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Abstract
High levels of heavy metals in the environment are dangerous for humans due to possible bioaccumulation of such contaminants by edible plants and herbivores. In this study, total content of cadmium and lead in the barrier dusts sampled from
three noise barriers located along E261 expressway in Poland (near Poznań) was determined using flow-injection differential-pulse anodic stripping voltammetry (FIA DP-ASV). The results indicate that total content of the studied metals ranged
from 0.09 to 0.6 mg kg-1 (in relation to cadmium) and from 11.873 to 38.193 mg kg-1 (in relation to lead) and depended on
the structure of the barriers (i.e. their length) and height of the sampling point. The highest metal contents were detected
in samples originated from lower sections (0.0-0.5 m) of the longest noise barrier (1700 m). The results indicate the need
for a continuous monitoring of heavy metal contents in the barrier dusts and surrounding agricultural soils.
Streszczenie
Wysoki poziom metali ciężkich w środowisku naturalnym jest niebezpieczny dla ludzi ze względu na możliwą bioakumulację
tego typu zanieczyszczeń przez rośliny uprawne oraz roślinożerców. W niniejszym artykule, całkowita zawartość kadmu
i ołowiu w pyłach drogowych pobranych z trzech ekranów akustycznych zlokalizowanych wzdłuż drogi ekspresowej E-261
(S5) w Polsce (w pobliżu Poznania) została oznaczona metodą woltamperometrii impulsowej różnicowej z zastosowaniem
błonkowej elektrody rtęciowej oraz układu przepływowego. Otrzymane rezultaty wskazują, że całkowita zawartość wspomnianych metali znajdowała się w przedziale od 0.09 do 0.6 mg kg-1 (w odniesieniu do kadmu) oraz od 11.873 do
38.193 mg kg-1 (w odniesieniu do ołowiu) i była uzależniona od długości bariery oraz od wysokości punktu poboru próbek.
Najwyższą zawartość metali odnotowano w dolnych segmentach ekranów akustycznych (na wysokości od 0.0 do 0.5 m),
zwłaszcza w przypadku najdłuższego ekranu akustycznego o długości 1700 m. Otrzymane wyniki wskazują na potrzebę
ciągłego monitorowania zawartości metali ciężkich w pyłach drogowych oraz otaczających ich glebach uprawnych.
K e y w o r d s : Heavy metals; Motor traffic; Noise barriers; Road dusts; Voltammetry.

1. INTRODUCTION
The emission of metals into the atmosphere is associated with both natural and anthropogenic processes.
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While the greatest natural source of metal emission
are volcanic eruptions, the primary anthropogenic
sources of emission include the non-ferrous metal
smelters, motor traffic and coal power plants.
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However, the increase of metal concentrations in the
environment is directly connected with the industrial
development and also increasing car traffic [1]. Lead
(Pb) along with cadmium (Cd), copper (Cu), zinc
(Zn) and chromium (Cr) may be included in petrol,
tyres, lubricant oils and galvanized parts of the vehicles. Lead is still an essential element with respect to
its application in lead-acid batteries and is used commonly in cars. Although tetraethyllead is no longer
used as anti-knock substance in petrol fuel, the historical widespread use of leaded petrol in the 20th
century caused a notable contamination of the environment by this element [2]. The industrial application of cadmium is currently associated with the production of nickel-cadmium batteries, anti-corrosion
coatings and pigments. However, many older models
of cars are still equipped with small elements made of
cadmium. Furthermore, cadmium mobility in the
soils is higher compared to other heavy metals, which
results in higher cadmium bioaccumulation and its
significant content in plant tissues, often higher than
in the surrounding soil. Even subtle acidification of
the soil may result in an increase of the mobility of
heavy metals [3].
The distribution of metals in soils is diversified, but
the highest contents of metals are usually present in
the industrial areas. However, the influence of car
emissions on heavy metal contents in the roadside
soils is also undeniable [4, 5]. There is a major concern regarding the bioaccumulation of heavy metals
in edible plants cultivated near to main roads. Since
heavy metals can be transferred through food chain,
there is a potential risk for animals and, ultimately,
humans. High metal contamination of such areas
resulted in their exclusion from the agricultural use
[6]. Due to undesirable noise coming from the highways and expressways, there is a tendency to build the
plastic noise barriers along the roads with significant
motor traffic. The structure of such barriers may not
only reduce noise levels from traffic, but also affects
air pollutants dispersion [7]. Some researchers indicated that the presence of the barrier may limit
downwind transport of the heavy metal pollutants
and increase their deposition in the roadway areas
[8]. However, a study of Bowker et al. (2007) [9]
demonstrated that noise barriers may be responsible
for higher pollutant concentrations behind the barrier (especially in further distances) compared to the
areas where no barriers were present. Thus, it could
be expected that road dusts deposited on the noise
barriers, may be good indicators of metal pollution
and density of road traffic. However, there is a limit-
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ed number of studies investigating heavy metal contents in barrier dusts sampled from the noise barriers
[10].
The aim of this study was to determine total cadmium and lead contents in barrier dusts sampled from
three noise barriers located along expressway E261 in
Poland. Moreover, the influence of the total length of
the barriers and height of the sampling point on the
metal contents in samples was assessed. The overall
content of the metals in samples was done using flowinjection differential-pulse anodic stripping voltammetry (FIA DP-ASV).

