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Abstract

Road transport has become the major source of environmental pollution and it is also one of the biggest environ-
mental risks in the EU countries. Good air quality is very important for population as pollutants have negative
impacts on human health. The paper deals with relationship between air pollutants generated by road transport and
the life expectancy in EU countries. At the beginning of the paper the main pollutants from motor vehicles are
described and impact on human health is summarized too. We use regression analysis of panel data to analyse the
relationship between chosen air pollutants and life expectancy. Our results show negative impacts of nitrogen
oxide and sulphur oxide, specifically reduction in life expectancy by 1.49 years for nitrogen oxides and 0.28 years
for sulphur oxides with an increase of the pollutant by 1%. So according to our findings economic policy makers
should focus primarily on the reduction of nitrogen and sulphur oxides.
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Streszczenie

Transport drogowy stat sie gldéwnym zrédlem zanieczyszczen i jednym z najwigkszych zagrozen dla srodowiska
w krajach UE. Dobra jako$¢ powietrza jest bardzo wazna dla populacji, poniewaz zanieczyszczenia maja nega-
tywny wptyw na zdrowie ludzi. Artykut dotyczy zwiazku migdzy zanieczyszczeniami powietrza wytwarzanymi
przez transport drogowy a oczekiwang dlugos$cig zycia w krajach UE. Na poczatku artykutu opisano gtoéwne za-
nieczyszczenia pochodzace z pojazdow samochodowych oraz podsumowano wptyw na zdrowie ludzi. Wykorzy-
stujemy analize regresji danych panelowych do analizy zwigzku migdzy wybranymi zanieczyszczeniami powie-
trza a oczekiwang dlugos$cig zycia. Nasze wyniki pokazuja negatywny wplyw tlenku azotu i tlenku siarki na zdro-
wie, w szczegolnosci na skrocenie oczekiwanej dtugosci zycia o 1,49 roku w przypadku zanieczyszczenia tlenkami
azotu i 0,28 roku w przypadku zanieczyszczenia tlenkami siarki, przy wzro$cie zanieczyszczenia o 1%. Zgodnie
z naszymi ustaleniami decydenci polityczni powinni skupié¢ si¢ przede wszystkim na redukcji poziomu tych za-
nieczyszczen.

Stowa kluczowe: zanieczyszczenia powietrza, dlugo$¢ zycia, ludzkie zdrowie, NOy, SOy
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1. Introduction

Nowadays, air pollution is one of the biggest envi-
ronmental risks in the Member States of the Euro-
pean Union (EU) and, according to a European Com-
mission opinion poll in the EU-28, it is an area of
great concerns and fears after climate change (Euro-
pean Commission, 2017). In the 2019 report, even
more than 90% of the world's population lives in an
area that does not meet the requirements and recom-
mended values given by the WHO guidelines on air
quality (see Air quality guidelines — global update
2005) (HEI, 2019). As a result, particulate air pollu-
tion is the thirteenth most common cause of death in
the world (Brook, 2008). Awareness of global air
pollution is increasing and is a priority on the envi-
ronmental, political and health agenda (Miller,
2020). The paper provides further arguments, why
emissions from road transport should be reduced.
The idea of the paper is based on the climate and en-
ergy framework, which seeks to strengthen the sus-
tainability of the economy and the energy system in
the European countries. This can be achieved by re-
ducing emissions (European Council, 2020).
Regarding the general development of pollutants in
the EU-28 in the years 2000 to 2017, it is possible to
read the declining trend of pollutant production in all
major sectors of the economy — road transport, en-
ergy production and distribution, agriculture (EEA,
2019). It is in the transport sector that a decrease in
the volume of pollutants generated can be identified,
although there has been no decline in the sector, and,
conversely, the intensity of passenger, freight and
rail transport has increased. This is due to EU regu-
lation, such as stricter EURO emission standards
(Commission Regulation (EC) No 692/2008) or re-
quirements concerning the quality of the fuels used
(Regulation (EU) 2018/858 of the European Parlia-
ment and of the Council) (EEA, 2019). Although
there is a decrease in the production of pollutants,
transport still accounts for a quarter of greenhouse
gas emissions in the EU, and the vast majority of
these emissions are caused by road motor transport
(European Commission, 2020).

