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This paper represents the main results of work package 5 of the SPENS project (Sustainable Pavements for European New Member
States) that was focused on assessment of the impact of roads on the environment and where the Faculty of Civil Engineering of University of

Zilina was the most active and closely cooperated with CDV.

Collaborative international project was focused on particulate matter (PM) production due to mechanical abrasion of road pavements.
PM (and noise emission) was captured next to roads with different pavement types (stone mastic asphalt and asphalt concrete) by middle
volume samplers with consequent gravimetric analysis of each exposed filter. The content of organic and inorganic pollutants fixed to PM was
determined to characterise the PM composition. Dust fall measurements including mass and chemical composition determination in road
tunnels with different pavements (cement concrete and asphalt concrete) were done to determine the pavement abrasion contribution to overall

PM emissions in tunnels.
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1. Project introduction

The Faculty of Civil Engineering, University of Zilina, Depart-
ment of Highway Engineering was involved in solution of the
Project SPENS - Sustainable Pavements for European New Member
States supported by the Sixth Framework Programme within pri-
ority 1.6.2 Sustainable Surface Transport. The objective of the
SPENS research project was to develop appropriate tools and pro-
cedures for the rapid rehabilitation of road pavements especially
in the EU new member states using materials and methods that
would behave satisfactorily in a typical climate, have an accept-
able environmental impact, be easy to incorporate within existing
technologies and be cost-effective and easy to maintain. In the
period of September 2006 to August 2009 partners including VTI
Sweden, CDV Czech Republic, ZAG Slovenia, Arsenal Austria,
KTI Hungary, IBDiM Poland, DDC Consulting & Engineering
Ltd. Slovenia, Ferriere nord S.p.A. Italy, FEHRL Belgium coop-
erated in the performance of laboratory and field tests of asphalt
materials, as well as in the evaluation of the impact of roads on the
environment. The research work was organized into four techni-
cal work packages (WP).

2. State of the art

Air pollution related to transportation is one of the most dis-
cussed issues within the context of negative impacts on the envi-
ronment at present. Combustion processes are the reason of exhaust
gas emissions that contain hundreds of chemical compounds in
different concentrations contributing to the greenhouse effect and
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often with toxic, carcinogenic or mutagenic effects on organisms
including humans [1], [2]. Particularly PAHs and POPs belong to
the most dangerous ones that originate due to fuel combustion [3].
However, pollutant emissions, especially particulate matter (PM),
could be also related to non-combustion processes such as resus-
pension or mechanical abrasion of particles during the interaction
between tires and road pavement. Mechanically separated parti-
cles from the pavement (asphalt particles, soil dust etc.) especially
on damaged roads, abrasion of tyres and brake-shoe lining, parti-
cles of chemical (mineral salt) and inert (gravel, sand, slag) mate-
rials for road maintenance in winter season and carried materials
falling off are the significant sources of overall PM air pollution
[4], [5]. All of these particles quickly settle on road surface near
their sources due to their size and get again into the air due to tur-
bulent flow initiated by vehicle movement and wind blow. Resus-
pension due to road transport contributes particularly to an increase
of total suspended particles (TSP) and PM,, fraction [6] and
depends on specific local conditions such as road surface, vehicle
speed and weight and air humidity. Resuspended dust is hazardous
due to its enrichment by risk compounds that are emitted by other
anthropogenic sources [7], [8], [9]. Inorganic particles are gener-
ated mostly due to abrasion of cement concrete pavement [10].
These particles also represent 90 % of particles from asphalt pave-
ment abrasion [11]. It is assumed that aggregates generated due
to wear of road pavement are composed mostly of Al, Si, Ca, Mg,
C and Na, or K in the forms of their oxides. Other metals repre-
sent other sources such as mechanical abrasion of car bodies and
vehicle other parts (Cu, Sn, Cr, Pb, Cd, As, Sb), mechanical abra-
sion of brake shoe lining (Cu, Sb, Ba) [12] and catalytic converters
(Pt. Pa, Rh) [13].
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Increasing traffic volumes on the European road network are
directly related to increasing annoyance of the population due to
noise, which is a huge problem throughout the EU. To achieve road
traffic noise abatement not only with passive measures, like noise
barriers, but by reducing noise emissions at the source, it is nec-
essary to assess the influence of pavements on the noise emission
process and to make use of low-noise pavements. The paper
describes results of measurements carried out according to the
method of comparing traffic noise on different road surfaces for
various compositions of road traffic for the purpose of evaluating
different road surface types.

