
between maternal exposure to ambient air pollutants and adverse fetal development, in 
particular growth restriction, pre-term birth, and infant survival due to postnatal respiratory 
mortality has been growing rapidly in recent years. The association between maternal 
exposure to ambient air pollution and the risk of congenital anomalies, which are a 
significant cause of stillbirth and infant mortality has been less well studied. New evidence 
is also accumulating on the burden of disease due to indoor air pollution. The air pollutants 
such as asbestos fibers and dioxins, resulting from waste disposal, has been associated with 
a multitude of health effects. Asbestos fibers are dangerous to health and practically 
indestructible. Human exposure to asbestos fiber found in inhaled air can lead to diseases 
such as chronic bronchitis, asbestosis, lung cancer and mesothelioma. The World Health 
Organization officially recognized asbestos as a carcinogen that pollute the environment 
globally. It starts a process of gradual elimination of asbestos from the human environment. 
The building asbestos stripping operations and waste disposal, because of higher emission 
of asbestos fibers into environment, puts human population at enormous risk. European 
Union experts estimate that asbestos-related cancers will cause approximately 500 000 
deaths up to the year 2030 in Western Europe alone. Dioxin and related compounds always 
exist in nature as complex mixtures. Dioxins are widely distributed in the environment at 
low concentrations, primarily as a result of air transport and deposition. Emissions of 
polychlorinated dibenzodioxin and dibenzofuran (PCDD/F) result from inefficiencies of 
combustion processes, most typically waste combustion. For uncontrolled combustion, such 
as open burning of household waste, chlorine content of wastes may play the most 
significant role in levels of dioxin emissions. Dioxin and related compounds have been 
shown to be developmental, reproductive, immunological, endocrinological, and cancer 
hazards, among others in multiple animal species. There is no reason to expect, in general, 
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that humans would not be similarly affected at some dose, and an increasing numbers of 
data supports this assumption. Tetrachlorodibenzo-p-dioxin (TCDD) is best characterized as 
“carcinogenic to humans.” This means that, on the basis of the weight of all of the evidence 
(human, animal, mode of action), TCDD meets the criteria that allow the scientific 
community to accept a causal relationship between TCDD exposure and cancer hazard. 

2. Human exposure to air pollution: The route of air pollutants to a human 
organism 

Air pollution is a mixture of particulate matter (PM), gases, and vapor-phase molecules [6]. 
The direct rout of exposure to the air pollution is a respiratory tract. In case of dust 
pollutants the size of particulate matter is playing an important role in the environmental 
health risk. PM is categorized by aerodynamic diameter. Particles below 10 μm in diameter 
are classified as thoracic particles PM10, particles below 2.5 μm in diameter as fine particles, 
and particles with a diameter < 0.1 µm as ultrafine particles (UFPs) [6]. Particles larger than 
10 µm are likely to land in proximal airways, but fine particles reach the lungs and are 
deposited in the alveoli [7]. Therefore PM2.5 may be more harmful than larger ones [8]. 
Ambient fine particulate pollution was associated with increased risk of cardiovascular 
diseases [9]. UFPs are deposited deeply into the lungs. The study of Terzano et al. (2010), 
indicates that the ultrafine particles in contrast to larger-sized particles pass into the 
bloodstream by different transfer routes and mechanisms and then are distributed into other 
body organs, including the brain with potential neurotoxic effects [10]. The particulate 
matter is hazardous to the human health due to absorption on their surface of many harmful 
contaminants such as: heavy metals (lead, cadmium, mercury and the other), organic 
compounds (polycyclic aromatic hydrocarbons, PCBs, dioxin and furans). Gaseous 
pollutants, depending on their solubility in the water, are absorbed in the proximal or the 
distal parts of the respiratory tract. This is important from the standpoint of the health 
effects. Sulfur dioxide and formaldehyde are highly water-soluble gases, therefore they do 
not reach the lungs, and they are irritating the airway epithelium of the upper respiratory 
tract. For example up to 98% sulfur dioxide may be absorbed in the nasopharynx during 
nasal breathing [11]. NO2 is a poorly water-soluble gas, therefore, is deposited far more 
peripherally in a respiratory tract compared with SO2, but does not reach the alveoli in any 
significant quantities [11]. Ozone, in contrast to nitrogen dioxide, does not dissolve in water 
and in gaseous form reaches the lungs where it begins its malicious activity. Gaseous 
pollutants can be also absorbed into the body through dermal rout of exposure. 
However for the general population the role of this route of exposure is insignificant. The 
indirect rout of exposure to the air pollutants is digestive tract; it follows from the 
circulation of pollutants in the environment. The food chain is an important pathway of 
human exposure to polycyclic aromatic hydrocarbons, dioxin, PCBs and heavy metals 
(cadmium, lead, mercury).  

