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Abstract: The amount of nineteen elements in eleven different lichen species,
six fruticose (Bryoria capillaris, Bryoria fuscescens, Cladonia rangiformis,
Ramalina capitata, Usnea chaetophora and Evernia prunastri) and five foliose
(Hypogymnia tubulosa, Lobaria pulmonaria, Peltigera horizontalis, Umbilic-
aria cylindrica and Umbilicaria crustulosa) from five natural areas of the Bal-
kan Peninsula (Serbia and Bulgaria) were determined by using inductively
coupled plasma optical emission spectrometry (ICP-OES). Among macronut-
rients, the highest content was observed for Ca and K, while Mg and Na were
represented in the smallest amount. Fe, Mn, Zn and Ba were the most abundant
trace elements in contrast to Cd and Co, whose concentrationc were the lowest.

Keywords: heavy metals; ICP-OES determination.

INTRODUCTION

Lichens occur in all terrestrial ecosystems, including extreme ones. They rep-
resent the symbiotic association of fungi and algae with a simple anatomy, without
a waxy cuticle layer, stomata and root system. An alga as a photobiont performs
photosynthesis and provides the lichen with nutrients while a fungus as a myco-
biont absorbs water with nutrients from the substrate. As a result, lichens are auto-
trophic and can grow on rocks, roofs, tree trunks, leaves of plants in the tropics
and even on porcelain, glass, paper, cloth, resin, bones, charcoal, etc. They are
long-lived perennial organisms and because of weak photosynthesis they grow
very slowly.!-2

Lichens are used as medicines, food, fodder, dyes perfume, spice and for mis-
cellaneous purposes. More than one thousand primary and secondary metabolites
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1314 TOSIC et al.

with some biological activities such as antioxidant, antibiotic, antimycotic, anti-
viral, anti-inflammatory, analgesic, antipyretic, etc., are known in lichens.>

The accumulation of metals in lichens depends on many factors, such as the
availability of metals, lichen characteristics, climate conditions, etc. The changes in
elemental bioavailability (essential and toxic to metabolic processes) depend on
factors such as a rapid increase of population, urbanization, industrialization; the
use of chemicals in the industry, nuclear energy, and thermic power stations; dec-
reasing green areas, the destruction of forests and erosion; changes in climate etc.
Air, water and soil pollution are related to these factors. Being non-biodegradable,
heavy metals tend to accumulate in living systems and have a long half-life in soil.
Fungi, mosses, lichens and plants have been used to detect the deposition, accu-
mulation and distribution of metal pollution either as the bioindicators/biomonitors
of air quality or as the bioaccumulators of atmospheric pollutants.

Lichens depend on mineral nutrients from a wet atmospheric deposition
(precipitation, fog, dew) and a dry atmospheric deposition (sedimentation, gase-
ous absorption). Intracellular spaces of the lichen thallus can accumulate and ret-
ain metals by trapping insoluble particles, extracellular ion exchange processes,
adsorption and active uptake. Lichens tolerate high concentrations of heavy
metals by sequestering them as oxalate crystals or lichen acid complexes. As
slow-growing and long-living organisms, lichens offer long-term knowledge
about levels of heavy metals and other pollutants in the atmosphere.2

Lichens have cation exchange properties and take up rapidly soluble elements
over the entire thallus surface. Slower and more selective uptake mechanisms also
exist. Soil particles and aerosols adsorbed to the surface also contribute to the total
element concentrations in the thalli. The exchangeable fraction of metals decreases
when the thalli become air-dried. In humid regions, a high correlation exists
between the levels of air pollutants and lichen physiology. They can easily lose
water but can just as easily compensate it. Because of their high surface/volume
ratio they are under the strong influence of atmospheric deposition which is the
reason of their use for the biomonitoring purposes. Lichens and mosses have a
higher capacity for metal accumulation and are probably most frequently used for
biomonitoring. Lichens were found to be more sensitive than mosses to emissions
of S and atmophile elements (Hg, Cd, Pb, Cu, V, Zn), while mosses showed a
higher concentration of lithophile elements and dust (Al, Cr, Fe, Mn, Ni, Ti). Also,
epiphytic and corticolous lichens were preferred to prevent particles coming from
the ground.4

Lichens as species with wide geographical ranges are widely used for the
determination of sulfur dioxide, trace metals, organochlorines, radionuclides.
When the amount of harmful substances becomes toxic, lichens die, which is the
reason of their absence in heavily polluted areas, but they are nevertheless used
for biomonitoring in these areas as well by using so-called transplant techniques.
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COMPOSITION OF SELECTED LICHEN SPECIES 1 3 1 5

One of these techniques consists in exposing bags containing lichens to the atmo-
spheric deposition in the studied area to measure the concentrations of the con-
taminants affecting the samples.>

