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Abstract

The objectives of this study have been to determine the impact of the distance from
a combustor of a cement plant (downwind direction) and duration of exposure to pollution
on the bioaccumulation of metals by four lichen species. Nickel, cadmium, chromium, cop-
per and lead accumulated in lichen thalli, with the highest accumulation occurring at 50 m
of the cement plant and upon prolonged exposure. In contrast, the concentrations of Al
were not consistently affected by the distance from the plant or the duration of exposure.
Pseudevernia furfuracea was most effective as an indicator of cement dust pollution. We
concluded that transplantation of Pseudevernia furfuracea on trees or shrubs can be an
easy and cost-effective means of Ni, Cd, Cr, Cu and Pb pollution monitoring.
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OCENA POROSTOW JAKO BIOLOGICZNYCH WSKAZNIKOW
ZANIECZYSZCZENIA METALAMI

Abstrakt

Celem badan byto okreslenie wplywu odlegtosci od komory spalania w cementowni
(przy dominujacym kierunku wiatru) oraz dlugotrwaloSci wystawienia na zanieczyszczenie
na bioakumulacje metali przez cztery gatunki porostow. Najwyzszy poziom akumulacji
w plechach porostow takich metali, jak nikiel, kadm, chrom, miedz i otéw stwierdzono w od-
legtoséci 50 m od cementowni i przy dlugotrwalym narazeniu na zanieczyszczenie. Nato-
miast stwierdzone zawartosci Al w porostach nie byly jednoznacznie powigzane z badanymi
czynnikami. Pseudevernia furfuracea okazal sie najbardziej skutecznym wskaznikiem za-
nieczyszczenia powodowanego przez cementownie. Wyniki badan dowodza, ze obsadzenie
drzew lub krzewéw porostami z gatunku Pseudevernia furfuracea moze stanowié¢ tatwg i ta-
nig metode monitorowania zanieczyszczenia przez Ni, Cd, Cr, Cu i Pb.

Stowa kluczowe: zanieczyszczenie pochodzace z cementowni, czynnik wzbogacenia, zanie-
czyszczenie metalami ciezkimi, porosty.

INTRODUCTION

The cement industry generates cement dust, which contains metals such
as Cd, Cr, Cu, Ni and Pb (AL-KHAsMAN, SHAWABKEH 2006). Although cement
factories usually stand far from city centers, their surroundings suffer from
pollution. ScHUHMACHER et al. (2009) demonstrated that cement dust and asso-
ciated chemicals can spread over a large area with wind and rain, accumu-
lating in lichens, plants, animals and soils, located downwind from a cement
plant.

Lichens have been used as indicators of air pollution and biosorption
(Yazici, AsLan, 2006, Cicek et al. 2008, BingoL et al. 2009). Owing to their
peculiar anatomical, morphological and physiological characteristics, lichens
are one of the most valuable biomonitors of atmospheric pollution (BATTAL et
al. 2004). They can be used as sensitive indicators to estimate biological
effects of pollutants by recording changes in a given community, and as
accumulative monitors of persistent pollutants, which can be evaluated by
assaying their trace element content. Many epiphytic lichen species are sen-
sitive to air pollutants and have been used widely to detect changes in air
quality (SHowmAN 1988). As a bioindicator method, lichen mapping is useful
because the fieldwork can be completed by one person without expensive
equipment. In order to be a good indicator, a given lichen species should be
expected togrow at every site (SHowMmaN 1988), and species should have been
widespread in an area submitted to assessment before it became affected by
air pollution (CaLviELo, Baccara 2009).

Our objectives were to evaluate the effectiveness of four lichen species
as bioindicators of air pollution from the cement industry. Specifically, we
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studied metal accumulation in four lichen species exposed to air emissions
(1) at some distance from the cement plant (50, 100 and 200 m), (2) for the
duration of exposure equal four, eight, and twelve months. Two other fac-
tors analysed were (3) heavy metals originating from the factory or from
natural parent material, according to the enrichment factor, and (4) the reli-
ability of the tested lichens as biomonitoring tools for the evaluation of lev-
els of atmospheric pollutants.

