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CONCENTRATION OF POLYCYCLIC AROMATIC
HYDROCARBONS IN Hypogymnia physodes (L.)Nyl. THALLI
AND CHANGES TO MORPHOLOGICAL STRUCTURE

KUMULACJA WIELOPIER SCIENIOWYCH W EGLOWODOROW
AROMATYCZNYCH W PLECHACH Hypogymnia physodes (L.) Nyl.
| ZMIANY W ICH BUDOWIE MORFOLOGICZNEJ

Abstract: Apart from widely known anthropogenic pollutangss20, NOy, CO,, CO, there are another dangerous
substances emitted to the air named polycyclic atianhydrocarbons (PAH). In the air they occur ifoan of
vapours and aerosols deposited on dust particlé® gim (PM 10) and 2.5 um (PM 2.5) in diametecities, the
air polluted by gases and atmospheric particulaés analysed using special automatic or semi-automat
equipment or analytic procedures. That is why agrw development of bioanalytical techniques basedising
organisms as bioindicators is observed in receatsyelThe lichens are the most frequently used @sgemnin
bioindication. The purpose of this research isvalate air pollution by PAHs in urban agglomenatiaith the
use of Hypogymnia physodes (L.)Nyl. The research was performed in two hundred thousaswlipants

in south-east Poland in 2004-2007. The lichenseplagn tree branches of 30 cm on 4 crossroads, lend t
3 branches were put in each research point. Befarting the exposition, the “O” sample had bedtected that
had been stored in a closed container before claémialysis. The exposition period lasted for 3 thenThen
PAHs were determined in collected lichens. The ymimml was performed with high performance liquid
chromatography (HPLC), LiChrosper (TM) column 10 R18, UV detector, = 254 nm. The concentration was
expressed in mg/kg of dry mass that is after dédgd®AH value determined in “O” sample. The anaysi
obtained results showed diverse concentration efpthilution in the analysed crossroads dependinthenmoad
traffic density and season. PAH concentrations wetermined from 0.61 mg-Kgd.m. in the 1 quarter of 2004
to 2.56 mg-kgt d.m. in the ¥ quarter of 2006, and from 0.48 mg-kgl.m. in the ¥ quarter of 2004 to
2.22 mg-kg* d.m. in the & quarter of 2006. Meteorological conditions infleerthe concentration of PAHs in
lichens. The atmospheric precipitation contributethe decrease of PAHs concentration in the asdawenging
the pollution with atmospheric particulate. Theresgion line amounted to y = 1.91759 — 0.00674 atthe
confidence interval equal to p = 0.0308. A relatlmetween the PAH concentration and air relative idityn
turned out to be the most essential correlatioris Telation indicates that the concentration of BAH the
lichens increases with an increase of humidity. The regression amounted to y = —1.04196 + 0.02897

at the confidence interval equal to p = 0.0505.
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Introduction

The powerful development of industry all over therld took place in the beginning of
the 19" century. Non-ferrous and ferrous metallurgy, steeks, and armaments industry
have been quickly constructed. Those large industentres have influenced fast urban
development and high population density in citiést advanced technological processes at
that time and usage of the coal with high sulfunteat as energy source were the reasons
for exacerbating the air quality. Additionally theuseholds using coal for heating purposes
contributed to that process. Apart from widely kmoanthropogenic pollutants as $O
NO,, CO, and CO, there are another dangerous substancetecernto the air named
polycyclic aromatic hydrocarbons (PAH). In the air they occur in a form of vapounsd
aerosols deposited on dust particles of 10 um (PMahd 2.5 pm (PM 2.5) in diameter.
Polycyclic aromatic hydrocarbons penetrate the mubwdy by gas exchange (respiratory
system), with food and through the body skin. Pedity of organisms by polycyclic
aromatic hydrocarbons results from lipophilicityRAHs. The epidemiological research on
the carcinogenic influence of PAHs on the humaraoigm showed close relation between
benzo[a]pyrene concentration in the air and lungcea disease. It is claimed that such
tissues and organs as epithelium, bone marrowpdeptive system, and lymphatic system
are particularly susceptible to PAHs. Because g lhoxicity and carcinogenicity of PAHS,
Directive 2004/107/EC of 15 December 2004 relatmgrsenic, cadmium, mercury, nickel
and polycyclic aromatic hydrocarbons in ambientagisumes that a target value for PAH
concentration in ambient air shall not exceed Imy-In cities, the air polluted by gases
and atmospheric particulate is analysed using apegiitomatic or semi-automatic
equipment or analytic procedures. However thisitiathl approach based on measuring
equipment and chemical analysis does not providerriration about an impact of
pollutants on organisms. That is why a powerfuledepment of bioanalytical techniques
based on using organisms as bioindicators is obdervrecent years. The lichens are the
most frequently used organisms in bioindication.