Transportation, industrial activities, fossil fuels, agriculture and other human
activities may cause environmental pollution. Biological material is often used
for pollutants’ monitoring. A high sensitivity of lichens to pollutants, particularly
airborne pollutants, is well-known. Metal content of lichens vary mostly with the
changes in metal amounts in the atmosphere. The metal content of lichens is usu-
ally inversely proportional to the distance from pollution sources. Particulate
emissions from local farming (pesticides and fertilizers), traffic, landfills and ind-
ustries can be transported by the wind. The direction of the dominant wind is
important for the removal of atmospheric pollutants and the metal composition of
lichen species.®

The wind is a driving force that resuspends natural soil material into a fine
mixture of light particulates (dust) transportable over a long distance and preci-
pitable on lichens.? Dongara et al.” defined roadway dust as a mixture of different
particulates from the Earth’s crust (quartz, calcite, feldspars, gypsum, Al, Fe, Ti,
Sc, V, Cu, Mn, K, Mg, Na, P, S) and particulates of anthropogenic origin. Paoli et
al8 confirmed that the high concentration of lithogenic elements in lichens is
associated with high levels of depositions from airborne soil dust (Fe, Cd, Cr, Ni).

The aim of the present work was to determine the elemental composition of
different lichen species from different locations and substrates and to perform the
relevant conclusions and/or assumptions about the main factors which may affect
this composition, such as lichen taxonomy and live forms and the substrate on
which they grow (soil, rocks, tree bark).

EXPERIMENTAL
Reagents

Multi-element standard solutions for ICP, III and IV and single standard solutions of Si
and P (TraceCERT, Fluka Analytical, Switzerland) were used as a stock solution for calib-
ration. A nitric acid (Merck, Darmstadt, Germany) was used for complete mineralization of
analyzed samples. Certified Reference Material Strawberry Leaves (LGC7162) was used for
accuracy testing.

Instrumentation

iCAP 6000 inductively coupled plasma optical emission spectrometer (Thermo Scien-
tific, Cambridge, UK) which combines an Echelle optical design and a charge injection device
(CID) solid state detector was used, under the optimal operating conditions, for elements
determination. iTEVA operating software was used to control all functions of the instrument.
The Mettler Toledo analytical balance (Switzerland) was used to measure the mass. High pur-
ity water (conductivity, 0.05 pS cm™) was obtained using the MicroMed high purity water
system, Thermo Electron LED GmbH (Germany).

Operating conditions of ICP-OES. All of measurements were done under the next oper-
ating conditions of instrument: flush pump rate 100 rpm, analysis pump rate 50 rpm, RF
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power 1150 W, nebulizer gas flow rate 0.7 L min’!, coolant gas flow rate 12 L min’!, auxiliary

gas flow rate 0.5 L min’!, dual (axial/radial) viewed plasma mode and sample uptake delay 30 s.
Method validation. The calibration lines were constructed at four wavelengths for each
element (Table I).

TABLE I. Analytical lines, correlation coefficients (#), limits of detection (LOD), ratio of the
slopes of the external calibration lines and slopes of the lines where the prepared sample sol-
utions have been added to the calibration standards (Slope.,/Slopeg,,) for determined
elements in analyzed lichen species and results of methods accuracy; ND — not determined,
Recovery = 100(Found amount/Certified amount)

Element Wavelength - LOD Slopec/Slopean A@ount, mg kg™ Rec(?very
nm ppm Certified Found %
Al 396.152  0.999873 0.001762 0.98 1000* 890+8 89.0
B 249.773  0.999971 0.000747 0.97 ND 3242 -
Ba 455.403  1.000000 0.000052 1.12 107+10 97+4 90.6
Ca 393.366  0.999929 0.000101 1.03 15300+£700 13800+800 90.2
Cd 214.438  0.999759 0.000100 0.97 0.17£0.04  0.18+0.03 105.9
Co 228.616  0.999986 0.000348 0.96 0.47+0.11  0.42+0.04 89.4
Cr 357.969  0.999888 0.001692 0.97 2.15¢0.34  2.25+0.02 104.6
Cu 324754 0.999948 0.000584 1.08 10° 11.2+0.2 112.0
Fe 259.940  0.999999 0.000514 1.06 818+48 750420 91.7
K 766.490  0.980135 0.034503 0.99 19600+1000 18000+1000 91.8
Mg 279.553  0.999843 0.000132 0.98 3770+170  3900+200 103.4
Mn 257.610  0.999924 0.000094 1.04 17110 180+5 105.3
Na 589.592  0.999992 0.000537 1.02 2107 18848 89.5
Ni 231.604  0.999924 0.000475 0.97 2.6+0.7 2.9+0.6 111.5
P 213.618 0.998743 0.004315 1.06 2600+230 24004200 92.3
Pb 220.353  0.999952 0.002293 0.96 1.8+0.4 2.0£0.2 111.1
Si 288.158  0.999803 0.002780 1.06 ND 7702 -
\'% 292.402  0.999945 0.000522 1.05 1.8 1.68+0.02 933
Zn 213.856  0.999909 0.000115 0.98 2445 22.4+0.2 93.3