3. Methods
3.1 PM and dust fall sampling and analyses

Two methods were chosen to evaluate the contribution of road
pavement abrasion to air pollution by particulate matter - active
PM sampling on common localities and passive measurements of
dust fall in road tunnels. It is assumed that contribution of PM
from non traffic sources is insignificant comparing with emissions
from traffic in tunnels.

PM were captured on different filter types using middle volume
samplers LECKEL MVS6 (Sven Leckel Ingenierbiiro, Germany)
with consequent gravimetric analysis on Mettler-Toledo MX5/A
microbalance (Mettler-Toledo GmbH, Switzerland) of each exposed
filter to determine PM concentrations. Two localities in Zilina
city area, Slovakia next to roads with different types of pavements
were chosen. D1 highway in Predmier with traffic intensity of
28,000 vehicles per 24 hours with Stone Mastic Asphalt SMA rep-
resents the first one and urban through-road I/18 in Zilina - Mostna
Street with traffic intensity of 25,000 vehicles per 24 hours with
Asphalt Concrete AC was the second one.

Vehicle categories in ISO 11819-1
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Dust fall measurements were realized in road tunnels with dif-
ferent pavements that are the components of Prague city ring,
Czech Republic. Mrazovka tunnel with traffic intensity of 42,400
vehicles per 24 hours with Asphalt Concrete (AC) road pavement
and Strahovsky tunnel with traffic intensity of 44,500 vehicles per
24 hours with cement concrete (CC) road pavement. Sampling
devices for dust fall measurements were placed near the tunnel
centre, 4 sedimentation glasses in each tunnel tube with the neck
diameter of 90 - 200 mm and high 145 - 400 mm filled with the
mixture of 250 ml distilled water and 25 ml izopropanol. Sampling
interval was 28 days due to regular tunnel cleaning procedure.
Captured sample of dust fall was for determination of overall
content of inorganic compounds burned in 710 °C [9]. Partial
pressure of CO, above CaCOsj is in this temperature approximately
4 kPa and CaCOy; is not significantly decomposed in this temper-
ature. Chemical composition of burned residuum thus represents
aggregates used in road pavement.

Subsequent chemical analyses were proceeded to determine
the content of selected metals using inductively coupled plasma
mass spectrometry (Thermo Scientific X series 2, Thermo Elec-
tron Limited, United Kingdom) and polyaromatic hydrocarbons
(PAH) using gas chromatography-mass spectrometry (Shimadzu
QP2010, Japan) and to find out the differences in composition of
PM originated due to vehicles operation on roads with different
pavements.

3.2 Measurement of the influence of road surfaces
on traffic noise.

Traffic noise measurements were performed by using Statistical
Pass-By-Method (SPB) that is described in the ISO 11819-1 stan-
dard [14]. It provides a method to determine an index which can
be used to compare the noise emission impact of different road

Table 1

Category

Typical examples

Minimum number of pass-bys

2 axles,
4 wheels
Passenger cars

1) cars

100

2 axles, more than 4 wheels
Light trucks, buses

2a) dual-axle heavy vehicles

30 (2a + 2b = 80)

2b) multi-axle heavy vehicles Heavy trucks

More than 2 axles

30 (2a + 2b = 80)
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surfaces by measuring vehicle pass-bys at the roadside. The SPB
method is based on the measurement of the maximum A-weighted
sound pressure levels of a statistically significant number of indi-
vidual vehicle pass-bys (Table 1) together with the vehicle speeds.
Specific measurements of A sound levels LA were conducted by
a sound analyser NOR-121 (Norsonic, Norway - ID 31211) accu-
racy Class 0. The sound analyser was prior to each set of mea-
surements calibrated by a microphone calibrator NOR N-1251
(Norsonic, Norway - ID 31069), accuracy Class 1. Applied mea-
suring string of noise emissions and pollution had separate verifi-
cation for own sound level meter, measuring microphone Nor-1225
(Norsonic, Norway - ID 48045), one-third-octave filters, acoustic
calibrator. Velocity measurements were realised by a speed radar
gun Bushnell Speedster (Table 1) and meteorology conditions by
a Wireless weather station - WS 888 set (Table 1).

The passing vehicles were classified into one of three vehicle
categories and one of three reference speeds was chosen according
to the average operating speed of the road (Table 2).
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This regression line was then used to determine the average
maximum A-weighted sound pressure level L,, at the reference
speed. The L,,;, of the three vehicle categories (L, 1 egression = L1»
Lveh,2a’regression = L2a‘ Lvehlb,regression = L2b) can be Combined to giVC
a single index called SPBI (Statistical Pass-By Index) which is
indicative of the influence of the road surface on the noise emis-
sion of a mixed vehicle collective.