The earliest biomonitoring research with the uselicliens, aimed at providing
a theoretical basis and developing research metiatiss back to the 1960s [1]. At present,
these organisms are used for bioindication purpasegarious regions of the world:
Holland [2], Finland [3], Argentine [4-6], the USKX], Germany [8], Italy [9, 10], Poland
[11-15], Chile [16], Portugal [17], Slovenia [18jdIsrael [19].

Together with the development of analytical progeduthe transplantation method has
been used more and more frequently [9, 13, 15,30Experimental investigations into
lichen transplantatiorie lichen removal from low-pollution areas (primevatests or rural
areas with preserved natural landscape) into sitesre lichens do not occur in natural
clusters (lichen-free zones) or their population® aonsiderably limited due to
anthropogenic influences, began in the late 19thucg. At that time, studies mostly relied
on morphological, macroscopic observation and rooinig of thallus depletion [1]. The
removal of living thalluses into polluted areasitlexposition to pollutant activity on sites
selected on account of emission sources, togethieransubsequent chemical composition
analysis enable the assessment of the extent qiaodlistion for the purposes of human
health protection. Consequently, transplantatioohni@ues, while requiring ongoing
methodological upgrade, have become a significant @f biomonitoring (Fig. 1), as they
offer some of the best solutions for long-term emwinental management.
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Fig. 1. Place of transplantation in biomonitori2@]

The research based on lichens relating to air fiofuperformed so far mainly focused
on determining the concentration of heavy metaltha air in industry centres [12, 24],
around urban agglomerations [11] along transpartatoutes outside cities [5], in the
countryside [6, 10] and in the protected areas.[}B}wever the highest amounts of
pollutants that have a significant contribution taman health are emitted in urban
agglomerations.

Lichen transplantation methods

Transplantation methods rely on a range of teclasicand purpose-built structures in
order to optimise lichen thallus exposition. A coomly used method is to place nylon
mesh with lichens inside. Samples exposed in thésmimar have been transplanted in
Argentina. Nylon mesh or bags were suspended frenéight of 3 m AGLgbove ground
level) [5] (Fig. 2).

This method was also used in Argentine and Italthaenyears 2002 and 2004, but the
exposition height was altered and the samples placed at 1.5+2.0 m AGL [5, 6, 10].

Another method, used in Germany [25], relies oreaging PVC-coated wire mesh,
fastened to trees at 1.5+2.0 m AGL. Lichen sanalesplants are also exposed with the use
of PVC cords placed at 2.5+3.0 m AGL. This methas tbeen applied in Israel [26].
Lichens can also be threaded along nylon lines hwhie then arranged at the intervals
of 3 cm on a transverse board. Separated withgeaaat PVC tubes, they are placed at 3 m
AGL. This method has been used in Norway and neastern Sweden (Fig. 3).
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Fig. 2. Nylon bags with lichen samples [5]

1 1]
BRED

] )1}

Trr

Fig. 3. Lichens threaded on nylon strings [27]

Specially sheltered, wooden panels to which lichams fastened are likewise
constructed and placed along tree trunks. The plane height is ca 1.60 m AGL [28]
(Fig. 4).



Concentration of polycyclic aromatic hydrocarbomslypogymnia physodes (L.)Nyl. thalli ...

20 cm y<_7cm —

A a protection tag to prevent runoff
waters and woody decay

40 cm transplant board : a wooden panel
< without chemical treatment

a screew stainless steel to fasten the broad on
the trunk, coated with Araldite

o

Fig. 4. Wooden panels with lichen [28]
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Polyamide mesh can also be used if mesh spacela&enot provide an obstacle for
pollutant deposition. In Portugal, mesh of porosify61um is used [17]. Freitas et al [29]
have used Petri dishes of 47 mm in diameter, wkwvehe placed on purpose-sheltered
stands at 1.5 m AGL (Fig. 5).

In Poland, exposition methods underwent severahgém over the years 1969-2008.
The first transplants were bark discs, cut out ttogrewith the lichen, installed directly in
tree trunks; later, in order to eliminate the polkesinfluence of the base, small boards were
used, with bark discs fixed to them [30]. The bganekre placed at heights ranging from
2 m AGL to 8 m AGL [31, 32]. Another transplantatiomethod, proposed
by Sawicka-Kapusta and Zakrzewska [33] in Polarfter(aleran et al [21]), consists in
direct placement of twigs overgrown with lichen Iths of the Hypogymnia physodes on
tree trunks at the height of ca 2.0 m AGL (Fig.B)is method is still used in Poland for the
implementation of a measurement programme undeiN#teral Environment Integrated
Monitoring System.