The aim of the paper is to identify the impact of pol-
lutants generated by transport on the life expectancy
of the population in EU countries. First, the moni-
tored pollutants are defined and their impact on hu-
man health is summarized through empirical litera-
ture with an emphasis on economic costs. The meth-
odological part describes the used regression model
and the individual variables are justified. The set
goal is achieved through regression analysis of panel
data using OLS models with fixed effects. The re-
sults of the regression analysis are summarized in the
Results chapter.

2. Theoretical background

Pollutants are divided into primary and secondary,
also depending on the source, the nature of pollutants
also differs, they can be substances of natural or an-
thropogenic origin. Natural sources are considered to
be activities that are not under human control and
have their origin in nature, such as volcanic activity
and the subsequent swirling of dust or forest fires
that result in smoke. In connection with transport,
anthropogenic sources mean the use of internal com-
bustion engines (EEA, 2019; WHO, 2013; Poschl,
2005).

Internal combustion engines are the largest con-
sumer of fossil fuels. About 30-40% of the heat in
the form of spent fuel is converted into mechanical
work and the rest is in the form of exhaust gases
(Jadhao and Thombare, 2013).

Emissions of pollutants caused by transport, namely
particulate matter (PM), nitrogen oxides (NOy) and
sulphur (SOy), volatile organic compounds (VOC),
ground-level ozone (Os), carbon monoxide (CO),
ammonia (NHs) and toxic metals are a major con-
tributor to air pollution (European Commission,
2020; EEA, 2019). Together with energy production,
these are the main areas with an impact on changes
in the composition of the atmosphere and it is the
main source of atmospheric aerosols (Kampa and
Castanas, 2008; Poschl, 2005). Specifically, in 2017,
in the EU-28, the transport sector contributed the
most to NOx emissions and was also the second larg-
est contributor to these pollutants — black carbon
(BC), carbon monoxide (CO), primary fine particu-
late matter (PM25) and lead (Pb) (EEA, 2019). Of
course, the existence of pollutants also creates nega-
tive externalities, i.e. additional costs, and in addi-
tion causes damage to buildings, soil, water, the bio-
sphere, and, in addition, damage to human health is
an indisputable fact (Maibach et al., 2008).

Air pollution continues to have a lasting impact on
the human health of populations across Europe. This
fact is confirmed by the EEA (2019) and states that
these are mainly urban areas. Air quality is very im-
portant for human health, as it can have fatal health
consequences leading to premature death. The ef-
fects on human health can range from common nau-
sea, difficulty breathing, to the aforementioned
premature death. Air pollution manifests itself pri-
marily through cardiovascular or respiratory dis-
eases, as these systems are most susceptible to
emerging pollutants (Kampa and Castanas, 2008).
Pollutants also lead to exacerbation of pre-existing
chronic conditions such as asthma (HEI, 2019;
WHO, 2006; Amann, 2008). According to HEI
(2019), air pollution is an even more common cause
of death than known risk causes, such as malaria,
traffic accidents or excessive alcohol consumption.
The most significant pollutants in terms of air qual-
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ity, human health and its negative impact are PM,
NO; and Oz (EEA, 2019; HEI, 2019). Maibach et al.
(2008) and U.S. Environmental Protection Agency
(2018) in addition to the mentioned substances also
lists the remaining oxides of nitrogen, SO, and VOC.
According to the EEA (2019), exposure to these pol-
lutants in 2016 resulted in a large number of prema-
ture deaths — namely PMzs 374,000 deaths, NO;
68,000 deaths and O3 14,000 deaths per year (all in
the EU-28). Subsequently, in 2017, air pollution ac-
counted for 4.9 million premature deaths and the loss
of 147 million years of healthy life worldwide (HEI,
2019). As for the causes of these 4.9 million prema-
ture deaths, the vast majority are chronic non-com-
municable diseases, such as diabetes, lung cancer or
chronic obstructive pulmonary disease. However, air
pollution also contributes to the development of
communicable diseases such as respiratory infec-
tions (HEI, 2019).

