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Abstract. Atmospheric pollution generated by motor vehicular exhaust has become one of the major reason for scien-
tific and public concern on a world scale. The area of investigations was situated near the main park of Vilnius 
(Vingis park) and Geležinis Vilkas street (Lithuania). The place for the sampling of mosses was chosen according to 
the high intensive flow traffic that can cause possible pollution to the atmosphere. 
All samples of mosses were taken in this order: 5, 15, 25, 35, 45 meters from the Geležinis Vilkas street. Heavy met-
als (HM) were investigated by Atomic Absorption Spectroscopy (AAS), using 210VGP absorption spectrophotome-
ter at VGTU laboratory. Results of investigation determined, that HM content in samples of Pylaisia polyantha 
mosses decreased with a distance from the street. The highest concentrations of HM pollutants were found at the 
distance 5 and 15 meters from the Geležinis Vilkas street. Accumulations of HM were found in samples of mosses in 
this order: Zn > Cu > Pb > Cr, Ni. 
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1. Introduction 
 

Transport plays a fundamental role in the lives of 
societies and individuals: how people interact, work, 
play, organize production, develop cities, and get access 
to services, amenities and goods is inextricably linked 
with the development of mobility and the choices people 
make about it. In societies that rely heavily and increas-
ingly on private motorized transport, vehicles are ex-
pected to become safer, more luxurious and powerful, 
and to be driven more frequently. These expectations, 
however, often do not take account of the ensuing conse-
quences: increased fuel consumption, greater emissions 
of air pollutants and greater exposure of people to haz-
ardous pollution that causes serious health problems 
(Health effects… 2011). 

Nowadays, air pollution generated by motor vehicu-
lar exhaust has become a major cause of scientific and 
public concern worldwide. A new report by the World 
Health Organization (WHO) showed that long-term at-
mospheric pollution from cars in Austria, France and 
Switzerland triggered an extra 21.000 premature deaths 
per year from respiratory or heart diseases, more than the 
total number of annual traffic deaths in the three countries 
(The environment… 2010; Jafary and Faridi 2006). 

There are many traditional studies on atmospheric 
contamination but most of them have been limited by the 

problems of requiring great efforts such as high cost of 
investments in infrastructure and manpower. Therefore, 
traditional methods of assessing the environmental pollu-
tion are currently, often replaced with biomonitoring 
methods. Besides, it is not possible to install equipments 
in all locations needed due to the great extension of terri-
tory. Moreover, one of the main benefits to be gained 
from studying heavy-metal fallout through moss analyses 
is that metals are accumulated by the moss, leading to 
concentrations which are much higher than in air, rain 
and snow. The problems of contamination during sam-
pling and analysis are therefore relatively small, and 
sampling can be carried out using relatively simple meth-
ods (Harmens 2010; Kłos et al. 2009; Saiki et al. 2007; 
Szczepaniak and Biziuk 2003). 

Mosses possess many properties that make them 
suitable for monitoring air pollutants, they are cheap and 
easyt to apply, moreover, mosses obtain nutrients needed 
for their vital processes from wet and dry deposition and 
they do not have real roots. Nutrient uptake from the at-
mosphere is promoted by their weakly developed cuticle 
(the relationship with the substrate beneath is negligible), 
large surface to weight ratio, and their habit of growing in 
groups (Poikolainen 2004; Čeburnis et al. 2002). 

In the late 1960s, two Swedish investigators de-
scribed, for the first time, how mosses could be used as 
bioindicators of HM pollution, and reported a gradient of 
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lead concentrations in mosses growing beside motor-
ways. In recent years much research has involved road 
traffic indicators other than Pb, emission of which has 
been decreased dramatically since leaded fuel began to be 
banned for use in on-road vehicles and lead-free petrol 
was introduced in most economically developed countries 
(Carvajal et al. 2010).  