Fig. 6. Branches covered with lichen thallus, putplaces of exposure on the tree trunks (photo
M. J&wiak)

The detailed methodology for sample collection tfansplantation purposes requires
determination of natural conditions, lichen collent sites, meteorological and soil
parameters, tree species or rock types from whieee lithens originate, as well as
exposition AGL height. In order to minimise thelirgnce of field conditions, the lichens
are to be collected at the height of 1+2.5 m alinegentire site perimeter [2].

A wide variety is also to be observed in transpkample size. It may be expressed in
area units [2] or in wet weight [5]. More often,wever, the weight units are used because
this facilitates ensuring uniformity of all sampl@he weight is expressed as wet, its value
given at the moment of transplantation (6.0 g) r€as, Pignata [5] and Gonzalez, Pignata
[27], or as dry matter of the sample - 30+40 g [@O]LO0 mg [17], dried at the temperature
of 35°C prior to mineralisation.
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Sloof [2] has transplanted samples of area of ca® M.C. Freitas [29] has placed
them on Petri dishes of 47 mm diameter; samplesred of ca 4 cfmhave been used by
Conti [10]. Transplantation which occurs with theeuof epiphytic lichen thalluses
determines the length of twigs with lichens fastetetheir surfaces. The total twig length,
including the thallus, reaches 30 cm [11, 12, 33hnsplanted lichens are separated from
tree branch or tree trunk bark, or are transplapéutly [12] and separated from the
original base only after exposition.

Similarly, the number of samples in a particulagzaans well as their placement sites
may vary. The height at which the samples are suigugkranges from 1.5+2 m (Poland,
Slovenia), 2 m (ltaly), 3 m (Argentine), to 3.5 mo(land). Another difference in research
methodology is the duration of thallus expositiorpblluted air, ranging from one to twelve
months. From an analysis of the available liteeatitr follows that the most common are
periods of six months (the hot and cold half-ye#gt, in areas of considerable air pollution
(the vicinity of foundries, refineries, metallurgicplants, cement plants, thermal power
plants, or large urban agglomerations), shorteur{fomr three-month-long) exposition
periods are common.

In the studied cases, the various methodologiesawiple transplantation have shown
shared features, as well as accentuating majoerdiftes and their significance for the
studies. In each case, care has been taken tglaandichen from low-pollution areas.
Transplants exposed on the south-western Atlant@astc have been removed
by A. C. Freitas [29] from the unpolluted areamofthern Portugal (Bai&ao). Thalluses for
bioindication studies of air pollution in the indiial area of Cordoba, obtained by Carreras
and Pignata [5], have been collected in a low-piolfuarea situated 70 km away from
investigation sites. Similarly, Gonzalez and Pigngg7] have collected their "O" sample
material to the north-west of Cordoba, in the \vigirof La Calera. Conti et al [10]
transplanted lichens collected in the Abruzzo NatloPark (central Italy) and removed
them to the city centre and industrial areas. T®¢&lichen samples collected by Godinho et
al [17] have been taken from central Portugal'alrand unspoilt areas in the vicinity of the
town of Tomar. Studies in Slovenia [18] have beenducted with the use of lichens
collected in the unpolluted area of Rogla (Poh@f®y). Dutch studies [2] have consisted
in transplanting thalluses from the clean northtess part of Holland into areas of both
low and high pollution. In the case of the studiysBudka et al [11] and Bialonska [12],
the lichen thallus collection area for bioindicatistudies has been north-eastern Poland:
an area situated away from any metropolis or eomissburces - the Borecka Primeval
Forest. The Borecka Primeval Forest has also beed for thallus collection for the "O"
sample and subsequent transplantation in the Swistskie National Park
by Sawicka-Kapusta et al [13, 33] and in the citiKlce [15, 24, 34].

Species used in the transplantation method

Transplantation in selected areas enables the \@ig®r of specific morphological
changes as well as the chemical analysis of lithalluses exposed to specific pollution
types. The pollution may originate from urban areagpressways, industrial estates,
thermal power plants, chemical plants and refiseri®ioindicator transplants are most
frequently filamentous or foliose, which resultsrfr their greater sensitivity in comparison
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with the fruticose and the crustose. In the watthe, following species are most commonly

used for research purposes:

- Hypogymnia physodes (L.) Nyl. - transplanted in urban areas of south-eastelanBo
(city of Kielce) and national parks (Swietokrzyskiational Park), Krakow Industrial
Region [11, 12, 15, 33]; in Slovenia - transplantedhe vicinity of chemical plants
and metalworks [18], as well as in the central WAgd. around mines [35],

- Usnea amblyoclada (Mill. Arg.)Zahlbr. - in Argentine, transplanted around the
industrial agglomeration of Cordoba in the vicinitiya cement plant where hazardous
waste is processed [5],

