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Abstract

Bioindication with different bioindicators (lichens, mosses, tree leaves and small
mammals) has been used for thirty years (1975-2005) to estimate air pollution
and environment contamination in Poland. Air contamination by heavy metals
and sulphur dioxide in the Base Station of the Environmental Nature Monitoring
System and in 23 Polish National Parks was estimated using lichen Hypogymnia
physodes as a bioindicator. The impact of the Krakow conurbation and the
contamination of forest ecosystems, using tree leaves and small mammals, were
evaluated, respectively. Biological monitoring showed the changes of
environment quality in Poland but also confirmed the presence of some areas
still being contaminated. They are located in different parts of Poland also far
from industrial sources.
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1 Introduction

Chemical compounds which have caused organisms’ and environmental stress
were released into the environment as a result of human activities. The pollution
originates mainly from industrial manufacturing and energy production, coal and
oil combustion (industrial and residential), vehicular traffic and also small local
sources. In the last few decades the main sources of pollution in the whole
Europe have been increasing urbanisation and heavy traffic [1-3]. Biomonitoring
— a very useful, sensitive and effective biological method to assess air pollution
or to estimate contamination of natural environment — has been used for more
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than 50 years [4—7]. Biological monitoring is the measurement of the response of
living organisms to changes in their environment [8]. According to other authors
biological monitoring is the measurement, usually repeated, of concentrations of
environmental contaminants in free-living organisms, or the measurements,
either singly or in combination of changing of genetic, biochemical,
physiological, behavioural and ecological parameters [9]. Generally lichens,
plants and animals can be used as bioindicators. Several classifications of
bioindicators are used. The simple one recognizes only two groups: monitors and
indicators [10]. More complicated divide them for five groups: sentinels,
detectors, exploiters, accumulators, bioassay organisms [11]. Biomonitoring can
be used at national, regional and local scale but can also be used to compare the
environmental contamination between various countries.

Poland used to be one of the most polluted countries in Eastern Europe — for
many years taking one of the first places in sulphur dioxide, nitrogen oxide and
dust emissions [12]. Country was heavily affected by gaseous and particulates
emissions (including heavy metals) originating partly from our local sources, and
partly from long distance transport, mainly from west direction. The situation has
significantly improved during the last seventeen years, but still most of the
natural environment is heavily contaminated. In 2004, Poland emitted
443 thousands tonnes of dust, 1241 thousand tonnes of sulphur dioxide,
804 thousand tonnes of nitrogen dioxide. Heavy metal emissions also decreased
when compared with early nineties but in 2004 Poland emitted 1597 metric
tonnes (t) of Zn, 600 t Pb, 46 t Cd, 20 t Hg, 54 t Cr, 249 t Ni, 389 t Cu [13]. At
the present time the main sources of emissions are not the heavy industry but
small towns, large conurbation, heavy traffic, and small local sources. In the
most cities airborne metals, gaseous pollutant and organic compounds
(e.g. PAHs) are not routinely monitored with fully or semi-automatic gauges
commonly used in pollution monitoring programs, owing to elevated costs and
technical difficulties. In this situation biological monitoring is the important
method to study the quality and distribution of contaminants.

The aim of this paper is to show the role of biological monitoring in studying
changes in contamination of natural environment in Poland during thirty years
using different bioindicators.

2 Material and methods

Bioindicator samples (lichens, plants and animals) from natural environment
were collected all over the Poland during thirty years (1975-2005). The
investigated areas were located in different polluted parts of the country, around
the heavy industry steelworks, metal smelters, coal and metal mining, busy road,
small urban area and Cracow and Warsaw conurbations. Samples were also
taken from different forest areas, national parks, and Base Stations of the
Integrated Nature Monitoring System for Poland. Unwashed lichens, mosses,
plant, leaves and animal tissues were dried to a constant weight (at 60-70°C) and
digested in a 4:1 nitric and perchloric acid. In all samples concentration of heavy
metals: Cd, Pb, Cu, Zn, Fe, Ni, Cr, V (depends from the study) and S were
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determined. In case of metals, atomic absorption spectrophotometer flame or
graphite furnace was used [6, 14], whereas sulphur content was determined using
turbidimetric Butters-Chenry’s method [15]. Simultaneously reference materials
(SRM) were also analysed. Data are presented in pg-g” dry weight. Statistical
analysis was carried to determine potential differences between the concentration
of contaminants between sites and period of time.

