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TRACE METAL CONCENTRATIONS IN Pleurozium schreberi
AND Taraxacum officinale ALONG THE ROAD NO. 7

ZAWARTO SCI METALI SLADOWYCH W Pleurozium schreberi
| Taraxacum officinale WZDtU Z DROGI NR 7

Abstract: The aim of this study is to test two plant spedies common dandelioFaraxacum officinale and moss
Pleurozium schreberi, as bio monitors of trace metal pollution emittgdnotor vehicles. The samples of the moss
Pleurozium schreberi (green segments) and the common danddl@aaxacum officinale (leaves) were collected
within 12 transects along the state road No. E@&t @hyzne, Sothern Poland. The transects weredldaat the
eastern and western side of the road (downwindugmdnd towards prevailing winds), at the followidgstances
from the road: 5, 50, 100, 300 500 and 600 m. Tetaicentrations of Cr, Cu, Ni, Pb, Sb and Zn in plent
material were determined. The studied species aglated trace metals in the similar amounts. Stedilly
significant differences in metal concentrationsasen two plant species were observed only in tee 0ACu and
Pb. Copper concentrations were higher in the commandelion, while the mos®leurozium schreberi
accumulated considerably higher amounts of Pb.€lfen statistically significant negative corraatibetween
the trace metal concentrations in plants and tistandte to the road. There are also statisticatipifitant
differences in concentrations of Cr, Cu, Ni, Pb &mdin the common dandelion between the sampldeatet
from the opposite sides of the road: upwind/dowminiowards the prevailing wind direction at the aligte up to
300 meters. The concentrations are higher on thedmd side of the road.

Keywords: biomonitoring, plants, Southern Poland, spatisiritiution, trace metals, traffic pollution

Introduction

Road traffic is associated with emissions of mamown hazardous and toxic
substances. These include heavy or trace metdigyetic aromatic hydrocarbons (PAHS),
volatile organic compounds (VOCs) and de-icing ssadtmong others [1, 2], which are
emitted by motor vehicles and road infrastructure.

The following metals: Ag, Al, As, Ba, Ca, Cd, Ca, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Pd,
Pt, Rh, Sb, Se, Sr, V, Zn are among the road ¢raffintaminants [3]. Among the most
frequently studied heavy or trace metals, assatiatth road traffic pollution, are the most
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toxic and emitted in the highest amounts: antimangenic, barium, cadmium, chromium,
cobalt, copper, iron, mercury, molybdenum, nickead, platinum group elements (PGE:
platinum, palladium, rhodium), vanadium and zinc.

Traffic-related metals introduced into the envir@mhderive from many different
sources of emissions, including vehicular: tiraskle and clutch linings, car bodies, motor
parts, fuel additives, lubricants [4, 5] and notmealar sources: road pavement and
embankment, roadside screens, de-icing substafiegls Folkeson et al. [9] identify the
following sources of road pollution: traffic and rga, pavement and embankment
materials, road equipment, maintenance and opearatid external sources.

The main sources of Ba, Cd, Cr, Cu, Mo, Pb, Shaénbrake linings (pads) and tires
[1, 4], Cd, Cr, Cu, Hg, Ni, Pb, V and Zn deriverfiodoad pavement materials [6, 10], Ba,
Cd, Cu, Ni, Zn from lubricants [1], and Cd, Cr, Q\i, Pb, Pt, V come from fossil fuel
combustion, catalyst and antiknock additives [SheTuse of new technologies and
materials has resulted in introducing new traceaintt the environment. For instance,
banning leaded petrol (and introducing lead-freel)flhas resulted in a considerable
decrease of Pb emissions. Pb is no longer an imdicd road pollution. However, such
elements like Ba, Cr, Cu, Mo, Sh, Zn and alsoipleth group elements (PGE) have been
suggested as new tracers of traffic pollution [11].

Roadside pollution depends on many factors, iistadce to the road, traffic density,
road profile and also on environmental factorsudiig: topography of adjacent area [3, 7,
12-14], land cover [8] and meteorological factarsluding precipitation, wind speed and
wind direction [12, 13, 15].