The PM consists of a mixture of solid and liquid par-
ticles that are held in the air. Of course, particles vary
in origin, composition, and size, and are classified
according to their aerodynamic properties (Poschl,
2005; Pope and Dockery, 2006; WHO, 2006). This
paper focuses on fine particles (PM;s; particles with
an aerodynamic diameter <2.5 pm) and on particles
with an aerodynamic diameter <10 pm. The 2.5 pm
limit for the determination of fine particles is based
on the WHO methodology (2006; 2013).

As mentioned above, cardiovascular disease is very
often associated with air pollution. Exposure to air
pollutants leads to increasing cardiovascular mortal-
ity, mainly due to myocardial infarction, stroke and
heart failure (Bourdrel et al., 2017; Shah et al.,
2013). Inhalation of pollutants may also promote
thrombosis and thus increase the risk of cardiovas-
cular death (Miller, 2020). There is also a direct re-
lationship, with higher and longer exposure to pollu-
tion increasing the risk of disease (Bourdrel et al.,
2017; Shah et al., 2013). A meta-analysis examining
195 studies concluded that heart failure or death was
associated with increasing amounts of CO, SO,,
NO2, and PM, and did not confirm this relationship
in O3 (Shah et al., 2013).

According to analyses, PMzs particles are a very
risky pollutant, as exposure to high average concen-
trations of PM.s over several years is the strongest
indicator of mortality, so it is a riskier pollutant than
PMio — especially in connection with premature
death and cardiovascular or respiratory disease (HEI,
2019; WHO, 2013).

Exposure to PM is ubiquitous and, most importantly,
involuntary. These particles are so small that they
can penetrate the airways in the chest area. Particle
size is crucial for this penetration into the respiratory
system. Larger particles such as PM1o remain mainly
in the upper respiratory tract, and fine or ultra-fine
particles have the ability to transport to the alveoli
(Kampa and Castanas, 2008).

Taking into account all sources of PM s, these parti-
cles contributed to almost three million premature
deaths in 2017. The largest number of deaths was in
the world's most populous countries, namely China
and India (HEI, 2019). Compared to NO; and Os, it
is the largest contributor to premature death in all of
Europe. The highest number of deaths due to expo-
sure to PMz5s is related to population, as a large num-
ber of deaths are found in the countries with the high-
est population — Germany, Italy, France, Great Brit-
ain (EEA, 2019). In addition to premature death,
these fine particles (PM_5s) are associated with other
diseases — ischemic heart disease, stroke, lung can-
cer, respiratory infections (e.g. pneumonia) and
chronic obstructive pulmonary disease (HEI, 2019;
Bourdrel et al., 2017; WHO, 2013). These sub-
stances also have an impact on cognitive thinking
and disorders, as well as on neurological disorders
such as Alzheimer's disease (HEI, 2019).
Differences in human health impacts also differ in
terms of exposure to these particles over time. In
terms of mortality, short-term exposure is not a large
number of deaths. However, estimates of these short-
term exposures are subject to concerns about the ac-
curacy and correctness of the estimates. In this case,
these are short-term effects, in contrast to long-term
exposure, where the effects are cumulative and more
permanent (Bourdrel et al., 2017; WHO, 2013; Pope
and Dockery, 2006). In any case, a key component,
such as the number of particulate matters, their sur-
face area or size, has not yet been discovered to ex-
plain the causes of deteriorating health and the ef-
fects of PM on human health (Kampa and Castanas,
2008).