2. MATERIALS AND METHODS
2.1. Samples collection
Samples of barrier dusts were collected at the roadway side from three noise barriers (hereafter named
as barrier 1, 2 and 3) located along E261 express road
near Poznań (Poland) (see Figure 1) in the fall 2014.
The lengths of the noise barrier 1, noise barrier 2, and
noise barrier 3 were 1700, 181, and 326 m, respectively. The heights of the barriers were 5 m, with
exception of the noise barrier 1, which was 4 m in
height. Dust was collected from lower (0.0-0.5 m) and
higher (2.0-2.5 m) parts of the barriers using the negative pressure (three samples were collected from
each sampling point). All of the samples were left to
dry for one week in sterile laboratory conditions. Ash
samples were further sieved through 1 mm meshes
and stored in a closed laboratory container.

Figure 1.
The location of E-261 expressway in Poland. The samples
originated from the noise barriers located near (20 km) to
Poznań
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Figure 2.
Scanning electron micrographs and energy dispersive spectra of MFE electrode surface

Figure 3.
The scheme of the used flow-injection system with DPV as analytical tool

2.2. Apparatus and chemical reagents
A MicroAutolab electrochemical analyzer (Eco
Chemie, Utrecht, Netherlands) as well as the flowthrough cell of wall-jet type were used during the
experiment [11]. Nitric acid (65%), hydrogen peroxide (30%) and acetic acid (99.8%) (all puriss. p.a.,
supplied by Fluka), hydrofluoric acid (pract. 73%,
Fluka), and sodium chloride (puriss. p.a., Aldrich)
were used. All solutions were prepared in freshly distilled water obtained by reverse osmosis (WatekDemiwa 5 Rosa system, Czech Republic) followed by
triple distillation (quartz apparatus).
2.3. Samples preparation
In order to determine lead and cadmium content in
barrier dusts, the samples were decomposed. First,
1.0000 g of each sample was weighted, placed inside
high teflon beaker and treated with 2 mL of 73%
hydrogen fluoride. The obtained solution was heated
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with the use of graphite heater until evaporation.
Next, in order to mineralize residual organic substances, 1 mL of 65% nitric acid and 2.5 mL of 30%
hydrogen peroxide (in 0.5 mL portions) were added
and the sample was evaporated again. Afterwards,
1 mL of 65% nitric acid was added and the beaker
was covered with a watch glass and heated for 2 hours
(in 100°C). Finally, the obtained sample was percolated, transferred into a 25 mL volumetric flask and
filled up with distilled water.
2.4. Determination of cadmium and lead content
The contents of cadmium and lead in water solutions
were determined using differential-pulse voltammetry (DPV) with the mercury film electrode (MFE)
(see Fig. 2 for scanning electron micrographs of the
electrode surface) used as working electrode (based
on glassy carbon). Additionally, a flow-injection system enabling the circulation and exchange of base
electrolyte (0.25 M acetic acid) was used. The scheme
of the system is presented in Fig. 3. The detection
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Figure 4.
The average cadmium and lead contents in samples originated from lower and upper sections of three different noise barriers