Pollution, caused by traffic, appears in different 
forms: in gaseous (exhaust emissions), liquid (leakages) 
or in solid form such as dust from the abrasion of tyres, 
brakes and roadway surface. The motor traffic related 
factors affecting the volume of air pollution from a road-
way sources include: traffic volume, vehicle speeds, ve-
hicle mix, and technical condition of vehicles (in Lithua-
nia 75 % of cars are 12-year-old or more), and, in addi-
tion, the roadway geometry and the surrounding terrain 
(Kłos et al., 2009, Mineikait÷ and Vasarevičius, 2008; 
Hääl et al. 2008). 

The pollution emission rates per 1 km length of road 
are as follows: for carbon monoxide from around 3 g/km 
for passenger cars to 30 g/km for buses and lorries, for 
nitrogen oxides: from 0.5 g/km for motorbikes and pas-
senger cars to 2.5 g/km for buses and lorries. The emis-
sions of hydrocarbons are from 0.4 g/km for passenger 
cars to 3 g/km for lorries (Kłos et al. 2009). 

According to Grigalavičien÷ and Rutkovien÷ (2006), 
70 percent of toxic pollutants in roadside constitute of HM. 

The pollutant emissions are transported to different 
distances, depending on the geographic area, its geology 
and the local meteorological factors: fog, wind, rains, 
thermal inversions (Dobra et al. 2006).  

The aim of this work is to investigate and evaluate 
air pollution with HM in mosses along the high intensive 
traffic in Geležinis Vilkas street. 

A rapid development of transport system generates 
many negative outcomes. According to statistics, trans-
port is the main factors influencing air quality and climate 
change in all Europe (Juknys and Dagiliūt÷ 2004; Ignata-
vičius and Oškinis 2004). 

The existing level of automobilization in the City of 
Vilnius amounting to 576 private cars/1000 inhabitants is 
very high and equals to that of the majority of cities of 
Europe.  

During 1999–2009, the average annual growth was 
the greatest in Lithuania and amounted to 7.8 %; al-
though, in the latter years, the level of automobilization 
of the Vilnius City has reached the saturation point and 
started declining (The current… 2010). 

The total vehicle fleet in the capital of Lithuania 
amounts to 390.1 thousand modes of transport, from 
which private cars total 322.0 thousand vehicles. The 
personal car fleet and the total vehicle fleet of Vilnius 
comprise approx. 18.5 percent of the entire vehicle fleet 
of Lithuania (The current… 2010). 

The most intense traffic flow was registered on Ge-
ležinis Vilkas — the main rapid traffic street in the City 
of Vilnius — amounting to 10.35 thousand units of vehi-
cles/hr in both directions, which are 141.8 thousand vehi-
cles per 24 hrs (The current… 2010). 

 

2. Materials and methods 
2.1 Study site 
 

Vilnius is the capital and the biggest transport and 
industrial centre in Lithuania (Fig. 1).  

 
a) 

 
b) 

 

Fig 1. Location of Lithuania in Europe (a); location of in-
vestigation –Vilnius (b) 
 
The place for the moss sampling was chosen accord-

ing to the high intensive flow traffic that can cause possi-
ble pollution to the atmosphere.  

The area of HM investigations is situated between 
the biggest park of Vilnius (Vingis park) and Geležinis 
Vilkas street (54o40’28” N; 25o14’32” E) (Fig. 2). 

Samples of Pylaisia polyantha mosses were taken 
from the Vingis park side (30 x 45 m grid). All samples 
of mosses were taken in this distance order: 5, 15, 25, 35 
and 45 meters from the Geležinis Vilkas street, at each 
distance were taken three samples of mosses, the distance 
between samples in the same distance were 10 meters as 
well (Fig. 2).  
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Fig 2. Vingis park – An area of investigation located in 
Vilnius region, were collected 15 samples of Pylaisia 

polyantha mosses at the distances: 5, 15, 25, 35, 45 meters 
from the Geležinis Vilkas street. Samples are marked as 
dots by the help of GPS coordinates in Google Earth pro-
gram (Google maps... 2010) 

 
The climate of Vilnius region is considered as Hu-

mid Continental or Hemiboreal by Köppen climate classi-
fication. The average annual temperature is + 6.1 °C, in 
January the average temperature is − 4.9 °C, in July it is 
+17.0 °C. The average precipitation in Vilnius is about 
661 millimeters per year. Dominant wind direction - 
South – West, speed 2.5–3.5 m/s (Lithuanian Hydrome-
tereological... 2010, About Vilnius... 2010).  