According to Piron-Frenet et al. [12] and Viardat[13], rainfall and wind patterns
may, to some extent, influence the dispersion ofiQpdate matter deposition and hence
metal pollution. Road location with respect to #heminant wind directions determine
propagation and dispersion of traffic emissions.e Téhominant wind direction may
influence the extent to which the road affects sherounding environment and may also
cause disproportions in pollutant deposition onltbth sides of the roads [12, 16].

In particular, dominant wind directions on the espd road sections, crossing
mountain ranges and open flat area, may influereglarity in pollutant deposition on
the both sides of the road. However, the wind dioadn the mountain valleys follows the
shape of the valley and hence the road directi@h [1

Viard et al. [13], Masoudi et al. [15], Hagler &t @6] and Bernhardt-Romermann et
al. [17] report that road pollutants measured iadralust, soil and plants, at the same
distance upwind and downwind of the road exhibffedént concentration. The higher
pollutant concentrations are usually observedatthwnwind side of the road. The authors
explain this pattern with the differences in dommihaind directions in the studied areas,
which help remove pollutant particles from one sifléhe road to another.

Hagler et al. [16] find a nearly fivefold differee in ultrafine particle UFP
concentrations between the upwind and downwinds s@it the mayor road in North
Carolina, USA. The highest UFP concentrations veérserved in the nearest vicinity to the
road on downwind direction. Studies conducted bgr¥iet al. [13] confirm the higher
concentrations of Pb content in road dust measonetthe downwind than the upwind side
of the road. Deposition of deicing substances datrdgen compound in soil, according to
Bernhardt-Romermann et al. [17] affect motorwaySauthern Germany up to 230 m on
the downwind side of the road, in contrast to tpevind side, where it does not exceed
80 m. Masoudi et al. [15] report distinctions iade metals concentrations in soil samples
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collected at the same distance from the both simfethe road, explaining them by
differences in wind directions and strength inshelied areas.

There is a very scarce literature, if any, conaggrthe influence of prevailing wind
directions on the discrepancies in pollutant cotregions in plants on upwind versus
downwind sites of the road, for instan€&raminaceae species [13] and mossBkurozium
schreberi, Hylocomium splendens, Scleropodium purum andAbietinella abietyna [1].

Plant species are known as biological monitors iaditators of the environmental
pollution. Their indication availabilities will réfct either the level of cumulated pollutants
(bio monitors) or harmful effects imposed on orgams - bio indicators [18, 19]. Widely
applied studies with use of bio monitors give thamtitative information on the quality of
the environment, e.g., on atmospheric pollutionsMuf research dealing with bio monitors
provides information on trace element or heavy mefdlution [20-22]. Mosses are
regarded to be very sensitive bio monitors of tb#ufion, because these species reflect
atmospheric deposition of heavy metals and haven lagplied for several decades in
environmental studies [1, 23]. The level of heawtais in mosses can be influenced by air
pollution emission factors and modified by othectéas such as: climate (precipitation),
altitude, species, age and part of moss [18]. MameiesPleurozium schreberi (Brid.)
Mitt. along with Hylocomium splendens (Hedw.) B.S.G. are the most often used monitor
species [24-26]. The speci®eurozium schreberi (Brid.) Mitt. is highly recommended
because of its widespread occurrence as well ats @xceptional ability to accumulate
elements from the air, reflecting environmentallygn. Well-developed surface of the
plant helps to trap easily pollutant particles froime air, and the lack of cuticula layer
enables it to retain and accumulate pollutants [28]. The moss species including
Pleurozium schreberi have been also used for monitoring of traffic tedla pollutants
i.e., trace metals [1, 28].

In recent decades, vascular plants have been colyrapplied as bio indicators and
bio monitors because of their high abundance ardksgread presence. Vascular plants
monitor environmental changes in space and timé. [H8wever, most of the vascular
species accumulate trace metals to the consideledder extent than mosses and lichens.
For a long time, many authors have recommendedctimmon dandelioriTaraxacum
officinale Weber as a suitable worldwide trace metal bio moonand bio indicator
reflecting quantitative air pollution [29-36]. Tlspecies is easy to identify, geographically
widespread and occurs in meadows and pasturesrafusalocalities, including urban,
industrial and agricultural areas, polluted to tharious extent. The species reflects
traffic-born pollution including trace metals [3%]3

The aim of this study is to test two plant specths, common dandeliofaraxacum
officinale and mossPleurozium schreberi, as bio monitors of spatial trace metals traffic
pollution.