limit of the used analytical method (calculated on the
3SD basis) was less than 0.25 pM. The electrode
potential was maintained at the value of
0.0 V (vs. the reference electrode) in order to prevent
the oxidation of the mercury film. The reference electrode was the saturated calomel electrode (SCE).
The SCE electrode was inserted jointly with the electrolytic bridge filled with 0.1 M sodium chloride. The
auxiliary electrode (a platinum wire) was inserted
directly into 25 mL volumetric flask. During the
analysis, the preconcentration potential was set at the
value of -900 mV (vs. SCE), while the preconcentration time was 600 s. Afterwards, electrolyte was
exchanged on pure 0.25 M acetic acid and voltammograms were recorded. The differential-pulse amplitude and scanning rate were 50 mV and 16 mV s-1
respectively. The method of subsequent three standards addition was used. The contents of the studied
metals in ash samples were determined using linear
regression. All of the presented error bars represent
standard deviation (n = 3).
2.5. Control measurements
Validation of the analytical method was conducted to
prove its accuracy. This was done by quantitative
determination of cadmium and lead content in a certified reference material (NCS DC 73382 – soil of
Chinese origin). The pre-treatment of the samples
and final determination of the metals was done identically as in the case of the studied barrier dusts samples. Overall, seven soil samples for each metal were
analyzed. The obtained results of cadmium and lead
content in the certified material were 97.5 ± 0.8 µg g-1
134
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(certified value: 98±6 µg g-1) and 4.5±0.2 µg g-1 (certified value 4.3±0.4 µg g-1) and proved accuracy of
the used method.

3. RESULTS AND DISCUSSION
The average contents of cadmium and lead in barrier
dusts collected from the noise barriers are presented
in Figure 4. The content of cadmium ranged from
0.09 to 0.6 mg kg-1 depending on the sampling point
height and length of the noise barrier. The same
dependence was observed in the case of lead, but its
content in barrier dusts was higher and ranged from
11.873 to 38.193 mg kg-1. Moreover, at lower parts of
the barriers (0.0-0.5 m) the contents of both metals
were usually higher compared to higher parts
(2.0- 2.5 m), which may be connected with the intensive rinsing of the dusty surfaces in higher sections of
the barriers by rainfall. Only in the case of lead content in dusts sampled from the noise barrier 3, the
difference between higher and lower sections was not
significant. We observed a positive correlation
between the length of the barrier and the total concentration of the studied metals in samples. The barrier dusts sampled from the longest barrier (barrier 1) contained the highest levels of cadmium and
lead. However, this relationship was not proportional to the overall barrier length, as the samples from
the barrier 1 contained only 34-57% more lead and
45-114% more cadmium compared to barrier 3
(which was more than five times shorter). On the
other hand, the longest barrier was also the lowest
(4 m). Probably, this aspect had additional influence
on the barrier dust dispersion and total content of the
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the noise barriers on heavy metals bioaccumulation
in arable soils and by edible plants cultivated near to
roadway areas.

4. CONCLUSIONS
Total content of metals changed with relationship to
the noise barrier structure (length) and height of the
sampling point – higher levels of both metals were
detected in lower sections of the barriers. Although
leaded petrol is no longer used as fuel, the content of
lead in barrier dusts along expressways is still significant and should constantly be monitored along with
other heavy metals, such as cadmium. The need for a
continuous monitoring of heavy metal content in the
barrier dusts is particularly important for the roads
located near to agricultural areas. The studied barrier dusts contained different quantities of lead
[11.873 to 38.193 mg kg-1] and cadmium [0.09 to
0.6 mg kg-1].

ACKNOWLEDGEMENTS
The study was funded by Polish Ministry of Science
and Higher Education in the framework of project
no. DS/03/31/DS PB/0338.

REFERENCES
[1]

Skerfving S.; Heavy metal toxicology. Applied
Radiation and Isotopes, Vol.49, No.5-6, 1998; pp.697

[2]

Pei X., Chaolin L.; Lead contamination of soil along
road and its remediation. Chinese Journal of
Geochemist, Vol.23, No.4, 2004; pp.329-332

[3]

Dziubanek G., Baranowska R., Oleksiuk K.; Heavy
metals in the soils of Upper Silesia – a problem from
the past or a present hazard? Journal of Ecology and
Health, Vol.16, No.4, 2012; pp.169-176

[4]

Hjortenkrans D., Bergback B.O., Haggerud A.; New
metal emission patterns in road traffic environment.
Journal of Environmental Monitoring and
Assessment, Vol.117, No.1-3, 2006; pp.85-98

[5]

Ewen C., Anagnostopoulou M.A., Ward N.I.;
Monitoring of heavy metal levels in roadside dusts of
Thessaloniki, Greece in relation to motor vehicle traffic density and flow. Journal of Environmental
Monitoring and Assessment, Vol.157, No.1-4, 2009;
pp.483-498

[6]

Ward N.I., Savage J.M.; Metal dispersion and transportation activities using food crops as biomonitors.
Science of the Total Environment, Vol.146/147, 1994;
pp.309-319

