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ABSTRACT

The purpose of the research was to extend the current knowledge on traffic related metals in road dust
which can be easily released to the environment and cause potential human health risks. Emissions
from road traffic consists of exhaust emissions but also non-exhaust ones (wear and tear of vehicle
parts, road surface as well as resuspension of dust) and can easily penetrate the air and river systems
(runoff and air deposition after resuspension). Samples were taken in Krakow that is a very important
transportation hub in southern Poland, characterized by very high traffic, congestion and is a significant
tourist destination due to its cultural heritage. Results revealed high concentrations of all investigated
metals in all road dust samples collected from traffic polluted sites and they were significantly more
contaminated than samples collected from the reference sites. It can be assumed that the metals Cr, Zn,
Pb and Cu can pose a significant hazard to the environment. The samples of fine fraction (<20 pm) of
road dust were extremely contaminated with all of the investigated metals, in particular with Zn and
Cu. Road dust could substantially pollute Vistula. Moreover, monitoring of road environment samples,
in particular fine fraction, should be intensified because resuspended fraction easily enters the
environment as well as human airways. Chemical analysis of all samples were supplemented with the
fractionation study using BCR protocol (Binding Corporate Rules of the Commission of the European
Communities). Fractionation studies revealed that mobility of examined metals decreases in that order:
Zn>Pb>Cu>Cr. It should be noted, however, that metals even when not mobile in the environment can
become a serious health concern when ingested or inhaled.

Keywords: oxidation stress, metals, non-carcinogenic health risk assessment, traffic related elements
(TREs), road dust, brake lining, tire, non-exhaust emission, road environment.

1 INTRODUCTION

Road traffic is considered one of the major sources of environmental pollution in urban areas.
Air pollution and its huge health and environment impact resulting from traffic, are
considered to be the most important target for sustainable transport in EU. The impact of both
short term and chronic exposures to particulate matter PM2.5 and PM10 on respiratory and
cardiovascular health and consequently on morbidity has been subject to intense studies [1]—
[9]. It is unambiguous that long-term exposure to air pollution causes development of
multiple health problems and diseases. As reported by Kiinzli et al. [10], Hoffmann et al.
[11], Bauer et al. [12] human exposure to coarse particles (between 2.5 and 10 um) results in
adverse cardiovascular health problem such as atherosclerosis or respiratory endpoints health
including premature mortality [13]-[17]. As reported by Loeb [18] oxidative stress is directly
linked to several DNA lesions and the formation of bulky adducts, mechanisms by which
traffic-related pollution could elicit mutagenesis and cause cancer. Potential general
pathophysiological pathways linking particulate matter exposure with cardiopulmonary
morbidity and mortality are in details presented in [19].

Human and environment exposures to particles emitted from motor vehicles include
complex mixtures of metals from tires, parts wear: systems brakes, clutch plates, the erosion
of the active layer of the catalytic converter and resuspended road dust. Since most studies
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on toxicity and health consequences of roadside particulate matter are focusing on exhaust
emission, particles from the non-exhaust sources are yet not so well recognized [18].
Potgieter-Vermaak et al. [20] has confirmed that the chemical composition of inhaled and
ingested particles plays a major role in its toxic, genotoxic and carcinogenic mechanisms, but
the component-specific toxic effects are still not understood. It is unambiguous that long-
term exposure to air pollution causes development of multiple health problems and diseases
such as atherosclerosis or respiratory endpoints health including premature mortality [21]-
[26]. Air pollution affects mostly children and seniors. Aphekom [27] reports that living in
close vicinity to busy roads is responsible for approximately 15-30% of all new cases of
asthma in children; and of chronic obstructive pulmonary disease and coronary heart disease
in adults 65 years of age and older. With the increased awareness of traffic as a major source
of diffuse metal emission the need for clear characterization of road deposited sediment
becomes more apparent.

The main objective of the study was to analyze road dust sediment as an indicator in the
process of assessing and identifying vehicle-derived metal pollution as well as to evaluate
the contamination with well-known traffic indicators such as Cr, Cu, Pb, and Zn in road dust
obtained from Krakow.

Krakow is one of the most congested cities in Poland. Air quality conditions in Krakow
is poor and even in spite of a dramatic decrease in anthropogenic emissions, air pollution of
major pollutants within many urban locations have not changed over the span of two decades.
In Poland, old cars dominate and the average age of car in Poland is about 15 years. Over
span of last two decades the number of vehicles in Poland has increased threefold.

Chemical analysis was additionally supplemented by the fractionation study, since
information on the total concentration of metals is not sufficient to assess their potential
bioavailability and mobility, as these parameters largely depend on their chemical forms and
transport phases. Metals accumulate in the finest fraction mainly constructed of clay mineral,
Mn and Fe hydroxides and oxides, carbonates as well as organic matter. Fractionation using
BCR protocol is a useful tool to deliver very important information on the issue of mobility,
bioavailability of metals, transport mechanisms and consequently the influence of metals on
the environment and human health.