Samples of mosses Pylaisia polyantha were taken on 
7th of March in 2010, the temperature of weather was 6 
oC; was no rain; dominant wind was South – West. 

According to Vilnius City Municipality, at investiga-
tion area the traffic intensity at Geležinis Vilkas street is 
about 4000–4300 vehicles per hour. 
 

2.2 Sample preparation 
 

Sampling and samples handling of mosses Pylaisia 

polyantha were carried out using plastic non – talcum 
gloves and bags. 15 samples (named from 1 to 15) of 
mosses were cleaned from all forest debris (soil, leaves, 
needles). Samples were handled by clean laboratory 
equipment. 

In order to remove the moisture content of mosses, 
the unwashed samples were dried at 45 ⁰C to a constant 
weight. After removal of moisture, samples were weighted 
again in order to calculate the real mass of sample.  

In order to reduce a wide range of organic com-
pounds matter interference, that is in mosses tissues, and 
allow for the conversion of the HM into a form that can 
be analyzed by AAS, mosses samples were digested in 
muffle furnace E5CK-T, at 450 ⁰C, after  digestion, sam-
ples were left  for 1 h to cool (Determination of… 2010).  

After digestion, mosses were reweighted, in the 
mass loss (organic compounds) was estimated.  

For the analysis, sample of mosses (0.49–0.51 g) 
were mixed with a mixture of 10 ml nitric acid (65 %) 
and 2 ml of hydrogen peroxide (30 %), digestion was 
performed by microwave of Milestone Ethos in labora-
tory of Environmental Engineering department (VGTU). 
Digestion proceeded 35 minutes.  

After mineralization samples were left to cool till 
50–70 ⁰C for one hour. 

After mineralization solutions were poured into 50 
ml flasks and finally, distillated water was pour into 
flasks till the mark of 50 ml (Baltr÷nait÷ et al., 2010). 

Mineralization conditions do not allow the total di-
gestion of mineral particles and a filtration was necessary. 

HM determination was performed by Atomic ab-
sorption spectrometer „Buck Scientific“ 210 VGP. De-
termination was performed for the most popular HM, that 
are spread in the atmosphere (Cr, Cu, Pb, Ni, Zn). 

 
3. Results 
 

Five heavy metals (Pb, Cu, Cr, Ni, Zn) were 
investigated in mosses Pylaisia polyantha, along the high 
intesive traffic Geležinis Vilkas street. Statistical analysis 
of HM concentrations are presented in 3–8 Figures. 
Calculations of HM concentrations were made for dried 
mosses.  

Results of investigation determined that heavy met-
als content in all samples of mosses tender to decrease 
with the distance from the Geležinis Vilkas street. At the 
distance 5 and 15 meters from the Geležinis Vilkas street 
HM concentrations (Fig. 3.) are considerably high and it 
reveals that the mosses near this street are polluted. 

Accumulations of HM in samples of mosses were 
found in this order: Zn > Cu > Pb > Cr, Ni. 

Zinc was the highest accumulated metal of all inves-
tigated HM in mosses. According to Blok (2004) the 
emissions of zinc along roads originating from: wearing 
of brake lining; losses of oil and cooling liquid; wearing 
of road paved surface; wearing of tyres; corrosion of gal-
vanized steel safety fence and other road furniture.  
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Fig 3. HM concentrations near Geležinis Vilkas Street 
 

At the 5 meters distance from the street was found 
the highest concentration of Zinc – 339.956 ± 10.72 
mg/kg in dried mosses (Fig. 4). In samples of mosses at 
15 meter distance from the street, the concentration of 
zinc were lower 210.473 ± 7.24 mg/kg. 