3. Relation between air pollution and life expectancy (LLE) 

The World Health Organization has identified ambient air pollution as a high public health 
priority, indicating the relationship of air pollution with increased mortality and shortened 
life expectancy [12]. In 2009, life expectancy at birth in twenty seven countries in the 
European Union [EU-27] was among the highest in the world — almost 76 years for men 
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and 82 years for women [13,14]. In Europe there is a wide variety of life expectancy. In 
developed countries, located mainly in the western part of Europe and the Nordic countries, 
people live a few years longer than in the countries of Central and Eastern Europe and these 
differences are even a dozen years. According to EU experts, current exposure to PM from 
anthropogenic sources reduces the average life expectancy of 8.6 months in Europe – from 
around 3 months in Finland and Ireland to more than 13 months in Belgium [15]. It has been 
estimated that exposure to fine particulate matter in outdoor air leads to 725 000 years of life 
lost annually in Europe [16,17]. Studies in the USA have shown that people from less 
polluted cities live longer than those living in more polluted cities. After adjustment for 
other factors, an association remained between ambient annual average concentrations of 
fine particles (represented by PM2.5) and age-specific risks of mortality, implying shorter life 
expectancy in more polluted cities [18]. It is estimated that in the European Union an 
increase of 1 µg/m3 of PM2.5 for 1 year implies an average Lost of Life Expectancy (LLE) of 
0.22 days per person; the number for the United States is similar, but for Russia it is about 
40% higher, and for China it is about 25% lower [19]. A study published in 2009, conducted 
in 51 U.S. metropolitan areas between 1970 to 2000 showed that decrease of 10 µg/m3 in the 
concentration of fine particulate matter was associated with an estimated increase of 
average life expectancy of 0.61 year. The estimated effect of reduced exposure to pollution 
on life expectancy was not highly sensitive to adjustment for changes in socioeconomic, 
demographic, or proxy variables for the prevalence of smoking or to the restriction of 
observations to relatively large counties [3]. The other studies have shown that reductions in 
life expectancy of 1.11 years in the Netherlands, 1.37 years in Finland, and 0.80 year in 
Canada resulting from increases in ambient PM2.5 concentrations of 10 µg/m3 [20,21]. Long-
term exposure to PM is particularly damaging to human health and reduces life expectancy, 
that is why reducing long-term PM concentrations and exposure is a priority [21,22]. 

4. Relation between air pollution and mortality 

Air pollution is a major environmental risk for health and is estimated to cause 
approximately 2 million premature deaths worldwide per year. PM air pollution imparts a 
tremendous burden to the global public health, ranking it as the 13th leading cause of 
morality [23]. The estimates of health effects of PM exposure in adults are dominated by the 
increase in the risk of mortality due to long-time exposure to fine PM (PM2.5) The total 
number of premature deaths attributed to exposure amounts to around 348 000 annually in 
the 25 EU countries. More than half of the burden from air pollution on human health is 
borne by people in developing countries [15,24]. The short-term health effects of particulate 
and gaseous air pollutants have been well documented, mainly through time-series studies 
relating short-term elevations in ambient levels of such pollutants to increases in morbidity 
and mortality from cardio respiratory conditions. Results of 124 studies of the largest cities 
in North America and Europe showed an increase in the rate of death from any cause 
ranging from 0.2 to 0.6% for an increase in ambient PM10 concentrations of 10 µg/m3 [25]. 
Long-term epidemiological studies conducted in the U.S. confirm that the adverse effects of 
fine particulate matter (PM2.5) on morbidity and mortality, and indicate that this effect 
depends on the concentration and time of exposure; long-term exposure gives higher effects 
than short-term exposure [26]. Long-term exposure to PM2.5 increases the risk of no 
accidental mortality by 6% per a 10 µg/m3 increase, independent of age, gender, and 
geographic region. Exposure to PM was also associated with an increased risk of mortality 
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from lung cancer (range: 15% to 21% per a 10 µg/m3 increase) and total cardiovascular 
mortality (range: 12% to 14% per a 10 µg/m3 increase) [1,27]. The Medicare Cohort Air 
Pollution Study in the USA has estimated the relative risk of death associated with long-
term exposure to PM2.5. According to the authors Zeger et al. [28], a 10 mg/m3 increase in 
six year average of PM2.5 is associated with a 6.8–13.2% increase in mortality. Other studies 
[27] showed that long-term exposure to PM2.5 increases the risk of non-accidental mortality 
by 6% per a 10 mg/m3 increase, independent of age, gender, and geographic region. 
Exposure to PM2.5 was also associated with an increased risk of mortality from lung cancer 
(range: 15–21% per a 10 mg/m3 increase) and total cardiovascular mortality (range: 12–14% 
per a 10 mg/m3 increase) [27]. People with diabetes, heart failure, chronic obstructive 
pulmonary disease (COPD) and inflammatory diseases such as rheumatoid arthritis are at 
increased risk of death when they are exposed to particulate air pollution, or soot, for one or 
more years. Increase of 10 µg/m3 of PM10 over 2 years increased the risk of death by 32% for 
patients with diabetes, by 28% for patients with COPD, by 27% for patients with congestive 
heart failure, and by 22% for people with inflammatory diseases such as rheumatoid 
arthritis or lupus [29]. Significant associations were found between black smoke (BS) and 
SO2 concentrations and mortality. The effects were stronger for respiratory illness than other 
causes of mortality for the most recent exposure periods (shorter latency times) and most 
recent mortality period (lower pollutant concentrations) [30]. Air pollution has long-term 
effects on mortality and point to continuing public health risks. They therefore have 
importance for policies on public health protection through regulation and control of air 
pollution [30]. 