Similar effects and impacts on human health are also
found for NOy and SOy and VOC. It is these gaseous
substances, and especially VOC, that are very
strongly related to road transport, as they are the
main anthropogenic source of these pollutants
(Brunekreef and Holgate, 2002; Kampa and Casta-
nas, 2008). All the mentioned gaseous pollutants
mainly affect the respiratory system (Kampa and
Castanas, 2008). They manifest themselves in the
form of emerging symptoms of bronchitis, affecting
the function of the respiratory system and lung func-
tion, inflammation and a higher susceptibility to res-
piratory infections or asthma (Chen et al., 2007; Kurt
et al.,, 2016; WHO, 2018). In the cardiovascular
field, there is a higher number of hospitalizations and
a higher mortality or worsening of pre-existing car-
diovascular disease (Ghorani-Azam et al., 2016;
WHO, 2018). In addition, eye irritation or cancer
may occur (Kampa and Castanas, 2008; WHO,
2018).

Ammonia (NHs) could be considered as a specific
element. It reacts strongly to form aerosols as it is
dispersed and incorporated into these aerosols and
then makes up 30% to 50% of the total weight of
PM_sand PM1o (Anderson et al., 2003; Seinfeld and
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Pandis, 2016; Skjoth and Geels, 2013). It therefore
manifests itself through PM and can be considered
a substance that affects human health. Thus, alt-
hough NOy and SOy are reduced, PM is still formed
due to the existence of NH3z (Aneja et al., 2009). Alt-
hough the main source of NHjs is agriculture — live-
stock and domestic animals, fertilizers, soil, forest
fires (Anderson et al., 2003; Bouwman et al., 1997;
Skjeth and Geels, 2013), transport is also one of the
sources of this gas (Anderson et al., 2003; Kean et
al., 2009).

In addition to health impacts, air pollution also has
economic impacts, which, however, are closely re-
lated to health status. On the one hand, there is in-
creasing expenditure on the necessary medical care,
it also leads to a shortening of lives, reduced labour
productivity, which will be reflected in the perfor-
mance of the whole economy or costs associated
with efforts to reduce emissions (EEA, 2019; Kor-
zhenevych et al., 2014). Health care expenditure
should be spent as efficiently as possible. Increasing
life expectancy leads to both improvement in the
quality of life and declining health care costs. Thus,
there is an improvement in health as important indi-
cator of life quality (social aspect of sustainability)
and an increase in the robustness of the health care
system (economic aspect of sustainability). For more
details see Drastichova and Filzmoser (2020).

In terms of the economic cost of air pollution world-
wide, the amount is estimated at $ 2.9 trillion, repre-
senting 3.3% of world GDP (McCarthy, 2020). In
the EU-28, the total cost of pollution is estimated at
€ 33.36 billion — € 24.79 billion for diesel cars and
€ 8.58 billion for petrol-powered cars. Following the
withdrawal of the United Kingdom from the EU, the
values changed to € 23.1 (diesel) and € 7.9 (petrol)
billion (van Essen et al., 2019).

Furthermore, in particular, the costs of damage
caused by the main pollutants from transport are on
average for EU countries for PMys from € 28,108
tonne (rural areas) to € 270,178/tonne (urban areas),
€ 10,640/tonne for NOy and € 10,241/tonne for SO,.
The values are certainly not negligible, and a way
should be found to reduce these pollutants (Korzhen-
evych et al., 2014).

Despite increasing urbanization, problematic life-
style changes or the complexity of policy decisions,
anthropogenic sources of pollutants should be re-
duced, and this reduction should be a key goal in re-
ducing the burden of disease (Miller, 2020).

3. Research objective and methodology

Regression analysis of panel data is used to fulfil the
objective of this paper. Specifically, the impact of in-
dividual pollutants caused by transport on human
health is analysed. The explained variable represent-
ing human health is life expectancy at birth (L_E).
This variable expresses the number of years a new-
born should live if the prevailing mortality patterns

remain the same throughout his life, according to the
World Bank methodology (The World Bank, 2020a).
This indicator is one of the most common expres-
sions of human health in the empirical literature,
namely Bayati et al. (2013), Brunekreef (1997),
Fotourehchi (2016), Krewski (2009).