Material and methods

Study area

The study area was situated along the state roadERb (national road DK7) between
villages Jablonka and Chyzne, county Nowy Targath&rn Poland, in the vicinity to the
border crossing to Slovakia. Geographical cooréistathe latitude and longitude and
elevation are 49°43'N, 19°67’'E and 649 m above lswal respectively. According to
Koppen classification, the area is characterizedelyperate continental climate. The data
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for the average annual precipitation, temperatacewind speed are about 115 mm, 7.5 °C
and 10 km/h, respectively. The dominant wind dimewt are S, SSW and W for the
analyzed area [40, 41].

The road no E77 plays an important role in theditaraffic towards southern Europe.
The traffic density on the road section betweerloidda and the state border was about
5000 vehicles per day in 2015 and the speed lim# 90 km per hour [42].

Sampling

The samples were collect@d 12 transects near the Slovak state border. fEmseacts
were located perpendicularly to the road, on tisteza and western side of the road, in the
open area: meadows and pastures as well as inoheéland.

Berlin Poland
® Warsaw
O]
JABLONKA
Prague

®

Czechia
“h [ Vienna Slovakia
& ® 200kmi—

CHYZNE

open area transect
#PPMNPe  woodland transect

Fig. 1. Location of sampling sites

With respect to the prevailing wind direction, thansects were located upwind
“non-road emission source” (E transects) and dowdwifrom road emission source”
(W transects) relative to the road (Fig. 1). Eaelmgect included six sampling sites at the
following distances from the edge of the road:®, B0, 300, 500, 600 m (Fig. 2). In order
to avoid the influence of local pollution sourcesnpling sites were situated at least 500 m
from housing estates. The reference area was eitusduth of Chyzne village in the
Jelesnia stream valley, at the minimal distancatmdut 5 km from roads and individual
houses.
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Fig. 2. Scheme of sampling transect

Material

Two biomonitor species, the moss spedaurozium schreberi (Willd.) Mitten. and
the common dandelionTaraxacum officinale Weber, were selected for the study.
The selection criterion for species was their widemmon) distribution within sampling
area.

Samples of the common dandelion were taken witixiiransects located in the open
area and the moss samples within six transectwinvbodlands (Fig. 1). Each species was
sampled at 36 road sites. The mean sample of gaeties consisted of ten primary
replicate samples collected in one site. In caseTarbxacum officinale the primary
replicate sample consisted of 10-30 fully develofsaves, without imperfections, such as
chlorosis or necrosis, taken from 3-5 individuahrgk. In case of carpet forming moss
speciesPleurozium schreberi, the primary replicate samples (green segmentshobts)
were collected at least from 5 individual patchdartips), not from under the tree crowns.
In total 84 mean plant samples, including 12 refeeesamples, were taken. Field sampling
was conducted after a few days without rainfalSaptember 2015. Material was placed in
polyethylene bags.

Methods

Chemical analysis

According to suggestions of the following authoMankovska et al. [43] and Sawidis
et al. [44] concerning sample preparation procedine plant material was left unwashed.
The samples were dried in an electric drier attémeperature of 400 °C for 72 h. Needles
were separated from branches. Equal amounts ofdsierfrom primary samples from the
same plot were combined. Dry and homogenized sampére pulverized in an electric
grinder. Portions of 0.4 g dry weight material wptaced in teflon vessels. 5 twf 65 %
HNO; and 3 criiof 36 % HO, were added to each vessel. The mixture was minedain
a microwave Berghof Speed Wave in temperature Z0arfd at pressure of 4 MPa. After
processing the samples were diluted with deionizatér to a total volume of 50 ¢rand
filtered through hard paper filter. The final saduis were analysed for trace metals using
flame atomic absorption spectrometry (FAAS) with spectrophotometer model
Hitachi Z 2000. Total concentrations of Cr, Cu, Ry, Sb and Zn were determined.
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Satistical analysis of the data

The statistical analysis was conducted using $itzi40.0 software. The Shapiro-Wilk
test was used to test whether the data followechdinmal distribution. The Mann-Whitney
U test was performed to examine whether differemegdant metal levels on upwind and
downwind locations (sites) were statistically sfgraint. The Mann-Whitney U test was
also used to compare metal concentrations betweemossleurozium schreberi and the
common dandelioffaraxacum officinale. The relationship between metal concentrations in
plants and the distance from the road was testednbsins of the Spearman R rank
correlation coefficienR. The significance level = 0.05 was established.

