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1. Introduction

Ambient air pollution is a complex mixture composed of both
solid particles and gaseous pollutants (Kan et al. 2012). Air pollution has
many negative effects on the natural environment, from changes in plant
growth patterns to loss of ecosystem function (Chaiazzo et al. 2013). In
support of this observation, the World Health Organization estimates that
the every year, 2.4 million people die because of the effects of air pollu-
tion on health (Sierra-Vargas et al. 2012). About 400 000 premature adult
deaths attributable to air pollution occur each year in Europe (Amato et
al. 2014). Monitoring air quality by using living organisms as biomoni-
tors has received increasing attention in recent years (Gerdol et al. 2014).
It is hard to establish a region-wide monitoring system to reveal envi-
ronmental risk assessment levels. Increasing awareness of the potential
hazards of large-scale contamination of ecosystems by pollutants has
highlighted the need for continuous monitoring of the levels of contami-
nants in the environment (Giordani et al. 2002).

Lichens are used in environmental monitoring of industrial pollu-
tion (Oksanon 2006). Changes in lichen diversity are used as indicators of
environmental conditions and have been widely applied in air quality as-
sessments and monitoring programs around the world (Landis et al. 2012).

The bio monitoring of pollution by the atmospheric aerosol most
commonly utilizes lichens and mosses, which have no root parts and col-
lect nutrients and pollutants through the entire body surface. Analysis of
trace elements accumulated in lichens and mosses provides much informa-
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tion on the emission of pollutants into the environment, enables the as-
sessment of a changing quality of the environment, and allows the deter-
mination of directions in which the pollutants propagate (Ktos et al. 2011).

Lichens in particular have been widely used as trace element at-
mospheric bio-monitors as they are widespread and capable of absorbing
elements directly from the atmosphere and accumulating them in their
tissues. Lichen bio-monitoring is often used as receptor based method in
air quality studies. It can be useful in risk assessment for human health.

There are no enough scientific data about comparison of two dif-
ferent methods for air quality evaluation — application of passive sam-
pling method and bio indication method with lichens. The idea was to
apply two different methods for air pollution with SO, evaluation — pas-
sive samplers and bioindication (with lichens) and this idea was realised
in the chemical laboratory of Environmental protection department at
Vilnius Gediminas Technical University.

In terrestrial environments, probably epiphytic lichens are the
most widely used biomonitors, which can detect and monitor numerous
pollutants such as SO,, HF, various metals, nitrogen deposits and ra-
dionuclides. They can be used as bio indicators, bio accumulators and
ecological indicators, where the approaches vary in terms of biological
organization from individual species-to-species associations and lichen
communities (Attanayaka et al. 2013). The major effects of pollutants on
lichens (especially SO;) are summarized as follow (Pescott et al. 2015):
reproductive potential, changes in morphology, changes in ultrastructure,
membrane integrity, photosynthesis and respiration, loss of biodiversity
and changes in lichen communities and other effects (inhibition of nitro-
gen fixation in lichens).

SO,-levels greater than 40 ug/m3 determine the disappearance of
sensitive lichen species. Mean sulphur dioxide levels higher than 150
ng/m’ cause lichen deserts. Lichen zones correspond to certain SO, con-
centrations in the exploratory ambient air. Zoning of lichens in the cities
has been known long, it is based on the resistance degree of different
groups and species of lichens to harmful substances (toxic tolerance)
(Stravinskiené 2009). This principle was applied in article.
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The passive sampler method is widely used in order to quantify
ambient gaseous air pollutant concentrations (Pekey and Yilmaz 2011,
Lopez-Aparicio and Hak 2013, Caballero et al. 2012, Hien et al. 2014,
Zielinska et al. 2014, Serevi¢iené et al. 2014, Krol et al. 2012, Adema et
al. 2012, Byanju et al. 2012, Estellano et al. 2012, Fridh et al. 2014, Ptib-
ylova et al. 2012). Passive diffusion samplers provide a cost-effective
way to monitor air-pollutant species at both local and regional scales.
Compared with conventional methods, they can be deployed unattended
for extended periods and do not require power supply (Adema et al
2012).

Applying lichens average concentration of ambient air pollution
during long period (growing of lichens on tree surface) can be found.
Applying passive sampler’s concentration of ambient air pollution during
short period (typically 2-4 weeks) can be found. Hypothesis — approxi-
mate evaluation of ambient air pollution with sulphur dioxide can be
found applying lichens. This hypothesis was tested applying certificated
method — passive samplers.