3 Contamination of the environment in Poland

3.1 Lichens as monitors of air pollution

Lichens, the symbiotic association between fungus and alga, have been shown to
be highly sensitive to gaseous air pollution, particularly to sulphur dioxide. They
are very good indicator of this type of pollution. Lichens are generally
insensitive to toxic effects of trace metals and can therefore be used as
accumulator to estimate concentrations of these elements in the environment.
They absorb substances for growth and survival through the exposed surface of
the thallus. Epiphytic lichens growing on the tree stems and branches use them
only as a substrate. Instead lichens get nutrients from rainwater and deposited
dust. Along with the essential nutrients, they absorb many nonessential or
harmful substances as well [16]. Lichens show the concentrations of metals and
sulphur and organic compounds as a function of the amount of atmospheric
deposition amount. Thus it makes them widely used in monitoring of air
pollution [7, 17, 18]. They could be collected from natural environment or
transplanted from clean area to the polluted sites [19, 20].

During 1997-2003 three different investigations (case studies) using epiphytic
lichens Hypogymnia physodes (L.)Nyl. were carried out.

3.1.1 Contamination of Polish National Parks by heavy metals and SO,
Samples of Hypogymnia physodes from natural environment were collected in
July 1998 and 2003 from 23 Polish National Parks, Figure 1. The aim of this
study was to estimate air pollution by heavy metals: Pb, Cd, Cu, Zn, Fe
(Figure 2) and sulphur dioxide and to compare the contamination over period of
5 years [21]. Lichens from Ojcowski National Park situated in heavily
industrialised region, had the highest concentration of all heavy metals. The
lowest content of Cd, Pb and Zn were determined in Drawienski NP while the
concentration of Cu and Fe were found in Bialowieski NP. The highest
concentrations of S were detected in lichens from Ujscie Warty NP. As far as
heavy metals, thirteen national parks were clean with very low pollution
detected, nine represented moderately polluted areas and one was contaminated.
In the case of SO,, nine national parks were classified as clean; seven were
recognized as moderately polluted, fifth as polluted and two were heavily
polluted. Generally, national parks located in southern part of Poland were more
contaminated by heavy metals than those in the north of the country.
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Figure 1:  Localization of National Parks in Poland.
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Figure 2: Lead and cadmium concentration (ug'g' d.w.) in the air of the
Wolinski National Park.

Contamination of sulphur dioxide is much more uniform across the country
and reflect rather local sources of emissions and long distance transport than the
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main industrial sources. Comparison of environment condition after a five-year
period showed that heavy metals and sulphur concentration was not much lower
as was expected. Only in case of copper and iron the concentration was lower
than five years ago. Zinc represents the same level. Lead concentration was
slightly higher or remained on the same level. Cadmium concentration was
higher than five years ago. Sulphur dioxide in Polish national parks has not
decreased compared to 1998, as sulphur concentration is much higher than
five years ago.

3.1.2 Air pollution in the Base Stations of the Integrated Nature Monitoring
System

Air contamination by heavy metals and sulphur dioxide in Base Station of the
Integrated Nature Monitoring System was estimated using Hypogymnia
physodes as bioindicator [22]. In July 2001, lichen samples from natural
environment were collected in all 7 Base Monitoring Stations (Szymbark, Sw.
Krzyz, Pozary, Storkowo, Koniczynka, Puszcza Borecka, Wigry) and determined
for concentration of heavy metals (Cd, Pb, Cu, Zn, Fe) and S. The highest
concentration of both: all investigated metals and sulphur were found in
Koniczynka Base Station situated nearby Torun agglomeration. Also high
concentration of cadmium, lead, zinc, iron and sulphur were noticed in lichens
collected in St. Krzyz and Szymbark Base Stations. Global pollution Index and
Sulphur Index showed different air contamination of studied Base Stations. The
results of the following study confirmed air contamination by heavy metals and
sulphur dioxide in three of the investigated Base Stations (Koniczynka, Sw.
Krzyz, Szymbark). During winter season 2002/2003 and summer season of 2003
Hypogymnia physodes from clean area were transplanted to those three Base
Stations to find out the reason and sources of pollution. The data for summer
transplantation showed the lower accumulation of all heavy metals with
exception for Cd in Szymbark and Cd, Pb and Fe in Sw. Krzyz (see Figures 3
and 4). Significantly lower accumulation was found for sulphur in lichens from
all investigated Base Stations (Figure 5). The sources of emissions which caused
contamination are different in the case of these three areas.