Results

Plant species variations

The mean concentrations of Cr, Cu, Ni, Pb, Sb améhZhe moss specié¢eurozium
schreberi and the common dandelidiaraxacum officinale at the distances 5, 50, 100, 300,
500 and 600 m from the road are presented in Tdbéesl 2.

Table 1
Mean concentrations and standard deviations o tnaetals in the moss specksurozium schreberi forn =6
Side of | Distance Trace metals [ug/g d.m.
the road [m] Cr Cu Ni Pb Sb Zn
5 84 +15 8.2+1.8 39.0 +8.1 9.5 #2. 0.68+0.28 33%.0
50 75 12 7718 37.4485 9.4 £2.6 0.67+0.24 .0331.3
W 100 72 +12 7.6+1.2 37 +10 9.3 2. 0.67 +0.21 B3
300 53 +16 6.6 +1.8 3313 7921 0.57 +0.26 29 +
500 36 +12 4.7+21 26.4 +8.2 5.9+2.p 0.45+0.16 2.027.1
600 35 +10 45+1.2 26.0 6.4 5.3#1.7 0.28£0.13 1.024.1
5 76 30 8.0+24 38.5 £8.5 8.6 £3.2 0.82 +0.28 +36
50 7122 7.3+2.0 35+11 8.6 +3.] 0.78 +0.36 RO
E 100 63 +25 7.63.2 38 +12 9.4 £3.4 0.73+0.32 303
300 64 +19 7.7 2.0 35.9 #9.7 8.2+1.9 0.68+0.26 232
500 44 10 6.4 2.2 3312 8.8 £3.% 0.5 +0.2 290+
600 46 11 55+25 3013 7.2%2.7 0.39 +0.17 2B5B
Reference sites 35.0+4.4 5.0 £1.6 25.8 +6.3 5.1+] 0.29+0.16 20.0£7.6

The metal concentrations in the moss speklearozium schreberi calculated for all
sites (5E, 50E, 100E, 300E, 500 E, 600 E, 5w, 5000w, 300W, 500W, 600W and the
reference sites) were as follows: 58 +2§ Cr/g d.m.; 6.6 +2.3ug Cu/g d.m.;
33 +11 ug Ni/g d.m.; 7.8 +2.8ug Pb/g d.m.; 29.6 +9.8ug Zn/g d.m. and
0.56 +0.29 ug Sb/g d.m., and in the common dandelidaraxacum officinale:

57 +27ug Cr/g d.m.; 10.4 £7.Qg Cu/g d.m.; 36 +16ig Ni/g d.m.; 6.8 +4.Qug Pb/g d.m.;
45 +38 ug Zn/g d.m. and 0.63 0.4@g Sb/g d.m., respectively. Chromium was
accumulated in the highest amounts in both plaetigg, while Sb was accumulated to
a lesser extent. Descending sequences of averagéanrcentrations were as follows: for
the mossPleurozium schreberi: Cr > Ni > Zn > Pb > Cu > Sb and for the common
dandelion: Cr > Zn > Ni > Cu > Pb > Sb.

The examined plant species accumulated trace madtalssimilar amounts.
The Mann-Whitney U test showed statistically sigiht differences in metal
concentrations between species only in the casuaind Pb. Copper concentrations were
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higher in the common dandeliop € 0.001), the mosBleurozium schreberi accumulated
considerably higher amounts of P € 0.001), whereas the interspecies differences for
other metal contents were not statistically sigaifit.