Aim of research — comparison of two different methods for air qual-
ity (air pollution with SO,) evaluation in Raseiniai district (Lithuania) — ap-
plying passive sampling method and bioindication method with lichens.

2. Materials and methods
2.1. Study area

Using lichens as bio-indicators, air pollution studies were carried
out in Raseiniai town and its surroundings (Fig. 1). Raseiniai district mu-
nicipality is located in the western part of Lithuania, 76 km north-west of
Kaunas city. Raseiniai district area covers 157.3 thousand ha, of which
113.206 thousand hectares are agricultural areas, 23% — forests, 4.3% —
towns and settlements, 2.8% — industrial enterprises and roads, 3.8 thou-
sand ha — water, 13.4 thousand ha — areas intended for other purposes
(Raseiniy rajono... 2008). Raseiniai district includes twelve elderships
(Figure 1), its population is 33 520 (at the beginning of 2017), two towns
(Raseiniai — population is 10 256, Ariogala — population is 3208). There
are seven small towns, three railway stations, 597 villages (Raseiniy
senitinijos... 2009).
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Fig. 1. Location of the study area
Rys. 1. Lokalizacja badanego obszaru

In the Raseiniai district municipality, pollutants to the ambient air
come from stationary sources of pollution (energy, industrial and eco-
nomic objects, as well as individual residential buildings) and from mo-
bile sources of pollution (road transport). Many pollutants come from the
large boiler-houses located in Raseiniai, Ariogala and Vidukle, and indi-
vidual homes. The amount of the main air pollutants (SO, and other pol-
lutants) emitted into the atmosphere from the stationary sources in
Raseiniai district municipality, are presented in Figure 2.

The emissions of sulphur dioxide in the Raseiniai district munici-
pality, as compared to previous years, have significantly decreased, as en-
ergy companies use clean fuel — biofuel instead of sulphury heavy fuel oil
from approximately 2011 year. After installing of biofuel boilers, the emis-
sion of sulphur dioxide into the atmosphere remained almost unchanged.

Emissions from individual housing especially increase during the
cold season, when boilers are being heated intensively, and weather con-
ditions for the pollution dispersion are adverse; in addition to this, the
increase in pollution also depends on the type of fuel used, its quality,
and sometimes on the waste fired.
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Fig. 2. Quantity of particulate matter, sulphur dioxide, nitrogen oxides, carbon
monoxide and volatile organic compounds (t/y) emitted into the atmosphere
from stationary sources in Raseiniai district municipality

(Data from the Lithuanian Department of Statistics)

Rys. 2. Emisja czastek statych, dwutlenku siarki, tlenkow azotu, tlenku wegla
i lotnych zwigzkéw organicznych (t/rok) do atmosfery ze zrddet stacjonarnych
W gminie powiatowej Raseiniai

(Dane z litewskiego departamentu statystyki)

2.2. Methodology of lichen sampling

During the cartography, whole Raseiniai city and its surroundings
on the map were divided into separate 500 m x 500 m areas. A particular
study area network was formed. With the assistance of the simulation
software SelmaGIS, coordinates for mid-points of each square were de-
termined. These coordinates were entered in the GPS device. Thus the
particular location marked was known. According to LCS (Lithuanian
coordinates system) coordinates, we went to each location. Using GPS
technology, exact location of exploratory trees was recorded in each
study area. The location of exploratory trees was indicated on the area
plan (Figure 3). During the study, dominant tree species were determined
and all the species of lichen on the tree trunks and branches were exam-
ined. 86 trees in 9 out of 12 Raseiniai elderships were examined in total.
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In urban areas sometimes mosses and lichens are found in not suf-
ficient quantities. In such cases, transplant techniques have been used to
monitor air pollution. One of these techniques consists in exposing bags
containing lichen or moss in the studied area to measure concentrations
of contaminants affecting the samples (Salo et al. 2012). Tree age can be
estimated by counting tree-rings in each individual tree without any addi-
tional correction (Madrigal-Gonzalez et al. 2014). Stem diameter at
breast height and tree height are used also for measures of tree growth
(Sumida et al. 2013). Selection of trees for research in Raseiniai district
municipality were carried out after consulting with foresters, which ac-
cording to archival data, selected trees of the similar age. The old trees
could have lichens extant there from the times when there was no pollu-
tion in this area (Gries 2003).
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[~ Pasaltuonys i