SPBI = 10-log

w105 + W(%)
‘ (1)

1
2b

107 + Wz,,-(vl>-1ol%”]

where:

SPBI - the Statistical Pass-by Index, for a standard mix
of light and heavy vehicles

L, L,, L,  -the Vehicles Sound Levels for vehicle categories

1, 2a, 2b (Fig. 1),
W\, Wy, W,, - the weighting factors which are equivalent to the
assumed proportions of vehicle categories in the

A regression line of the maximal A-weighted sound pressure traffic (Table 2)
level versus the logarithm of speed was calculated for the pass-bys | v, vy, vy - the reference speeds of individual vehicle cate-
of every category (Fig. 1). gories (Table 2).
Reference speeds and weighting factors (W) in the different road aped categories Table 2
Road speed category
Vehicle category
Low Medium High
Name No. Ref. speed [kph] W, Ref. speed [kph] W, Ref. speed [kph] /8
Cars 1 50 0.900 80 0.800 110 0.700
Dual-axle heavy vehicles 2a 50 0.075 70 0.100 85 0.075
Multi-axle heavy vehicles 2b 50 0.025 70 0.100 85 0.225
Position 1 - D3, Horny Hri¢ov, SMA 11 - 9. 7. 2008 Position 1 - D3, Horny Hri¢ov, SMA 11 -9. 7. 2008
95 = 95
g 90 1 oo = 90 oy
R i8] W
T g 0 < g0 °
22 754 = 75
= 70 | Lamax,1 = 26,716.log(v) + 28,934 E
g o R =0,7690 2704 |Lamanaa = 20.076.10g(v) + 45.044
& 1 ER R=0.6279
60 &
1.6 165 1.7 175 1.8 185 19 195 2 205 21 215 22 225 23 60 T T T T T T T T
) 1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 2.15
log v - vehicle category 1 log v - vehicle category 2a
Position 1 - D3, Horny Hri¢ov, SMA 11 - 9. 7. 2008 .
N osition orny krieoyv, Lveh, ]‘regressiun : 84‘0 dB
g 90 1 M Lveh,Za,regression: 83.8 dB
~ 85 4 B . B p
E = 80 . ¢ : : i Lveh,Zb,regression: 877 dB
2= 75
- ] Lamas2 = 68.516.log(v) - 44.527 _
E ") R = 09085 SPBI=85.4 dB
@ 60 T T + + + + + +
1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 2.15
log v - vehicle category 2b
Fig. 1 Regression lines for Position 1
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4. Results and discussion
4.1PM and dust fall measurements

It is assumed that inorganic particles originated by abrasion of
cement-concrete pavements consist mostly of coarse PM fraction.
The share of this coarse fraction on total PM,, concentrations was
higher at sites with asphalt concrete (AC) surface at the city ring
(approximately 48 %) than its share in stone mastic asphalt (SMA)
- 35t0 40 %. This was confirmed during both sampling campaigns
(Fig. 2). PM, , fraction was generally predominant in both cam-
paigns at both sites that indicate the origin of more particles due to
combustion processes. These results also indicate higher production
of coarse PM fraction due to abrasion of asphalt concrete.

Chemical composition of captured PM separate fractions was
analysed. Content of selected elements representing sources related
to mechanical abrasion of particles, such as Zn, Sb, Cu, Ba and
others, were determined in both coarse and fine PM fractions.

Elements concentrations were higher in both PM fractions at
sites with AC pavement in both sampling campaigns, except K and
Pb in the second measuring period in autumn. Elemental compo-
sition of PM, fraction in summer sampling campaign is shown in
Fig. 3 and indicates higher production of PM due to abrasion of
AC pavement (Ca, Mg content) or due to abrasion of tyres (Zn
content) during the interaction with AC pavement.

100%
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AC SMA
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PM, s fraction was also measured and content of Polyaro-
matic Hydrocarbons (PAH) was determined (see Fig. 4). 18 PAH
were analysed in accordance with US EPA list of importance
including Benzo[a]pyrene and Dibenz[a,h]anthracene as the most
harmful compounds and Coronene as the fuel combustion in vehi-
cles engines indicator. Higher PAH concentrations were determined
during the autumn sampling campaign on both localities but there
were found no statistically significant differences between locali-
ties. So small amount of PAH during the summer campaign could
be caused by the PAH occurrence mostly in the gaseous phase due
to higher temperatures.