Table 2
Mean concentrations and standard deviations o tnaetals
in the common dandeliofaraxacum officinale for n = 6
Side of | Distance Trace metals [ug/g d.m.
the road [m] Cr Cu Ni Pb Sb Zn
5 89 14 11.4 +6.0 48.6 6.9 8.4 3.8 1.40 +0.67 +98
50 56 +14 7.6 3.8 38.1 7.3 7.5+3.5 0.72+0.26 .439.7
100 47 £20 6.4+2.1 3114 6.2+2.4 0.84 +0.63 a1 +
w 300 42 #11 8.2+4.8 26 ¥12 6.9+2.8 0.59 +0.27 289
500 38 +12 74135 25.5 5.9 6.2 +2.8 0.38+0.19 4.028.9
600 35.7 £8.6 5.9+1.7 26.6 +6.4 4.4 16 0.3450.1 18.85.0
5 109 £32 20.7 £9.6 75 +14 14.2 450 0.95 +0.48 1368
50 76 ¥25 20.4 7.3 43 £13 11.1 +46 0.80 +0.36 +58
100 7123 19.0+5.9 36.7 £9.4 7.3+3.0 0.74 +0.34 39 +19
E 300 59 +12 12.945.1 33+14 6.0 +1.Y 0.62 +0.35 +33
500 44.8 £7.8 7.9+15 30.2 £7.7 4420 0.5580.8 29.9+9.2
600 38 13 6.5+1.6 29.7 £7.9 3.8+1.8 0.48 +0.26 5.528.3
Reference sites 35.9+7.8 5.9 1.5 24.9 6.8 4.2+] 0.18+0.08 19.2+5.9

Distance to the road

There was a systematic relationship between metatentrations in plants and the
distance to the road. The moss and the common blamdie the direct vicinity of the road
(5 m) accumulated higher amounts of metals thasetHocated at the distances of up to
600 m. Enrichment coefficients calculated as a ignbtof Cr, Cu, Ni, Pb, Sb and Zn
concentrations in the moss and in the common demdat the distances of 5 and 600 m to
the road were 2.0, 1.6, 1.4, 1.5, 2.2, 1.4 and26,2.2, 2.8, 3.0, 5.3, respectively. Hence,
one may conclude that the plants were influenceddhycle emissions to the considerable
extent. There was a negative and statistically ifsigmt correlation between metal
concentrations in sampled plants and the distandbe road, regardless of whether the
upwind or the downwind side of the road was congideand regardless of the plant species
considered. In the case the mBbaurozium schreberi, the most significant correlation was
observed for chromiumR(= —-0.82;p < 0.001) and anthymondR(= —0.61;p < 0.001).
The weakest correlations were found for lead arwkehi However, in the case of the
common dandelion the most statistically significaatrelations were found for chromium
(R=-0.78;p < 0.001), leadR = —-0.72;p < 0.001), anthymoneR(= —0.72;p < 0.001) and
zinc R = -0.80;p < 0.001), while the weakest correlations pertaitedCu contents of
copper and nickel.

Downwind versus upwind roadside variations

The differences in metal concentrations betweendimnstream and the upstream
group of roadside plants, regardless of the distawere tested using the Mann-Whitney U
test. The U test did not show statistically sigr@fit differences between the wind direction
(downwind “from road emission source” and upwindtrroad emission source”) and
metal concentrations in the mo$¥eurozium schreberi, however, for the common
dandelion statistically significant differences weasbserved in the case of Qr < 0.05),
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Cu (p < 0.001) and Nig < 0.05). The concentrations of the above-mentianethls were
higher on the downwind side of the road.

There were statistically significant differences<(0.05) between metal concentrations
in the dandelion samples collected up and downwiatiside, at the same distances.
In particular, differences occurred in the casé€afat distances of 5, 50, 100 and 300 m,
Cr for 50, 100, 300 m and in the case of Ni, Pb Zndnly for 5 m from the road (Table
3). In the mosdleurozium schreberi statistically significant difference$ (< 0.05) were
found only for chromium at the distance of 600p1=(0.049).

Table 3
Differences in trace metal concentrations in th@mmn dandelioTaraxacum officinale on the upwind and
downwind roadside (Mann-Whitney Test U)

Distance Metal

[m] Cr Cu Ni Pb Sb Zn

5 n.s. 0.005741 0.000583 0.017216 n.s. 0.005796
50 0.041098 0.000580 n.s. n.s. n.s. n.s.
100 0.034227 0.00018T n.s. n.s. n.s. n.s.
300 0.00404% 0.031146 n.s. n.s. n.s. n.s.
500 n.s. n.s. n.s. n.s. n.s. n.s.
600 n.s. n.s. n.s. n.s. n.s. n.s.