The explanatory variables are pollutants that appear
in the air as a result of the use of motor vehicles. Pol-
lutants are divided into particulate matters according
to size and gases (O'Neill et al., 2003). Specifically,
we distinguish between particulate matters with a di-
ameter of up to 2.5 um (variable PM25) and particu-
late matters with a diameter of up to 10 pm (variable
PM10). In the case of compounds with oxygen, ox-
ides of sulphur (variable S_O) and nitrogen (variable
N_O), ammonia (variable A) and volatile organic
compounds (variable VOC) are monitored. This
breakdown is based on Eurostat's methodology ac-
cording to the Nomenclature for Reporting (NFR 14)
classification (Eurostat, 2020a) and the European
Environment Agency (EEA, 2019). All indicators
are measured in tonnes per calendar year and the
source of pollution is road transport. Monitoring the
impact of individual pollutants is the main benefit of
this paper, as many papers focus only on total air pol-
lution (e.g. Bayatti et al., 2013), distinguish between
PM1o and CO; (Fotourehchi, 2016) or analyse only
one factor (e.g., PM.s; Apte et al., 2018; Hill et al.,
2019; Pope et al., Ezzati a Dockery, 2009). We as-
sume that pollutants reduce life expectancy and thus
negatively affect human life expectancy. In regres-
sion models, individual pollutants are tested sepa-
rately. Separate modelling of pollutants in individual
equations is given by a large dependence between in-
dividual pollutants, i.e. the risk of multicollinearity
(the correlation coefficients range from 0.66 to 0.96).
The following socio-economic factors are selected as
control variables — median age (MEDIAN_AGE),
gender (SEX), level of education (EDUC_X), GDP
per capita (GDP_p_c), size of health care expendi-
ture (E_GDP). All variables were selected based on
a literature review of modelling air pollution and
health dependence and their determinants (see
Bayati et al., 2013; Blazquez-Fernandez et al., 2017,
Brunekreef, 1997; Fotourehchi, 2016; Hill et al.,
2019; Kabir, 2008; Krewski, 2009; Mondal and
Shitan, 2014).

The distribution of population by age and sex is
a basic demographic breakdown that should not be
omitted (Bilas et al.,, 2014; Brunekreef, 1997;
Fotourehchi, 2016; Hill et al., 2019; Krewski, 2009;
Mondal and Shitan, 2014). This variable is repre-
sented by two variables, the median age of the pop-
ulation (MEDIAN_AGE) and the relative proportion
of men in the population (SEX). We expect a positive
effect at the median age, while a higher proportion
of the male population should have a negative effect.
These variables are obtained from Eurostat (Euro-
stat, 2020b).
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Another important factor influencing life expectancy
is the level of educational attainment (for more de-
tails see Bayati et al., 2013; Blazquez-Fernandez et
al., 2017; Brunekreef, 1997; Brunekreef and Hol-
gate, 2002; Hill et al., 2019; Kabir, 2008). The au-
thors work with basic and university education, be-
cause here we can assume different impacts on hu-
man health in accordance with the literature. Specif-
ically, people with a basic education live to
a younger age than people with a university degree.
At the same time, let us add that secondary education
is omitted due to multicollinearity. Education indica-
tors are expressed as the relative share of persons
with primary (ISCED level 0-2; EDUC_1) and
higher education (ISCED level 5-8; EDUC_3) in the
age group 15 to 64 according to the Eurostat meth-
odology (Eurostat, 2020c).

Another selected factor is the level of GDP per capita
expressed in purchasing power parity by conversion
to the international dollar with a base period in 2017
according to the methodology of the World Bank
(The World Bank, 2020b). The Eurostat database is
not used in this case due to the unavailability of data
for Romania from 1995 to 2001. According to the
results of a study on life expectancy in EU countries
(EU 28) from 2001 to 2011, GDP per capita and ed-
ucational attainment explained over 70% of the dif-
ferences in life expectancy at birth (Bilas et al.,
2014). According to Kabir (2008), there is also
a connection that countries with a low level of GDP
per capita have a lower life expectancy. This variable
is one of the most commonly used control variables
(for more details, see Bayati et al., 2013; Bilas et al.,
2014; Blazquez-Fernandez et al., 2017; Fotourehchi,
2016; Chaabouni et al., 2016; Sufian, 1989).