20

B AC
W SMA

>

]

3

PAH concentration [ng.m‘J]

summer autumn

Fig. 4 PAH content in PM, 5 fraction
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Fig. 2 The share of PM fractions (summer and autumn sampling campaign)
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Fig. 3 Content of selected elements in summer sampling campaign - macro components in the left graph, micro components in the right graph
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Dust fall measurements Table 3
Dust fall inor- | Dust fall Dustfall | JAHshare
. . Dust fall total | PAH summ . from organic
Tunnel Pavement Slope ganic share | organic share organic share
P dust fall
gm> %

Cement decreasing 1449.9 261.5 1711.4 6.69 15.3 2.56
Strahovsky

Concrete increasing 247.6 74.1 321.7 0.91 23.0 1.23

Asphalt decreasing 946.6 188.5 1135.2 5.88 16.6 3.12
Mrazovka

Concrete increasing 91.2 39.7 130.9 1.26 30.3 3.17

Higher amount of dust fall was determined in the tunnel with
cement concrete (CC) pavement that indicates more intensive
abrasion of this type of pavement (Table 3). This is in accordance
with the previous results from PM measurements next to the roads
with different pavement types. However, higher amount of dust was
measured in the downward-sloping tube of both tunnels. The share
of inorganic content in dust fall in the downward sloping tube was
about 84 % whereas in the upward sloping tube of the tunnels it
was about 60 % of dust fall. Also the share of PAH on organic dust
fall was smaller. The reason could be a higher PM production
because of brake shoe lining wear during more intensive braking.

Selected elements contents were also determined in dust fall
in both tunnels. There was found no statistically significant corre-
lation between the tunnels or more precisely between the pavement

types (see Fig. 5). The only correlation was determined for the
content of Ba between the decreasing and increasing tubes of both
tunnels namely its concentration was higher in the downward
sloping tube. This element was mostly originated due to brake
lining abrasion so the interpretation of this fact could be more
intensive vehicle braking.

4.2 Noise results

During TUZA research activities of the SPENS project SPB
measurements were carried out according to the ISO 11819-1
standard on 4 measuring positions (Fig. 6) and results are pre-
sented in Figs. 7 and 8.
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Fig. 5 Comparison of macro element concentrations on the left graph and comparison micro element concentrations on the right graph
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Fig. 6 Views of the measuring position 1 - 4 around Zilina
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One-third-octave band frequency spectra of traffic flow One-third-octave band frequency spectra on SMA 11
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Fig. 7 Examples of one-third-octave band frequency spectra - normally evaluated L A(max), 15min of traffic flow
Results of Slovakia SPB measurements . .DL}St fall m§asurements 1r.1 road tunn.els in the Czech Repub-
lic indicate a higher production of particles due to abrasion of
cement concrete pavement comparing with dust production in the
road tunnel with asphalt concrete pavement. The share of inor-
_ ganic content in dust fall in the downward sloping tube was about
2 . . .
= 84 % whereas in the upward sloping tube of the tunnels it was
= about 60 % of dust fall. This indicates higher PM production due
B to brake shoe lining wear during more intensive braking and is
supported by a higher content of Ba in this tunnel tube.
The differences in SPBI of old and new AC for a medium road

8.7.2008 9.7.2008 25.9.2008 3.7.2008 22.9.2008 24.9.2008 4.7.2008 4.7.2008 2.7.2008 27.9.2008

Road speed category

Medium Medium

| High l Low | Low |

Position 3 - road 1% class, Dolny Hricov
-ACo 11
- 15 years old

Position 1 - highway D1, Horny Hricov
- SMA 11 PmB (polymer modified
bitumen)
- pavement 2 years old
Position 2 - road 1% class 1/18, Dolny Hricov

Position 4 - road 3% class, Bytca

-ACp 11 - SMA 11
| - pavement realized 18.6.2008 - 4 years old

Fig. 8 Results of Slovakia SPB measurements obtained during
TUZA research activities of SPENS

5. Conclusions

PM measurements performed in Slovakia on localities with dif-
ferent road pavements, asphalt concrete and stone matrix asphalt
indicate a higher production of coarse PM fraction due to abra-
sion of asphalt concrete pavement. These particles contain more
Ca, Mg and Fe from abrasion of pavement but they also contain
Zn originated probably due to abrasion of tyres.
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