2 MATERIALS AND METHODS
2.1 Sampling area

Krakow as the one of the most traffic congested cities of Poland was selected as research site.
Sampling points were located as far as possible from industrial plants and, far from residential
areas to minimize the impact of contamination sources. Samples were taken monthly starting
from March to September 2015. Samples of road dust, including field duplicates, were swept
after wetting with a brush from the road (rectangle 2 m x 2 m). Research areas are depicted
in Fig. 1 and in Table 1.

2.2 Methods

Road dust samples were digested using aqua regia in microwave oven according to protocol
3050B [28]. Total concentration of trace elements (Cr, Zn, Pb and Cu) content was
determined by inductively coupled plasma-mass spectrometry (ICP-MS) (ELAN 6100;
Perkin Elmer) according to US EPA method 6020A [29]. In order to obtain unambiguous
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3th May Av. Blonia Meadow Focha St., Blonia
Meadow

Figure 1: Blonia Meadow: sampling areas.

Table 1: Sampling area: Btonia Meadow — 3th May Avenue.

SAMPLING POINT LOCATION — KRAKOW
GEOGRAPHICAL COORDINATES
SITES NEAR ROADS WITH HEAVY TRAFFIC AND CONGESTIONS

Focha St. — 3th May Av. (junction) 50°03°33.2”N 19°55°26.0”E
3th May Av. — Oleandry St. (junction) 50°03°35.1”N 19°55°14.4”E
3th May Av. — Reymana St. (junction) 50°03°40.0”N 19°54°43.5”E
Chodoweckiego St. — 3th May Av. (junction) 50°03°44.6”N 19°54°13.7’E
Piastowska St. — 3th May Av. (junction) 50°03°45.3”N 19°54°09.0”E
Korzeniowskiego — Piastowska St. (junction) 50°03°39.2”N 19°54°04.3”E
Piastowska (bridge) 50°03°36.2”N 19°54°02.0”E
Focha (bridge) 50°03°24.7"N 19°54°24.5”E
Kasztelanska St. — Focha St. (junction) 50°03°27.4”N 19°54°47.9”E
Kraszewskiego St. — Focha St. (junction) 50°03°29.9”N 19°55°04.9”E
Katuzy St. — Focha St. (junction) 50°03°32.0”N 19°55°20.8”E
SITE UNPOLLUTED WITH TRAFFIC

Korzeniowskiego (garden parcels) | 50°03°41.3”N 19°53°57.0”E

and unbiased ICP-MS results, the above-mentioned metals were additionally measured by
inductively coupled plasma-optical emission spectroscopy (ICP-OES) (OPTIMA 7300DV;
Perkin Elmer). In order to estimate the accuracy and bias of the analytical method used in the
study, reagents blanks and Quality Control Materials: METERNAL™32 and BCR 701 were
used to assure that analytical results meet the required criteria.

Fractionation study was conducted on 3 preselected samples according to BCR protocol
[30]. Table 2 presents reagents and environmental conditions for this study.

Statistical parameters of Cr, Zn, Pb and Cu in various grain size fraction of road dust
samples are presented in Table 3.

Moreover, statistical parameters of reference samples collected from sites unpolluted by
traffic were compiled in Table 4 in order to differentiate between heavy metals derived from
vehicles and other sources of contamination.
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Table 2: Sequential extraction procedure according to BCR protocol [30], [31].

Step | Fraction Targets phases BCR protocol
Exchangeable, | Soluble species,

1 water and acid carbonates, cation 0.11 mol/L acetic acid
soluble exchangeable sites

2 Rediucible

Fe and Mn
oxyhydroxides

0.1 mol/L hydroxylammonium

chloride, pH 2

3 Oxidisable

Organic matter and
sulphides

Hydrogen peroxide followed by
1.0mol/L ammonium acetate, pH 2

4%* Residual

Remaining, non-
silicate bound metals

Aqua regia digestion

* The residual extraction step is not included in original procedure but it can be useful for quality control, since sum
of steps 1-4 can be compared with digestion protocol 3050B [28], [32].

Table 3: Concentration of traffic related elements in examined road dust.

Road dust (n=11)

g{giﬁ;‘ijgﬁg Jkgy| <20 Hm | 20-63 pm | 63-200 pm | 200-1000 pm | 1000-2000
Cr (range) 229-380 | 90.6279 | 61.6-136 | 78.2-152 89.1-209
(mean) 276 179 98.3 102 110

Zn (range) 589-1980 | 3901020 | 434-1264 | 257614 189-882
(mean) 1340 648 670 504 670

Pb (range) 188560 | 197-352 | 148241 84.9-378 88.0-202
(mean) 356 247 204 189 144

Cu (range) 290-890 | 129-966 | 156267 | 683212 78.2-119
(mean) 439 304 198 202 98.1

Table 4: Statistical parameters of reference samples unpolluted with traffic.