- Bvernia prunastri (L.) Ach. - transplanted in Italy to three anthrgpaically modified
areas: urban (Cassino), rural (S. Elia Fiumerapidoyl industrial (Piemont S.
Germano) [10] as well as in Portugal [17],

- Parmelia caperata (L.) Ach., 1803- transplanted in the industrial city of Sines, in
Portugal [17],

- Parmelia sulcata Taylor. - in Holland, Germany and Belgium, transplanted i
industrial areas: the agglomeration of Rotterddme, Ruhr and the German-Belgian
industrial regions [2],

- Punctelia subrudecta (Nyl.) Krog. - in Argentine, transplanted in the vicinity
of a power plant in the city of Cordoba [27],

- Ramalina lacera (With.) J.R.Laundon. - in Israel, transplanted around fossil-fuel power
stations [36],

- Ramalina ecklonii (Sprengel) G.Meyer & Flotow - in Argentine, transplanted along
communications routes of various traffic density [4

- Ramalina duriaei (De Not.) Bagl. - in Israel, transplanted along expressways near
residential areas [36],

- Pseudevernia furfuracea (L.) Zopf. - in Italy and Switzerland [37],

- Nephroma antarcticum (Jacq.)Nyl. - in Patagonia, transplanted in two citi€san
Carlos de Bariloche, a tourist destination, andavRegina, a city surrounded with
farmland in the province of Rio Negro [6].

All the above lichens rank high in the lichenoiration scale, thus fulfilling the
requirements for bioindicators.

There are lots of studies in which the transplémtabf lichens to evaluate the air
pollution level in cities caused by heavy metalsuged, whereas there are no reports
describing the pollution by polycyclic aromatic hgdarbons using lichens.

Materials and methods

The study was performed in urban agglomeration0id422007. Based on road traffic
density, 4 crossroads were selected for the rasemea regarding PAH$1ypogymnia
physodes lichen was carried from Borecka Primeval Forestr{heastern Poland) that is
recognized as non-polluted reference area for Eolahe lichens placed on tree branches
of 30 cm in length were moved to designed aread,the 3 branches were put in each
research point. Before starting the exposition,“tD&sample had been collected that had
been stored in a closed container before chemiwdysis. The exposition period lasted for
3 months. Such cycle was established after the i@thmtoial of lichen exposition in the city
with 2-month exposition times that was carried inl2003. 2-month exposition period was
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too short and did not reflect meteorological chanaed human activity (cold season). Then
PAHs were determined in collected lichens. The ymisl was performed withigh
performance liquid chromatography (HPLC), LiChrosper (TM) column 100 RP - 18, UV
detector;h = 254 nm. The concentration was expressed in mofldry mass that is after
deducting PAH value determined in “O” sample. Afeatposition the lichens were tested
using FEI QUANTA 200scanning electron microscope with digital image processing.
Sections of the lichens showing colour changesckielaed, whitened and browned areas)
and of control sample (without colour changes) waepared for tests (Figs 7 and 8).

Fig. 7. Morphological changes dflypogymnia physodes thalli after exposed on the crossroads
(M.A. J&wiak)

Fig. 8. Natural thalli structurdypogymnia physodes (M.A. J&wiak)

