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ABSTRACT: Transport has become an important factor in the development of the society,
both in a positive (transport of people, raw materials, products, information) and a negative
sense (traffic accidents, emissions). The rapid growth of transport capacity and the quantity
of passenger and freight vehicles is reflected in the increasing environmental burden. Hence
compounds emitted from all transport modes occur in all environmental components.
These compounds often have adverse effects on ecosystems, animals, plants, and human
health, and thus it is important to observe their occurrence in the environment.
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1 INTRODUCTION

Air pollution is mostly spoken about when discussing the increasing environmental burden
due to transport; however, the share of other components in the pollution of the environment,
such as surface and ground water, soil, and biota, is central as well. The land use
for the transport infrastructure and fragmentation of the countryside influences the migration
of animals and bio-diversity and cannot be omitted. The production of vehicles
and the considerable quantity of waste produced when they are scraped, containing
a whole range of dangerous substances, represent a considerable impact on the environment.
Whereas the above-mentioned consequences are long-term negative effects, the increasing
mobility bring about a rise in the number of cases of acute pollution, mainly during traffic
accidents. The accidents may have far-reaching consequences for the environment,
particularly during the transportation of dangerous goods. In this respect, the issue of transport
in relation to the environment and health of people has become more important in recent
times.

2 AIR POLLUTION

One of the most important issues for transport is air pollution by emissions, mainly
as a consequence of the significant risk they have in affecting human health. Recently,
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the share of automobile transport in air pollution has been rising significantly,
which is particularly reflected in urban areas with high traffic volume. The source of emission
of pollutants from vehicle engines into free air are exhaust gases formed during
the combustion of fuel. They are complex mixtures containing hundreds of chemical
compounds in various concentrations, contributing to long term warming of the atmosphere,
the so-called "greenhouse effect", and often contain toxic, mutagen, and carcinogenic
properties for humans. The most significant harmful pollutants contaminating the air
from traffic can be divided into the limited compounds and unlimited compounds
to which the emission limits refer. Carbon monoxide (CO), nitrogen oxides (NOy), non-
methane volatile organic compounds (NM VOC), and particulate matter for diesel vehicles
(particulate matter - PM) are rated as the limited pollutants. With the exception of PM in new
vehicles, they have decreased as a consequence of stricter limits required by EURO standards,
but considering the increasing volume of traffic, principally freight traffic, the total amount
of emissions has grown nonetheless. The graphs depicting the development of the limited
pollutant production by the individual modes of transport are shown in Figure 1 (Adamec,
Dufek, 2002).
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Figure 1: Production of limited pollutants by individual modes of transport.

The unlimited pollutants often have more serious effects on human health, but, currently,
due to the lack of information about the compounds and far higher demands on the measuring
technology, their production is not monitored. Within this group of pollutants we rate
compounds contributing to long-term warming of the atmosphere, i.e. carbon dioxide (CO),
methane (CHy), and nitrous oxide (N,O). The other pollutants dangerous to human health,
mainly produced during the imperfect combustion of fuel, are poly-aromatic hydrocarbons
(PAH), phenols, ketones, tar, 1,3- butadiene and benzene, toluene, and xylenes (BTX).
When fuel is burned polychlorinated dibenzo-p-dioxins/furans (PCDD/F) and polychlorinated
biphenyls (PCB) could also be produced, in case of chlorine being present in the combustion
system. The highest increase is recorded for the emissions of greenhouse gases, CO, and N,O,
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where newer vehicles show higher measured values than older types. The reason, in the case
of CO,, is higher fuel consumption as a consequence of transport performance increase;
in case of N,O emissions, the increase is caused by the introduction of catalytic converters.
Some organic pollutants (PAH) emitted by traffic which are dangerous mainly due
to their toxic, genotoxic, and mutagen effects show a similar increasing trend. On the other
hand, CH4 emissions are still decreasing because new vehicles have to meet stricter EURO
limits. The Pb and SO, emissions which depend on the quality of burnt fuel and their
production by traffic is virtually negligible due to the legislative introduction of unleaded
fuels on the market since 2001, and the gradual regulation of sulphur content in fuels since
2000. As it is apparent from Table 1, the share of transport on the total air pollution of CO
is 37 %, of NOy approximately 30 %, and of volatile organic compounds 24 %. In comparison
to 1993, there is an important increase in emissions of almost all monitored pollutants,
predominantly PM which is based on the growth of transport performance.

Table 1: Transport share of the total air pollution (Jedlicka et al., 2009).

Pollutant Year

[Yo] {1990 | 1995 | 1997 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008

CO, 6.05] 8.07 | 9.16 {10.94] 9.53 |10.17[11.0812.24]13.14|15.33|14.97]15.33 |15.76

CO 227'6 34.87139.64|45.04|43.58|43.60(47.10(45.21 [41.76 |47.33 |44.12|40.20 |43.06
NO, 13'5 28.91|35.1338.12|30.87(30.94|29.72130.67 | 29.91 | 35.09 | 34.62 | 33.41 [34.87

N,O 2.70 | 476 | 5.72 1 590 | 6.20 | 5.46 | 6.35 | 8.07 | 8.41 [10.01]10.48|10.37|9.60

CH,4 0.201 0321036 | 039 | 0.37 [ 0.34 | 0.32 | 0.35 ] 0.35 | 0.33 ] 0.30 ] 0.31 ]0.30

12.9

vOC 3 23.87(27.18128.08 |25.47(26.10|25.17|25.36 | 24.12|26.57|23.62 | 22.61 |21.07
SO, 0.18 | 0.31 | 0.58 | 1.58 | 0.67 [ 0.79 1 0.87 | 1.04 [ 1.16 | 0.28 | 0.30 | 0.30 | 0.37
PM 0.68 1 1.77 1 3.43 1 6.49 | 9.08 [ 8.03 [ 9.38 | 7.57 | 7.85 |10.35] 9.42 | 9.80 | 9.86
Pb 8(;'0 78.35(77.38|74.47)163.2819.23|17.41|12.88 | 4.54 | 2.21 | 2.39 | 1.68 | 2.39

