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Abstract: The concentrations more than 40 chemical elements (heavy metals, rare earths, and actinides)
were determined in the atmosphere of Slovakia using bryophyte technique and membrane filters. The
main goal of this study is the quantification of the atmospheric pollution and its trend in different parts of
Slovakia. The elemental content in the sampling was measured using instrumental neutron activation
analysis (INAA) at IBR-2 reactor in JINR Dubna and by atomic absorption spectrometry (AAS).

1. Introduction

Heavy metals are released into the environment from a great number of sources.
Combustion of fossil fuels is the main anthropogenic source of Ni, V, Cd, As, and Zn. Such 
elements as Pb, Sb, Br, Cr and V are associated with automotive exhaust products and
domestic heating. Non-ferrous smelters are the sources of Cu, Zn, Cd, and Pb. The largest
source of airborne Cd in the environment is the burning of fossil fuels such as coal or oil,
and incineration of municipal waste materials. Cd may also be emitted into the air from
zinc, lead, or copper smelters. The current anthropogenic metal emissions are up to several
orders of magnitude higher than their natural contents (Chmielewska et al., 2003).

The conventional method to study atmospheric deposition of heavy metals and other
trace elements is precipitation analysis. An alternative method to measure integral trace
element deposition is the use of terrestrial mosses growing in forests or other natural
habitats. Mosses effectively accumulate the majority of metals and other trace elements
from air and precipitation. More than three decades mosses are used as biomonitors. This
technique is widely accepted at present as the method to assess the atmospheric deposition 
of heavy metals. The results from moss surveys are regularly published (each five years)
in the Atlas of Heavy Metal Atmospheric Deposition in Europe by the UNECE ICP
Vegetation (European Atlas, 2003, 2008).

2. Materials and methods

The De part ment of Nu clear Phys ics and Bio phys ics of Commenius Uni ver sity has
par tic i pated in the two last moss sur veys. The mosses Pleurozium schreberi and
Hylocomium splendens were used as biomonitors to study the at mo spheric de po si tion of
trace el e ments over the ter ri tory of Slovakia per formed dur ing the first half of Au gust
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2000 and 2006. Two com ple men tary an a lyt i cal tech niques, in stru men tal neu tron ac ti va -
tion anal y sis (INAA) and atomic ab sorp tion spec trom e try (AAS) were used for de ter mi -
na tion of the el e men tal con tent in the en vi ron men tal sam ples (in moss sam ples and air
fil ters). INAA is a di rect and non-de struc tive method, its main ad van tages are high pre ci -
sion, high se lec tiv ity and sen si tiv ity; small sam ple quan tity needed, etc.

For INAA moss samples of about 0.3 g were packed in aluminum cups for long-term
irradiation or heat-sealed in polyethylene foil bags short-term irradiation in the IBR-2
reactor, Dubna, described elsewhere (Frontasyeva, 2006). The element concentrations
were determined on the basis of certified reference materials and flux comparators.

Flame atomic absorption spectrometry (VARIAN SPECTRA A-300 and mercury
analyser AMA-254) was carried out in Zvolen and later in the Geo log i cal Institute of
Comenius University.

3. Results and discussion

A total of 44 major and trace elements were determined (Florek, Maòkovská et al.,
2001, 2007) in mosses samples collected from 86 localities (Fig. 1). The results of the
mea sure ments were presented in the form of maps and were published in review
�Mapping of Main Sources of Pollutants and their Transport in Visegrad Space�
(Suchara, Florek et al., 2007).

Comparison with the limit values from Norway (considered the pristine area) shows
strong pollution of the examined areas of Slovakia with most of the heavy metals. The
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values for Norway are taken from (Steinnes et al., 2000).

Ta ble 1. Range of ra tios of the me dian val ues of el e ments in the Slo vak rel a tive the Nor we gian moss.
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The part of the obtained results (only heavy metals) was submitted to the European
Atlas �Heavy metals in European Mosses: 2000/2001 Survey�. In the UNECE ICP
Vegetation survey (UNECE ICP 2003) Slovakia is classified as a rather polluted
European country.

The most sig nif i cant anthropogenic sources are fos sil fu els com bus tion (elec tric power
sta tions) al lo cated in Up per Nitra and Vojany. From the other in dus trial ac tiv i ties met al lurgy,
non fer rous ores pro cess ing, and ce ment fac to ries should be men tioned (Cen tral Spi�, wider
sur round ings of Ro�òava, Cen tral Pohronie � Banská Bystrica � Brezno, Lower Orava).
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The ex am ined ter ri tory is known for its nu mer ous re gions with in tense min ing ac tiv ity
(Slovenské Rudohorie, Kremnické and �tiavnické vrchy). They are char ac ter ized by high
con cen tra tion of toxic el e ments such as As, Al, Mn, Cd, Cr, Cu, Hg, Pb, and Sb. Many of
them rank to the past, but their pres ence in waste heap pro duces the neg a tive ef fect on the
en vi ron ment of dif fer ent level of tox ic ity. In stru ment- pro duc ing in dus try is re spon si ble for
Mo, W con tam i na tion near the town of Mar tin and in the Pova�ská val ley (Pova�ská
Bystrica, Dubnica). In the north-north west bor der ar eas of Slovakia the el e vated con cen tra -
tion of Hg was de ter mined. Most prob a bly, it re flects the long-range trans port form the
Katowice-Ostrava re gion also known as the 2-nd Black Tri an gle. The huge amount of coal
is mined here and, ac com pa nied by met al lur gi cal, chem i cal in dus try and me chan i cal en gi -
neer ing, they sig nif i cantly in flu ence the en vi ron ment.