CIVIL ENGINEERING

ENVIRONMENT

135

E N V I R O N M E N T

studied metals. The previous reports indicate that not
only barrier structure (e.g. length and height), but
also atmospheric conditions (e.g. wind speed and
direction, annual precipitation level) have significant
effect on the dispersion of pollutants in roadway
areas [12, 13]. Some of the studies revealed both positive and negative effect of barriers presence on pollutant dispersion [7, 9]. However, while investigating
the influence of noise barriers on heavy metals dispersion, their water solubility and permeability in soil
should also be taken into account, since barrier dusts
may be washed away from the barriers into surrounding soil by the rainfall. This may result in higher
mobility of the metals and their bioaccumulation by
plants, especially in acidic soils, which are also present in the studied areas of E261 expressway.
The study of Świetlik et al. (2015) [10] showed that
lead content in barrier dusts sampled from the noise
barriers along E77 expressway in Poland ranged from
33.2 to 57.3 mg kg-1, depending on the sampling point
and sampling height. These values are higher compared to our results(11.873-38.193 mg kg-1). Moreover,
in the same study authors indicated higher lead contents in samples originated from upper barrier
sections (1.8-2.4 m) than from the lower parts
(0.0-0.6 m), which is not in accordance with our
observations. However, it should be considered that
E261 expressway (this study) was put into service in
June 2012, while the barriers from the E77 road were
placed between 2009 and 2010. The time difference
may resulted in greater barrier dust accumulation in
the case of the barriers located near to E77 expressway. However, other parameter such as annual traffic
density and atmospheric conditions (e.g. wind speed
and direction, precipitation rate and current season)
prior to sampling could also influence the observed
differences.
The total content of cadmium and lead in barrier
dusts samples presented in this study did not exceed
the values of cadmium (4 mg kg-1) and lead
(100 mg kg-1) maximum acceptable contents for
Polish agricultural soils (according to the ordinance
of Polish Ministry of the Environment 2002 [14]).
Therefore, the possible transfer of the studied metals
into soil pore water should not cause an acute toxicity towards surrounding plants and herbivores (especially ruminants), although chronic effects should not
be ignored. The increase in the deposition of heavy
metals as pollutants from vehicle exhausts on edible
plants raises concerns about the risks for the quality
of food for humans also as secondary emission. Thus,
additional studies should focus on the influence of

e

B .

K a r b o w s k a ,

M .

[7]

Baldauf R., Thoma E., Khlystov A., Isakov V., Bowker
G., Long T., Snow R.; Impacts of noise barriers on
near-road air quality. Atmospheric Environment,
Vol.42, 2008; pp.7502-7507

[8]

Swamy K.T.V., Lokesh K.S.; Lead dispersion studies
along highways. Indian Journal of Environmental
Health, Vol.35, No.33, 1993; pp.205-209

[9]

Bowker G.E., Baldauf R., Isakov V., Khlystov A.,
Petersen W.; Modeling the effects of sound barriers
and vegetation on the transport and dispersion of air
pollutants
from
roadways.
Atmospheric
Environment, Vol.41, 2007; pp.8128-8139

S y d o w ,

W .

Z e m b r z u s k i

[10] Świetlik R., Trojanowska M., Strzelecka M., BochoJaniszewska A.; Fractionation and mobility of Cu, Fe,
Mn, Pb and Zn in the road dust retained on noise barriers along expressway – A potential tool for determining the effects of driving conditions on speciation
of emitted particulate metals. Environmental
Pollution, Vol.196, 2015; pp.404-413
[11] Karbowska B., Zembrzuski W., Jakubowska M.,
Wojtkowiak T., Pasieczna A., Łukaszewski Z.;
Translocation and mobility of thallium from zinc-lead
ores. Journal of Geochemical Exploration, Vol.143,
2014; pp.127-135
[12] Finn D., Clawson K.L., Carter R.G., Rich J.D., Eckman
R.M., Perry S.G., Isakov V., Heist D.K.; Tracer studies
to characterize the effects of roadside noise barriers
on near-road pollutant dispersion under varying
atmospheric stability conditions. Atmospheric
Environment, Vol.44, 2010; pp.204-214
[13] Hagler G.S.W., Tang W., Freeman M.J., Heist D.K.,
Perry S.G., Vette A.F.; Model evaluation of roadside
barrier impact on near-road air pollution.
Atmospheric Environment, Vol.45, 2011; pp.25222530
[14] Ordinance of Polish Ministry of the Environment
regarding the soil quality standards, (09.09.2002).
[Rozporządzenie Ministra Środowiska z dnia 9 września 2002 r. w sprawie standardów jakości gleby oraz
standardów jakości ziem, Dz. U. Nr 165, poz. 1359
z dnia 4.10.2002 r., in Polish]

136

ARCHITECTURE

CIVIL ENGINEERING

ENVIRONMENT

1/2017