*Non-certified concentration

The selection of the analytical emission line was made based on the sensitivity of the
analytical lines, the correlation coefficients, as well as based upon the tables of known inter-
ferences, baseline shifts and the background correction (the highest signal-to-background
ratio) which was manually selected for the quantitative measurements. The possible matrix
interferences were examined by comparing the calibration slopes of the so-called external
calibration lines (Slope.,) to slope of the standard addition method lines where the prepared
sample solutions have been added to the standards for calibration (Slopeg,,). Values of ratio
Slope,ai/Slopeg,m, closer to 1 indicate a negligible matrix effect at selected wavelengths. In
order to test the accuracy of the methods, certified reference material strawberry leaves
(LGC716) was used.’

Samples

Eleven lichen species were collected from five different locations on the Balkan Penin-
sula (Serbia and Bulgaria) and were identified and stored in the herbarium at the Department
of Biology, Faculty of Sciences and Mathematics, University of Nis. The lichen species,
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family, genus, sampling sites, substrate and sampling year are given in Table II. A composite
sample of several thalli of each investigated lichen were collected using plastic gloves and a
stainless-steel knife. The soil and rock particles and the old parts of lichens were removed.
The samples were dried at 40 °C to a constant weight and then ground in a mill. One gram of
the obtained powder was weighed and treated with 30 ml of conc. HNOjs, left overnight, and
heated on a hot plate until the nitrogen vapor stopped forming or until a clear solution was
obtained. After complete mineralization, the obtained solutions were filtered and made up to
50 ml with deionized water.!?

TABLE II. Descriptions of analyzed lichens and collecting sites

Species Family Genus  Thallus type Sampling  Habitat  Voucher

sites type number

Usnea chaeto- Parmeliaceac ~ Usnea Fruticose = Bulgaria, Bark ofthe 9377
phora Stirt. Pirin, Pinus spp.
Bryoria fuscens- Parmeliaceae  Bryoria Fruticose Bansko 9378
cens (Gyel) Brodo
et Hawksw.
Bryoria capillaris Parmeliaceae  Bryoria Fruticose 9376
(Ach.) Brodo et
Hawkisw.
Ramalina capit- Ramalinaceae Ramalina  Fruticose Serbia, Siliceous 9374
ata (Ach.) Nyl. Stara rocks
Umbilicaria cru- Umbilicariacea Umbilicaria  Foliose Planina, 9373
stulosa (Ach.) Babin zub
Frey
Umbilicaria cyl- Umbili-  Umbilicaria  Foliose 9375
indrica (L.) Duby  cariacea
Hypogymnia tub- Parme-  Hypogymnia Foliose Serbia, Bark of the 10355
ulosa (Schaer.) liaceae SeliCevica, Pinus spp.
Hav. Donje Vlase,

Grcke pojate
Cladonia ran- Cladoniaceae Cladonia  Fruticose- Serbia, Suva On the 10889
giformis Hoffm. squamulose  planina, ground
Peltigera hori-  Peltigeraceae  Peltigera Foliose Duga below 10890
zontalis (Huds.) Poljana Quercus
Baumg. cerris
Evernia prunastri Parmeliaceae  Evernia Fruticose Serbia, Bark of the 10892
(L.) Ach. Vlasinska  Pinus spp.

visoravan,

Vlasina Rid
Lobaria pulmo-  Lobariaceae  Lobaria Foliose  Serbia, Stara  Beech 10891
naria L. (Hoffm.) Planina, trunks,

Babin zub basal parts

Statistical analysis

All measurements were carried out in triplicate and presented as the mean + standard
deviation (SD). Shapiro-Wilk test of normality, ANOVA with Tukey’s post hoc test, the Pear-
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son’s correlation study and hierarchical cluster analysis were done using a statistical package
IBM SPSS 20, US.

RESULTS AND DISCUSSION

The contents of determined elements in eleven samples of lichens shown as
mean values of triplicate determination with standard deviations are presented in
Tables I1I and IV. A one-way analysis of variance (ANOVA) with Tukey’s post-
-hoc test was used to establish which metals significantly differed in the mean
content between the all analysed samples and the results of this statistical method
are also given in these tables.

Table III. Content of determined elements+SD, mg kg, in analyzed samples of fruticose
lichens (standard deviation for triplicate determination; mean values in the same row with the same
letters indicate no significant differences (p < 0.05); a is always lower than b and b is always lower
than c, etc.