Research area

The city of Kielce is located in Central-Easternad and has 202,000 inhabitants.
The orography of the area occupied by the city @9%nf) is versatile, and dense urban
development in particular in the city centre andtlie housing estates together with
minimized green areas contribute to heat balance¢hefcity, temperature differences,
atmospheric precipitation and cloudiness. Annualrs® of wind activity in the Kielce city
indicates two phases: autumn-winter phase witmsitied winds from the South and from
the South-East (25.4%) and spring-summer phasewiittds from the North (7.4%). The
city is located in the zone of medium and low wiratis. The strongest winds occur in the
winter and in the beginning of the summer (11+15fand more than 15 m<¥ what
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results from high baric gradients and increasedogpineric circulation in those seasons.
Daily changes of wind speed are modified by turbcée convection and buildings. In the
city the streets that are parallel to the main wdiréctions are aired to the highest extent,
while in the streets that are perpendicular to rien wind directions so-called “wind
shadow” is formed favouring accumulation of polhtta The most unfavourable conditions
for ventilation are found in the city centre. Amaispheric silence reaching 15.5% in a year
in the city of Kielce is an important indicator a@fing of the city. It can be observed mostly
in the autumn with a maximum in October when atiedahumidity reaches over 70%.
Hollows of polluted air are observed due to so mamydless days. Additionally this
phenomenon intensifies inversion fogs that are rvieskin the city mostly in October. What
is more the city of Kielce is located in a zonerefatively unfavourable conditions for
vertical air exchange. An atmospheric instabilitytes is observed during 23 to 29% of
hours in a year. A stable dynamic balance foundlpan the winter is also unfavourable to
the airing of the city. The winter time is a periofl increased activity of inhabitants
connected with heating season. During the summeinareased level of temperature
compared to surrounding areas and decreased hymalise the city of Kielce to be an
urban island of heat. Under those unfavourable anekegical conditions the pollutants are
released to the air from local emitters locateddmghe city: industrial plants, municipal
heat power plant, housing estate power plantsfagitive emission. A road transportation
is considered a significant emitter, too. Statgiaeal and local roads run across the city in
total having 384 km in length. The road traffic diéyin the main crossroads varies from
2328 vehicles per hour to 4241 vehicles per houths morning rush hours while it
amounts from 2412 vehicles per hour to 5590 vesipkr hour in the afternoon rush hours
[38]. These areas are ranked among so-called lmissen sources where the motor
vehicles are the main source of emission. A coninusgif diesel oil and gasoline is one of
the substantial sources of emission of PAHs inutiEn conditions [39]. The sources of
these dangerous compounds in the crossroads inelsde rubbing off the rubber tires
when braking, car linings and asphalt consistingctions of polycyclic aromatic
hydrocarbons. A car tire can lose even up to 2@ aesult of rubbing off during use. In
case of truck tires, the losing of weight may exeach 12 kg. Approximately 9% of rubbed
off rubber is released to the air in a form of d@urrently tires contain twice as much or
more PAHSs as a limit value defined in the projed/& Directive (10 mg-kd). The winter
time is especially dangerous because of increagdccbnsumption at low air temperatures.
The city of Kielce was categorized as zone lllassl “C” by the Regional Environmental
Protection Inspectorate in which the level of atplesic particulate concentration was
exceeded adding up a tolerance margin.

Results and discusion

The air pollution in the city of Kielce by dust piates of 10 um in diameter (PM 10)
calculated based on data from Regional Environnhétatection Inspectorate in Kielce
shows that average concentration of PM 10 dushéndity in 2004-2007 amounted to
23.6 pg-nt, while the highest amounts were obtained in colhtims with average of
33.0 pg-n in the F' quarter and varied from 29.6 pgn February to 35.7 ugTh
in January, and with average of 28.8 ug-im the 4" quarter ranging from 24.8 ug-in
in October to 31.4 ug-thin December. Significantly lower values of the cemication of
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atmospheric particulate were noted in warm montte distribution of average annual
values of PM 10 dust concentration in the crossadadhe city of Kielce in 2004-2007 is
shown in the Figure 9.

PM10 Jagiellofiska Street
110

90
80
70

60

30

pgm

20 e

10

O Average

[] +/-Standard deviation
2004 2005 2006 2007 I Min-Max

rok

Fig. 9. Average yearly dust PM10 concentrationfandrossroads in Kielce in the years 2004-2007

The concentration of dust in the air depended onynf@actors in which apart from the
emission, the main role was played by meteoroldgmanditions (air temperature,
atmospheric precipitation, air relative humiditynda wind speed). The atmospheric
precipitation was the factor limiting the dust centration in the air (Fig. 10), and also the
increase of the temperature decreased the lewdlisifconcentration whereas the decrease
of the temperature contributed to the increasehefdust concentration (Fig. 11), and air
relative humidity was a stimulating factor (Fig.)12
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Fig. 10. Regression line suggesting a correlatietivben PM 10 and precipitation on the crossroads in
Kielce
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Fig. 11. Regression line suggesting a correlatietwben PM 10 and temperature on the crossroads in
Kielce
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Fig. 12. Regression line suggesting a correlatietween PM 10 and humidity on the crossroads in
Kielce

Accumulation of PAHs in the Hypogymnia physodes (L.)Nyl. lichen
thalli

The average concentration of PAHs in 4 main cr@ssoin the city of Kielce

in 2004-2007 amounted to 0.94 mg-kd.m. with the year 2006 singled out (Fig. 13).

The analysis of obtained results showed diverseamnation of the pollution in the

analysed crossroads depending on the road trafficsity and season. The highest
concentrations were found in the crossroads NodlIlH (Fig. 14).
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Fig. 13. Average yearly PAH concentration in lickexposed on the crossroads in Kielce in the years

2004-2007
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Fig. 14. Average yearly PAH concentration in lichkesxposed at selected crossroads in Kielce in the
years 2004-2007

The highest accumulation of polycyclic aromatic toghrbons in the lichen thalli was
observed in the®iand 4" quarter of the year. The highest variations wegorted in the
crossroad No. Ill that reached from 0.61 mg‘kd.m. in the T quarter of 2004
to 2.56 mg-kg d.m. in the 1 quarter of 2006, and from 0.48 mg-kd.m. in the & quarter
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of 2004 to 2.22 mg-k§d.m. in the ¥ quarter of 2006. This crossroad is located incihe
centre between 3-floor buildings, and because oplaoted greenery in those areas, the
accumulation of pollutants during high road traffiensity was observed. Furthermore in
2006 in relation to renovation of the parallel rotik traffic was concentrated in the tested
crossroad what caused accumulation of PAHs in ithede the highest in all quarters in
2006 and throughout the research period (Table 1).