Fig. 3. Topographic map of the study area
Rys. 3. Mapa topograficzna badanego obszaru

Composition of lichen species was determined on each tree of se-
lected species dominant in that area, and coverage in percent was studied
using a grid (Figure 4). To this end, a frame in the height of 130-150 cm
was placed from the northern side (it was determined using a compass
built in the GPS device), and the percentage of area which covered the
trunk with lichens was calculated. In order to get accurate results, the
same trunk test was repeated 3-4 times and the average was calculated.
The study was carried out covering not only Raseiniai and Ariogala
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elderships and their surroundings, where main industry of Raseiniai dis-
trict is situated, but also adjacent elderships: Nemaksciai, Vidukle,
Paliepiai, Kalnujai, Girkalnis, Betygala and Pagojukai. Assuming that the
concentration of pollutants in the ambient air starts to decrease when re-
ceding from the pollution sources, to confirm this hypothesis only a few
points for the study were selected in the elderships distant from Raseiniai
town. Coverage with lichens on the species of trees such as birch, oak,
aspen, linden, maples and alders was measured during the study. Since
the study methodology requires examination of the same species of trees,
most frequently encountered species of trees — maples (Acer platanoides)
birches (Betula pendula) and lindens (7ilia cordata) were chosen. The
choice was influenced by the possibilities of comparison of results.

Fig. 4. Example of the sampling grid on a chestnut tree
Rys. 4. Przyktad siatki do pobierania probek na drzewie kasztanowca

According to studies, the area has been divided into zones, as it is
required by the methodology (Table 1) (Stravinskiené 2010).
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Table 1. Lichen distribution in zones according to their prevalence

(Stravinskiené 2010)
Tabela 1. Rozktad porostow w strefach w zalezno$ci od ich wystepowania
(Stravinskiené 2010)
Zone I Lichens Numbgr
number Zone description coverage.% . of species
in the sample
Normal zone:
I Yarious fruticose lich.ens, foliose 70-100% 10
lichens and crustose lichens can
be found in this zone.
External resistance zone:
Lower number of fruticose

I lichens and foliose lichens. >0-70% >-10
Crustose lichens are dominating.

Internal resistance zone:

I Crustose lichens are dominating. 50% No more
Few foliose lichens might than 5
be found.

Desert zone:
No lichens or few crustose
v lichens might be found in this 0-20% 0.3

zone. Desert zone is usually in
large industrial areas.

According to the experience of Lithuanian (Motiejunaité 2007)
scientists and researchers from other countries, to describe the borderline
of lichen areas not only the coverage rate of tree trunk was chosen, but
also such indicators as: life-zones of lichens, number of species, fre-
quency of different species.

2.3. Methodology of evaluation of SO, concentration

Distribution of lichens depends on the SO, concentration in ambi-
ent air. Lichen zones (Table 1) correspond to certain SO, concentrations
in the exploratory ambient air (Table 2). Zoning of lichens in the cities
has been known long, it is based on the resistance degree of different
groups and species of lichens to harmful substances (toxic tolerance)
(Stravinskiené 2009).
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Coverage rate of lichens is obtained directly through the meas-
urements with the grid (Fig. 4). When interpolating the range of SO,
concentration (pg/m’) given in Table 2 according to the distribution of
lichens (%), exact concentration of SO; in the range of each zone is cal-
culated. The following calculations are carried out for each study area of
Raseiniai district.

Table 2. Dependence of SO, concentration in ambient air on lichens coverage
(Stravinskiené 2005)

Tabela 2. Zalezno$¢ stg¢zenia SO, w powietrzu od wystgpowania porostow
(Stravinskiené 2005)

Zone Lichens0 quber of species Concentratior;n
coverage,% in the sample of SO,, pg/m
I 70-100% 10 0-30
I 50-70% 5-10 30-40
I 50% No more than 5 40-45
v 0-20% 0.3 45-65