Lichen
Element Usnea Bryoria Bryoria Ramalina Cladonia Evernia
chaetophora  fuscescens capillaris capitata  rangiformis  prunastri
Al 366+4™° 26143 18042 1665+8 2103+11 356+5°°
B 535£0.08°  6.42+0.04°  17.49+0.09  4.16£0.09°  5.8+0.1°° 8.6+0.2
Ba 11.24£0.06"  6.73+0.05  34.840.1  10.87+0.02° 32.5+0.2  6.33+0.08"°
Ca 3570+36° 2234+7° 3345+17° 31524234 2223+26° 3643+18°

cd 0.174+0.014%%% 0.148+£0.005° 0.078+0.001 0.444+0.001 0.405+0.008 0.179+£0.015¢
Co 0.189+0.028*4 0.781+0.01 0.011.0+0.0001 0.663+0.026 1.167+0.016 0.238+0.006%%"

Cr 1.16£0.02°  0.63+0.07°  0.50+0.02°  4.27+0.07° 4.18+0.08°  2.78+0.08°
Cu 6.18+£0.09°  5.68+0.03 7.6£0.1 10.04+0.02  8.29+0.06° 6.2+0.1°
Fe 31944 25442 166.9+0.8 208948 2358411 471440
K 223946 2376242 2250422%¢ 1199413 1489+18 163949
Mg 580+6° 47549 524+5° 612+7 7462 480427
Mn 77.5+£0.8 45.0+0.5 48.1£0.2  37.74£0.05 25242 32.140.2
Na 9.75+0.07° 9.7+0.2° 15.4£0.2 7.7+02°  3.66£0.03"  3.68+0.04°
Ni 1.124£0.04°  1.17+0.03*  0.78+0.02  2.66+0.05 3.71+0.08  5.01+0.06
P 991+34%¢ 116715 1074+7° 6163 1020+21%%f 589+5¢
Pb 3440250 6.53+0.05"  3.5£0.4%°¢  18.10+0.07 3.12+£0.07%%°  4.4+0.2
Si 63+7 45.7+£0.6 150.320.9 94.3+0.3  24.7+£0.2° 27.140.6°
\Y 0.778+0.005  0.49+0.03 0.38+0.04  4.70+0.02  5.34+0.05  0.93+0.06
Zn 28+1 33.4+0.4 42.6+0.3° 37.2402°  24.8+0.2 19.1£0.2

It is evident from the obtained results that the contents of the investigated
macroelements follow this decreasing order: Ca > K > P > Mg > Na in six
samples and K > Ca > P > Mg > Na in three samples. The order is quite similar
in the rest of the samples — the most abundant are Ca and K and the least
abundant were Mg and Na. The regularity observed in the case of macroelements
is considerably less pronounced in other tested elements. Fe, Mn, Zn and Ba are
the most abundant trace elements while Cd and Co are present in the lowest
content. P. horizontalis has the highest content of most elements (Al, Ba, Co, Cu,
Fe, K, Mn, Ni, P). U. cylindrica is the next in the sequence with the highest
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COMPOSITION OF SELECTED LICHEN SPECIES 1 3 1 9
content of Cd, Cr, Mg, Pb, V. Unlike them, B. capillaries contains the smallest
quantities of most elements (Al, Cd, Co, Cr, Fe, Ni, V). The slightest variations
are in the content of macro elements and among them the lowest are in Ca while
they are the highest in the case of Co, Mn, Cr, Fe, Si even up to two orders of
magnitude. It is evident, from the results of the One-way Anova, that the
investigated species show the smallest differences in the content of Pb, P, Cd, Co
and Ca and the biggest in the content of V, Si, Ni, Mn and Zn.

TABLE 1V. Content of determined elements=SD, mg kg'!, in analyzed samples of foliose
lichens; SD — standard deviation for triplicate determination; mean values in the same row
with the same letters indicate no significant differences (p < 0.05); a is always lower than b
and b is always lower than c, etc.

Lichen

Element  Umbilicaria Umbilicaria Hypogymnia Peltigera Lobaria

crustulosa cylindrica tubulosa horizontalis pulmonaria
Al 421+4 1914+8 578+4 2627+13 365430
B 22.6+0.7 4.4+0.32 13.3£0.2 9.5+0.6 12.4+0.2
Ba 5.72+0.04¢ 23.840.2 19.15+0.07 83.8+0.8 30.7+0.2
Ca 12934290 1309+10b 13843+82 3220+344 3314+43¢
Cd 0.202+0.001%4f  0.567+0.01¢  0.214+0.005>  0.560+0.013¢ 0.369+0.022
Co 0.144+0.022b¢  2.290+0.01 0.285+0.01¢  2.492+0.022  0.179+0.0142bf
Cr 0.99+0.08¢ 11.90+0.08 1.88+0.09 5.77+£0.09 3.02+0.024
Cu 8.1540.04b 9.30+0.09¢ 8.61+0.06 17.1£0.8 9.03+0.04¢
Fe 47748 2293+9 766+6 3413+35 466+5b¢
K 3138+11 1763+13 2238+9bic 6458+88 2631+6
Mg 71545 1793+11 570+8¢ 1419410 531420
Mn 18.23+0.09 58.4+0.3 23.64+0.07 729+12 30.1+0.22
Na 11.62+0.09 10.60+0.06 7.56+0.04°¢ 4.71+0.03 6.61+£0.02
Ni 0.967+0.007 4.7440.04 5.52+0.05 7.87+0.08 2.31+0.02
P 1572+4 1224410 1004+72b 2063+32 1055+10%f
Pb 14.55+0.054 22.4+0.4 14.3+0.24 7.02+0.09h 3.03+0.2bf8
Si 245+2 86.1+0.4 123+3 17.3+0.1 73.0+£0.5
A\ 1.47+0.02 8.28+0.04 1.94+0.01 7.76+0.08 1.28+0.04
/n 128.9+0.3 56.2+0.1 43.39+0.06° 37.2+0.82 26.34+0.07