5. The impacts of fine particulate matter on cardiovascular health 

Cardiovascular disease (CVD) constitute a global problem and is the leading cause of death 
in the world, especially in highly developed countries. Cardiovascular disease is also a 
major cause of disability and of reduced quality of life [31,32]. According to forecast, almost 
20 million people will die from CVDs, mainly from heart disease and stroke by 2015 [33,34]. 
Results from many research studies have demonstrated a strong relationship between levels 
of airborne particles, sulfur dioxide and other air pollutants and risk of early death from 
heart disease. Air pollutants have been linked with endothelial dysfunction and 
vasoconstriction, increased blood pressure (BP), prothrombotic and coagulant changes, 
systemic inflammatory and oxidative stress responses, autonomic imbalance and 
arrhythmias, and the progression of atherosclerosis [35]. 
Using data for Chicago area hospitals for years 1988 to 1993 it was found, that an increase in 
PM10 level by 10 µg/m³ was associated with 1.27%, 1.45%, and 2% increases in hospital 
admissions for heart disease, chronic obstructive pulmonary disease, and pneumonia, 
respectively [36]. The Air Pollution and Health: a European and North American Approach 
(APHENA) project also examined the association between airborne particles and hospital 
admission for cardiac causes in eight European cities and found that the percentage 
increases associated with a 10 µg/m3 elevation in PM10 were 0.5% for cardiac admissions in 
people of all ages and 0.7% for cardiac admissions in people older than 65 years [37,38]. 
Short-term exposure to PM2.5 significantly increases the risk for cardiovascular and 
respiratory disease among people over 65 years of age. The investigators linked PM2.5 data 
to hospital admissions for heart and vascular diseases, heart failure, chronic obstructive 
pulmonary disease, and respiratory infections in an epidemiologic study of over 11.5 million 
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Medicare participants. The study results predict that for each 100 hospital admissions for 
heart failure, one extra admission will occur for each 10 µg/m3 increase in PM2.5 [2]. People 
with pre-existing cardiovascular disease, diabetic and elderly individuals are also 
considered to be more susceptible to air pollution–mediated cardiovascular effects [39].  
Long-term exposure to elevated concentrations of ambient PM2.5 at levels encountered in the 

present-day environment (i.e. any increase by 10 µg/m³) reduces life expectancy within a 

population probably by several months to a few years [40]. As PM2.5 is most strongly 

associated with cardiovascular deaths in the cohort studies, the reduced life expectancy is 

most likely predominantly due to excess cardiovascular mortality [40]. It was found that the 

greater the level of the fine particulate pollution, the greater the risk of cardiovascular 

disease and death in post-menopausal women, who are considered to be susceptible group 

within the general population. The increased risk comes from the fine particulate matter 

typically produced by automobile exhaust. The particles damage arteries in the heart and 