In the effort to reduce dangerous exhaust gasses produced by burning fuel, catalytic
convertors, used for the modification of automobile exhaust gases, were introduced in the first
half of the 1990s. They are devices located in the exhaust pipe-line with a metal carrier
which is covered by a catalytic substance on a highly porous layer. This substance allows
to speed up the oxidation of the produced CO and hydrocarbons, and to reduce NO. So-called
three-way controlled catalytic convertors are currently used the most; they use a mixture
of platinum metals — platinum (Pt), rhodium (Rh) and palladium (Pd) are contained
as catalytically effective substances. Considering the fact that catalytic convertors are exposed
to high temperature differences, the platinum metals are released into the environment
(Farago et al., 1996, Gomez et al., 2001) which may have a negative influence on human
health (Barefoot, 1997).

The above mentioned issue concerns the pollutants produced by the combustion
processes of the so-called burning emissions. However, the release of other pollutants,
especially PM, is connected with other processes as well, such as the abrasion of various
exposed components (brake and clutch lining) when copper (Cu), antimony (Sb), barium (Ba),
iron (Fe), aluminium (Al), zinc (Zn), molybdenum (Mo), manganese (Mn), magnesium (Mg),
cadmium (Cd), and others are released into the air (Lamoree, Turner, 1999). The abrasion
of tyres containing various types of rubber is a source of zinc; other metals like calcium
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(Ca) and iron (Fe), and elementary carbon are released as well. The whole range of metals
also gets into the environment during the mechanical separation from the rusting automobile
body-shell and street accessories (litter bins, road signs, lighting, crash barriers, etc.)
(Janssen et al., 1997). The problem of resuspension of PM deposited on the roadway
and in its near surroundings, initiated by passing vehicles or by the wind flow poses
a significant burden to the air quality (Nicholson, 1988). The dust on the road pavement
contains particles of bigger fractions which are composed of both metals of a geological
origin from the surrounding soil (Al, Si, Ca, Mg) and the above-mentioned metals
from the operation of automobiles (Janssen et al., 1997, Vallius, 2005). The particles
of chemical (salt) and inert material (sand, gravel, slag) also play an indispensable role
in the road maintenance during the winter period, as well as falling-off dirt from vehicles
and falling-off parts of transported material. We speak of the non-combustible emissions
in this case. The brief overview of the pollutants produced by traffic, including their potential
creation, is mentioned in the following Table 2.

Table 2: Sources and characteristics of selected air pollutants in connection with traffic

(Adamec et al., 2005).
Harmful compound Production in traffic
Carbon dioxide Fuel combustion containing carbon. ' '
(CO2) Petrol passenger cars produce 3 183 g of this pollutant by combusting
1 kg of fuel, the same for diesel engines and freight.
Fuel combustion containing carbon with the insufficient access of air
. or at high temperatures. Petrol passenger cars produce 18 — 168 g
Carboncncl)onomde of this pollutant per kg of fuel, diesel 2.5 to 9 g.kg" of fuel. Trucks 7
(CO) to 221 gkg" of fuel. It is always dependent on the observation
of the EURO limits.
Sulfur dioxide Fuel combustion containing sulphur, however, the production
(S0, is currently minimum due to quality fuels.
Combustion of fuel and air mixture, oxidation of the atmospheric
Nitrogen oxides nitrogen at high temperatures. Petrol passenger cars produce 1 to 45 g
(NOy) of this pollutant per kg of fuel, diesel 4.3 to 18.3 g.kg', trucks 10
t0 93,3 g kg of fuel.
Reaction of atmospheric nitrogen with atmospheric hydrogen mainly
Nitrous oxide in presence of catalytic convertors from the group of platinum metals.
(N20) Petrol passenger cars produce 0.3 to 1.1 g of this pollutant per kg
of fuel, diesel 0.1 to 0.3 g.kg™' and the same holds for trucks.
Reaction of atmospheric nitrogen with hydrogen contained
Ammonia in the fuel. Petrol passenger cars produce even 1.4 g of this pollutant
(NH3) per kg of fuel, diesel and trucks then approximately hundredths g.kg™
of fuel.
Secondary chain radical reactions in the earthbound layers
Ozone of the atmosphere from the molecular hydrogen in the presence
(03) of the exhaust gases components, nitrogen oxides and liquid
hydrocarbons under the influence of solar radiation.
In the past, mainly combustion of leaded petrol in which it was
Lead present as tetr.aethyl.-lead. Anti-knocks have not been gsed _
(Pb) since 2001 on its basis. Its sources are currently balancing weights
of the tyres, grease, oils, and particles produced by wearing out
of bearings.
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Harmful compound

Production in traffic

Cadmium Wear out of various car components.
(Cd)
Nickel . . .
(Ni) Abrasion of brake pads and various stressed joints.
Chrome Mechanical separation from rotating parts of the engine parts
(Cr) and the brake pads.
Platinum metals
(platinum Pt,

rhodium -Rh,
palladium - Pd)

Released from car catalytic convertors.

Polycyclical Imperfect fuel combustion, or, abrasion of the road pavement surface.
aromatic Diesel and trucks produce hundredths of grams of this pollutant
hydrocarbons group out of 1 kg of fuel by its combusting, in case of gas,
(PAH) approximately thousandths of g.kg™' of fuel.
Methane Impqrfect fuel combustion. Petrql passenger cars produce 0.1t0 0.9 g
(CH,) of this pollutant per kg of fuel, diesel hundredths of grams and trucks

from 0.1 to 0.6 g kg™ of fuel.