The concentration of SO, was analysed also by diffusive sampling
method. In order to reduce uncertainty and the risk of data loss, three
samplers were exposed in parallel at each of the sampling locations for a
period of 2 weeks (August 10, 2016-August 23, 2016). A total numbers
of 39 samples for SO, were collected. Passive samplers were exposed at
3-4 m height. The exposure time of each cartridge was 2 weeks. All sam-
plers were placed in the special shelters to protect them from the rain and
minimize the wind influence during the exposure. The places of passive
samplers were selected according the principle - distance must be till 10
m from investigated trees (with lichens). The area of the samplers’ expo-
sure was open, free from buildings, trees and other objects, at least 1 m
from any structures that could disrupt the airflow. During the transporta-
tion and forwarding for analysis, the passive samplers were sealed. After
exposure, the diffusion samplers were analyzed in laboratory and the
quantity of SO, was determined. According to air quality directive
(2008/50/EC), the results of indicative measurements shall be taken into
account for the assessment of air quality with respect to the limit values.
Statistical analysis
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Descriptive statistical analysis was used (mean, standard devia-
tions, confidence interval and Pearson coefficients). 95% confidence
level was used. Data were analysed with Excel 2013.

3. Results
3.1. Lichen flora and coverage of lichens

86 trees have been studied in whole Raseiniai district. 9 different
species of lichens were found onthem, 20% of which were crustose
(paint-like, flat), 45% foliose (leafy) and 35% fruticose (branched). The
resulting percentage of distribution of lichens is given in Figure 5.

Evernia divaricata
Evernia mesomorpha
Hypogymnia physodes
Hypotrachyna revoluta
Imshaugia aleurites
Lecanora caesiosora
Xanthoria parietina
Lecanora

Parmelia sulcata
0 5 10 15 20 25

® frequency of the lichen species, %

Fig. 5. List of the lichen species found on the study area
Rys. 5. Lista gatunkow porostéw znalezionych na badanym obszarze

Most of the trees studied were covered with lichens of type Hy-
pogymniarevoluta (L.) (as much as 23%) and Lecaora (L.), (16%).
Somewhat less Xanthoria parietina (L.) and Lecanoracaesiosora (L.)
species of lichens were found on trees, respectively, they made 11% and
16% of the total amount of lichens found. Minimal amount of Parmeli-
asulcata (L.) (5%) and Imshaugiaaleurites (L.) (6%) species of lichens
was found (Fig. 4).
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Coverage of lichens (%) on the trunks of maple, birch and linden
trees is shown in Figure 6. According to the average coverage area of
lichens (Table 1), it was determined (Figure 6) that Raseiniai town and its
surroundings (Gabsiy and Andriusaiciy villages) are attributed to zone
II1, i. e. moderate fighting zone, where the coverage rate of lichens is up
to 50%, and the amount of species in each sample does not exceed 5.
Ariogala and Paliepiy elderships (Figure 6) are assigned to the same
zone. Kalnujy, Pagojuky elderships and surroundings of Raseiniai town —
Ramanava and Gruzdiskés — are attributed to zone II area, which is Ex-
ternal (resistance) fighting zone. Percentage of fruticose (branched) li-
chens is decreased here, crustose (paint-like, flat) lichens begin to domi-
nate, and amount of foliose (leafy) lichens decreases. Coverage rate of
lichens on tree trunks ranges between 50-70%, and the number of species
detected increases from 2-3 to 5-7. The remaining Nemaksciai, Betygala,
Girkalnis and Viduklé elderships are attributed to zone I. This is a Nor-
mal zone. Various fruticose (branched), foliose (leafy) and crustose
(paint-like, flat) lichens grow here. Coverage rate is up to 70-100%. Spe-
cific composition of lichens found here is the highest.
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Fig. 6. Lichen ground-cover on tree stems in different investigation areas
Rys. 6. Stopien pokrycia pni drzew porostami w réznych obszarach
badawczych
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Amount of lichen species found on each tree trunk varies from 5
to 8. Measurement error is +5%.

3.2. Concentration of SO, according to lichens coverage
SO; concentration in Raseiniai district municipality

SO, is a respiratory irritant and bronchoconstrictor that has been
associated with cardiovascular abnormalities including decrease in heart
rate variability (Chen et al. 2012). Therefore, ambient SO, concentration
must be controlled. Concentration of SO, according to the lichens is car-
ried out according to the procedure described (Section 2.3). Values obta-
ined are given in Figure 7.
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Fig. 7. Concentration of SO, (ug/m’) in ambient air in Raseiniai district
Rys. 7. Stezenie SO, (ug/m’) w powietrzu w rejonie Raseiniai