MATERIAL AND METHODS

The study area is located in eastern Turkey (N 39° 55° 31", E 40° 40’
12"). The region has a continental climate, characterized by hot, dry sum-
mers and cold, snowy winters. Eastern Anatolis is the coldest region in Tur-
key and has a very short vegetation period. Relative humidity averages 60%.
The soil is classified as Vertisol according to the USA taxonomy, with parent
materials mostly consisting of volcanic, marn and lacustrin transported ma-
terial. The major type of plant cover is steppe. Forests are located in the
higher parts of mountains in the north and northeast. Woodland communi-
ties include Pinus sylvestris. Picea orientalis, Fagus orientalis, Quercus pet-
rea, Juniperus oxycedrus, Abies nordmanniana, Ulmus minor, and Fraxinus
excelsior species and conifers, mostly at altitudes of 700-2500 m. The Askale
cement plant is located 55 km west of the town of Erzurum. It has been
operating in the area since 1974.

Study area and climatic condition

Four lichen species were collected from ten different provinces in East-
ern Anatolia, Turkey, in July 2008. The species, identifed using various keys
(AsLaN 2000, Asian et al. 2002), were Cetraria islandica (L.) Ach., Lobaria
pulmonaria (L.) Hoffm., Pseudevernia furfuracea (L.) Zopf., and Usnea longi-
ssima Ach. Lichen species were transplanted on trees on the cement plant
premises, placed 50, 100 or 200 m downwind from the combustion unit of
the plant, in 10 replications. Both soil and lichens samples were taken four,
eight and twelve months after the transplantion of the lichens into the area.
Twenty surface (0-10 cm) soil and 20 lichens samples were taken at each
sampling time.

Soil Analysis

Soil samples were air-dried, crushed and passed through a 2-mm sieve
prior to chemical analysis. Total Cu, Pb, Ni, Al, Cr and Cd were determined
after wet digestion using a HNO3-HCI acid mixture 10 ml (1:3 v/v) according to
MERTENS (2005a,b), using a Bergof Speedwave MWS-2 microwave (Bergof Speed-
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wave Microwave Digestion Equipment MWS-2) and an Optima 2100 DV Induc-
tively Couple Plasma spectrophotometer (Perkin-Elmer, Shelton, CT, USA).

Lichen Analysis

Lichen samples were oven-dried at 68°C for 48 h and ground to pass
through a 1-mm sieve. Total Cu, Pb, Ni, Al, Cr and Cd were determined
after microwave wet digestion using a HNO3-H,0, acid mixture (2:3 v/v)
according to MERTENs (2005a,b) in a Bergof Speedwave MWS-2 microwave
(Bergof Speedwave Microwave Digestion Equipment MWS-2) (Bropo et al.
2001), and an Optima 2100 DV Inductively Couple Plasma spectrophotome-
ter (Perkin-Elmer, Shelton, CT, USA).

Statistical analysis

Data gathered from individual exposure times (four, eight, and twelve
months) were subjected to analysis of variance (ANOVA) and mean separation
using Duncan’s test at P<0.05 of SPSS 13.0 statistical program,with the dis-
tance (50, 100 and 200 m) as a fixed effect and replications as random effects.

RESULTS AND DISCUSSION

Soil transition and essential, non-essential and basic metal content

Essential (Cu), non-essential (Ni, Cr, Cd), and basic metal (Al and Pb)
concentrations in the soil samples varied with the distance (50, 100 or 200 m)
from the combustor of the cement plant (predominant wind direction). It was
demonstrated that cement fumes increased the content of all of the metals,
especially non-essential and basic ones. There were statisitically significant
differences between the distances in respect of the total element concentra-
tion (Table 1). The total Cu, Ni, Cr, Cd, Al and Pb content near the cement
plant soils (50 m) was considerably higher than in samples taken far away
from the cement plant (100 and 200 m) — Table 1. The levels of the deter-
mined metals decreased rapidly with the distance, reaching the background
amounts at a distance of 100 m. In general, Cu, Ni, Cr, Cd and Pb were more
abundant in the topsoil (0-10 cm) than the deeper soil layers (10-30 cm) (data
not given). These metals originating from industrial operations are distribut-
ed in soil by the atmospheric deposition as a function of the distance.