Table 1
PAH concentrations iflypogymnia physodes lichen thalluses, exposed on the crossroads irc&iel
in the years 2004-2007

Iquarter | llquarter | Il quarter | IV quarter
Place and exposition time [mg-kg™ d.m]
2004
Crossroad I* 0.73 0.27 0.32 0.69
Crossroad II** 0.71 0.29 0.43 0.76
Crossroad llI*** 0.61 0.26 0.28 0.76
Crossroad [V **** bd bd bd bd
2005
Crossroad | 1.69 0.95 0.82 1.21
Crossroad I 0.86 0.55 0.51 1.02
Crossroad IlI 1.96 0.46 0.48 1.12
Crossroad IV 0.87 0.42 0.53 0.95
2006
Crossroad | 1.68 1.25 1.26 1.46
Crossroad Il 1.91 1.55 1.46 1.72
Crossroad Il 2.56 2.13 1.85 2.32
Crossroad IV 1.15 1.24 1.22 1.13
2007
Crossroad | 1.22 0.65 0.58 0.97
Crossroad I 1.01 0.64 0.55 0.88
Crossroad IlI 0.78 0.58 0.61 0.74
Crossroad IV 1.12 0.81 0.75 1.00

*Crossroad | - traffic density: morning rush howt241 cars/hr; afternoon rush hour - 5590 cars/hr.
**Crossroad Il - traffic density: morning rush houB287 cars/hr; afternoon rush hour - 3350 cars/hr
***Crossroad lll - traffic density: morning rush ho- 4207 cars/hr; afternoon rush hour - 4241 bars/
***Crossroad IV - traffic density: morning rush ko - 3474 cars/hr; afternoon rush hour - 3537 bars/

The tests of PAH concentration in the soil near thain communication routes
revealed that the concentration of PAHs varied f@0A28 mg-kg d.m. to 5.656 mg-ky
d.m. depending on the distance from the road [#b& highest concentrations were found
at the border of the road. Then one must suppa@geatko in the city of Kielce there is an
increased soil contamination by polycyclic aromatidrocarbons at the crossroads.

Meteorological conditions influence the concentmatiof PAHs in lichens. The
atmospheric precipitation contributed to the deseeaf PAHs concentration in the air by
scavenging the pollution with atmospheric partitelld he regression line for the crossroad
No. | amounted to y = 1.91759 — 0.00674 - X, atth&fidence interval equal to p = 0.0308
(Fig. 15). A relation between the PAH concentratonl air relative humidity turned out to
be the most essential correlation. This relatiaficates that the concentration of PAHS in
the lichens increases with an increase of humifig. 16). The line regression for the
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crossroad No. | amounted to y = -1.04196 + 0.02897at the confidence interval equal to
p = 0.0505.

crossroad: Warszawska/Jesiondwektokrzyska

1,680 No o
1,460 ~ o

1,220 °~.%

mg*kg? s.m.

0,950 [[~=--_ °o o N T ]
0,820 S~. o
0,690 T,

0,549 N

0,390 S °

0,270 [} N

73,1 128,7 157,8 196,2
94,1 142,8 1725 234,3

| Rainfal:WWA: r* =0,3108; r =-0,5575, p = 0,0308; y = 1,9175909,00674388515*

Fig. 15. Dependency of PAH concentration in traasfgd lichens on atmospheric precipitation in
Kielce

corssroad: Warszawska/Jesiondvebtokrzyska
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55,2256870 63,1906511 70,0033791 79,8812873
60,6284473 66,8643429 75,2349873

| RH:WWA: r?=0,2631; r=0,5129, p = 0,0505; y = -1,041963%,0289652453*x

Fig. 16. Dependency of PAH concentration in traasfgd lichens on humidity (RH) in Kielce

The analysis of changes to the structure dflypogymnia physodes (L.)
Nyl. lichens in the image from scanning electron microscope