Volatile organic

Fuels combustion and evaporation from the cars. Petrol passenger

compounds cars produce 1.3 to 40 g of this pollutant per kg of fuel, diesel 0.6
(NM VOO) to 2.3 g.kg™, trucks 3 to 42 g.kg"' of fuel.
Fuel combustion and evaporation during their manipulation,
Benzene AR . . .
(CcHy) Q1str1but10n and storage. In Eqrope it is present in automobile petrol
6176 in share of around 5 %, sometimes even more than 10 %.
Toluene Combustion of fuel containing mixtures with benzene and xylene
(C¢Hs-CH3) used as an additive to increase the octane rating of petrol.
( CﬁHitgﬁi%Hz) Imperfect combustion processes.
Foig:léie(l;{ de Imperfect fuel combustion.
1,3-butadiene
(CH,=CH- Imperfect fuel combustion mainly with high content of olefins.
CH=CH2)

Particulate matter

PM, 5,10 (large fraction) — predominantly swirling dust from road
pavements, abrasion of tyres, and in the combustion processes.

It stays in the close proximity of the source.

PM, s (fine fraction) — as a consequence of chemical reactions

in the combustion of fuels.

PMy o2 (ultra-fine fraction) — from gas emissions during combustion

(PM) processes. It could be transferred by air even on long distances..
PMy 1 (nano-particles) — fuel combustion, mainly in petrol engines.
Diesel passenger cars produce 0.3 to 4.8 g of this pollutant per kg
of fuel, freight then 0. up to 6.3 g.kg" fuel, depending on observing
the EURO limit.
Polychlorinated

dibenzo-p-dioxins
and dibenzofurans
(PCDD/F)

Oxidation of carbon particles in burnt gases at the temperatures
of 250 — 350°C in the presence of hydrogen, water vapour
and chlorine.

Polychlorinated
biphenyls
(PCB)

Synthesis of particles of carbon, hydrogen, water vapour
in the presence of chlorine.
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Particulate matter (PM) have come into the spotlight lately, due to their negative
influence on human health and their increasing content in the air, mainly in urban areas.
Therefore, greater attention is paid to PM in this chapter.

PM contains particles of solid and liquid material of a size from Inm up to 100 mm
staying in the air for a certain period of time. We can see them in the atmosphere in the form
of a complicated heterogeneous mixture, in terms of particle size and their chemical
composition. PM are characterized by their specific physical (form, size, electric charge,
surface of the particles, and solubility) and chemical properties (inorganic and organic
components) which depend on their source, mechanism of origin and other conditions
which influence their occurrence (distance from resources, meteorological conditions).
Out of the physical properties a representation of individual size fractions of the particles
is principally critical for the emitted particles, which contain ultra fine, fine, and large
fractions as well. Out of the total quantity of the total suspended particulate matter (TSP)
in the air, 60-65 % are formed by fraction of PM; particles, which are particles of a diameter
lower than 10um. 72 % PM fraction is formed by particles of a aerodynamic diameter lower
than 2.5 pm (fraction PM, s5) and smaller particles in the PM  fraction (aerodynamic diameter
under 1um) make 52 % (Harrison et al., 2003). In Figure 2 there are photos of PM taken
with the use of a scanning electron microscope (SEM).

The possible effects on human health, and the possible health risks which they may have
on the exposed population, are connected with the size of particles and their composition
(Weijer et al., 2001). The dangers of PM do not lie only in their mechanical properties
but mainly in the hazardous organic content (particularly PAH) or in a whole range
of inorganic pollutants, such as molybdenum, copper, nickel, cadmium, platinum
(Adamec et al., 2004, Krzyzanowsky et al., 2005, Adamec et al., 2006).

Figure 2: Left photo - PM produced from fuel combustion (amplification 30 thousand), right
photo - PM produced by mechanical separation (amplification 70 thousand).

The total content of particles in the air, apart from the particles emitted directly
from the primary resources (traffic, industry), is contributed by the solid particles in a very
significant way. This process significantly contributes to their content increase in the air
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and according to various studies, it could be a source of even 60 % of particles of PMg
fraction (Braaten et al., 1990). Blowing the sedimentation particles as a consequence
of passing cars depends on specific local conditions, on road surface quality, vehicle speed,
vehicle weight, and air humidity. The dangers of the re-suspended particles lie mainly
in the sorption of other pollutants onto their surface in case of their longer stay on the road
or in its surroundings.

PM can be removed from the air by wet deposition during rain, when there is a “washout”
of mainly large particles with aerodynamic diameter over 5 um, or by the change of the air
masses, when "clean" air comes to the given area. Another mechanism for eliminating
the particles from the air in urban areas is their deposition when dissociation of the particles
from the air appears as a consequence of their contact with a solid or liquid surface.
The presence of vegetation which greatly enhances the circulation of air in the lowest layer
of the terrain surface, supports this deposition considerably. In densely built-up urban areas,
grass areas, which are often the only alternative for permanent particle deposition in these
places, play an important role in the particle catching. We can generally conclude
that particles of smaller dimensions (under 1pum) are caught more easily, whereas particles
larger than 5 um, tend to be reflected by the surface.

Currently, the research in the field of nano-particles, which are particles with dimensions
under 100 nm and have some special properties, like bio-persistence, adsorption, or diffusion,
and are the subject matter for a range of world research institutes, is developing very quickly.
Nano-particles are produced by both natural processes (erosion) and the anthropogenic
activities of people (fossil fuel burning, mining, production of nano-materials, etc.)
and they are released into the environment. Then they are exposed to various biological,
chemical, and physical changes and get in contact with living organisms (Dreher et al., 2003).
Currently, the concentrations of ultra-fine particles in the air of large urben areas
are monitored and analyzed only at some stations in Europe due to very expensive equipment.
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Figure 3: Development of PM; 5 concentration and temperatures (Adamec et al., 2007).