Figure 7 shows that SO, concentration in Raseiniai town and its
surroundings (Gabsiai, Andrusai¢iai, Gruzdiskés) is the highest compared
with other study areas, and ranges from 39+2 pg/m’ to 41+2 pg/m’. The
same SO, concentration is attributed to Ariogala and Paliepiai elderships.
Increase in concentration can be influenced by the main industry of
Raseiniai district rallied in these places. The survey also found that the
concentration of SO; in the ambient air decreases when receding from the
pollution sources (major industrial enterprises of Raseiniai district). This
is affected by the distribution of pollutants in space. Lower concentration
of SO, was determined in Kalnujy, Pagojuky elderships and the settle-



Measurement of Ambient Air Pollution with SO,... 101

ment Ramanava of Raseiniai town. Concentration in these areas varies
between 3142 and 36+2 pg/m’. The lowest concentration of SO, is at-
tributed to Nemaksciai and Viduklé elderships, where respectively, SO,
concentratlon is up to 442 and 1642 pg/m’. Calculation error is
+2 pg/m’. The lowest concentration in the whole Raseiniai district is in-
fluenced by the fact that most of these elderships are distant from the
major industrial enterprises most.

The studies have shown that sulphur dioxide concentrations in
Raseiniai district do not exceed the limitary values for pollution. Calcula-
tions of ground-level concentration of the ambient air pollutant were
compared with the limitary value of pollution, approved by the Order No
591/640 of 11 December 2001 by the Ministers of Health and Environ-
ment of the Republic of Lithuania “Relating to the determination of stan-
dards for the ambient air pollution” (Official Gazette, 2001, No. 106-
3827; 2010, No 2-87), where the maximum daily limitary value of SO,
can be up to 125 pg/m’.

SO, concentrations determined in Raseiniai dlstrlct applying pas-
sive samplers varied from 2.0+0.18 to 5.1+£0.50 pg/m’ with average value
of 3.5 pg/m’.

The biggest SO, concentratlons in ambient air were recorded in
Raseiniai town (5.140.50 pg/m’) and the smallest concentrations — in
Nemaki¢iai eldership (2.0£0.18 pg/m?). In other measurement points SO,
concentrations were within 2.7+0.26-4.5+0.41 pg/m”.

Evaluation of ambient air quality was carried out in 2010-2011 in
Lithuania and concentration of sulphur dioxide, nitrogen dioxide and
benzene were measured with passive samplers in 375 places. According
to data of this measurements the biggest ambient air pollution with SO,
was measured in Stony street 4, Raseiniai, because in this place the big-
gest quantity of private houses. In other places of Raseiniai district mu;
nicipality average SO, concentration was until approximately 1 ],Lg/m
(Raseiniai... 2015). The average concentration of SO, applying passive
samplers during different seasons in the Raseiniai district municipality in
2015-2016 year was set: 0.6 pug/m’ in winter, 1.0 pg/m’ in spring,
0.5 pg/m’ in summer, 0.8 pg/m’ in autumn. The increase in SO, concen-
trations during the spring season could been caused by heating of indi-
vidual homes in the cold season. Pollution from individual residential
houses may depend on the type of fuel used and its quality, as well as on
the distribution of pollutants under adverse meteorological conditions.
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The decreasing of SO, concentration in the summer season can be ex-
plained by decreasing of car traffic intensity.

Similar concentrations of sulphur dioxide were measured in other
urban areas of Lithuania with medium and low population applying pas-
sive samplers. The measured concentration of sulphur dioxide with pas-
sive samplers in Visaginas municipality ambient air were in range from
0.3 to 4.0 pg/m’ in period from 2013 to 2017 year. Visaginas has 18 541
inhabitants in 2018 (Visaginas... 2017).

The concentration of sulphur dioxide measured with passive sam-
plers in Anyks8¢iai municipality ambient air (2017-2018) was in range
from below 0.6 to 6.8 pg/m’. Anyks¢iai has 8848 inhabitants in 2018
year). (Research... 2018).

Table 3. SO, concentration measured with passive samplers
Tabela 3. Stezenie SO, zmierzone za pomoca probnikow pasywnych

Place SO,, pg/m’
Raseiniai town 5.1+£0.50
Gabsiai 4.0+0.39
Andrusaiciai 4.3+0.41
Ramanava 4.0+£0.44
Gruzdiské 3.54+0.32
Nemaksciai 2.0+0.18
Girkalnis 2.7£0.25
Ariogala 4.5+0.41
Kalnujai 3.3+0.30
Pagojukai 3.0+0.28
Viduklé 2.7+0.26
Paliepiai 3.5+0.33
Batygala 2.9+0.27

Correlation between concentrations of SO, measured with li-
chens and passive samplers. There were significant statistical relation-
ships between measured SO, concentrations with both methods when
Pearson's correlation matrix was applied to the variables at a 95%
confidence interval. A strong positive correlation (r = 0.84) between con-
centrations of SO, measured with lichens and passive samplers indicates
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that lichens can be applied for approximate evaluation of SO, concentra-
tions in ambient air.