brain. Even slight elevations in fine particulate matter concentration increased the risk 

significantly. The risk of dying from heart attack or stroke increased 76% for each ten 

microgram increase in fine particulate pollution and proved to be about three times higher 

than previously estimated [41]. The study also indicates that although smoking is a much 

larger risk factor for cardiovascular disease, exposure to fine particulate combined with 

smoking imposes additional effects [42]. Additional research is required to establish 

whether there are independent health effects of the other particulate size fractions beyond 

those posed by fine particles. Although the focus of the present statement is on PM, it is 

recognized that other air pollutants may also pose cardiovascular risk alone or in 

conjunction with fine-particle exposure [40]. There are some evidences that gaseous 

pollutants may also be a reason for hospitalizations. Hospital admissions for cardiovascular 

causes, particularly ischemic heart disease, were found to rise in relation to the previous-day 

and same-day level of SO2, even after adjustment for PM10 levels [40]. 

Although ozone has been linked to increased cardiopulmonary mortality, strokes, and MIs 

in some short-term studies, long-term exposure was not associated with cardiovascular 

mortality after accounting for PM in a recent analysis. The recent finding that small changes 

in low levels of ambient carbon monoxide concentrations are related to cardiovascular 

hospitalizations also requires further study [40]. Several secondary aerosols (eg, nitrate and 

sulfate) are often associated with cardiovascular mortality; however, whether these 

compounds are directly harmful or are surrogate markers of toxic sources of exposure 

requires more investigation [40]. The results showed that the daily number of 

hospitalizations for cardiovascular diseases was significantly associated with daily PM10 and 

NO2 levels, with stronger associations in the elderly (≥65 years of age) [43]. During the last 

15 years air pollution induced cardiovascular toxicity has become the focus of intensive 

studies among cardiologists and specialists in environmental medicine. They found that 

long-term particulate matter exposures were most strongly associated with death due to 

ischemic heart disease, dysrhythmias, heart failure, and cardiac arrest. For these causes of 

death, a 10 µg/m3 elevation in particulate matter was associated with 8% to 18% increases in 

mortality risk. Risks for smokers were comparable or larger than for non-smokers. The 

researchers conclude that particulate matter exposure is a risk factor for specific 

cardiovascular disease mortality through mechanisms that likely include pulmonary and 

systemic inflammation, accelerated atherosclerosis, and changes in cardiac rhythms [42]. 

According to more recent studies, the ultrafine particles may be translocated into the 
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circulation and directly transported to the vasculature and heart where they can induce 

cardiac arrhythmias and decrease cardiac contractility and coronary flow [39]. Improving 

our understanding of the biological mechanisms underlying the acute cardiovascular effects 

of air pollution is essential to define the best prevention strategies [37]. Cardiovascular 

disease is very common and, as exposure to air pollution, both in the long and short term, 

contributes to initiation and exacerbation of disease, it is likely that even modest reductions 

in exposure will result in significant health gain [43]. 

6. The adverse effects of air pollution on pregnancy outcomes and infant 
death 

In the last two decades there is observed an increase of the number of scientific reports 

about a proven influence of air pollution on an occurrence of negative health effects, 

connected with births. They are: preterm births, stillbirths, intrauterine fetus growth 

retardation, births of newborns with low birth weight and a risk of newborns’ death because 

of respiratory system disorders [44,45]. Birth weight, gestational age, and fetal growth are 

important indicators of perinatal health. Low birth weight (LBW), preterm birth, or 

intrauterine growth retardation (IUGR) are strongly association with infant mortality and 

morbidity [46]. Long term study shows that low birth weight (LBW) is a risk factor for 

developing in adulthood coronary health diseases, hypertension and type 2 diabetes [45]. It 

was observed up to 20% increase in risk of LBW and preterm birth in infants born to women 

leaving in area with high level of air pollution, specially those exposed to higher levels of 

motor vehicle exhaust pollution coming from heavy-traffic roadways. Stronger effects were 

observed for women whose third trimester accounted for months with cold weather, when 

concentration of air pollutants was the highest because of an activity of local heating sources 

[47]. In heavily polluted environments the prematurity rate (birth before the 37th week of 

pregnancy) increases considerably. The study done in the 90’s, in the most polluted parts of 

Poland (Chorzow) shows as high as 14 to 20% of the prematurity rate comparing to 8% rate 

for Poland this time. The average newborns’ birth weight was 515g lower in Chorzow than 

in the Country [48]. There are more evidence each year which indicate that maternal 

exposures to air pollutants, including particulate matter (aerodynamic diameter 10 µm and 