The evaluation of the level of air pollution comes from the monitoring of the polluting
compound concentration in the atmosphere ground layer in the network of measuring stations.
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The evaluation of air pollution is based on the relation of measured imission values
to corresponding imission limits and target imission limits. In 2006, the government
resolution No. 597/2006 Sb., came into force following the Act on air (Act No. 86/2002 Sb.),
which determines the imission limits which are in accordance with the requirements of the EU
directives on the environment quality. The regular measurements of particulate matter
(mainly fractions of PM) take place in the Czech Republic in connection with this legislative
framework; in 2006 the measurements were executed in 148 localities. These places represent
various fields in terms of landscape morphology, presence of residential areas, industrial
enterprises, etc. The background localities which are of highest numbers are located mostly
in the residential zones of the cities, in rural, and natural areas. Industry is considered to be
a dominant source of particulate matter in 12 localities. 33 localities are directly influenced
by traffic. In these cases, the measuring devices are close to roads and junctions with high
traffic volumes. The primary sources of particulate matter are processes related to traffic
in these places, mainly fossil fuel combustion in car engines, and the mechanical production
of the particles by tyre abrasion, brake pads, and tarmac surface of roads. The monitoring
network stations are operated by The Czech Hydrometeorological Institute, Health Institutes
of the given areas, or municipal authorities of the urban areas where the measurements
take place. Measured data are then freely available on the websites of the Czech
Hydrometeorological Institute CHMU.

As is clear from certain long-term measurements (Adamec et al., 2005, Adamec et al.,
2007) of concentrations of PM; 5 fine fraction, the determined annual average concentrations
(38.07 pg. m™ resp. 32.49 pgm>) are significantly higher than limit concentrations
for this pollutant (25 pg. m™) proposed in the prepared EU directive for air quality.
The results also show the significant seasonal dependence of PM, 5 concentrations, (Figure 3)
when in the lowest measured temperatures the highest concentrations were determined,
this also worked vice versa. This difference could have been caused by the loss of volatile
components of PM (e.g. ammonium salts) in summer months; these components coagulate
and could be caught by filters in periods of low temperatures. However, the above-described
trend could have a connection with other aspects as well, mainly with vertical atmosphere
stability. Thanks to better ventilation, the particles are better dispersed during hot periods
(convection), whereas during colder months (inversion) the ventilation is limited,
so PM "accumulation" in the lower layers of the atmosphere occurs near the place
of their origin. Some local sources, such as fireplaces and other sources of heating, could
also significantly participate in the presence of particles in winter.

The knowledge of distribution of the individual size fractions of PM, i.e.
the representation of individual particles in the range of sizes 2.5 to 10 um, 1 to 2.5 um,
and0to 1 pm in the total particle content smaller than 10 um, is very important
for understanding PM behaviour, and, mainly, for an estimation of the health risks. The share
of the individual fractions in PM;y during the summer period is shown in Figure 4,
during autumn at the turn of November and December in Figure 4. The share of finer
PM2.5 fractions in the total concentration of PM;j, is higher during cold periods
when these particles make 92.9 % of PM,,, whereas during hot periods of year, this share was
only 59 % (Adamec et al., 2007). The annual average concentrations of PM,, (50.24 pg.m”
resp. 35.56 pg.m™) determined within long-term measurements are in accordance with similar
towns and cities in Europe, where the concentrations reach values between 44.4 ug.m™ —
53.8 pg.m” (Martuzzi et al., 2002). The following concentrations of PAH in the chosen
risk elements - cadmium (Cd), arsenic (As), chromium (Cr), nickel (Ni), Mo, Pb, linked
to their surface, correspond to values determined in the environment with medium traffic
volume or industry in a number of European cities, such as Manchester, London (Harrison
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etal.,, 2003), Birmingham (Harrison et al., 1996), Helsinki (Yli-Tuomi et al., 2005),
and Budapest (Salma, Maenhaut, 2006).
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Figure 4: The share of the individual PM10 fractions during the period 25 June — 5 July 2007
(left graph) and during the period 28 November — 5 December 2007 (right graph).

As has already been mentioned, the evaluation of air pollution monitors the relationship
of air pollution and the relevant limit values (Table 3), which are determined in connection
with the Clean Air Act in the Czech Republic (Act No. 86/2002, Sb.) by the government
resolution No. 597/2006, Sb., as amended. The pollution limits are in accordance
with the requirements of the EU directives on the environment air quality valid in all EU
member states (Act No. 86/2002, Sb.).

The overall air pollution is evaluated by emission balances which compare the production
of selected harmful compounds from all sources. The basis for the national emission balance
is a Register of Emissions and Air Polluters (REZZO), which has been methodically
conducted and operated by The Czech Hydrometeorological Institute (CHMU) since 2003.
The pollution sources are recorded in four categories - large, medium, small, and mobile —
in the REZZO database.

Table 3: Values of pollution limits valid in the Czech Republic for selected pollutants
(government resolution No. 597/2006, Sh.).

Pollutant Valid imission limit in the Czech Republic

Annual average concentration of 40 pg.m”
PM; maximum 24-hours concentration of 50 pg.m™
(maximum number of exceeded values per year 35 )

Annual average concentration of 40 pg.m>
NO; maximum 1 hour concentration of 200 pg.m™
(maximum number of exceeded values per year 18)

NOy Annual average concentration of 30 pg.m™ (to protect vegetation)
CO maximum daily 8-hour concentration of 10 mg.m™

Benzene Annual average concentration of 5 ug.m™

Benzo(a)pyrene Annual average concentration of 1 ng.m™

Lead Annual average concentration of 0.5 pg.m™
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The emissions from traffic, together with emissions from agriculture, forestry, civil
engineering industry, and the military, are a part of the mobile sources balance.
These emissions are calculated as a product of the so-called active data and emission factors.
The active data are expressed as consumption of fuel per a kilometre of a given category
of means of transport. The emission factor is an emission quantity of a given pollutant
which refers to a weight unit of a given fuel or driven distance unit. The CDV methodology
(Dufek et al., 2001) based on the calculations of emissions from the consumption of fuels,
is used for the determination of emissions on the national and regional levels. The program
MEFA, which calculates the emission factors by referring to 1 km of the driven distance
(Sebor et al., 2002), is used at the local level.