.
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Figure 3: Cadmium content [pg'g'd.w.] in lichens transplanted in the Base
Stations.
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Figure 4: Lead content [pg-g’'d.w.] in lichens transplanted in the Base
Stations.
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Figure 5: Sulphur content [ug-g'd.w.] in lichens transplanted in the Base
Stations.
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3.2 Mosses as bioindicators of air pollution by heavy metals in Poland

Mosses accumulate large amount of heavy metals and therefore they are used as
sensitive bioindicators of these contaminants in the environment [5, 8]. Mosses
show the concentration of metals as the function of the amount of their
concentration in air as they accumulate metals in the passive way [5, 23].
Another advantage that they are good bioindicator is that many moss species
have a wide geographical distribution and are very common throughout the
Europe. This is the reason that in EMAP two species of mosses Pleurozium
schreberi and Hylocomium splendens were used as bioindicators of air pollution.

The first estimations of heavy metal contamination of the environment in
Poland on a national scale, based on metal concentration in moss Pleurozium
schreberi were conducted in 1975 in 12 Polish national parks [23]. The
investigations were repeated in 1986, 1990 and 1995 [24-26].

In the project “Atmospheric Heavy Metal Deposition in Europe” the
deposition of heavy metals in Pleurozium schreberi collected from 300 forest
sites throughout Poland in 1990 and 1995 [26, 27]. Concentrations of seven
heavy metals (Cd, Cr, Pb, Cu, Ni, Zn, Fe) in moss samples were analysed. The
lower concentrations of all heavy metals were found in 1995 when compared
with 1990 but despite these findings Poland is still the one of most contaminated
areas in Europe [28].
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3.3 Tree leaves as bioindicators of urban pollution

Tree leaves as the bioindicator of environment contamination were more
frequently used in recent years, especially in urban areas [29, 30].

Seven forest sites that differed in their distance from Cracow conurbation and
from busy roads were located along either southern or eastern transects and along
the prevailing wind direction were selected. Five sites were located along
southern transect (Bonarka located 3 km from the town centre, Rajsko 8 km,
Mogilany located 14 km far from the city, Kornatka and Weglowka 26 km and
35 km respectively). Along the eastern transect only two sites: Koto (25 km from
steelworks and 30 km from Cracow) and Ispina (30 and 35 km respectively)
were located. Leaves from two tree species: hornbeam (Carpinus betulus) and
oak (Quercus robur) were collected in the autumn for four consecutive years
(1998-2001) from each forest sites [3]. High concentration of heavy metals (Cd,
Pb, Cu, Zn, Fe) were detected in leaves of both species from eastern transect as
the effect of steelworks emission, as well as in the sites from southern transect
situated near the Cracow conurbation. Although the air pollution has generally
declined in Matopolska district from the middle of nineties the metal
concentration in tree leaves in 2001 remains at the same level than in the
previous years [3].

3.4 Animals as monitors of environmental contamination

Animals, both invertebrates and vertebrates, have been used as bioindicators to
assess environment contamination [9]. In many countries, small mammals have
been used in assessment of heavy metal contaminations near smelters, mines,
waste disposal sites, dumps, along the highways, [31, 32], see Figure 6. Small
mammals are very useful monitors to estimate heavy metal concentration of
forest, meadows or field ecosystems as they are closely adjusted to their
environment.
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Figure 6: Lead and cadmium concentrations [ug-g'd.w.] in the livers of
small mammals from Olkusz Forest.

They are small enough and easy to catch. They have a territory of limited
range and fairly short life span [9, 10, 31, 33]. In Poland, the levels of heavy
metals in tissues and bodies of some rodents and insectivorous species were
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analyzed for almost thirty years. Concentrations of heavy metals in tissues and
bodies of small mammals vary with the degree of contamination [33-37].

4 Conclusions

1. Air pollution and environment contamination in Polish national parks
have not decreased much during last five years.

2. Air contamination in Base Stations of the Integrated Nature Monitoring
System was at average levels when compared with the whole country,
due to elevated cadmium concentration and high concentrations of lead
and sulphur in some of the stations.

3. Mosses used as accumulators showed that Poland is still one of the most
contaminated by heavy metals areas in Europe.

4. Tree leaves are very useful bioindicators of urban pollution which was
confirmed in the Cracow conurbation.

5. Small mammals were good monitors for estimating changes of quality
and contamination of the natural environment in Poland.