Lichen transition and essential, non-essential and basic metal content

It was shown that cement fumes raised the content of non-essential and
basic metals in lichens. Essential (Cu), non-essential (Ni, Cr, Cd) and basic
metal (Al and Pb) concentrations in lichen samples varied with the distance
from the combustor of the cement plant and duration of exposure. There
were statisitically significant differences between the distance and duration
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of exposure variants in respect of total element concentrations (Figures 1, 2).
Pseudevernia furfuracea was the most effective indicator of cement dust pol-
lution. Nickel, Cd, Cr, Cu and Pb accumulated the highest in lichen thalli
within 50 m of the plant and 12-month period of exposure, while the con-
centrations of Al were not consistently affected by the distance from the
plant and duration of exposure.

Concentrations of some essential (Cu), non essential (Ni, Cd, Cr,) and
basic (Pb) metals in soil and in lichen species near the cement plant were
higher than in samples taken far away from it. They decreased rapidly with
the distance from the road, and reached the background level within the
100 m transect. The relationship between the content of metals in soil and
in lichens versus the distance from the cement plant can be described using
a power function (Figures 1, 2). But cement fumes did not affect the basic
metal (Al) content in lichens and the mean differences for this element were
not statistically significant.

The above findings provide evidence that the cement plant and industri-
al waste incinerator are sources of metals that influence the elemental com-
position of the nearby topsoil. In the study area, higher concentrations of
Ni, Cd, Cr, Cu and Pb may be explained by rock crushing during cement
production. Cement is made through the reaction of crushed and ground
calcareous rocks (limestone or chalk) and argillaceous rocks (clay or shale)
at high temperatures.

The distribution pattern of the total concentration of an element can be
used to judge whether the enrichment with that element is caused by the
fume pollution, farming practice or natural parent material. The enrich-
ment factor (EF) (EF ;= (M/Fe) ;/(M/Fe) . 1) is also used as an index to
distinguish whether a given element in soil originates from natural or an-
thropogenic sources. According to OLivia and EspiNosa (2007), the enrichment
factor value >2 is considered as a critical level of enrichment contributed
mainly by anthropogenic inputs.

Solid particles can have a negative effect on the air quality, and cement
manufacturing is among the industries responsible for particle pollution. Al-
though cement factories are generally established far from city centers, lo-
cal areas are affected negatively. Cement dust spreads over a large area
through wind, rain, etc., accumulates in and on plants, animals and soil,
and can be very harmful to human health (Ayvaz 1992).

Agricultural soils receive metals mainly from fertilizers, manure, pesti-
cides, wastewater and other scattered point pollution sources such as indus-
tries, traffic emissions, incineration facilities, etc. The geographical distribu-
tion of copper in the investigated area is mainly dominated by the cement
plant emissions. The lowest value was measured in the most distant sites
from the cement plant, where it fell down to 5.6 mg kg1 dry lichen (Fig-
ure 1). This proves that anthropogenic activities are the main source of the
metal in soil.
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Fig. 1. Impact of location (distance relative to a cement factory) and duration of exposure
on the Cu (essential transition metals) content of four lichen species

Copper is a trace element in most of soils. It is an essential element for
plants, animals and people, but has also been implicated as a toxic element
to all organisms. According to the WHO, the copper content in soil ranges
between 2 and 60 mg kg~! (WHO, 1998).The toxic concentration was set at
130, 70 and 100 mg kg1 by the ICRCL (1987), ERD (1999) and EFroymSoN et
al. (2007), resepectively, In the Netherland, UK, Hong Kong, and Turkey,
the governments defined such levels at 36 mg kg™, 27 mg kg1, 24.8 mg kg1,
and 140 mg kg1. Accordingly, the concentation of total Cu of all lichen sam-
ples (ranged from 5.6-7.73 mg kg™1) in this study area was not toxic.