The last control change is the size of public expendi-
ture on health care using the Eurostat methodology
(Eurostat, 2020d) — National Accounts Indicator
(ESA 2010) and also the specific classification of
government functions (COFOG 1999). To enable
comparison, this variable is expressed as a share of
gross domestic product (E_GDP). For this variable,
we assume that life expectancy will be higher in
countries with higher health expenditures (e.g.
Bayati et al., 2013; Blazquez-Fernandez et al., 2017,
Fotourehchi, 2016; Chaabouni et al., 2016). Accord-
ing to Kabir, this is even one of the key factors (Ka-
bir, 2008).

The basic method is regression analysis of panel
data. The examined set contains 28 cross-sectional
units (EU Member States) and 23 time periods
(1995-2017). For panel data, a model with fixed or
random effects can be used. The Hausman test was
used to decide which method was more appropriate.
The test indicated the suitability of the model with
fixed effects (the Chi square is 50.47 with a p-value
of 0.00).

The preference for a model with fixed effects also
has a theoretical rationale, because we can assume
individual fixed effects across countries. As part of

the econometric verification, stationarity was gradu-
ally tested (Levin-Lin-Chu test, IPS and Fisher test),
homoscedasticity (Wald test) and autocorrelation
(Wooldridge test). The problem of nonstationarity
was solved by including the first differences in non-
stationary variables. Non-stationary variables were
gender, median age, and VOC. Both models of fixed
effects contain heteroscedasticity (Wald test) and se-
rial autocorrelation (Wooldridge test), i.e. violation
of the assumptions of the classical linear model.
Since there are more cross-sectional units than time
units, the clustering condition seems to be a suitable
tool, as stated by Hoechle (2007). After these modi-
fications, the models no longer contain any short-
comings. For a better interpretation of the values, the
variables showing the pollution were converted to
a logarithm. The final regression model can be ex-
pressed by the following equation:
LE;; = Bo + B1logX;,
+ Z(ﬁk(]ontrols)i_t + w;;

T @it Eie

where i represents individual EU member states,
t denotes individual years, LE;; is life expectancy at
birth, logXi, is set of variables representing individ-
ual pollutants (PMs, PMi, N_O, S_O, A, VOC;
logarithmic functional form); > (Controls)i; is set of
control proxies (Median age of the population in first
difference; Proportion of men in the population in
first difference; GDP per capita; Proportion of peo-
ple with primary education; Proportion of people
with tertiary education; Proportion of public health
expenditures in GDP), wi. captures year fixed ef-
fects, i captures country fixed effects, and &, is an
unobserved error term.

4. Results and discussion

The following chapter presents the results of regres-
sion analysis and compares these outputs with the
current empirical literature.