6. Biological monitoring showed the changes of environment quality in
Poland during thirty years but also confirmed the presence of some
areas still being contaminated. They are located in different parts of
Poland also far from industrial sources.

References

[1]  Pouyat R.V., McDonnell, M.J. & Pickett, S.T.A., Soil characteristics of
oak stands along an urban-rural land-use gradient. Journal of
Environmental Quality, 24, pp. 516-526, 1994,

[2] Cotrufo, M.F., De Santo, A.V., Alfani, A., Bartoli, G. & De Cristofaro,
A., Effects of urban heavy metal pollution on organic matter
decomposition in Quercus ilex L. woods. Environmental Pollution, 8,
pp. 81-87, 1995.

[3] Sawicka-Kapusta K., Zakrzewska M., Bajorek K. & Gdula-Argasinska J.,
Input of heavy metals to the forest floor as a result of Cracow urban
pollution. Environment International, 28, pp. 691-698, 2003.

[4] Goodman, G.T. & Roberts T.M., Plants and soils as indicators of metals in
the air. Nature, 231, pp. 287-292, 1971.

[5] Rihling A. & Tyler G., Heavy metal deposition in Scandinavia. Water,
Air Soil Pollution, 2, pp. 445-455, 1973.

[6] Pilegaard, K., Heavy metals in bulk precipitation and transplanted
Hypogymnia physodes and Dicranoweisia cirrata in the vicinity of a
Danish steelworks. Water, Air and Soil Pollution, 11, pp. 77-91, 1979.

[71 Conti, M.E. & Cecchetti, G., Biological monitoring: lichens as
bioindicators of air pollution assessment - a review. Environmental
Pollution, 114, pp. 471-492, 2001.

[8] Burton M.A.S., Biological Monitoring of Environmental Contaminants
(Plants). MARC Rep. 32, Monitoring and Assessment Research Centre,
King’s College London, University of London, London, 1986.

WIT Transactions on Ecology and the Environment, Vol 101, © 2007 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



(9]

[10]

[11]

[15]
[16]

[17]

(20]

(21]

[22]

Air Pollution XV 361

Samiullah Y., Biological Monitoring of Environmental Contaminants:
Animals. MARC Rep. 37, Monitoring and Assessment Research Centre,
King’s College London, University of London, London, 1990.

Martin, M.H. & Coughtrey, P.J., Biological Monitoring of Heavy Metals
Pollution - Land and Air. Applied Science Publisher, London, 1982.
Spellerberg LF., Monitoring Ecological Change, Cambridge University
Press, Cambridge, 1991.

Nowicki, M., Environment in Poland. Issues and Solutions. Kluwer
Academic Publishers. Dordrecht/Boston/London. Dordrecht, 1993.
Environment. Central Statistical Office, Warsaw, Poland, 2006.
Sawicka-Kapusta, K. & Rakowska, A., Heavy metal contamination in
Polish national parks. The Science of the Total Environment, Supplement,
Part 1, pp. 161-166, 1993.

Nowosielski, O., Metody oznaczania potrzeb nawozenia. PWRIL.
Warszawa, 1968.

Tyler, G. Uptake, retention and toxicity of heavy metals in lichens. Water,
Air and Soil Pollution, 47, pp. 321-333, 1989.

Puckett, K.J., Bryophytes and lichens as monitors as metal deposition.
Lichens, Bryophytes and Air Quality. Lichenologist, 30, pp. 231-267,
1988.

Richardson, J., Metal uptake in plants. Water, Air and Soil Pollution, 29,
pp. 256-267, 1995.

Jeran, Z., Byme, A.R. & Bati¢, F., Transplanted epiphytic lichens as
biomonitors of air-contamination by natural radionuclides around the
Zirovski Vhr uranium mine, Slovenia. Lichenologist, 27, pp. 375-385,
1995.

Van Dobben, H.F., Wolterbeek, H.T., Wamelink, G.W.W. & Ter Braak,
C.J.F., Relationship between epiphytic lichens, trace elements and
gaseous atmospheric pollutants. Environmental Pollution, 112(2),
pp. 163-169, 2001.