In Table 4, there is an overview of the emission factors of selected pollutants concerning
petrol and diesel passenger cars which meet the EURO 3 limits, e.g. Skoda Fabia, produced
between 2001 and 2005. The emission factor for heavy vehicles is also mentioned here
as a comparison from the same production date. The emission PM factors for petrol passenger
cars are not determined, considering the fact that these types of engines produce very fine,
or even ultra-fine, particles, whose production is not currently monitored due to high costs
of the measuring equipment.

Table 4: Emission factors for various types of vehicles.

Emission
factors limited pollutants unlimited pollutants
[g.kg" fuel]

EURO 3 PM | CO | NO, [NMVOC| CO N,O | CH, PAH | NH;
Petrol X | 1821 1.07 1.27 3183 | 110 | 010 | 9002251 355
passenger car 6
Diesel 028 | 242 | 425 | 057 | 3138 | 025 | 008 | 2029836016
passenger car 2
Heavy vehicles | 0.41 | 7.33 | 10.26 2.71 3.138 | 0.25 0.15 | 0.0016 | 0.012

Legend: X = not determined

3 WATER POLLUTION

The surface and ground water form an important component of the environment and are one
of the fundamental raw material sources necessary for maintaing life on Earth. However,
human influence gradually leads to its quality reduction, when one of the negative factors
affecting its quality are various modes of transport. The seas and oceans may be contaminated
by ships, mainly as a consequence of huge tankers accidents when considerable amount of oil
leaks into water which brings with it extensive pollution with serious environmental effects.
The cases of the tankers Exxon Valdez (1989) and Prestige (2002) are among the most
infamous accidents. A source of long-term pollution may also come from large ports through
handling with transported material or during vessel repairs.

In connection with the pollution of water, both surface and groundwater, the issue of rail
transport come into consideration. The pollution sources are, in this case, rail transport, power
supply, and switching stations, places for the washing of rail cars, fuel stations;
and in the case of diesel traction, the railway vehicles themselves, and their accidents
on the rail tracks. The pollution by road transport could also have a random character
in the form of car accidents with a leakage of fuel, motor oils, operating liquids,
and other pollutants, but also through long-term impact of exhaust gases, abrasions
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of the tyres and road pavement surface, and fuel dripping. The indicators of the maximum
permissible level of surface and ground water pollution are evaluated by the government
resolution No. 61/2003, Sb.,as amended, and the the guidelines of the Ministry
of the Environment of the Czech Republic, Appendix of the Bulletin of the Ministry
of the Environment, No. 8, year 6, 1996.

3.1. Surface water

The pollution of surface water is caused by rain water drained from the road surface
with a high traffic volume, mainly motorways and dual carriageways. The pollution is highly
dependent on the amount of rain falling on motorway surface where the concentrations
of the pollutants in the "first drain" are the highest after rainfalls and after a over time
it rapidly decreases, whereas, the pollution is directly reflected behind the drain
where the drained water is not sufficiently diluted yet. The whole range of pollutants,
including metal elements and suspended solid particles produced from the operation of traffic,
mainly through the abrasion of road pavement surfaces and tyres, was identified in the surface
drainage outlet, (Sansalone, Buchberger, 1995). The pollutants could also come
from the materials used for road maintenance, lay-bys, and car parks mainly during winter,
when the contamination could be connected with the application of defrosting agents
and antifreeze mixtures. A key source of pollutants are also the leaks and spills of fuel
when, besides the whole range of organic pollutants like PAH, hydrocarbons and metals
are released into the environment (Shinya et al., 2000). Another important risk of possible
environmental contamination is represented by filling stations, in whose proximity
and on the adjacent car parks the highest concentrations of PAH were found (Smith et al,
2000). The motorways are, according to a range of studies, also the main source of chlorides
which do not drain away through the watercourse, but they mainly soak into the soil and rock
environments where, under certain conditions, their accumulation and subsequent gradual
washout occurs (Runge et al., 1989).
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Figure 5: Development of PAH concentrations.

In order to monitor the pollution of the drained water, a method of passive sampling
with the help of semi-permeable membranes (SPMD) is often used. This method simulates
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the diffusion process via bio-membranes, which are considered to be crucial in the bio-
concentration of the pollutants in living organisms. This method was also used
for the monitoring of the pollution level of the water drained from motorway D5 into retention
tanks. From the graph in Figure 5, the growth of the PAH concentration within the monitored
period is easily apparent (Adamec et al., 2005), nevertheless, the set contents are lower
than figures recorded in some foreign studies, and so far they do not exceed the limit
concentrations set by the government Directive No. 61/2003 (NV, 2003), as amended.

3.2. QGround water

A similar problem, although not that urgent, is the contamination of the ground water
by pollutants from materials used for road building. During the construction a whole range
of materials, which met the technical construction requirements at that time, was used
in the past; however, currently, as a consequence of stricter measures (limits), they could have
a negative influence on the environment components and human health (Legret et al., 2005).
Especially the migrant water in the roadway, drained by drainage systems, could
be contaminated by pollutants released from the construction materials. However, this process
depends on a lot of factors, like the subgrade type and the surrounding terrain characteristics,
ground water management, capillary rise of ground water level, and the amount
of precipitation which could penetrate the roadway, mainly as a consequence of damage
to its surface layer (cracks, fissures). In the Czech Republic, the construction of asphalt roads
uses unmodified and modified road asphalts made of raw materials which influence their final
properties, i.e. influence a release of hazardous substances to the environment as well.
These could form a basic part of the produced binder (e.g. PAHs, hydrocarbons) or could
be added to modify and prepare better asphalt properties, e.g. the reduction of plastic
deformations. For these purposes, e.g. elementary sulphur, polyethylene, polypropylene,
powder polyvinyl chloride, and others are used. The permeating of some PAHs and metals
from the sample asphalt surface and other construction materials are shown in some foreign
studies and their results are in correlation with the results of Czech researches
(Lic¢binsky et al., 2007). The release of pollutants from the used materials could currently be
considered low, depending on the pollutant properties and on the primary content
of the organic and inorganic pollutants in the given material. The major source of pollution
lately, due to the increasing traffic volume, are traffic accidents with a leakage of fuel, motor
oils, operating liquids, and transported dangerous goods, such as acids, lyes,
and other chemicals.