This study, however, has demonstrated that the main source of Cu pol-
lution in the analysed soil was the cement plant, and the affected area was
only in the direct vicinity to the plant (Figure 1). There were correlations
beetwen the soil and lichen Cu content versus the distance (50, 100 or 200
m) from the combustor of the cement plant, and the Cu concentrations in
the polluted soil and lichens revealed similar trends. The Cu content in
lichens determined in our study was higher than reported by Bajpal et al.
(2010) for north India. On the other hand, the Cu content in the polluted
soil determined in our study was higher than observed by ArL-Kaasman and
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SHAWABKEH (2006) in Jordan but lower than obtained by THORNTON (1991) in
London, PATERSON et al. (1996) in Aberdeen, WoNG et al. (1996) in Hong Kong,
L1 et al. (2001) also in Hong Kong, and BanaT et al. (2005) in central
Jordan.The relationships between the content of the metal in soil or in
lichens and the distance from the cement plant can be described using a
power function. The coefficient of determination for the fitted regression
model was significant (r2 = 0.99). The EF values of Cu ranged from 1.40 to
2.2 and increased nearer the cement plant (Figure 1). The EF value of Cu
can be a good criterion for distinguishing the pollution from cement plant
emissions. The highest Cu uptake was detected by Pseudevernia furfuracea
species at 12-month period. This finding supports the claim that the cement
plant emissions contributed to the Cu pollution. Moreover, Cu accumulated
in the investigated area at an accumulation rate similar to that of Cd, both
of the metals being the main pollutants from the cement plant’s emissions.

Chromates are among allergens that are unavoidably widespread in the
environment. Because chromate salts are used in the machine industry and
cement forms contain a certain amount of chromate, chromium sensitivity
is considered an industrial problem (WHO 1998). Chromium is a trace ele-
ment in most of soils. It is not an essential nutrient of plants, but is a trace
essential element for animals and people. It is also considered toxic, espe-
cially of its Cr (VI) form. The toxic concentrations were set at 100 mg kg1
by ANoN (1983), while PATERSON et al. (1996) set the threshold at 24 mg kg1,
and the BALL et al. (1991) claimed it was 84 kg~!. The concentration of the
soil total Cr in the study area ranged from 0.6 to 26.5 mg kg1 (134
1-197 mg kg1 in Table 1) . Thus, the soil Cr content data showed that the
study area was polluted with Cr. The Cr content in the polluted soil and
lichens had similar trends in respect to the distance (50, 100 or 200 m) from
the combustor of the cement plant (Figure 2). The Cr content in lichen
tissues determined in our study was higher than obtained by TuNCEL and
YEenIsov-Karakas (2003) in Western Anatolia, JERAN et al. (1996) in Slovenia,
STEINNES et al. (1992) in Norway and Bajpa1 et al. (2010) in north India, but
lower than achieved by Sroor and WoOLTERBEEK (1991) in the Netherlands. On
the other hand, the Cr content in the polluted soil determined in our study
was higher than reported by ArL-KHasMaN and SHAWABKEH (2006) in Jordan,
THORNTON (1991) in London, PATERSON et al. (1996) in Aberdeen, WonG et al.
(1996) in Hong Kong, L1 et al. (2001) in Hong Kong, Banat et al. (2005) in
Central Jordan and Cavzoni et al. (2007) in Italy. The Cr pollution of arable
lands was mainly from the cement plant emission, with the atmopsheric
deposition being the major source. The total concentration of Cr in the ana-
lysed soil decresed with an increase in the distance from the cement plant,
while thee total Cr content in lichen tissues rose with the increasing dura-
tion of exposure. These correlations proved that the predominant pollution
source of Cr in this area was the cement plant’s emission and the affected
area was only the immediate surroundings of the main cement plant facili-
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ties (Figure 2). The relationship between the content of Cr in soil or lichens
and the distance from the cement plant can be described using a power
function. The coefficient of determination for the fitted regression model
was significant (2 = 0.99). The EF values of Cr ranged from 1.20 to 1.6 and
increased nearer to the cement plant (Figure 2). The EF value of Cr can be
a good critical value to distinguish the pollution from cement plant emis-
sion. The highest Cr uptake was detected by the Pseudevernia furfuracea
species. This justifies the claim that emmissions from the cement plant are
the principal contributor to the local Cr pollution. This also support the
thesis that Cr was accumulated in the study area, and the accumulation
rate was similar to that of Cd, both of the metals being the main pollutants
from the cement plant. In the cement industry, the linings for rotaries con-
tain chromium, which could be liberated by wear and friction, thus becom-
ing a source of chromium in the soil and lichen samples (ANoN 1983).