A scanning electron microscope is a valuable tawl the research of cells and
subcellular structures in the lichen thalli. It bles to observe a morphology of cells and
alleged tissue thalli [41-44]. The use of scanréfgctron microscope for the research of
lichen damage exposed under unfavourable conditdiosved to detect changes in the
lichens that limit or make it impossible for theganism to function.
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tag De ;1/1.6/2"0.07. 0am
25.0 kV| 3.0 100x LFD 10.0 mm 1.35 mm|0.75 Torr 3:33:36 PM 1h-2006
Fig. 17. Large-area pollution accumulation ldypogymnia physodes (L.), Nyl. thallus surface, exposed
on the crossroads in the third quarter of 2006 (rifgl 100x) (M.A. Jozwiak)

t Mag|Det| WD HFW | Pressure | 11/8/2007 —50.0um—

m
25.0 KV| 3.0 400x|LFD12.3 ram 0.34 mm 0.68 Torr 1:45:07 PM 1l-2006

Fig. 18. Fissured pseudocyphelia on Hygpogymnia physodes (L.), Nyl. thallus surface, control group
(magnified 400x) (M.A. Jozwiak)

After 3-month exposition oflypogymnia physodes lichen in the crossroads, pollutants
accumulated in various lichen parts and in pariicidoncentrated around widely open
chinks of pseudocyphellae (Fig. 17) what was nateoled in the lichens in the control
sample (Fig. 18). Pseudocyphellae chinks are thasavhere gas exchange occurs naturally
but at the same time under the conditions of pediwir, the pollutants penetrate into the
lichens through these chinks. No separated algess Ia the structure of upper cortex was
another observed change. (Fig. 19). In the straafinot damaged thalli, the algal layer is
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evidently located under the cortex of the myceli{iig. 20), and algal cells have circular
shape (Fig. 21) what is visible in the cross-sectib“O” control sample (Fig. 22). Changes
like deformation of algal cells covered with po#lats can be visible at higher magnification
(Figs 22 and 23).

HV Spot Mag Det WD HFW | Pressure | 11/17/2007 —50.0pm—
25.0 kV. 3.0 400x LFD 10.6 mm|0.34 mm|0.75 Torr 10:32:02 AM 1h-2006

Fig. 19. Hypogymnia physodes (L.), Nyl. thallus cross-section with no gonidial zone, ergosn the
crossroads in the third quarter of 2006 (magnifie@x) (M.A. Jozwiak)

i L
Fig. 20. Hypogymnia physodes (L.), Nyl. thallus layered structure, control group (magnifiZ@00x)
(M.A. Jozwiak)
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HV  Spot Mag  Det W
30.0 KV 3.0 110000x LFD 9.0 mm 27.04 um|0.98 Torr 1:12:59 PM

Fig. 21. Coccoid cells offrebouxia sp. from the algae zone of tlitypogymnia physodes (L.), Nyl.
thallus, control group (magnified 10 000x) (M.Azdoak)

YA

HFW  Pressure 12/17/2007 —>5.0pm:
30.0kV| 3.0 10000x ETD'9.1 mm27.04 pm - |11:11:23 AM 2f pow

Fig. 22. Deformations of algae and mycelia insigeHypogymnia physodes (L.), Nyl. lichen, exposed
on the crossroad (magnified 10 000x) (M.A. Jozwidk} pollution on the surface of hyphae;
2 - pollution in the intercellular space, 3 - charig algae shape from orbicular to discous,
4 - pollution accumulated on algae cells
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!

:

HV Spot Mag Det WD = HFW P 11/8/2007 | —2.0pm— |
Fig. 23. Mycelium hyphae with pollution on the sagé of the cell wall inside théypogymnia physodes
(L.), Nyl. thallus, exposed on the crossroad (magnified 4&)000.A. Jozwiak)

Conclusions

The lichens play a very important biogeochemic#? iia restraining and distributing
the nutrient substances and micronutrients but #egumulate also PAHs and heavy
metals. They are rated among biologically effectidicators of air pollution. Because they
do not have a protective dermal layer and branslystem of substance consumption, they
must absorb them directly from the air. What is entiney have some ecological and
physiological requirements what makes them vengitiga to pollutants found in the air.
The use of the lichens to show negative environaiefitanges is nowadays frequently used
in particular in the areas under strong anthropimgpressure on the environment. The
monitoring of the environment using the lichens hasome widely spread not only for air
guality assessment but also as an effective eaiping system [45]. The content of SiB
the air has significantly decreased since thedasade of the Z0Century because of social
and economical changes. On the other hand a polldty heavy metals and PAHs has
increased what is related to the development ofnmeé transportation. It was notified by
the European Council and Parliament who in IV Dikec UE put an emphasis on the
problem of air pollution by As, Cd, Ni, Hg and befelpyrene as the most toxic PAH
compound. The member states were obliged to submitresults of the air quality
assessment regarding the level of toxic metalsPakids until September 30, 2008. Till the
end of 2009 the member states must develop andeingpit corrective measures. The
research performed with the use éfypogymia physodes lichen confirmed high
concentration of polycyclic aromatic hydrocarbons ithe air reaching from
0.56 to 1.22 mg-kdd.m. The concentration of PAHs in the lichens tpdasted in the city
of Kielce in 2004-2007 depended on the place okttposition linked to the emission value
and meteorological conditions such as: air tempesatatmospheric precipitation, air
relative humidity, wind speed and direction. Ob¢girconcentrations of PAHSs in the lichen
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thalli enable to issue maps of the areas endandsrealycyclic aromatic hydrocarbons in
the city what may be suitable for inhabitants asnfmrmation about the endangered areas,
and for the municipal government on the other hahdn developing local land use plans,
and in the future for the development of land usa for the whole commune.
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KUMULACJA WIELOPIER SCIENIOWYCH W EGLOWODOROW
AROMATYCZNYCH W PLECHACH Hypogymnia physodes (L.) Nyl.
| ZMIANY W ICH BUDOWIE MORFOLOGICZNEJ