" p<0.05" p<0.01, n.s. - not statistically significant

Discussion

Kabata-Pendias and Pendias [45] have establisteedyfiical range of trace metal
levels for mature leaf tissue in various specievadcular plants. These are as follows:
0.1-0.5pug Cr/g, 5 to 30ug Cu/g, 0.1-5.0ng Ni/g, 5-10 ug Pb/g, 7-50ug Sb/g,
27-150pug Zn/g d.m. The above-mentioned authors also diedsihe following ranges:
5-30 ug Cr/g, 20-100pug Cu/g, 10-100ug Ni/g, 30-300ug Pb/g, 150ug Sb/g and
100-400ug Zn/g d.m. as toxic concentrations.

In our study, only Cr and Ni concentrations in greegments of the moBbeurozium
schreberi and in the leaves of common dandelion sampletieatlistance of 5 m from the
road exhibited toxic contents quoted by Kabata-Rendnd Pendias [45]. Chromium
concentrations were almost three times higher thartoxic range. The data obtained for
Ni were higher than the normal range and reachedtdlic values. In addition, zinc
contents were lower than toxic ranges and onlyh#ijgexceeded normal concentrations.
Copper and lead contents did not reach toxic valoeglants and fell within the normal
range for plants. Antimony concentrations measumeithis study were lower than normal
ranges [45].

Generally, the level of element accumulation deperwh the plant species.
Nevertheless, the mos3eurozium schreberi and the common dandelion did not differ
widely in uptake efficiency. Regardless of the aliste to the road, the common dandelion
accumulated metals to a slightly higher extent tti@nmoss species, with the exception of
Pb. This finding contradicts the earlier studiesKxyrzeniowska and Panek [46] carried
along the forest area at the road Krakow-Zakopaeetion Pcim-Zabornia, Southern
Poland, which stated that the concentrations of @1, Ni, Pb and Zn in the moss
Pleurozium schreberi were higher than those found in the common daodelihe contents
of Cu, Pb and Zn in Pleurozium schreberi at Chymmee 2-3 times lower than those
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observed along the road Krakow-Zakopane. It magXpdained, to some extent, by the fact
that traffic density on the road Krakow-Zakopaneswaice as high as that of the road no
E77 at Chyzne state. In the case of the commonediangd metal concentrations at Chyzne
were higher than those found along the road Krakakepane. The results obtained for
the Pleurozium schreberi indicate that the roadside moss species accurdusateeral times
higher amounts of metals than those observed iarakwmoss species by Harmens et al.
[47] in Europe, Krommer et al. [48] in WienerwaldoBphere Reserve and Klos et al. [49]
in forests of north-eastern Poland (especiallyNoiand Pb). There are available data on
trace metal concentrations in the moss spdieg ozium schreberi along traffic routes are
very scarce. Suoranta et al. [28] reported theoWahg concentrations (mean value):
110 ug Cr/g, 11 ug Cu/g, 6.2 ug Ni/g, 3.3 ug Pblg6 pug Sb/g and 73 ug Zn/g for the
highway in Oulu, Finland. Our present data for Rl and Sb were several times higher
when compared to those given by Suoranta et alff2&8he Finnish roads.

The common dandelionTaraxacum officinale is regarded as a convenient
environmental indicator. The mean metal concemtnatin dandelion collected in Poland
and reported by Kabata-Pendias and Pendias [45] @& pg Cr/g, 9.4ug Cu/g,
3.4 ng Ni/g, 1.1ug Pb/g, and 45ug Zn/g. In contrast to thEleurozium schreberi moss
species, there are many studies referring to rdadsietal pollution monitoring, using the
Taraxacum officinale species (Czarnowska and Milewska [37] for Warszajingova
et al. [33] for highways in Germany, Ligocki et f84] for Szczecin, Giacomino et al. [38]
for Cuneo province, Italy and Kovacik et al. [3&]r fKosice, Slovakia). Those results
considerably exceeded mean values for Poland expdiy Kabata-Pendias and Pendias
[45] in the case of Cr, Ni and Pb, regardless efdistance from the road.