 

 

Fig 4. Zinc concentration in mosses in different distances 
from the street 
 
In 25 meters from the street zinc concentration de-

creased till 139.472 ± 5.24 mg/kg. In 35 meters zinc con-
centration decreased 118.442 ± 5.37 mg/kg. The lowest-
concentration were determined at the 45 meters from the 
Geležinis Vilkas street – 89.515 ± 5.34 mg/kg.  

Next high accumulated metal, which was determined 
in samples of mosses was copper (Fig. 5).   

 

 

Fig 5. Copper concentrations in samples of mosses 

High copper concentrations can come from the engi-
ne as metal wear or as chemical compound dispersed into 
the oil, also from wearing brass or bronze parts, copper 
bushings and from bearings, either cooler cores can be as 
a copper leaching source for diesel cars (Winther and 
Slentø 2010). 

The biggest accumulations of copper were also 
found near the road. At 5 meter from the road mosses 
accumulated 150.426 ± 6.67 mg/kg of Cu. At 15 meters 
distance, the highest concentration was found 85.724 ± 
5.47 mg/kg. 

With the distance from the road the concentration of 
Cu decreased significantly, at the 45 meter from the road 
in samples of Pylaisia polyantha mosses were found 
19.802 ± 2.270 mg/kg. 

Lead levels are quite low in fuels, it may still occur 
in exhaust gas coming from the fuel and from worn metal 
alloys in the engine (Winther and Slentø 2010). 

The biggest concentrations of lead (Fig. 6) were de-
termined at distance 5 – 25 meters from the high inten-
sive traffic street. The highest amounts of Pb were accu-
mulated in 5 meters – 57.615 ± 2.59 mg/kg. 

 

 
Fig 6. Lead concentrations in samples of mosses 
 
In the distance 15 meters Pb decreased till 45.775 ± 

3.90 mg/kg. 35.003 ± 2.35 mg/kg concentration of lead 
were determined at the 25 meters distance from the street. 
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Concentration of lead were determined at the 45 me-
ters distance from Geležinis Vilkas street – 18.236 ± 1.53 
mg/kg. 

Chromium mainly occurs in used oil from wearing 
of e.g. piston rings (Winther and Slentø 2010).  

In the distance 5 meters the highest concentration of 
Cr (Fig. 7) was determined 29.953 ± 3.72 mg/kg.  

The concentration of Cr in mosses were determined 
at the 15 meters distance from the street were – 22.047 ± 
2.470 mg/kg.  

 

 

Fig 7. Cr concentrations in different distance from the 
street 
 
Concentration of Cr decreased till 11.051 ± 2.25 

mg/kg in 35 meters. At the 45 meters distance from the 
road Cr concentration was 7.234 ± 2.45 mg/kg.  

Nickel is present in fuel and as trace element in 
steel. It may also be included in virgin engine oil in very 
small amounts - about 1 ppm (mg pr litre) (Winther and 
Slentø, 2010). 

Ni like all other investigated HM decreased with the 
distance from the road (Fig. 8). The highest concentration 
at 5 meters from the street was 29.559 ± 1.49 mg/kg.  

 

 

Fig 8. Ni concentrations in different distance from the road 
 
At 15 meters from the street the highest concentra-

tion accumulated in mosses 26.596 ± 0.8 mg/kg. At the 
distance of 25 meters the concentration decreased to 
23.386 ± 1.67 mg/kg.  At the 35 meters Ni concentrations 
decreased till 14.196 ± 2.08 mg/kg, the concentration 
decreased more then two times (in comparison with 5 
meters distance). At the 45 meters distance, the biggest 
amount of Ni was found 11.395 ± 1.78 mg/kg. 
 