4. Conclusions

1.

The comparison of two different methods for air quality evaluation —
application of passive sampling method and bio indication method
with lichens was done. There were significant statistical relationships
between measured SO, concentrations with both methods when Pear-
son's correlation matrix was applied to the variables at a 95%
confidence interval. A strong positive correlation (r = 0.84) between
concentrations of SO, measured with lichens and passive samplers
suggests the application of lichens as a primary tool in determining
the spatial distribution of airborne pollutant, e.g. SO,.

Lichens are well suited for biomonitoring studies, since they effec-
tively accumulate the atmospheric pollution and they can be applied
to monitor temporal and spatial distribution of air pollution effects.
The study results show that the highest concentration of SO, in the
ambient air determined applying bio indication method was found in
Raseiniai district (41+2 pg/m’) and its surroundings (Gabsiai
(40+£2 pg/m3 ), Andrusaiciai (4142 ug/m3 ) and Gruzdiskés (39+2
ug/m3). The highest concentration of SO, in the ambient air deter-
mined applying passive samplers was in Raseiniai district
(5.1£0.50 ug/m3) and its surroundings (Gabsiai (4.0+0.39 pg/m3),
Andrugaitiai (4.3+0.41 pg/m’) and Gruzdiskés (3.5+0.32 pg/m’).
The lowest concentration of SO, was determined in the Nemaksciai
and Vidukl¢ elderships where, respectively, the concentration of SO,
was 4+2 and 162 pg/m’ determined applying lichens and 2.0+0.18
and 2.74£0.26 pg/m’ applying passive samplers. The lowest concen-
trations in investigated elderships are influenced by the fact that they
are distant from the major industrial enterprises.

Applying of lichens and passive samplers indicated that road traffic and
industrial activities are significant emission sources of SO, in region of
Raseiniai district municipality, Lithuania. Study showed that concentra-
tion of SO, as strictly regulated air pollutant by EU Directives
2008/50/EC and 2000/69/EC did not exceed set threshold 125 pg/m? in
the Raseiniai district municipality during the study period in August
2016. It can be assumed that air quality in the considered area is high.
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Pomiar zanieczyszczenia powietrza atmosferycznego
SO, z zastosowaniem porostow i probnikow pasywnych