Cadmium is a trace element in most of soils. It is not an essential
nutrient of plants, but is a toxic element to plants, animals and human
beings. Cadmium is emitted into the atmosphere from natural sources, main-
ly basalt rocks, and from anthropogenic sources. Metallurgy (drying of zinc
concentrates and roasting, smelting and refining of ores) is the largest source
of anthropogenic atmospheric cadmium emissions, followed by waste incin-
eration and other sources, including the production of batteries, fossil fuel
combustion and generation of dust by industrial processes such as cement
manufacturing (Yamacara 1970). Generally, cadmium is found in lower con-
centration than other metals in soil. In the investigated area, the high lev-
els of Cd in lichens are associated mainly with emissions from the cement
industry. According to ErLis and ReviTT (1982), zinc and cadmium may be
derived from the mechanical abrasion of vehicles and also associated with
tyre wear. Cadmium is also a common component of leaded petrol, diesel oil
and even unleaded petrol (Huanc et al. 1994). Cadium pollution is associated
with the wearing out of tyres and brakes, and with industrial fumes (BaLL
et al. 1994). The toxic concentrations were set at 1 and 3 mg kg~! by Anon
(1983), while BANAT et al. (2005) quote the amount of 5 mg kg™, and the
municipalities of London, and Hong Kong sets target level at 1 and 2 mg
kgl (THOrRNTON 1991, L1 et al. 2001). The concentration of the total Cd in
the analysed soil ranged from 2.0 to 4.3 mg kg1 (13.2 to 24.9 in Table 1).
Thus, the data showed that the study area suffered from Cd pollution. The
cadmium pollution of arable lands was mainly due to the cement plant’s
emissions; the contribution of Cd from the atmospheric deposition prevailed
(Bagrar et al. 2010). The Cd content in the polluted soil and lichens showed
similar trends in respect to the distance (50, 100 or 200 m) from the com-
bustor of the cement plant. The Cd content in lichens determined in our
study results was higher than obtained by TunceL and YENisoy-Karakas (2003)
in Western Anatolia, JERAN et al. (1996) in Slovenia, or FreITas et al. (1999)
in Portugal. Moreover, the Cd content in the polluted soil determined in
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our study was higher than reported by AL-KaasMAN and SHAWABKEH (2006) in
Jordan, TaHORNTON (1991) in London, and BaNAT et al. (2005) in Central Jordan.

The concentration of the total Cd in soil in the study area decresed at
larger distances from the cement plant, while the total Cd content in lichen
species rose with the longer exposure time. These facts proved that the
dominant source of pollution with Cd in this area’s soil was the cement
plant’s emission and the affected area was limited to the nearest environs
of the plant (Figure 2). The relationship between the content of Cd in soil
or lichens and the distance from the cement plant can be described using
a power function. The coefficient of determination for the fitted regression
model was significant (72 = 0.97). The EF values of Cd ranged from 1.40 to
2.5 and increased with nearer to the cement plant (Figure 2). The EF value
of Cd can be a good critical value to distinguish the pollution from cement
plant emission. The highest Cd uptake was detected by Cetraria islandica
species. This justifies the conclusion that emmissions from the cement plant
contribute to the Cd pollution, but without more sophisticated calculations
it is impossible to weigh out how much of it comes fromm the cement
plant. The achieved data give a warning about the pollution with Cd in the
analysed area.