4 SOIL POLLUTION

As in the case of water pollution, the threat to soil quality in the road surroundings occurs
basically by three sorces: by long-term pollution, caused by everyday road traffic, by seasonal
pollution, mainly through the influence of road winter maintenance, and by traffic accidents,
when the leaking of environmentally harmful materials occurs.

Long-term soil contamination in the surroundings of roads is connected mainly
with the pollutant drainage from the road surface and the splashing of water caused by passing
cars to the surroundings. Thus, the soil could be contaminated by PAH and its derivatives,
particularly nitrated ones (nitro-PAH), hydrocarbons, and some metals as well.
Its contamination may also occur through using abrasive winter maintenance materials
and chemical defrosting materials. For this purpose sodium chloride, calcium chloride,
and their mixtures, as of spreading, sprays or dampers (sprinkling salt), are used; however,
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during their application it is not possible to prevent dispersion around the road
and thus contamination with chlorides. Subsequently, their presence causes the corrosion
of metal elements of the road equipment and the increased release of pollutants
from their protective coating, which could lead to subsequent pollution by heavy metals.
The issue of soil contamination is also closely related to pollutants permeating from roadways
when under the influence of water soaking in the road body, their permeating and subsequent
transport to the environment occurs. The soil contamination is particularly problematic
in large urban areas with a high volume of car transport. Metals from the platinum group
(PGE) like platinum (Pt), palladium (Pd), and rhodium (Rh), which are among materials
worth mentioning, are classified as toxic metals, and their increasing concentrations could
represent a serious risk nowadays. The concentration of Pt emitted from car catalytic
converters at sites with high traffic volumes in the Czech Republic, ranges
from 9.20 — 21.57 pg.kg" and is comparable with the levels of other European cities (Zereini
et al., 1997). At these sites, higher contents of PAH, higher even than in the close proximity
of motorways, were found (Tuhackova et al., 2001).

Table 5: Land use as a consequence of road construction (Jedlicka et al., 2009).

Region 2000 2001 2002 2003 2004 2005 2006 2007 2008
Stiredocesky 12.74 71.31 89.75 61.10 | 142.62 | 317.41 | 110.18 | 85.68 14.51
Jihocesky 18.08 52.21 28.55 11.02 84.94 4.07 42.49 50.54 9.51
Plzeinisky 40.03 24.23 31.95 28.18 0.00 10.30 1.22 88.42 9.00
Karlovarsky 0.00 18.98 36.64 0.00 31.90 2.00 26.00 0.00 33.39
ﬁstecky 15.73 | 112.18 | 17.20 5.16 107.21 | 114.10 0.00 0.00 0.00
Liberecky 0.00 0.00 0.00 10.16 4.97 26.88 10.32 2.29 39.10
Kralovohradecky X X 8.06 14.18 86.21 0.04 X 3.23 X
Pardubicky 0.30 0.00 14.20 0.00 93.83 0.00 70.00 9.14 0.00
Vysoc€ina 0.00 2.65 33.50 46.23 0.88 28.39 15.58 32.78 0.47
Jihomoravsky 1.03 0.94 139.15 | 10.48 0.01 0.46 11.61 16.12 1.62
Zlinsky 167.93 | 198.10 | 52.62 62.79 55.97 45.70 12.62 0.00 0.00
Olomoucky 10.92 0.00 0.00 107.49 | 100.89 3.05 135.32 4.66 171.30
Moravsko-

Slezsky 0.00 79.23 40.61 112.01 | 117.22 | 280.84 | 205.20 | 141.85 | 34.26
In total 266.76 | 559.84 | 492.24 | 468.80 | 826.66 | 833.23 | 640.54 | 434.71 | 313.16

Legend: x= information is not available

The negative impact of traffic on soil is not only reflected in the chemical pollution
of the road infrastructure surroundings, but also in the construction of roads
and the whole transport network. As far as the land designated for construction is concerned,
its original function has to be removed. Such land is converted into areas designated
for construction, so, from the viewpoint of the Nature, it results in their degradation.
The arable and forest land use figures clearly show (Table 5) that in 2004 almost 988 hectares
were designated for road construction, which represented almost a fifth of the capital city’s
area, Prague.

The road alignment of important roads (nowadays mainly motorways) is considerably
conditioned by terrain obstacles. It is easier to build such motorways mainly in the lowlands
and valleys along important rivers; however, at these places there is often soil, which is highly
valuable for agriculture. The motorways are commonly built in four lanes with a central
reserve, i.e. that only the motorway itself and its adjacent strip will require the land use
ofanarea of approximately 3 hectares per 1 km of motorway length. Apart
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from the motorway itself, other accompanying constructions are also included in the land use
— ditches and embankments compensating the road alignment, grade-separated junctions,
petrol stations, and other commercial activities linked to providing services to passengers,
as well as constructions used to mitigate the negative impacts of traffic, like anti-noise screens
or retention tanks for drain water.

5 FLORA AND FAUNA

Currently, due to transport development and increasing building activity, a debated topic
is the impact on biological diversity, i.e. the number of flora and fauna species. Biodiversity
is not only threatened by the reduced size of ecosystems or by the hunting of endangered
species of animals, but also by the fragmentation of localities.