INAA and AAS were em ployed in or der to eval u ate the con cen tra tions of up to 43
chem i cal el e ments in the at mo spheric aero sol fil ters, too (Mere�ova, Florek et al., 2007).
Two sam pling sites in Bratislava were ex am ined. The first site Lí�èie údolie is a quite pris -
tine lo ca tion with a low traf fic den sity. The sec ond sam pling site is close to the crude oil
pro cess ing plant Slovnaft. The in flu ence of the steel in dus try in Ve¾ká Ida and ther mal
power plant in Prievidza were in ves ti gated. Most heavily con tam i nated sam pling site in
the vi cin ity of sur face coal mine Tu�imice in the Czech Re pub lic was also in cluded in this
study. Sam pling of at mo spheric aero sol par ti cles was per formed in the pe riod 2004�2006. 
The lev els of pol lut ant con cen tra tions were com pared to those in the at mo sphere of other
five Eu ro pean sites: Krakow; Bu da pest; Ispra, Ponzone, and Mi lan.

Fig ure 2 shows a decreasing trend of air pol lu tion with heavy metals in Bratislava
since 1981. The emissions of Pb have decreased, reflecting the shift from leaded to
unleaded gasoline. The further explanation of this decreasing trend is the declination of
industry in Slovak Republic after the year 1989, since the fuel burning processes in
thermal power plants and industry factories are the major source of atmospheric pollution
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Fig. 1. The map of sam pling sites on ter ri tory SR.



with heavy metals. The emissions of pollutants were reduced also via utilization of more
rigid requirements in the environmental legislation and employment of new more ef-
fective filtration techniques.

For several environmentally meaningful elements (Cr, Fe, Ni, Cu, Zn, As, Cd, Pb) our
results are compared (Tab. 2) to the relevant data from some European cities. The
complete table of the re sults was published in paper by Florek, Mere�ova et al., 2008.

A small town of Ponzone (Rizzio et al., 2001) in Italy is famous for its wool industries
and Ispra (Rizzio et al., 1999) is a residential settlement in the northern Italy. The city of
Milan (Gallorini et al., 1999) is the industrial centre of the northern Italy, thus
concentrations of almost all elements are obviously the highest in relevant aerosols. The
main objective of the Krakow research study (Wróbel et al., 2000) was to determine the
contribution of traffic to the particulate air pollution, and to characterize transport of
aerosols in urban area that are close (5 m) to the main road. Also, the location of Szena
Square in Budapest (Salma et al., 2002) has a more closed downtown character and is
affected by heavy traffic. It is worth to note that concentration of such elements as Mn, Ni,
Cu, As, Sb, and Pb in low atmospheric layers of large cities (Budapest, Milan) is
comparable or exceeds that one in strongly contaminated areas like the territory of the
thermo power electrical station in Tu�imice.

The con cen tra tions of al most all el e ments are lower in Bratislava�Lí�èie údolie com -
pared to the other lo cal i ties, or com pa ra ble to the Ital ian sites of Ponzone and Ispra, which
are typ i cally low pol lu tion ar eas. The low-level at mo spheric pol lu tion in Bratislava may
be caused by a small num ber of pol lu tion sources, and in par tic u lar by for this lo ca tion
typ i cal high num ber of windy days per year.
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Fig. 2. The tem po ral vari a tions of at mo spheric con cen tra tions (ng·m�3) of Cd, Pb, Zn, and Cu in
Bratislava; cir cle � (Bre�ná, Závodský, 1989), tri an gle � (SHMU), di a mond � our data. For com par i son
also el e men tal con cen tra tions in Prague (square) and Brno (re verse tri an gle) (CHMU) are shown.



Ta ble 1. Con tents of sta ble el e ments [ng·m�3] in the at mo sphere for 10 Eu ro pean lo ca tions.

Lí�èie

údolie

Slov-

naft

Ve¾ká

Ida

Prievidza Tu�imice Krakow Bu da -

pest

Ponzone Ispra Mi lan

Slovakia CR Po land Hun gary It aly

Cr 1.1 2.8 1.1 1.2 150 3.4 7 6.5 38.6

Mn 4.9 13 17 27 23 14 98

Fe 252 643 435 788 1969 807 511 5800

Co 0.3 0.42 0.19 1.37

Ni 0.45 5.1 1.6* 1.0* 4.4 2.9 20.5 12.2 25.1

Cu 8.0 41 18 21 9.0 18 33 21 10 185

Zn 28 1294 1515 26122 61 147 98 119 392

As 0.3 1.7* 7.9* 1.5 1.6 0.8 0.99 2.3

Cd 0.11 2.2 1.1* 0.4* 7.1 0.75 0.51 3.4

Sb 1.0 1.37 5.5 2.4 4.9 4.5 68

Hg 0.064 < 4.2 < 4.2

Pb 22 42 90 29 45 46 29 36 98 475

Th 0.042 1.4 0.22 0.05 0.5

*Data taken from Burda et al., 2006

For the first time more than 40 elements in the Slo vak atmosphere using mosses
samples and aerosol filters were determined (Mere�ova, Florek et al., 2008). The obtained
data can be useful as a reference level for comparison with the future measurements of
heavy metal pollution in the examined area.
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