Bargagli et al.10 determined the total concentration of macro- and trace ele-
ments in thalli of epilithic U. decussate from thirty-seven sites of ice-free areas
from continental Antarctica in a period of ten years. No impact of human act-
ivities was detected, and the investigated time period did not show significant
variations in this terrestrial ecosystem. They concluded that the ad/absorption of
soil and rock dust particles (atmospheric deposition) is the main source of macro-
and trace elements. The higher average contents of lithophilic elements (Al, Fe,
and Mn) are probably due to a greater amount of dust particles in lichens’ thalli
than to changes in the environmental bioavailability of metals. The average con-
centration of Pb, Cu, Zn, Cr, Mn, and Fe were among the lowest ever reported for
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lichens of genus Umbilicaria. The higher content of the most elements was found
in two types of lichens from genus Umbilicaria (U. crustulosa and U. cylindrica)
analyzed in our work compared to the average contents of the examined species
in the work of Bargagli et al.10 Icel and Cobanoglu# analysed ten air pollutants in
eight naturally growing lichens sampled at ten urban and suburban sites in the
city of Istanbul using atomic absorption spectrometry and the concentrations are
as follows: Mn > Zn > Pb > Cu > Al > Ni > Cr > Fe > Co > Cd. Some obtained
average values are much smaller than in our study (Al and Fe); some are higher
(Cu, Mn, Zn, Ni, Pb and Cr) and some are the same (Cd and Co). The behavior is
the same if the same species tested in both studies are compared (Cladonia sp.,
H. tubulosa, E. prunastri). Pb in one sample reaches a value of 119 pg g1, which
is 5 times more than the maximum determined in our study. Icel and Cobanoglu®
also used reference material IAEA 336 lichen (£. prunastri) as a control material
and based on the obtained contents concluded that quite high levels of the ele-
mental pollution in the area, especially for Pb, Cr and Cu, exist. Compared to the
values in this reference material, the results in our study show some significantly
increased levels in: R. capitata (Al, Fe, Pb); U. cylindrica (Al, Fe, Cr, Pb, Co); C.
rangiformis (Al, Fe, Co, Mn); P. horizontalis (Al, Fe, Co, Cu, Mn); U. crustulosa
(Pb, Zn); H. tubulosa (Fe, Pb). Dogrul et al.!l found the following amounts of
some heavy metals as pollutants in seven types of lichens: Cu (137.94 ug g1);
Mn (466.67 pg g 1); Cd (3.22 ug g 1); Zn (1037.56 pg g 1); Pb (225.85 pg g'1);
Cr (28.90 ug g!); Co (1.60 pg g!) and Ni (11.40 pg g!) in the industrial
regions which are greater than in the investigated samples from the Balkan
Peninsula even up to 10 times for Pb, 8 times for Zn and Cu and 6 times for Cd
which indicates the importance of the air pollution impact.

Aslan et al.12 determined the contents of six elements (Fe, Ba, Sr, K, Ca and
Ti) in eight lichen species from rural and subrural sites of different regions in
Turkey as well as in their substrates-soil, rocks, and bark of Pinus Silvestre and
noticed that lichens may reach high levels of some metals even when these plants
are growing in rural and isolated sites. The most abundant elements are Ca, K
and Fe which is in accordance with the results of this work but the determined
contents are higher (1.595-13.984 % for Ca; 2.615-9.190 % for K and 0.920-
—6.705 % for Fe). The same examined species, R. capitata, contains 36 times
more potassium, 10 times more calcium and 5 times more iron compared to our
research which is probably the consequence of different atmospheric depositions
caused by different substrate compositions and weather conditions. The concen-
trations are as follows: 2.615-9.190 % K; 1.595-13.984 % Ca; 0.041-0.205 %
Ti; 0.920-6.705 % Fe; n.d.—0.021 % Sr and n.d.—0.023 % Ba. They noticed that
two crustose species (R. melanophthalma and R. chrysoleuca) which were col-
lected from the same region and the same substrata accumulated a slightly differ-
ent amount of Ca and Fe which is a probably consequence of different metal-
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-accumulating capability while some other crustose species (L. muralis) which
are from a different habitat had a different amount. Because of this, they con-
cluded that lichens do not get any metals from their substrata, they accumulate
only atmospheric depositions and distinct metal/accumulating capabilities of
lichen species exist. They explained some greater metal contents by the foliose
structure of this species as an additional factor which was noticed also in our
work. All the largest certain contents, except sodium, are in foliose species.