This fragmentation isunderstood as a division of natural localities into smaller
and more isolated units, and therefore the survival of some species is threatened.
One of the main reasons for locality fragmentations 1is, apart from agriculture
and urbanization, mainly the construction and the use of transport infrastructure. The transport
network divides the natural localities into smaller, isolated segments which are often smaller
than some species need for their survival. The road then acts as a physical barrier for animals
and is particularly restrictive for those species which need large areas for their living.
This does not only include smaller animals, like amphibians, reptiles and small mammals,
but also larger ones, like deer or wild boar, which are very often hit by vehicles. The pollution
of the road environment by chemical pollutants influences the amount and species diversity
of the soil micro flora and fauna (Tuhackova et al., 2001).

6 LANDSCAPE PATTERN

Quality and fast transport means shortening of the "perceived distance",
because the destinations are much easier to be reached than years ago; therefore the de-
concentration occurs for a lot of human activities, which were before concentrated
in the cities. Currently, the process of suburbanization is the most typical demonstration;
this is characterized by spatial urban growth in the outskirts, which is enabled by easily
available individual car transport and which sometimes even develops into its uncontrolled
form called “urban sprawl”. This process is currently not occurring in a coordinated manner,
because the role ofland use planning is not powerful enough to ensure positive city
development in terms of traffic and land use. The everyday problem of urban areas is the large
number of cars, which the current city road network system is unable to accommodate
anymore. In the case of huge cities, the move of residential areas and extensive commercial
activities from the centres to the outskirts is apparent, without the appropriate connections
to other urban areas, This causes increased demands on traffic, particularly individual road
traffic, because these zones are usually designed to be predominantly available by personal
vehicles, and public transport is usually not designed for these areas at all or only in a limited
extent.

The landscape is very negatively influenced by the media advertisements, billboards,
placed in the proximity of roads, particularly the busiest motorway sections, where the traffic
flow exceeds 15 000 vehicles per 24 hours. The advertisement messages are seen daily
by tens of thousands of people, and, therefore, these places are very attractive
for the advertising industry. The placement of legally constructed billboards,
for which their owners signed the proper contracts, passed through the approval procedure
of the administrative bodies, and, therefore, they are usually not located in inappropriate
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places. The Act No. 114/1992, Sb.,on the environment and landscape protection, states
that it is not possible to place an advertising facility in places where it could have an impact
on some important landscape features or some protected areas.

As a regulation complementing this Act, the Agency for the protection
of the environment and landscape (AOPK) produced the “Methodology for the Evaluation
of the Scenic Landscape” in 1999, which further specifies the terms such as natural, cultural,
and historical characteristics of landscape, aesthetic value of the scenic landscape, natural
value of landscape, cultural dominant features of landscape, etc.

However, besides legal advertising areas, there are a large amount of advertising facilities
placed without the proper permits which are very often located in places unsuitable for these
advertisements. It is a recent effort of the Road and Motorway Directorate of the Czech
Republic, as a road administrator, to deal with this problem and restrict the number
of billboards in road environment by up to 80 %. However, the owners of mega-boards,
visible from over a long distance, are not too threatened by this effort, because their facilities
are often located outside the designated safe area of roads and are often on private land.
The assessment of the disturbance of landscape character has a big disadvantage
due to the subjective assessments of specific situations. Therefore, there are unified rules
for the determination of places where the advertising facility considerably affects landscape
and where it should not be palced. An example of how a huge advertising panel could
aesthetically violate the landscape is shown in a photo from the D1 motorway (see Figure 9
in the Appendix), which is, for comparison, supplemented with a computer photo-mounting
where the advertising panel was removed.

7 ACCIDENTS

Dangerous chemical substances and chemical products (toxic, flammable, explosive),
which can have a negative impact on human health and the environment, are handled
with in everyday activities, including industry, trade, or during their transport.
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Figure 6: Number of releases of hazardous substances (HZS CR, 2006).
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Due to the increasing traffic volume, there is more and more contamination of surface
and ground water and the rock environment through vehicle accidents on roads.
Their consequences are the leakage of dangerous materials — mainly fuel, motor oils,
operating liquids, and also transported dangerous items, e.g. sulphuric acids. Currently,
the majority of regulations concerning this issue have been cancelled and replaced by new
regulations, or, they have been amended. Currently, Act No. 59/2006, Sb., on prevention
of serious accidents, is mandatory, which is reflected inthe development ofthe EU
legislation, and, when it became effective, the earlier legislation regulations were superseded.

Transport of chemical, toxic, flammable, and explosive materials requires great attention,
considering the risks of traffic accidents and the subsequent leakage of these materials
during transport. All hazardous substances have their specific properties, and, consequently,
they acquire different degrees of danger under different conditions, which is particularly
important during their transportation and handling. The international road transport
of hazardous goods complies with the The European Agreement concerning the International
Carriage of Dangerous Goods by Road — ADR (Accord Dangerousness Route),
which the Czech Republic also complies with. The International Carriage of Dangerous
Goods Regulations is valid for the International Railway Transport of Dangerous Goods
Regulation (RID) as a supplement to the unified legal regulations concerning the Agreement
for the Carriage of Goods by Rail (CIM). Air transport of dangerous cargo follows regulations
issued by the ICAO (International Civil Aviation Organization) and the regulations
of the IATA (International Air Transport Association). The maritime transport of dangerous
goods follows The International Maritime Dangerous Goods (IMDG Code).

Traffic accidents with oil products leakage of dangerous substances have the highest
share in the creation of environmental accidents and crashes in transport. The following graph
in Figure 6 shows the number of leakages of dangerous substances including oil products,
with the intervention of fire brigade units between 2001 and 2005. The graph clearly shows
the steady trend of leakage of dangerous chemical materials and oil products.