Sawicka-Kapusta, K., Zakrzewska, M., Gdula-Argasinska, J. & Stochmal
M., Ocena  narazenia  Srodowiska  obszarow  chronionych.
Zanieczyszczenie metalami i SO, parkow narodowych. Centrum
Doskonatoéci Unii Europejskiej IBAES, Instytut Nauk o Srodowisku,
Uniwersytet Jagiellonski. Krakow, 2005.

Sawicka-Kapusta K., Zakrzewska M., Gdula-Argasinska J. & Bydton G.,
Air pollution in the base stations of the environmental integrated
monitoring system in Poland. Air Pollution XIII, ed. C.A. Brebbia, WIT
Transaction on Ecology and the Environment. WIT Press, Vol. 82,
pp. 465-475, 2005.

Grodzinska, K., Mosses as bioindicators of heavy metal pollution in
Polish National parks. Water, Air and Soil Pollution, 9, pp. 83-97, 1978.
Grodzinska, K., Long-term ecological monitoring in the National Parks of
Poland. Ecological Risks — Perspectives from Poland and United States,
eds. W. Grodzinski, E.B. Cowling & A.J. Breymeyer, National Academy
Press: Washington, DC, pp. 232-248, 1990.

WIT Transactions on Ecology and the Environment, Vol 101, © 2007 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



362

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

[37]

Air Pollution XV

Grodzinska K., Szarek G. & Godzik B. Heavy metal deposition in Polish
national parks — changes during ten years. Water, Air and Soil Pollution,
4, pp. 409-419, 1990.

Grodzinska K., Szarek-Lukaszewska G. & Godzik B., Survey of heavy
metal deposition in Poland using mosses as indicators. The Science of the
Total Environment, 229, pp. 41-51, 1999.

Riihling, A. & Steinnes, E., Atmospheric heavy metal deposition in
Europe 1995-1996. NORD, 15, pp. 1-66, 1998.

Grodzinska, K. & Szarek-Lukaszewska, E., Response of mosses to the
heavy metal deposition in Poland — an overview. FEnvironmental
Pollution, 114, pp. 443-451, 2001.

Alfani, A., Maisto, G., Prati, M.V. & Baldantoni, D., Leaves of Quercus
ilex L. as biomonitors of PAHs in the air of Naples (Italy). Atmospheric
Environment, 35, pp. 3553-3559, 2001.

Monaci, F., Moni, F., Lanciotti, E., Grechi, D. & Bargagli R.,
Biomonitoring of airborne metals in urban environments: new tracers of
vehicle emission, in place of lead. Envirommental Pollution, 107,
pp- 321-327, 2000.

Talmage, S.S. & Walton, B.T., Small mammals as monitors of
environmental contaminants. Reviews of Environmental Contamination
and Toxicology, 119, pp. 47-145, 1991.

Cooke, J.A., Andrews, S.M. & Johnson, M.S., Lead, zinc, cadmium and
fluoride in small mammals from contaminated grassland established on
fluorspar tailings. Water, Air, and Soil Pollution. 51, pp. 43-54, 1990.
Sawicka-Kapusta, K. & Zakrzewska, M., Use of small mammals for
monitoring heavy metal contamination in the environment. 4ir Pollution
in the Ural Mountains. eds. 1. Linkov & R. Wilson, Kluwer Academic
Publishers, NATO ASI Series, pp. 127-133, 1998.

Sawicka-Kapusta, K., Swiergosz, R., & Zakrzewska, M., Bank voles as
monitors of environmental contamination by heavy metals. A remote
wilderness area in Poland imperiled. Environmental Pollution, 67,
pp. 315-324, 1990.

Damek-Poprawa, M. & Sawicka-Kapusta, K., Damage to liver, kidney,
and testis with reference to burden of heavy metals in yellow-necked mice
from areas around steelworks and zinc smelters in Poland. Toxicology,
186, pp. 1-10, 2003.

Gdula-Argasinska, J., Appleton, J., Sawicka-Kapusta, K. & Spence, B.,
Further investigation of the heavy metal content of the teeth of the bank
vole as an exposure indicator of environmental pollution in Poland.
Environmental Pollution, 131, pp. 71-79, 2004.

Topolska, K., Sawicka-Kapusta, K. & Cieslik, E., The effect of
contamination of the Krakéw Region on heavy metals content in the
organs of bank voles (Clethrionomys glareolus, Schreber 1780).
Polish Journal of Environmental Studies, 13(1), pp. 103-109, 2004.

WIT Transactions on Ecology and the Environment, Vol 101, © 2007 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)