Nickel is a trace element in soils. It is an essential element for animals
and some plants. Some reports found it was richer in soils near cement
plants, but no direct evidence has been produced to conclude that the said
enrichment came from cement plants’ emissions (MoNAct et al. 2000, OLIVIA,
EspriNosa 2007). However, it was found that fossil fuel emissions contribute
to nickel contamination The toxic concentration was set at 70, 38, 75 and
300 mg kg1 by ICRCL (1987), ERD (1999), ANon (1983) and EFROYMSON et al.
(2007), respectively, while the Netherland government sets their target lev-
el at 35 mg kg! (LuzeN et al. 2002, ANoN 2007). The concentration of the
total Ni in all the lichen samples in the study area ranged from 1.2 to
9.3 mg kg1 (Figure 2).

The Ni content in the polluted soil and lichens had similar trends in
respect to the distance (50, 100 or 200 m) from the combustor of the ce-
ment plant. The Ni content in lichen tissues determined in our study was
lower than obtained by Bajprar et al. (2010) in North India. On the other
hand, the Ni content in the polluted soil determined in our study results
was higher than obtained by Carzono et al. (2007) in Italy. This proves that
the source of Ni pollution in the analysed soil was mainly the emission
from the cement plant, and the affected area was the plant’s immediate
surroundings (Figure 2). The relationship between the content of Ni in soil
or lichens and the distance from the cement plant can be described using a
power function. The coefficient of determination for the fitted regression
model was significant (2 = 0.95). The EF values of Ni ranged from 1.20 to
2.1 and increased nearer to the cement plant (Figure 2). The EF value of
Ni can be a good critical value to distinguish the pollution from the cement
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plant’s emissions. The highest Ni uptake was detected by Pseudevernia fur-
furacea species at the 12-month sampling period. This justifies the thesis
that emssions from the cement plant contribute to the local Ni pollution.

Aluminum is the third richest element in soil, but it is not an essential
nutrient for most plants. Although it was supposed to be a traffic pollutant,
as it was found in cars’ emissions due to being used in catalytic mufflers
(LuzeN et al. 2002), or in fumes emitted by car manufacturing plants, there
is no evidence to prove that these sources pollute soils (Monac1 et al. 2000).
The Al content in the analysed soil and lichens had similar trends in re-
spect to the distance (50, 100 or 200 m) from the combustor of the cement
plant. The Al content in lichens determined in our study was lower than
obtained by TunNcEL and YENISoy-Karakas (2003) in Western Anatolia, and by
Bagpar et al. (2010) in North India, but higher than reported by STEINNES et
al. (1992) for Norway. The soil’s total Al concentration decreased with an
increase in the distance from the cement plant (Figure 2). The highest Al
uptake was determined by Usnea longissima, and but all of the EF values
were in a narrow range (0.9 to 1.0), which was due to the excessively high
Al concentration in soil and the fact that the cement plant was not the
main source of Al pollution. When the elemental composition of lichen tis-
sues was compared to the sampling time, the highest Al content in lichens
was determine at the 12-month period (Figure 2).