Looking at the control variables, we can consider the
economic level (gross domestic product per capita),
higher education and the size of public expenditure
on health care as the main factors influencing life ex-
pectancy. All three variables have the expected pos-
itive effect, i.e. people in more developed countries
live to an older age (Blazquez-Fernandez et al.,
2017), while people with a university degree have
a healthier lifestyle, greater awareness of their health
and preventive ways to improve it (Fotourehchi,
2016) as well as higher public health spending in-
creases life expectancy through better available care
(Blazquez-Fernandez et al., 2017; Fotourehchi,
2016). On the contrary, we can consider the median
age of the population and the proportion of men as
statistically insignificant factors, which may be due
to the fact that we work with data at the macroeco-
nomic level that insufficiently capture the variability
of men's behaviour in relation to their health.
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Table 1. Influence of individual pollutants on life expectancy in EU countries, source: Authors’ calculation.
Life Expectancy 1) (2) (3) 4) (5) (6)
const 72.33 *** 88.42 *** 87.26 *** 71.68 *** 70.64 **=* 69.9 **=
(20.33) (26.36) (14.08) (37.59) (21.11) (29.72)
d SEX -0.55 -0.54 -0.2 0.21 -0.56 -0.49
— (-0.68) (-0.67) (-0.23) (0.24) (-0.69) (-0.55)
0.39 0.37 0,54 ** 0,45 ** 0.33 0.34
d_MEDIAN_AGE (1.45) (L4) (2.28) (2.35) (1.38) (1.34)
0.09 *** 0.09 *** 0.1 *** 0.08 *** 0.08 *** 0.09 ***
GDP_p_¢ (3.15) (2.88) (4.22) (3.60) (3.28) (3.53)
EDUC._ 1 0.04 -0.21 *** -0.03 -0.01 -0.05 -0.05
(-1.26) (-6.64) (-1.19) (-0.36) (-1.54) (-1.52)
0.16 **=* -0.17 *** 0.12 *** 0.15 *** 0.17 *** 0.16 **=
EDUC_3 (4.47) (-4.67) (4.5) (6.14) (3.99) (4.95)
E GDP 0.34 **=* 0.35 *** 0.26 ** 0.28 ** 0.36 *** 0.4 ***
— (2.99) (3.08) (2.24) (2.37) (3.16) (3.22)
-0.26
logPM25 (06)
-0.17
logPM10 (-0.36)
-1.49 **
logN_O (-2.66)
-0.28 ***
logS_O (~2.86)
-0.04
logA (-0.14)
0.34
d_logvvOC (1.07)
R2 (within) 0.84 0.87 0.87 0.84 0.84
Number of observations 578 556 556 556 578

Notes: (.) denotes t-statistic, */**/*** means a significance level at 10 %/5 %/1 %; R2 means an adjusted (within) R-squared

The results indicate a statistically insignificant effect
of particulate matters of both sizes (PM25, PM10),
ammonia (A) and volatile organic compounds
(VOC). This means that we have not been able to
prove that these substances have a negative effect on
human health. These results differ us from Apte et
al. (2018) and Fotourehchi (2016), which may be due
to the fact that their research was focused on devel-
oping countries, i.e. greater (statistically significant)
impacts may be due to lower socio-economic levels
of the countries (Fotourehchi, 2016) or because these
countries is among the most polluted (Apte et al.,
2018). Another reason may be a different concept of
pollution, as this paper analyses the level of pollu-
tion, while, for example, Pope et al., Ezzati and
Dockery (2009) identified a positive effect of reduc-
ing pollution.

On the other hand, our results show that we can ob-
serve negative impacts in the case of nitrogen oxide
(N_O) and sulphur oxide (S_O). For nitrogen oxides,
this is the impact in the form of a reduction in life
expectancy by 1.49 years with an increase of the pol-
lutant by 1% and for sulphur oxides by 0.28 years
with an increase of the pollutant also by 1%. These
substances therefore confirmed the assumption that
pollutants from transport reduce the life expectancy,
but only in the case of the mentioned gaseous sub-

stances. These findings also complement the re-
search of Koolen and Rothenberg (2019), according
to which efforts to reduce nitrogen oxides should be
the main goal in reducing emissions. The reduction
of nitrogen oxides is also one of the six goals of en-
vironmentally sustainable transport, since reducing
these emissions has positive effects on both the en-
vironment and the life quality (Wiederkehr et al.,
2004). Dar¢in (2017) also makes claims about the
better subjective well-being of individuals in society
and a better quality of life as a result of policies
based on the reduction of nitrogen and sulphur ox-
ides. So, we can see direct link between reducing ni-
trogen and sulphur oxides and environmental and
health sustainability.

Conclusion

The aim of the paper was to identify the impact of
pollutants generated by transport on the life expec-
tancy of the population in EU countries. The paper
focuses on the 28 EU Member States from 1995 to
2017. The set goal was achieved through regression
analysis of panel data (OLS with fixed effects).