2.5 µm), sulfur dioxide, nitrogen dioxide and benzopyrene, are associated with adverse 

pregnancy outcomes [49]. Some of polycyclic aromatic hydrocarbons (PAHs), especially 

benzopyrene, prove carcinogenic and mutagenic effects and when penetrating through 

placenta, have a negative influence into fetus. The research showed the newborns, whose 

mothers were exposed to PAHs during pregnancy, more often born with lower birth weight 

and smaller head circumference [50, 51, 52]. According to Dejmek et al. (2000), the risk of 

delivering a growth-retarded infant increases with the level of PAHs in early gestation (first 

month) [53]. A bond of benzopyrene and DNA in the placenta, has an influence on 

intrauterine growth retardation – IUGR [54,55]. The exposure to particulate matter (PM) 

causes increase of risk of occurrence an intrauterine fetus growth retardation [56,57,58]. 

Children, whose mothers were exposed to high concentrations of PM during pregnancy, 

more often were born with low birth weight and 10 µg/m3 change in PM10 accounted for 13.7 

g less of weight [59,60,61]. Effect of mothers’ exposure to high concentration (above the 

median 36.3 µg/m3) of fine particles (PM2,5) was reflected in significantly lower mean 

weight (128.3g) and length (0.9cm) and lower mean head circumference (0.3) of newborns 
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[62]. The researchers in the USA found that mothers who lived in areas with the highest 

levels of PM2.5 during their pregnancy delivered slightly smaller babies than their 

counterparts who lived in areas with lower levels of PM2.5 exposure. They also observed 

association between number of traffic-related pollutants and small for gestational birth 

weight as well as preterm births (before 37 weeks) [63,64]. Maternal exposure to sulfur 

dioxide during the first month of pregnancy increased risk of intrauterine growth 

retardation as well as LBW when preterm birth was associated with exposure to SO2 during 

the last month of pregnancy. These results suggest an association between VLBW (below 

1500g) and maternal exposures to high levels of sulfur dioxide [46,60]. Increased risk of 

intrauterine growth retardation was observed also in case of maternal exposure to nitrogen 

dioxide during the first month of pregnancy [65]. An association between exposure to levels 

of nitrogen dioxide above 40 µg/m3 during the first trimester of pregnancy and a reduction 

in birth weight was found [66]. Study on CO influence on pregnancy [67] were the basis for 

estimation that one unit change in mean CO concentration during the last trimester of 

pregnancy increases the risk of low birth weight by 8%. Furthermore, a one unit change in 

mean CO concentration during the first 2 weeks after birth increases the risk of infant 

mortality by 2.5% relative to baseline levels [67]. 

7. Human’s exposure to air pollution resulting from waste disposal 

Asbestos is a mineral fiber that due to the unique physical and chemical properties was 

produced in the past and used in over 3000 products. In the 20th century, asbestos has 

dominated the building industry, with a maximum global production of 5 million tonnes 

per year. As a result, the world's asbestos (in products) is currently estimated at around 550 

million tonnes. Asbestos fibers are indestructible and dangerous to health. Human exposure 

to mineral fiber found in inhaled air can lead to diseases such as chronic bronchitis, 

asbestosis, lung cancer and mesothelioma [68]. International Agency for Research on Cancer 

(IARC) recognized asbestos (actinolite, amosite, anthophyllite, chrysotile, crocidolite, 

tremolite) as Group I carcinogen [69]. This category is used when there is sufficient evidence 

of carcinogenicity in humans. In 1980, the US National Institute of Occupational Safety and 

Health (NIOSH) and the Occupational Safety and Health Administration (OSHA) working 

group concluded that there are no levels of exposure to asbestos below which clinical effects 

did not occur [70]. In the 80’s of the past century, the World Health Organization officially 

recognized asbestos as a carcinogen that pollutes the environment globally. Environmental 

exposure either in the houses of asbestos workers or in the neighborhood of asbestos mines 

or factories has been noted in some of the cases [71]. It has been estimated that a third of the 

mesotheliomas occurring in the USA may be due to nonoccupational exposure [72]. The 

relationship between asbestos exposure and smoking indicates a synergistic effect of 

smoking with regard to lung cancer [69]. Further evaluations indicate that this synergistic 

effect is a multiplicative model [73]. Exposure to asbestos occurs through inhalation of fibers 

from contaminated air in the working environment, as well as from ambient air in the 

vicinity of point sources, or indoor air in housing and building containing asbestos materials 

[74]. Although, in many countries the production and utilization of asbestos-containing 

materials has been banned, the numerous active environmental sources still exist [70]. 