Lead is a trace element in soil, known for its toxicity to organisms. It is
a component of leaded petrol, diesel oil and even unleaded petrol (<0.015 g
L1). It is implicated as a main pollutant from traffic and industrial activi-
ties (SWIETLICKI et al. 1996, JANSSEN et al. 1997). The toxic concentration was
set at 500 and 813 mg kg1 by the ICRCL (1987), while EFroymMSsON et al.
(2007) and ERD (1999) set it at 50 and 120 mg kg1, respectively, and the
governments in London, Hong Kong and Turkey set their target level at 85
mg kg1, 30 mg kg1, 93 mg kg1 and 300 mg kg~! (ANon 1983, THORNTON
1991, L1 et al. 2001, Luzen et al. 2002, ANoN 2007). The concentration of
total Pb in the study area ranged from 0.1 to 1.8 mg kg™! (1.2 to 2.3 in
Table 1). Thus, the data from soil analyses showed that the Pb pollution
was not severe. The concentration of the total pB in soil in the study area
decresed with an increase of the distance from the cement plant, while an
increase in the total Pb content in lichen species occurred with the increas-
ing sampling time. This proved that the source of Pb pollution of soil in this
area was mainly the cement plant, and the affected area was only the land
near to the main cement plant facilities (Figure 2). The relationship be-
tween the content of Pb in soil or lichens and the distance from the cement
plant can be described using a power function. The coefficient of determina-
tion for the fitted regression model was significant (+2 = 0.97). This could be
attributed to the fact that thee cement industry requires substantial amounts
energy for the process and production of cement, which is supplied by burn-
ing fossil fuel. Another source of Pb pollution could be the traffic in and
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around the cement plant (ICRCL 1987). The Pb content in the polluted soil
and lichen had similar trends in respect to the distance (50, 100 or 200 m)
from the combustor of the cement plant. The Pb content in lichens deter-
mined in our study was lower than obtained by BaJjra1 et al. (2010) in north
India. Moreover, the Pb content in the polluted soil determined in our study
was lower than obtained by ArL-KuasMAN and SHAWABKEH (2006) in Jordan,
THORNTON (1991) in London and Carzoni et al. (2007) in Italy. The EF values
of Pb ranged from 1.20 to 2.1 and increased closer to the cement plant
(Figure 2). The EF value of Pb can be a good critical value to distinguish
the pollution from a cement plant’s emissions. The highest Pb uptake was
detected by Pseudevernia furfuracea species at a 12-month sampling period.
The Pb concentration reached a constant level over 100 m distance from
the cement plant. This justified the claim that the cement plants could con-
tribute to Pb pollution.

CONCLUSIONS

The data obtained in this study demonstrate that metal concentrations
in urban soils can be used as a powerful geochemical indicator for monitor-
ing the impact of anthropogenic activity, provided that the background lev-
els have been correctly interpreted and established. The distribution of met-
als in the analysed soil indicated that the area had been affected by
anthropogenic activity, in particular by the cement industry, leading to a high
accumulation of heavy metals compared with the natural background levels.
The distribution of the metal concentration of the soil in the study area
indicated that the cement industry together with other industrial activities
were responsible for most of the metal pollution, as the highest metal con-
centrations were found close to the cement factory. The conclusion regard-
ing anthropogenic influences was further corroborated by analyses of soil
and lichen samples collected around the cement factory at sites chosen ac-
cording to the prevailing wind direction. The results of the statistical analy-
sis and distribution of the pollutant metals suggested that cement emissions
represented the most important source of contaminants for the investigated
area. The contamination of soils near the cement lant with heavy metals
emmited by the factory is rarely detected at a distance of over 200 m, but
closer than 100 m from the factory soil is found to be contaminated with
Ni, Cd, Cr, Cu and Pb. Further away from the cement plant, the EF factor
reached values that proved the contamination was not predominantly from
the cement emission. They included the critical value of about 1.5. In con-
clusion, it can be said that an appropriate and safe distance of over 200 m
from a cement plant should be selected for residential purposes in order to
avoid contamination with Ni, Cd,Cr, Cu and Pb. In our studz, this was the
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distance where the background levels of Ni, Cd, Cr, Cu and Pb were almost
reached. The coefficient of determination for the fitted regression model
was significant (72 = 0.95). This implies that the Ni, Cd, Cr, Cu and Pb
content of soil and lichens was strongly dependent on the distance from the
cement plant.These findings suggest that the lichen species Pseudevernia
furfuracea and Usnea longissima present in the region can be used to moni-
tor pollution originating from a cement plant origin, that particularly Pseude-
vernia furfuracea is a very good indicator of such contamination. Because
lichens grow very slowly and are rarely encountered in polluted areas, li-
chen transplantation seems to be a solution. Transplantation of Pseudever-
nia furfuracea could be an easy and cost-effective means of air pollution
monitoring and could provide valuable data for undertaking preventive meas-
ures. In this work, our goal was to contribute to lichen studies, which are
of great importance for bio-monitoring, and this article disucsses metal pol-
lution originating from a cement plant, using structural features of lichens.
Further studies should be conducted, including determinations of pollution
in different soil profile depths near cement plants and of the hiperaccumla-
tor capacity of lichen species across the region.
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