Each accident which causes the deterioration of environmental conditions needs
to be assessed as an environmental accident which could cause the instability
of the ecosystem (Kvarcak et al., 2000). The principles determined in the above-mentioned
international regulations are the first step for the reduction of the number of collisions
of vehicles transporting hazardous substances. But despite the observance of the regulations,
there is still a risk of vehicle accidents, which could be increased, e.g. by aggravated climatic
conditions, an increase in road traffic volume and consequent congestions. In order to avoid
traffic accidents and subsequent environmental accidents, it is necessary to search
for other ways to maintain safe traffic, which will lead to the minimization of environmental
accidents.

8 WASTE FROM TRANSPORT

The production of huge amount of waste in the form of car wrecks is becoming
one of the priority issues of every developed society. Car wrecks consist of up to 80%
of recyclable materials, usable as secondary raw materials, e.g. metals or plastic.
However, dangerous types of waste, such as leaded accumulators, oil filters, braking and anti-
freeze liquids, components containing mercury or PCB, or brake pads containing
asbestos, could have a negative effect on the environment through improper handling
or leakage. In the Czech Republic, this issue is dealt with by Act No. 185/2001, Sb.,
which defines a car wreck as any complete or incomplete motor vehicle intended for the use
on roads to transport people, animals, or goods which has become waste. Everyone who gets
rid of waste is obliged to hand it over only to people who operate the devices for the re-use,
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removal, collection, and repurchase of car wrecks. The fundamental document
which modifies the handling of this waste in the EU is the directive of the European
Parliament and Council 2000/53/EC on vehicles with expired lifespan, and its appendices
issued in the form of Decisions of the Commission of European Communities
which are integrated in the Czech legislation in the form of the Waste Act (No. 185/2001,
Sb.), as amended by the Implementation Programme of the Czech Republic No. 4.
The goal of all legal measures is to complete and improve the existing system of handling
car wrecks, which could be an important source of secondary raw materials and energies.

The handling of car wrecks concerns several target groups on various legislative levels.
These target groups are public (origin), local authorities, regional authorities (as an authority
which issues licenses to facility operators for handling with this waste), and business entities
(the authorized operators). The system of deregistration and environmental handling
with scrapped passenger cars consists of the following steps. The principle is to hand
the vehicle over to the collection network, then the gradual disassembly of the car wreck
is executed so that the individual parts could be obtained separately, which individually
are of higher value. Apart from this, it is possible to separate other waste containing
hazardous substances, and thus reduce the total amount of dangerous waste. The crushing
the vehicle body itself allows to gain pure steel scrap; this step could be alo replaced
by cutting and pressing, which are less demanding in terms of operation and investments
costs. Consistent sorting is an required for the higher level of metallurgical processing
for non-ferrous metal components. Approximately 160 thousand cars are decommissioned
yearly from operation in the Czech Republic, and up to 9 million vehicles in the whole EU
(Bozek et al., 2003, Soos, 2006). Their material structure depends on a range of properties,
such as the size and type of the vehicle, vehicle producer, model year, the age of the vehicle,
or the efficiency of the processing and sorting technologies. In terms of quantity
and recycling, ferrous metals (steel and cast-iron) are the most important components,
which form around 62-68%, then non-ferrous metals (for example aluminium, magnesium,
copper) and their alloys at 3.5-6%, other components such as paints, leather, wood,
and paperboard make 5-15% of the car wreck weight. The proportion changes of individual
components in the material structure are given by the technological development
of the vehicles, where the share ofplastic and the so-called light metals is currently
increasing. An overview of the average material weight composition is shown
in the following Figure 7.

ferrous metals
62-68%

others 5-15% plastic 9-12%

glassware 3-3.8%
non-ferrous metals

liquids 2.2-3% rubbers 5.3-6.5% 3.5-6%

Figure 7: The average material vehicle weight composition (Polivka, 2004).
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In the EU countries, the total expenses for car disassembling are between € 150 and 450,
and, with the use of waste crushers, which are mostly used in Germany, France, and Great
Britain, between € 50 and 70 per vehicle. Currently, approximately 80 collection points
and 8 facilities for car wreck processing (disassembling devices + crushers) are in the Czech
Republic. For the environmental processing of passenger cars with expired lifespan
a fee amounting to CZK 1200 is charged. The costs for environmental car wreck processing
range around CZK 3000, out of which approximately one third of the costs is used
for the transport and handling, the other costs include the car wreck processing
and the removal of the remaining parts, which include hazardous waste (Sykora, 2005).

The waste produced by transport is currently a very topical issue, mainly due
to the increase in the number of registered vehicles and their average age, which is currently
13.5 years. As far as the vehicle handling of future generations is concerned, waste production
will still be on the rise, which has a range of negative effects. Therefore, the prevention
and minimization of waste, which will lead to less harmful impact on the environmental,
are very important issues concerning waste handling. There is also a connection with vehicle
construction, which should, in the production stage, be focused on more effective
use of secondary raw materials and energies, the share of materials with dangerous or toxic
properties should be reduced in the maximum degree, so that new vehicles would
be more environmentally friendly and have a higher potential for prevention, re-use,
and material and energetic use (Adamec et al., 2006).

9 SUMMARY

Several thousands of various chemical compounds, often with mutagenic and carcinogenic
effects, have been identified in the environment, out of which a considerable number comes
from traffic (e.g. the combustion of fuel, abrasion of exposed parts of vehicles and the road
surface). The concentrations of a some of them are regularly monitored and the Czech
Republic has to reduce their amount according to its commitments within the EU
membership. Nevertheless, the amount of the harmful compounds released to the environment
by human activity is increasing rapidly. This unfavourable situation is apparent mainly
in big cities with high traffic intensity where the considerable deterioration of air quality
occurs, which influences the health of their citizens, mainly children and the elderly.
In this respect, it is necessary to pay attention to this issue, which means to care
more about the destination of the pollutants produced by traffic, and the associated potential
health and environmental risks.
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