Aslan et al. determined the following concentrations in six lichen species:
3.707-5.210 % K; 1.410-6.563 % Ca; n.d.—0.069 % Ti; n.d.—2.022 % Fe and
n.d.—0.021 % Ba. They noticed that some samples have similar levels of metal
concentration while some have higher or lower levels which supports the hypo-
thesis that lichens get very little or no metals from their substrates. The different
element concentrations in these species are a consequence of a different thallus
structure as well as different conditions of collection stations. The higher values
of some elements may be the result of a large surface area, larger intercellular
space in medulla and cortex of some species, while the higher value of potassium
is explained by using some potassium containing fertilizers in these areas. The
higher values in some fruticose as compared to some others indicate the import-
ance of station selection in determining metal content in lichens. One of the spe-
cies, E. prunastri, was examined in both studies. The contents of the investigated
elements determined in the research of Aslan et al.® are higher: 20 times for K, 6
times for Fe and 4 times for Ca compared to our research. The situation is the
same when comparing contents in species that belong to the same genus: U. flo-
rida and U. longissimi with U. chaetophora and H. physodes with H. tubulosa.
These facts also support the above mentioned: the great influence of the different
conditions at sampling sites.

Stamenkovié¢ et al.2 determined the content of 19 heavy metals in two epi-
phytic lichen species Evernia prunastri (L.) Ach. as fructose and Parmelia
sulcata Taylor as foliose from two southeast places in Serbia and found that P.
sulcata contains higher amounts of most of the elements which is in accordance
with the higher affinity for metal uptake by folio species in our study. Comparing
the content of the tested metals, a higher content of Fe, Mn, Ni, Cr, Ba and
especially Pb in E. prunastri is observed in our study which confirms the signi-
ficant influence of various factors on the amount of metals in the lichen in addit-
ion to the dominant influence of the type of lichen.2 The concentration of the
terrigenous element Fe was the highest determined at both locations, from 273.11
to 810.36 pg g ! of dry lichens followed by Zn, Mn, Cu, Ba, Ti. The elevated
values of Co and Cr were present, 1.17-2.74 and 1.40-1.70 pg g1, respectively.
They also detected some amounts of Ag, Pb and Hg in some samples (1.63, 1.38,
1.38 pg g1, respectively). The results of this indicated that P. sulcata showed a
tendency to accumulate Fe, Ni, and Ti despite the E. prumastri which prefer-
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entially concentrated Cu in both areas unlike the results in our research which
show a slightly increased affinity E. prunastri towards the accumulation of Ni in
the group with other fruticose species. These facts indicate that the interspecific
differences in heavy metal accumulation are related to their morphological, ana-
tomical, and physiological features, such as metal-absorbing abilities, surface area,
size of intercellular space, permeability of cell membrane and pH values. The
concentration of potential toxic heavy metals (Cr, Ag, Pb and Hg) were approx-
imately the same in both species in both areas. Fe, Ni and Ti displayed a significant
and Cu, Ag, Pb and Ag slight positive correlation with each other which indicates
their association in lichens, while Ba with Co, Cr and Zn; Cu with Fe; Ni with Mn
and Ti with Cu showed a slight negative.!3

The element concentration data were submitted to the Pearson’s correlation
coefficient analysis, and the coefficients matrix is shown in Table S-I (available as
Supplementary material) with a significant correlation at p < 0.01 and p < 0.05. It is
evident that a good correlation exists between the elements which are naturally
present in the soil and rocks, i.e., alkali and alkaline earth metals, iron, silicon,
aluminium, vanadium, copper, cobalt, chromium, nickel, efc. Pb does not correlate
with any element, Zn correlates only with Si, and Cd only with Al, and they are
assumed to be of dominantly anthropogenic origin, especially Pb. Stamenkovi¢ et
al.2 noticed that some of the elements showed a negative correlation with each
other, meaning they are probably competing for the same cell wall exchange sites.
Bargagli e al.10 found that the relationships between lithophilic elements from soil
and rock dust particles were the most significant.

The hierarchical cluster analysis of the samples (Fig. 1) based on the content
of all of the investigated elements shows the existence of several clusters and sub
clusters which include different lichen species, family and genus; different samp-
ling sites, thallus types and habitat types. A cluster analysis was performed on the
data sets using Ward’s method with squared Euclidean distances as a measure of
similarity between the element concentrations.