4. Discussion 
 

In comparison with HM concentrations in some Eu-
ropean countries (in Lithuania as well) (table1), it is evi-

dent, that concentration values of some HM are signifi-
cantly lower than concentrations near the high intensive 
traffic street. Only in Norway the concentration of Zn, 
Cu, Cr and Ni were determined higher, than near Geleži-
nis Vilkas street. 
 
Table 1. HM concentrations (maximum values) mg/kg in Eu-
rope 2005/6 (Harmens et al. 2008) 

Country Pb Cu Cr Zn Ni 

Lithuania 7.67 11.6 2.28 36.7 1.98 
Latvia 50.0 12.1 5.0 280.0 5.34 
Estonia 3.25 7.05 1.47 24.3 1.83 
Norway 34.3 672.0 65.5 694.0 1016 
Sweden 38.7 18.9 90.7 87.7 8.06 

 
But is important to note, that surveys in Europe 

were conducted with different species of mosses and with 
specific methodology, in which is written, that: the sam-

pling points should be located at sites representative of 

non-urban areas of the respective countries. In remote 

areas the sampling points should be at least 300 m from 

main roads (highways), villages and industries and at 

least 100 m away from smaller roads and houses (Har-
mens et al. 2010). 

According to table 1, the highest concentrations of 
HM in Lithuania in 2005/6 (at least 100 - 300 m from the 
road ) were: Pb – 7.67 mg/kg, Cu – 11.6 mg/kg, Cr - 2.28 
mg/kg, Zn – 36.7 mg/kg.   

In comparison our results with the table 1 we can 
make a conclusion that the high concentrations of HM in 
Pylaisia polyantha were caused by the high intensity of 
traffic at Geležinis Vilkas street. 
 
5. Conclusions 
 
1. Analysis of changes in mosses chemistry with distance 

from the Geležinis Vilkas street clearly demonstrates a 
strong traffic-related gradient - HM content in samples 
of mosses tender to decrease with distance from the 
Geležinis Vilkas street. At the distance 5 and 15 meters 
from the Geležinis Vilkas street HM concentrations 
were considerably high and it reveals that the mosses 
Pylaisia polyantha near this street are highly polluted. 
Calculations of HM concentrations were made for dried 
mosses.  Accumulations of HM in samples of mosses 
Pylaisia polyantha were found in this order: Zn > Cu > 
Pb > Cr, Ni. 

2. The highest concentration accumulated in samples of 
Pylaisia polyantha was Zinc, in 5 meters distance from 
the street the biggest concentration was 339.956 ± 
10.72 mg/kg, at the distance 45 meters, the concentra-
tion of Zn was 89.515 ± 5.34 mg/kg.  

3. The biggest accumulation of Cu were also found near 
the street. At 5 meter mosses accumulated 150.426 ± 
6.67 mg/kg. With the distance from the road the con-
centration of copper decreased significantly, at the 45 
meter from the road in samples of mosses were found 
19.802 ± 2.27 mg/kg. 
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4. The biggest concentrations of lead were determined at 
distance 5 – 25 meters from the high intenssive traffic 
street. The highest amounts accumulated in 5 meters – 
57.615 ± 2.59 mg/kg, at 45 meters distance, the amount 
of Pb accumulated in mosses was 18.236 ± 1.53 mg/kg.  

5. The biggest concentration of Cr was also found near 
the traffic flow. The concentration at the distance of 5 
meters was 29.953 ± 3.72 kg/mg. At the final distance 
from the street, the biggest Cr concentration determined 
– 7.234 ± 2.45 mg/kg. 

6. The highest concentration of Ni at 5 meters from the 
street was 29.559 ± 1.490 mg/kg. At the final point of 
the distance, the biggest amount of Ni was found 
11.395 ± 1.780 mg/kg. 
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