Exposure can also occur during installation and use of asbestos-containing products and 

maintenance of vehicles. Asbestos products are still in place in many buildings and continue 
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to give rise to exposure during use, maintenance, renovation, repairs, removal and 

demolition [74]. The results of environmental concentrations of respirable asbestos fibers 

show a wide range of values. The observed discrepancy in the concentrations are dependent 

on the different environments, specific sampling locations and presence of more than one 
emission sources [70]. Unfortunately, in recent years, emissions of asbestos fibers into the 

urban environment has significantly intensified. This follows from the fact that the 
durability of asbestos-cement building products is estimated for 30 years and the possibility 

of exploitation of these used in the 70's and 80's of the past century is coming to an end. As 
is apparent from analysis the deterioration of asbestos-containing construction materials, 

such as asbestos-cement sheets (AC) used in residential and industrial buildings causes 
additional contamination of the urban environment. The study performed in a highly 

urbanized and densely populated town in south part of Poland, revealed that asbestos fibers 
identified in the air samples near buildings covered with AC panels derived from 2 groups 

of asbestos minerals, i.e. crocidolite and chrysotile. The observed concentrations of 
respirable asbestos fibres varied from 0.0010–0.0090 f/cm3. Significantly higher values were 

noted in the immediate vicinity of the buildings with asbestos-containing materials, 
compared to sampling sites located at a distance of 100–500m from such buildings or the 

sites treated as an asbestos free [70]. Kovalevskiy and Tossavainen, taking measurements 
near a building with asbestos-containing materials in Moscow, showed that when outdoor 

concentrations reach the level of 0.009 f/cm3, at the same time, indoor concentrations 
approach 0.049 f/cm3 in residential premises, or even 0.57 f/cm3 if the building was 

undergoing renovation [75]. The measurements of respirable fibers in the air on the 
playgrounds in housing estates, where path was made with admixture of asbestos-

containing material showed contamination range from 0.165-0.54 f/m3 and in apartments 
adjacent to the playground around 0.01 f/m3 [76]. The significant increase in concentrations 

of asbestos also recorded in the immediate vicinity of buildings, at which work is ongoing 
disassembly of asbestos-cement facades or roofing. The work conducted by a specialized 

company working according to safety regulations causing dust in the workplace ranged 
from 1000 to 4000 f/m3, while the same work done improperly can lead to maximum levels 

of respirable asbestos fibers in the amount of 80 000 f/m3 [77]. Starting from the last decade 
of the 20th century, the world began a process of gradual elimination of asbestos, what in 

fact results the higher emission of asbestos fibers into the municipal environment. The 
individual disassembly of utilized asbestos panels, not obeying safe methods of removal, 

storage, transport and treatment of asbestos waste intensify the environmental exposure of 
the general population. Since 1980, the number of deaths caused by exposure to asbestos 

fibers increases gradually, even in countries that have banded the use of asbestos in the 
early 1990s [78]. Currently about 125 million people in the world are exposed to asbestos at 

the workplace and at least 90 000 people die each year from asbestos-related lung cancer, 
mesothelioma and asbestosis resulting from occupational exposures. In addition, it is 

believed that 7000 of deaths can be attributed to asbestos-related diseases as well as to non-
occupational exposures to asbestos [74]. The Report of UN EWG shows that in the U.S. each 

day 30 people die, which represents 10 000 deaths per year only as a result of diseases 
caused by exposure to asbestos [79]. Because of long latency periods attached to the 

diseases, stopping the use of asbestos now will result in a decrease in the number of 
asbestos-related deaths after a number of decades [74]. It is estimated that in the next 40 

years asbestos fibers will cause the death of about 100 000 Americans [79]. European Union 
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experts estimate that the total number of deaths caused by asbestos-related diseases in the 
UK, Belgium, Germany, Switzerland, Norway, Poland and Estonia is around 15 000 

annually; only in Western Europe asbestos-related diseases will caused 500 000 deaths 
subsequent till the end of 2030 [80]. Considering the numerous health hazards resulting 

from the inhalation of asbestos dust, there is no safe environmental level for his harmful 
factor, therefore, the exposure should be kept as low as possible [70]. 
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