Road dust (n=1)
Fraction size
Elements <20 pm | 20-63 um | 63—200 um | 200—1000 pm | 1000—2000 pm
(mg/kg)
Cr 64.7 56.8 39.8 42.2 39.9
Zn 343 289 197 201 232
Pb 103 76.2 45.3 34.7 50.6
Cu 186 112 98.2 65.2 67.7

It was concluded that road dust collected from traffic polluted sites were significantly
(about 5 time more) contaminated then samples collected from the reference sites.

Three samples of road dust were selected for fractionation studies. Results of mobility and
bioavailability of metals in the fractions are presented in Fig. 2.
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Road dust fr. <20 pm Road dust fr. 20-63 pm
100% 100%
80% 80%
60% 60%
40% 40%
0,
20% 20%
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Cu Pb Zn Cr

Road dust 63—200 pm Road dust 200-1000 pm
100% 100%

80% 80%
60% 60%
40% 40%
20% 20%
0%
0%
Cu Pb Zn Cr Cu b 7n Cr

Road dust 1000-2000 pm
100%

80% B Remaining
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Cu Pb Zn Cr

Figure 2: Chemical fractionation of Cu, Pb, Zn and Cr in various grain size of road dust.
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Fractionations studies conducted on the selected samples revealed that Zn was the most
mobile and bioavailable of all investigated metals, on average 29 to 64% of Zn was bonded
with carbonates and/or exchangeable metal fractions. This heavy metal was also the most
abundant and was sourced mostly from tire wear. Its high concentrations resulted from the
addition of ZnO and ZnS to the tire during vulcanization. Additional significant mobility in
the road environment samples was found for Pb, which was up to 29% with easily leachable
carbonates and exchangeable fractions. This specific metal can be a cause of extreme threat
to the environment. In case of Cu up to 16% was bound with carbonates and/or exchangeable
metal fractions. No significant environmental risk was associated with respect to Cr, however
when ingested by human all elements could be extremely toxic and even lethal. As estimated
by Zhou et al. [33] the exposure dose of Pb, Cd, Cu sourced from road dust by ingestion is
two orders of magnitude higher than the corresponding dermal dose and up to four orders of
magnitude higher than the inhalation exposure.

3 CONCLUSIONS
Road dust samples collected from traffic polluted sites were significantly more contaminated
than samples collected from the reference sites and it can be assumed that the following
metals Cr, Zn, Pb and Cu can pose a significant hazard to the environment.

Contamination with zinc can be attributed to the wear and tear of tires, since ZnO and ZnS
are added to activate vulcanization in the tire tread as well as it can also be sourced from
traffic signals or guardrails [34]. Copper source of contamination is the friction additive in
the form of CuS used in a brake system. Lead is an important component of bearing alloys.
Until recently lead was used also as a main material for wheel balancing weights but currently
it is replaced with zinc weights. It should be however noted that Pb is very persistent element
and its elevated concentration in road dust is a consequence of common use of lead in form
of organic alkyl lead [35] as gasoline additive in Poland up to March 2005.Contamination of
road dust with chromium is a result of adding it as a main component of alloys used to
produce wrist pins and connecting rods.

Fractionations studies revealed that Zn was the most mobile and bioavailable of all
investigated metals. Additional significant mobility in the road environment samples was
found for Pb, which was associated with easily leachable carbonates and exchangeable
fractions. No significant environmental risk was associated with respect to Cu

The fraction up to <20 pm of the road dust should be considered a heavy metal pollution
indicator since over 90% of break dust is comprised of fine fraction [36], [37], but the same
time attention should be drawn to the fact that the significant sources of metals in this fraction
of road dust could be of geogenic origin.

Monitoring of fine fraction of road dust should be of special concern since this fraction
easily enters into an environment and goes into contact with people. Hazards of traffic related
elements in road dust contamination can cause acute and chronic adverse effects on human
health. Substantial amounts of road dust (up to 50%) could also be resuspended, in particular
on traffic lights, where more braking is involved. On junctions and in close vicinity to traffic
lights there are more pedestrians. They are affected by the dust and suffer from the exposure.
Such processes as resuspension of road dust as well as exhausted and non-exhausted car
emission affect mostly children or babies in strollers since they occur on low ground level. It
should be noted that metals in the environment (even when not mobile) can become a serious
health concern when ingested or inhaled. Further study on the impact of traffic related
emission on human health to evaluate Health Risk Assessment (HRA) should be however of
primary interest.
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