Streszczenie

Mozliwe jest przeanalizowanie negatywnego wpltywu na jako$¢ powie-
trza w $rodowisku poprzez zastosowanie bio-indykatywnej reakcji zywych orga-
nizméw na zanieczyszczenia. Porosty (Lichenes L.) sg bardzo wrazliwe na zanie-
czyszczenia gazowe, wigc mozna je wykorzysta¢ do oceny zanieczyszczenia po-
wietrza. Trzyna$cie punktow w okregu Raseiniai zostato wybranych do pomiarow
stezenia dwutlenku siarki w powietrzu z uzyciem porostow i probnikow pasyw-
nych dla poréwnania. Zmierzone wartosci st¢zen SO, poréwnano z warto§ciami
granicznymi ustalonymi dla tego zanieczyszczenia w powietrzu zgodnie w dy-
rektywach 2008/50/WE i 2000/69/WE. Stgzenia SO, okre§lone za pomoca poro-
stow porostow byty wyzsze niz uzyskane za pomoca probnikéw pasywnych, ale
w obu przypadkach byly one niskie i nie osiggaty warto$ci granicznych w powie-
trzu. Im dalej od gornych Zrédet zanieczyszczen (gtdwne przedsigbiorstwa prze-
mystowe w okrggu Raseiniai) tym warto$ci stezenia SO, w powietrzu spadaly.
Srednie stezenia SO, w powietrzu w rejonie Raseiniai nie osiaggnety dopuszczal-
nych wartosci granicznych dla powietrza atmosferycznego (125 pg/m’) w okresie
badania (w sierpniu 2016 r.). Wyniki badan wskazuja, ze najwyzsze stgzenie SO,
w powietrzu okre$lone z wuzyciem porostow byly w rejonie Raseiniai
(41£2,0 pg/m’) ijego otoczeniu (Gabsiai (40+2,0 pg/m’), Andrusaidiai
(41£2,0 pg/m’) i Gruzdigkes (39+£2,0 pg/m’). Najwyzsze stezenie SO, W powie-
trzu zmierzone probnikami pasywnymi byto w rejonie Raseiniai (5,1+0,50 pg/m’)
ijego otoczeniu (Gabgiai (4,0+0,39 pg/m’), AndrusaiGiai (4,3+0,41 pg/m’)
i Gruzdiskés (3,5 pg/m’). Najnizsze stezenie SO, zmierzono z zastosowaniem
porostow w Nemaks¢iai i Viduklé (4+2,0 pg/m’® i 16£2,0 pg/m’) i 2,0£0,18 pg/m’
oraz 2,7+0,26 pg/m’ z zastosowaniem probnikéw pasywnych. Stwierdzono istot-
ne zalezno$ci statystyczne migdzy zmierzonymi stezeniami SO, stosujac obie
metody. Zastosowano macierz korelacji Pearsona dla zmiennych w przy 95%
przedziale ufnosci. Silna dodatnia korelacja (r = 0,84) migdzy stgzeniami SO,
mierzonymi za pomocg porostow i probnikow pasywnych wskazuje, ze porosty
mozna stosowaé do oceny stezen SO, w powietrzu. Najnizsze st¢zenia w bada-
nych starostwach spowodowane sa ich odlegloscig od gtéwnych zaktadow prze-
mystowych i1 obiektow energetycznych.
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Abstract

It is possible to analyse a negative impact on environmental air quality
by using living organism’s bio indicative reaction to pollutants. Lichens (Liche-
nes L.) are very sensitive to gaseous pollutants so may be used to evaluate air
pollution. Thirteen points in Raseiniai district were selected for measurements
of sulphur dioxide concentrations in ambient air using lichens and passive sam-
plers for comparing. Measured values of SO, concentrations were compared
with limit values set for this pollutant in ambient air according to 2008/50/EC
and 2000/69/EC directives. SO, concentrations determined with lichens was
bigger than determined with passive samplers, but in both cases, they were low
and did not reach permissible limitary values in ambient air. Further from, the
main pollution sources (main industrial enterprises in Raseiniai district) values
of SO, concentration in the ambient air gradually decreased. Average SO, con-
centrations in ambient air of Raseiniai district did not reach permissible limitary
values set for ambient air (125 pg/m’) during the study period in August 2016.
The study results show that the highest concentration of SO, in the ambient air
determined applying lichens was in Raseiniai district (41+2.0 pg/m’) and its
surroundings (Gabgiai (40+2.0 pg/m’), Andrusaigiai (41+2.0 ug/m’) and Gruz-
digkes (39+2.0 pg/m’). The study results show that the highest concentration of
SO, in the ambient air determined applying passive samplers was in Raseiniai
district (5.1£0.50 pg/m’) and its surroundings (Gabgiai (4.0£0.39 pg/m’),
Andrugaidiai (4.3£0.41 pg/m’) and Gruzdiskés (3.5 pg/m’)). The lowest con-
centration of SO, was determined in the Nemaksé¢iai and Viduklé elderships
where, respectively, the concentration of SO, was 4+2.0 pg/m’ and
16+2.0 ug/m’ determined applying lichens and 2.0+0.18 pg/m’ and
2.7+0.26 pg/m’ applying passive samplers. There were significant statistical
relationships between measured SO, concentrations with both methods when
Pearson's correlation matrix was applied to the variables at a 95% confidence
interval. A strong positive correlation (r = 0.84) between concentrations of SO,
measured with lichens and passive samplers indicates that lichens can be ap-
plied for approximation evaluation of SO, concentrations in ambient air. The
lowest concentrations in investigated elderships are influenced by the fact that
they are distant from the major industrial enterprises and energetic objects.

Stowa kluczowe:
zanieczyszczenie powietrza, porosty (Lichenes L.), SO,, wskazniki biologiczne,
probniki pasywne, powiat Raseiniai

Keywords:
air pollution, lichens (Lichenes L.), SO,, bio-indicators,
passive samplers, Raseiniai district




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [481.890 680.315]
>> setpagedevice