Proximity to the road is regarded to be the maictdia affecting roadside
environments. Road traffic results in higher palhitconcentrations in the environmental
components in the direct proximity to the road. tdfle&oncentrations in soils and plants
decrease with distance from the road to reach badokg level at the distance ranging
widely according to the various authors up to sgMeundred meters [1, 3, 12, 13].

In our study, metal concentrations in plant samplese significantly correlated with
the distance to the road, regardless of the plpaties considered. Our data showed
considerably higher Cr, Ni, Zn concentrations ie tlirect proximity to the road, when
comparing to the figures reported by Kovacik etff26] for the vicinity of traffic roads in
Kosice and by Giacomino et al. [38] for Italian pirce of Cuneo. The data referring to the
distance of 300-600 m matched the data reportelabata-Pendias and Dudka [29] for
Poland, Czarnowska and Milewska [37] for Warszavigocki et al. [34] for Szczecin.

The existing literature finds differences betwepwind and downwind concentrations
of particle matter PM [16, 51, 52], metal conteintsthe roadside soils [13, 15] and in
roadside plants [1, 13]. However, the results abech Hagler et al. [16] find significant
differences in ultrafine particle UFP concentrasidmetween the upwind and downwind
sites of the road with the higher amounts of UFRdebserved downwind from the road.
However, the results in Garcia et al. [51] conaggrparticle matter PM concentrations near
highways show no evidence of a significant upwindree influence. Roorda-Knape et al.
[50] and McGee et al. [52] report no correlationtwsen PM concentrations and
down/upwind road locations.

Viard et al. [13], Masoudi et al. [15] find Cu, Pbn different concentrations in the
soils at the upwind and downwind locations from tbad at the same distance. The higher
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pollutant concentrations are usually observed athwnwind side of the road, towards the
prevailing wind direction.

Among very few studies on influence of wind direction metal concentrations in
roadside plants, those performed by Zechmeistal.efl] and Viard et al. [13] show
differences of some trace metal contents in plantkected from two sides of the road.
The authors conclude that higher values are founwehdind from the road.

The prevailing wind direction, across our studyaaie a southern one (1319 hours per
year). Eastern winds are four times less freq®®® hours per year than Western winds
(759 hours per year)). The differences in prevadeof Western and Eastern winds may
explain higher metal pollution on the downwind,teas side of the southbound road.

Our study revealed statistically significant difaces between metal concentrations in
the common dandelion at the two sides of the rd&e. concentrations were higher on the
west side (downwind from traffic emission sourcashwever, no differences in metal
concentrations in the mo&eurozium schreberi were observed. Plant cover influences, to
some extent, pollutant dispersion in the vicinitythe road. The samples of the common
dandelion were collected in the open area, whettgasnossPleurozium schreberi in the
forest. The forest trees may have played a roleatdfiral screen, trapping dust particles,
causing disturbances of wind stream, and thus himgleroad pollutant propagation.
This conclusion is in line with the work of Suchataal. [26] who reported dependence of
metal content in mosses on land cover: open aréavandland. Concentrations decreased
with increasing tree density and canopy density.

Our results indicating statistically significantffdrences in metal contents in the
common dandelion between upwind and downwind sid¢he road are similar to the
conclusions of Viard et al. [13] for the Graminageand of Zechmeister et al. [1] for the
mosses (though not for the md3surozium schreberi).

Conclusions

1. The distance to the road influenced metal camnagons in both plant species. Cr, Cu,
Ni, Pb, Sb and Zn concentrations decreased withligiance to the road.

2. Statistically significant differences in the mletontent in the common dandelion
between the upwind and the downwind sides of tlael nwere observed. As expected,
higher concentrations were found at the downwir@tions.

3. The common dandelion accumulated trace metdligher amounts than the moss
species Pleuroziium schreberi, however, the differences were not statistically
significant. Nevertheless it can be regarded asrg suitable phytoindicator of metal
traffic pollution in the open area, occurring wigessadly at the highly polluted sites,
including direct vicinity to the road.
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