The results indicate that the negative impact of pol-
lutants on human health has not been confirmed in
the form of reduced life expectancy for all pollutants,
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however, models involving nitrogen and sulphur ox-
ides have confirmed this negative relationship.
Therefore, it is not possible to conclude from the re-
sults of the performed testing whether air pollutants
adversely affect human health or not. The knowledge
gained from these models can therefore only be eval-
uated in such a way that nitrogen oxides and sulphur
oxides reduce the expected lifetime and the remain-
ing pollutants (both particulate matter sizes, ammo-
nia, volatile organic compounds) do not confirm this
relationship. While in the case of particulate matter
this paper differs from the existing literature, in the
case of nitrogen oxides our findings point to the need
to reduce these emissions (for more details see
Koolen and Rothenberg, 2019).

As transport is a very important contributor to air
pollution, the actions of economic policy makers
should lead to the reduction of this pollution, for ex-
ample through the introduction of environmental el-
ements in the construction of taxes and charges re-
lated to motor vehicle operation or legislation in this
area. Existing legislation on the greening of transport
in the EU and its strategies should continue to be har-
monized in order to achieve the most effective result
that promotes greater greening of road transport.
However, in line with the findings of the above-men-
tioned research in our paper, economic policy mak-
ers should focus primarily on the reduction of nitro-
gen and sulphur oxides. These statements are con-
sistent with the idea of sustainable transport in the
context of economic, social, and environmental de-
velopment (Mihyeon and Amekudzi, 2005), in
which transport should not cause damage to human
health or the environment. There are several ways in
which economic policy makers can influence the
level of pollutants emitted.

Technically, the amount of nitrogen oxides could be
reduced by adjusting the conditions of combustion,
such as design modifications or changes in combus-
tion technology and sulphur oxides would be
changes in the quality of fuel used. These require-
ments would be feasible on the part of the EU in the
form of directives or regulations. A possible solution
would be to include sulphur oxides in the emission
EURO standards, so it would be possible to influ-
ence the amount of these harmful gases in a direct
way.

Another way to reduce the production of nitrogen
and sulphur oxides is in the field of alternative pro-
pulsion. This may involve supporting car manufac-
turers or regulating them or providing incentives to
transport users. It also offers support for electromo-
bility as such.

State support for fleet renewal is also one of the op-
tions. According to Andrlik (2013), the possibility
supporting the start of fleet renewal is a significant
restriction of vehicles that have above-average pro-
duction of pollutants, in the form of tax and fee in-
struments. The level of emissions is related to the re-
newal of the vehicle fleet, as newly manufactured

cars meet the latest established EURO emission
standards. This fact is also confirmed in his paper by
Andrlik (2012; 2014), who focuses on the element of
CO, emissions caused by transport and the possibil-
ities of eliminating this negative externality of
transport. Furthermore, the tightening of conditions
for technical inspections.

In the area of taxes and regulations, one of the ap-
propriate solutions is to affect people who pollute the
air as a result of the operation of motor vehicles, by
charging for the use of motor vehicles and infrastruc-
ture in the form of appropriate taxes or fees. Polluters
should therefore pay for these externalities, and fees
or taxes are one way of internalising negative exter-
nalities. A concrete example could be the introduc-
tion of a toll for the use of all types of roads for all
types of vehicles or the differentiation of road taxes
and tolls (for more details see Andrlik and
Zborovska, 2019). Furthermore, the inclusion of
emissions in the tax base, such as carbon dioxide
emissions from passenger cars in the United King-
dom, Sweden and Germany, which shows signs of
environmental taxation and takes into account the
impact on the environment (ACEA, 2019).

The main limitation of the paper can be considered
the fact that the analysis is performed at the macroe-
conomic level and thus, the individual variables are
aggregated. As part of further research, the issue
could be extended to conditional effects, such as in-
come inequality (Hill et al., 2019; Kampa and Casta-
nas, 2008) or different effects in urban and rural ar-
eas (Sadorsky, 2014; Sufian, 1989).
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