Regardless of the obvious involvement of all these factors on the content of
minerals, the following observations are evident. The greatest similarity exists
between the samples belonging to the same family. All five members of the Par-
meliaceae family are in the same cluster, in two close sub clusters. Also, all the
species in this cluster which belong to the epiphytic lichens grow on the barks as
same substrate. The remaining species are classified in the other two clusters and
their common features are also substrate, soil, or rocks. It can be concluded that
the species of lichens and at the same time type of habitant are the main factors
which influence the mineral content. The hierarchical cluster analysis of the
samples (Fig. 2) based on the content of heavy metals only shows a greater simil-
arity between different types of samples, from different locations and substrates,
which may indicate the absence of some pronounced pollution.
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Usnea chaetophora =

Bryoria capillaris —

Lobaria pulmonaria

Evernia prunastri —

Bryoria fuscescens 1

- Hypogymnia tubulosa

Umbilicaria crustulosa I

Ramalina capitata

Cladenia rangiformis —

Peltigera horizontalis

Fig. 1. Hierarchical dendrogram for investigated lichens based on all metals’ contents.

Evernia prunastri —

Lobaria puimenaria —

Umbilicaria crustulosa —

Hypogymnia tubulosa

Usnea chaetophora —

* Bryoria fuscescens —

Bryoria capilaris —

Ramalina capitata 1

Umbilicaria eylindrica

Claclonia rangiformis —

Peltigera horizontalis

Fig. 2. Hierarchical dendrogram for investigated lichens based on heavy metals’ contents.

Stamenkovié¢ et al.?2 found the distinction between the soil origin, i.e., litho-
genic (Mn, Cu and Ti) and the atmospheric elements (Ni, Co, Cr, Ag, Pg and Hg)
under the anthropogenic influence and the long-distance atmospheric transport of
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particulates from vehicle exhaust emissions using cluster analysis. Mn and Cu
can partly come from fertilizers and manures.

CONCLUSION

The obtained results show that the most common macroelements are calcium
and potassium while iron, manganese, zinc, and barium are the most abundant
trace elements. Also, P. horizontalis has the highest content of most elements
while B. capillaries contains the smallest quantities of most elements. The results
of this research as well as the results of other authors’ research point to the fact
that many factors influence the content of elements in lichen samples such as:
species, family, genus, thallus type, metal bio-absorbing capabilities of lichens,
sampling site, habitat type, weather conditions, state of environmental especially
pollutants present in atmosphere. Based on the results of the hierarchical cluster
analysis, it can be concluded that the species of lichens, and at the same time, the
type of habitant, i.e., substrate (soil, rocks, barks) are the main factors which
influence the mineral content of the investigated lichens.
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U3BOJ
EJIEMEHTAJIHH CACTAB OJABPAHHX BPCTA JIMIIIAJEBA KOJU PACTY HA
BAJTKAHCKOM IIOJIYOCTPBY

CHEXAHA TOIIWER, AIEKCAHIPA ITABJIOBUR, UBAHA TUMHUTPUJEBHWR, UBAHA 3JIATAHOBHURE,
BUOJIETA MUTUR u TOPIAHA CTOJAHOBUR

Yuueepsuiteii y Huwy, ITpupogno—matiematuuuxu paxynimeii, Jetiapiman 3a xemujy, Buweipageka 33,
18000 Huw

Kopuurhewem OnTHYKe eMHCHOHE CIIEKTPOMETpHje Ca WHOYKTHBHO CIIPETHYTOM IUIa3-
moMm (ICP-OES) onpehen je campxaj 19 enemenaTta y 11 pasnuuuTvxX BpCTa JMIIajeBa, MIECT
(dpytuko3nux (Bryoria capillaris, Bryoria fuscescens, Cladonia rangiformis, Ramalina capitata,
Usnea chaetophora w Evernia prunastri) u net ¢onuosuux (Hypogymnia tubulosa, Lobaria pul-
monaria, Peltigera horizontalis, Umbilicaria cylindrica v Umbilicaria crustulosa), caKyTubeHHX
ca MeT IPUPOJHHUX cTaHMWTaA Ha bankanckom momyoctpsy (Cpbuja u Byrapcka). Mehy mak-
POHyTpUjeHTHMa, HajBehu canpxxkaj je 3adenexed 3a Ca u K, nok cy Mg u Na 3acTyn/seHu y
HajMamw0j konuuuHU. Fe, Mn, Zn u Ba cy dunu Haj3aCTyI/b€HUjH €IEMEHTH y TparoBuma 3a
pasnuky o Cd u Co unja je KOHIEeHTpanKja dusa HajHIKA.

(TTpumisero 23. pebdpyapa, peBuaupaHo 6. maja, mpuxsahexo 11. jyna 2022)

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.



10.

11.

12.

13.

COMPOSITION OF SELECTED LICHEN SPECIES 1 325

REFERENCES

. E. S. Bernasconi, I. E. De Vito, L. D. Martinez, J. Raba, Ars. Pharm. 41 (2000) 249

(https://revistaseug.ugr.es/index.php/ars/article/view/5721/13228)

. S. S. Stamenkovié, T. Lj. Mitrovié, V. J. Cvetkovi¢, N. S. Krsti¢, R. M. Baosi¢, M. S.