Katedra Ochrony i Ksztaltowanfrodowiska, Wydziat Matematyczno-Przyrodniczy
Uniwersytet Jana Kochanowskiego w Kielcach

Abstrakt: Obecnie obok powszechnie znanych zanieczyézgagowych pochodzenia antropogennego, takich
jak SQ, NO,, CO,, CO, do grénych substancji dostgych s¢ do powietrza zalicza giwielopiekcieniowe
weglowodory aromatyczne (WWA). W powietrzu wystija w postaci par i aerozoli zalegaych na castkach
pylu o érednicy 10 um (PM 10) i 2,5 pm (PM 2,5). W miastaemieczyszczenie powietrza gazami i pytlem
zawieszonym bada esiprzy wyciu specjalistycznej automatycznej lub potautoroatgj aparatury lub

z zastosowaniem procedur analitycznych. Takie trgide podejcie, polegajce na wykorzystaniu aparatury
pomiarowej i analizy chemicznej probek, nie dajengk pelnej informacji dotygzej oddziatywa
zanieczyszcZe na organizmyzywe. Dlatego t& w ostatnich latach obserwuje; slynamiczny rozwoj technik
bioanalitycznych wykorzystagych organizmyywe jako biowskaniki. Jednymi z najagciej wykorzystywanych

w bioindykacji organizméwasporosty. Celem badebyta ocena zanieczyszczenia powietrza WWA w agtagje
Kielc z wykorzystanienmHypogymnia physodes (L.)Nyl. Badania przeprowadzono w dwustuggginym midcie
potazonym w potudniowo-wschodniej Polsce w latach 20082 W midcie, na podstawie poziomu gatnia
ruchu kotowego, wytypowano 4 skizywania do bada WWA. Porost Hypogymnia physodes przywazono

z Puszczy Boreckiej (NE Polska), obszaru, ktéryRidski uznawany jest jako obszar wzorcowo czyBtyosty,

na gakzkach o diugéci 30 cm, transplantowano w wyznaczonych obszanaahrzy gadzki w kazdym punkcie.
Przed kada ekspozycj pobierano prébk,O”, ktéra do czasu analizy chemicznej przechowywano w zaghkmi
pojemniku. Ekspozycja kdorazowo trwata 3 miegie. W zebranych porostach oznaczano WWA. Analizy
dokonywano z zastosowaniem HPLC, kolumna Li ChresdiM) 100 RP - 18, detektor UV, = 254 nm.
Stezenie podano w mg-kisuchej masy netto, tj. po edju wartdci sezenia WWA oznaczonego w prébce ,0”.
Plechy po ekspozycji badano w mikroskopie elektvayro skaningowym FEI QUANTA 200 z cyfrowym
zapisem obrazu. Analiza uzyskanych danych wykaz@tmicowanie koncentracji zanieczyszczenia na badanych
skrzyzowaniach w zalenosci od nagzenia ruchu kotowego i pory roku. Na waststezenia WWA w porostach
modyfikujaco wplywap warunki meteorologiczne. Opad wplywat na cdlenie WWA w powietrzu
poprzez wyptukiwanie go wraz z pylem zawieszonyminid regresji dla skrzyowania | wynosita

y = 1,91759-0,00674-x, przy przedziale uéfriop = 0,0308. Najistotniejsza okazata Horelacja midzy
stezeniem WWA a wilgotnécia wzgledng powietrza. Zalgnos¢ ta wskazuje na wzrost ggenia WWA

w porostach wraz ze wzrostem wilgogop Linia regres;ji dla skrzyowania | wynosita y = —1,04196+0,02897-x,
przedziat ufnéci p = 0,0505.

Stowa kluczowe:zanieczyszczenia powietrza, bioindykatory, poraatyiany morfologiczne