Markovié, N. D. Nikoli¢, V. Lj. Markovi¢, M. V. Cvijan, Arch. Biol. Sci. 65 (2013) 151
(https://doi.org/10.2298/ABS1301151S)

. N. T. Manojlovic, P. J. Vasiljevic, P. Z. Maskovic, M. Juskovic, G. Bogdanovic-

-Dusanovic, Evid. Based Complement. Alternat. Med. 2012 (2012) 452431
(https://doi.org/10.1155/2012/452431)

Y. Icel, G. Cobanoglu, Fresenius Environ. Bull. 18 (2009) 2066 (https://www.re
searchgate.net/publication/287706544_Biomonitoring_of atmospheric_heavy_metal poll
ution_using_lichens_and mosses_in_the city_of Istanbul Turkey)

A. Basile, S. Sorbo, G. Aprile, B. Conte, R. Castaldo Cobianchi, Environ. Pollut. 151
(2008) 401 (https://doi.org/10.1016/j.envpol.2007.07.004)

. A. Aslan, G. Budak, E. Tirasoglu, A. Karabulut, J. Quant. Spectrosc. Radiat. Transf. 97

(2006) 10 (https://doi.org/10.1016/j.jgsrt.2004.12.032)

G. Dongarra, G. Sabatino, M. Triscari, D. Varrica, J. Environ. Monit. 5 (2003) 766
(https://doi.org/10.1039/B304461K)

L. Paoli, A. Corsini, V. Bigagli, J. Vannini, C. Bruscoli, S. Loppi, Environ. Pollut. 161
(2012) 70 (https://doi.org/10.1016/j.envpol.2011.09.028)

M. E. Ghanjaoui, M. L. Cervera, M. EI. Rhazi, M. de la Guardia, Food Chem. 125 (2011)
1309 (https://doi.org/10.1016/j.foodchem.2010.09.091)

R. Bargagli, F. Borghini, C. Celesti, Ital. J. Zool. 67 (2000) 157
(https://doi.org/10.1080/11250000009356371)

A. Dogrul, N. H. Akyol, I. Yolcubal, G. Cobanoglu, in Proceedings of the International
Fourth Symposium on Atmospheric Sciences, 2008, Istanbul Technical University,
Istanbul, Turkey, 2008, pp. 99-104
(https://www.jmo.org.tr/resimler/ekler/f2b49181d2539¢7_ek.pdf)

A. Aslan, G. Budak, A. Karabulut, J. Quant. Spectrosc. Radiat. Transf. 88 (2004) 423
(https://doi.org/10.1016/].jgsrt.2004.04.015)

S. Loppi, S. A. Pirintsos, Environ. Pollut. 121 (2003) 327 (https://doi.org/10.1016/S0269-

7491(02)00269-5).

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.




<<
  /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 ()
  /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 <>
    /POL <>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



@Article{Tosic2022,

  author    = {To{\v{s}}i{\'{c}}, Sne{\v{z}}ana and {Pavlovi{\'{c}} } # }, Aleksandra and Dimitrijevi{\'{c}}, Ivana and {Zlatanovi{\'{c}} #{}, Ivana and Miti{\'{c}}, Violeta and Stojanovi{\'{c}}, Gordana},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {{Elemental composition of selected lichen species growing on the Balkan Peninsula}},

  year      = {2022},

  issn      = {1820-7421},

  month     = {aug},

  number    = {11},

  pages     = {1313--1325},

  volume    = {87},

  abstract  = {The amount of nineteen elements in eleven different lichen species, six fruticose (Bryoria capillaris, Bryoria fuscescens, Cladonia rangiformis, Rama­lina capitata, Usnea chaetophora and Evernia prunastri) and five foliose (Hypogymnia tubulosa, Lobaria pulmonaria, Peltigera horizontalis, Umbili­c­aria cylindrica and Umbilicaria crustulosa) from five natural areas of the Bal­kan Peninsula (Serbia and Bulgaria) were determined by using inductively coupled plasma optical emission spectrometry (ICP-OES). Among macro­nut­rients, the highest content was observed for Ca and K, while Mg and Na were represented in the smallest amount. Fe, Mn, Zn and Ba were the most abundant trace elements in contrast to Cd and Co, whose concentrationс wеre the lowest.},

  doi       = {10.2298/JSC220223049T},

  file      = {:D\:/OneDrive/Mendeley Desktop/To{v{s}}i{'{c}} et al. - 2022 - Elemental composition of selected lichen species growing on the Balkan Peninsula.pdf:pdf;:07_11647_5596.pdf:PDF},

  keywords  = {ICP, OES determination, statistics},

  publisher = {National Library of Serbia},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/11647},

}





